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The Special Issue titled “Editorial Board Members’ Collection Series: Gastrointestinal
and Hepatic Diseases” is a collection of papers from our Editorial Board Members and
researchers invited by them. The aim is to provide a venue for networking and com-
munication between Medicina and scholars in the field of gastrointestinal and hepatic
diseases. Recent studies have highlighted significant advancements in understanding
various medical conditions through innovative biomarkers, novel therapeutic strategies,
and epidemiological insights. One of the key findings involves hemogram-derived ratios,
such as platelet-to-lymphocyte and platelet-to-neutrophil ratios, which have emerged as
potential tools for differentiating between idiopathic and secondary pulmonary fibrosis.
This approach, along with hepatic biomarkers, could refine diagnostic accuracy and im-
prove disease management [1]. The interplay between thyroid function and liver cirrhosis
has also gained attention, with research suggesting that thyroid-stimulating hormone
levels may correlate with disease severity and prognosis. Similarly, the impact of Coro-
navirus Disease-19 on acute cholangitis has been explored, revealing extended hospital
stays, a higher prevalence of malignant causes, and notable shifts in microbial infections.
In oncology, the increasing incidence of malignant polyps in younger populations has
prompted a reconsideration of colorectal cancer screening guidelines [2]. The growing
recognition of shifting tumor biology underscores the need for earlier interventions. Mean-
while, treatment strategies for inflammatory bowel diseases (IBD) continue to evolve, with
subcutaneous vedolizumab proving effective in maintaining remission after intravenous
therapy [3]. The relationship between metabolic disorders and gastrointestinal diseases
remains a critical area of research. In this regard, non-alcoholic fatty liver disease appears in-
creasingly prevalent among individuals with IBD, particularly those with ulcerative colitis.
Given the close link between metabolic dysfunction and liver disease, experts emphasize
the importance of comprehensive management strategies targeting cardiometabolic risk
factors [4]. Beyond metabolic disorders, new perspectives are emerging on the potential
connections between Helicobacter pylori infection and coronary artery disease, highlighting
the role of chronic inflammation in cardiovascular health. Dietary habits, particularly those
influenced by the Western diet and food additives, are also being scrutinized for their
contribution to metabolic dysfunction-associated steatotic liver disease [5]. Advances in
gastrointestinal research extend to conditions such as irritable bowel syndrome and slow
transit constipation, both of which significantly affect quality of life [6]. The gut-brain
axis, microbiome imbalances, and potential therapeutic interventions, including probiotics
and fecal microbiota transplantation, are shaping new treatment paradigms. Similarly, the
management of hepatic hemangiomas has shifted toward minimally invasive procedures,
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reflecting broader trends in interventional medicine [7]. Ongoing research into biofilm
formation in biliary stents and the challenges of cirrhotic cardiomyopathy further illustrate
the complexity of modern medical science. As diagnostic and therapeutic approaches
continue to advance, integrating these findings into clinical practice will be crucial for im-
proving patient outcomes across a wide range of diseases [8]. Gastroenterology is a rapidly
advancing field that comprises both pre-clinical and clinical areas. The development of new
treatments, cutting-edge technologies, and a deeper understanding of disease mechanisms
are key factors driving this progress. In this regard, this Research Topic provides scholars
with a comprehensive and current perspective, emphasizing the latest innovations and
developments in the pursuit of global excellence in gastroenterology.
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have read and agreed to the published version of the manuscript.
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Abstract: Background and Objectives: Pulmonary fibrosis, including idiopathic pulmonary fibrosis (IPF)
and secondary pulmonary fibrosis (SPF), is a progressive lung disease that significantly impairs respi-
ratory function. Accurate differentiation between IPF and SPF is crucial for effective management.
This study explores the association between pulmonary fibrosis and hepatic conditions, evaluating
the utility of various hemogram-derived ratios and hepatic fibrosis scores in distinguishing between
IPF and SPF. Materials and Methods: We conducted a retrospective study involving patients diagnosed
with IPF or SPF at the “Leon Daniello” Clinical Hospital of Pneumology in Cluj-Napoca, Romania.
Pulmonary fibrosis was confirmed via imaging techniques, and hepatic steatosis and fibrosis were
assessed using non-invasive scores. We analyzed clinical, laboratory, and pulmonary function data,
focusing on hemogram-derived ratios and hepatic scores. Statistical analyses, including ROC curves,
were used to evaluate the effectiveness of these biomarkers in differentiating IPF from SPF. Results:
We included a total of 38 patients with IPF and 28 patients with SPF. Our findings revealed that IPF
patients had a significantly higher FIB-4 score compared to SPF patients, suggesting increased hepatic
fibrosis risk in IPF, as well as an increased RDW /PLT ratio. Conversely, SPF patients exhibited
elevated PLR, PNR, and SII, reflecting a more pronounced inflammatory profile. PLR and PNR
demonstrated the highest discriminatory ability between IPF and SPF, while traditional hepatic
fibrosis scores showed limited differentiation capabilities. No significant differences in pulmonary
function tests were observed across hepatic fibrosis risk categories. Conclusions: The study highlights
the value of biomarkers like PLR and PNR in differentiating between IPF and SPF, offering additional
diagnostic insights beyond traditional imaging. Integrating hepatic assessments into the management
of pulmonary fibrosis could improve diagnostic accuracy and patient care.

Keywords: pulmonary fibrosis; idiopathic pulmonary fibrosis (IPF); secondary pulmonary fibrosis
(SPF); hepatic steatosis; biomarkers; hemogram-derived ratios; liver fibrosis

1. Introduction

Pulmonary fibrosis is a chronic and progressive interstitial lung disease characterized
by the thickening and scarring of lung tissue, which leads to a decline in respiratory
function [1]. Idiopathic Pulmonary Fibrosis (IPF) represents the most severe form of this
condition, with a median survival rate of only 3 to 5 years following diagnosis [2]. It
predominantly affects older adults and is slightly more common in men than women [3].
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Medicina 2024, 60, 1702

While IPF remains a disease of unknown etiology, Secondary Pulmonary Fibrosis (SPF)
arises from known causes, including environmental exposures, autoimmune diseases, and
certain medications [4]. Both IPF and SPF present significant clinical challenges, due to
their progressive nature and the limited efficacy of current treatment options [5].

Differentiating between IPF and SPF is critical for patient management and prognosis.
Current assessment methods primarily rely on high-resolution computed tomography
(HRCT) to identify characteristic patterns of lung damage, such as the usual interstitial
pneumonia (UIP) pattern, which is highly suggestive of IPF [6]. However, in cases where
the HRCT findings are inconclusive or where the lung biopsy is not feasible, distinguishing
between IPF and SPF can be challenging [7]. In these instances, additional diagnostic tools
and biomarkers are often necessary to accurately categorize the type of pulmonary fibrosis
and guide appropriate treatment strategies [8,9].

Patients with pulmonary fibrosis frequently present with multiple comorbidities that
complicate their clinical management [10]. Cardiovascular diseases, including pulmonary
hypertension, are common, as are conditions like gastroesophageal reflux disease (GERD)
and sleep apnea [11-13]. The presence of these comorbidities often worsens the patient’s
overall prognosis and contributes to the complexity of their care [14]. Understanding the
full spectrum of associated conditions is essential for the holistic management of patients
with pulmonary fibrosis.

Emerging evidence suggests a potential link between pulmonary fibrosis and hepatic
disorders, particularly hepatic steatosis and liver fibrosis [15]. These conditions may share
common pathophysiological mechanisms, including chronic inflammation and fibrogenesis,
which could contribute to their co-occurrence [16,17]. Non-invasive scores and biomarkers
have been developed to assess hepatic steatosis and fibrosis, offering a valuable tool for
investigating their prevalence and impact in patients with pulmonary fibrosis [18]. This
association may have implications for the severity of pulmonary involvement and overall
disease progression [19].

The current study aims to evaluate the association between pulmonary fibrosis,
both idiopathic and secondary, diagnosed using pulmonary CT, and hepatic steatosis
and fibrosis assessed through non-invasive scores and biomarkers. We also seek to
explore the utility of hemogram-derived ratios and other biomarkers in distinguishing
between IPF and SPFE. Furthermore, we examined the relationship between hepatic
conditions and pulmonary function tests to assess whether hepatic involvement predicts
more severe pulmonary disease.

2. Methods
2.1. Study Participants

This retrospective study was conducted at the “Leon Daniello” Clinical Hospital of
Pneumology in Cluj-Napoca, Romania. The study included patients diagnosed with either
IPF or SPF during their hospitalization. IPF was confirmed based on a typical pattern of
UIP identified via native CT or HRCT, either with or without lung biopsy, provided there
were no other identifiable causes of pulmonary fibrosis. SPF was confirmed by native CT or
HRCT in patients who had identifiable underlying causes, including sarcoidosis or collagen
vascular diseases. Patients with conditions such as tumors, hepatitis B or C, alcoholic
liver disease, autoimmune hepatitis, drug-induced liver injury (DILI)/herb-induced liver
injury (HILI), acute hemolytic diseases, acute inflammatory pathologies, and any liver
disease were excluded. Additionally, patients with unclear pulmonary fibrosis diagnoses
or missing data were not included in the study.

2.2. Pulmonary Fibrosis Assessment

IPF was defined as a specific form of chronic, progressive fibrosing interstitial pneu-
monia of unknown cause, occurring primarily in older adults. It was characterized by the
histopathologic and / or radiologic pattern of UIP. Diagnosis was confirmed either by native
CT or HRCT showing a typical UIP pattern, or through lung biopsy when imaging was
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inconclusive [20,21]. The UIP pattern included reticular opacities, often associated with
honeycombing and traction bronchiectasis, typically with a subpleural and basal predomi-
nance. Exclusion criteria for IPF included any other identifiable cause of pulmonary fibrosis,
such as heavy-metal exposure, drug-induced reactions, pulmonary irradiation, hypersen-
sitivity pneumonitis, sarcoidosis, bronchiolitis obliterans, HIV infection, viral hepatitis,
cancer, or collagen vascular diseases (e.g., scleroderma, polymyositis/dermatomyositis,
systemic lupus erythematosus, rheumatoid arthritis).

SPF was defined as pulmonary fibrosis that occurs secondary to an identifiable cause,
such as autoimmune diseases, chronic hypersensitivity pneumonitis, or exposure to envi-
ronmental or occupational agents [22]. Diagnosis was confirmed by native CT or HRCT,
revealing fibrotic changes consistent with known etiologies of pulmonary fibrosis. Underly-
ing conditions that could lead to SPF, such as sarcoidosis or collagen vascular diseases (e.g.,
scleroderma, polymyositis/dermatomyositis, systemic lupus erythematosus, rheumatoid
arthritis), were thoroughly investigated to establish the diagnosis.

2.3. Data Collection

Data were retrospectively collected from hospital records, covering several clinical
and laboratory parameters.

2.3.1. Laboratory Analysis

All laboratory analyses were performed using standardized methods in the hospital’s
central laboratory. Blood samples were collected during routine clinical assessments, and
the following tests were performed: Complete Blood Count (CBC), including measurements
of white blood cell count, red blood cell count, hemoglobin levels, hematocrit, platelet count,
and differential leukocyte count. These values were used to calculate hemogram-derived
ratios. Liver Function Tests (LFTs) including aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and gamma-glutamyl transferase
(GGT), were measured using automated biochemical analyzers. These enzymes were
critical in calculating hepatic steatosis and fibrosis scores. Lipid-profile levels of total
cholesterol and triglycerides were measured to assess metabolic status and to contribute
to the calculation of certain hepatic indices. Renal function tests including creatinine
and urea were assessed, and estimated Glomerular Filtration Rate (eGFR) was calculated.
Fasting plasma sugar levels were measured to evaluate metabolic conditions which may
be associated with hepatic steatosis. These laboratory data were essential for calculating
non-invasive hepatic scores and assessing systemic inflammation, providing a basis for
investigating their potential association with pulmonary fibrosis severity.

2.3.2. Pulmonary Function Tests (PFTs)

Pulmonary function was assessed using standard spirometry, which measured several
parameters including Forced Vital Capacity (FVC), Forced Expiratory Volume in one second
(FEV1), FEV1/FVC, Maximal Expiratory Flow (MEF) 75%, MEF 50%, and MEF 25%, as
well as Diffusing Capacity of the Lung for Carbon Monoxide (DLCO) [23]. These tests
provided insight into the severity of lung impairment in patients with pulmonary fibrosis.
The results were expressed according to the predicted normal values, adjusted for age,
gender, height, and ethnicity.

2.3.3. Hepatic Steatosis and Liver Fibrosis Scores

Hepatic steatosis and liver fibrosis were evaluated using non-invasive scores including
the Fibrosis-4 Index (FIB-4), AST to Platelet Ratio Index (APRI), aspartate aminotransferase
to alanine aminotransferase (AST/ALT) ratio, body mass index (BMI), AST/ALT ratio,
and diabetes (BARD), age, bilirubin, INR and serum creatinine level (ABIC) score, King’s
score for liver fibrosis, Logarithm of Odds for Lok Index (LogOddsLok), Lok Index for
Liver Fibrosis (Lok index), and triglyceride to glucose (TyG) ratio [23,24]. These scores
were calculated based on routinely available laboratory data and were used to assess the
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degree of hepatic involvement in the study population. Advanced fibrosis probability was
calculated according to the current recommendations for each score, individually.

2.3.4. Hemogram-Derived Ratios and Biomarkers

Several hemogram-derived ratios and systemic inflammation markers were assessed
including Neutrophil-to-Lymphocyte Ratio (NLR), Derived Neutrophil-to-Lymphocyte
Ratio (dNLR), Platelet-to-Lymphocyte Ratio (PLR), Lymphocyte-to-Monocyte Ratio (LMR),
Eosinophil-to-Lymphocyte Ratio (ELR), Basophil-to-Lymphocyte Ratio (BLR), red cell
distribution width (RDW-CV)-to Platelet ratio, and Systemic Immune-Inflammation Index
(SII), a composite index calculated as (Platelet count x Neutrophil count)/Lymphocyte
count, reflecting the balance between inflammation and immune response.

2.4. Statistical Analysis

Data were presented as means with standard deviations (SDs) for normally dis-
tributed quantitative variables, medians with interquartile ranges (IQRs) for non-
normally distributed quantitative data, and as numbers with percentages for categorical
variables. Clinical characteristics were compared between groups using appropriate
statistical tests: a t-test for independent samples for normally distributed quantita-
tive variables, the Wilcoxon rank-sum test for non-normally distributed quantitative
variables, and x2 tests or Fisher’s exact tests for categorical data. ROC analysis was
employed to assess the accuracy of hepatic steatosis and liver fibrosis scores, as well as
hemogram-derived ratios, in differentiating between IPF and SPF. A p-value of <0.05
was considered statistically significant. All analyses were performed using R software
version 4.1.2 (R Foundation for Statistical Computing).

3. Results
3.1. General Characteristics

In this study, a comparative analysis between patients with IPF and SPF revealed
several significant findings, as outlined in Table 1. The median age of patients with
IPF was significantly higher, at 73 years, compared to 68 years in the SPF group
(p-value = 0.021). A significantly higher proportion of males were present in the IPF
group (60.53%) compared to the SPF group (32.14%) (p-value = 0.023). However, other
variables, such as BMI and smoking history, did not show significant differences be-
tween the two groups. The inflammatory marker C-reactive protein (CRP) and liver
function tests, including AST and ALT, also showed no significant differences. Notably,
total bilirubin levels were higher in the IPF group compared to the SPF group, with a
median of 0.74 mg/dL versus 0.52 mg/dL, respectively (p-value = 0.011). Other bio-
chemical markers, such as ALP, GGT, and renal function tests, including urea, creatinine,
and eGFR, showed no significant differences between the two groups. Additionally,
lipid profiles and RDW-CV were comparable, indicating similar metabolic and hemato-
logical profiles between the IPF and SPF patients.

Most etiologies of SPF included rheumatoid arthritis (n = 9), as well as rheumatoid
arthritis associated with antisynthetase syndrome (1 = 1), COVID-19 infection (n = 1), RS3PE
syndrome (1 = 1), Sjogren syndrome and antisynthetase syndrome (1 = 1), Sjogren syndrome
(n =1), and Sjogren syndrome and dermatomyositis (1 = 1), followed by sarcoidosis (1 = 4),
scleroderma (n = 4), mixed connective tissue disease (1 = 3), systemic lupus erythematosus
(n = 1), mixed connective tissue disease and COVID-19 infection (n = 1).

Table 1. General characteristics and laboratory tests of included participants.

Variables IPF (n = 38) SPF (n = 28) p-Value
Age (years), median (IQR) 73 (67.5-75.75) 68 (62.25-74) 0.021
Sex (Male), nr (%) 23 (60.53) 9(32.14) 0.023
BMI (kg/m?), median (IQR) 27.87 (25.59-30.31) 28.65 (26.31-29.96) 0.825
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Table 1. Cont.

Variables IPF (n = 38) SPF (n = 28) p-Value
Normal: 6 (15.79) Normal: 6 (21.43)
BMI interpretation, nr (%) Obesity: 10 (26.32) Obesity: 7 (25) 0.841
Overweight: 22 (57.89) Overweight: 15 (53.57)
Ex-smoker: 15 (39.47) Ex-smoker: 7 (25)
Smoking history, nr (%) Non-smoker: 21 (55.26) Non-smoker: 18 (64.29) 0.363
Smoker: 2 (5.26) Smoker: 3 (10.71)
Smoking (pack/years), median (IQR) 20 (17-29) 30 (20-30) 0.45
Professional exposure (Yes), nr (%) 10 (26.32) 8 (28.57) 0.839
Atopic risk (Yes), nr (%) 5(13.16) 8 (28.57) 0.12
CRP (mg/L), median (IQR) 6 (1.25-22.67) 7.5 (3-16.62) 0.617
AST (UI/L), median (IQR) 22.5 (19-27.25) 22.5 (17.75-27.5) 0.697
ALT (UI/L), median (IQR) 17.5 (13.25-26) 16 (11-20.5) 0.32
Total bilirubin (mg/dL), median (IQR) 0.74 (0.46-1.11) 0.52 (0.31-0.71) 0.011
ALP (UI/L), median (IQR) 97.5 (69.25-137.75) 85 (69.5-103.5) 0.392
GGT (UI/L), median (IQR) 29.5 (17.25-50.5) 22 (14.5-30.25) 0.099
INR, median (IQR) 1.12 (1.04-1.24) 1.08 (1.04-1.27) 0.455
PT (s), median (IQR) 12.7 (11.4-14) 12 (11.55-13.9) 0.632
Urea (mg/dL), median (IQR) 37 (28.5-45.5) 32 (25-42.5) 0.192
Creatinine (mg/dL), median (IQR) 0.9 (0.72-1.04) 0.81 (0.68-1) 0.452
eGFR, mean (SD) 76.9 (21.85) 77.42 (25.02) 0.929
Total cholesterol (mg/dL), mean (SD) 168.43 (48.95) 175.54 (44.57) 0.547
Triglycerides (mg/dL), median (IQR) 113.5 (84-149.5) 120 (94.5-164.5) 0.523
RDW-CV (%), median (IQR) 13.8 (12.83-14.67) 14.45 (13.28-15.33) 0.109

ALP: Alkaline Phosphatase; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; BMI: Body
Mass Index; CRP: C-reactive Protein; eGFR: Estimated Glomerular Filtration Rate; GGT: Gamma-Glutamyl
Transferase; INR: International Normalized Ratio; IPF: Idiopathic Pulmonary Fibrosis; IQR: Interquartile Range;
PT: Prothrombin Time; RDW-CV: Red Cell Distribution Width—Coefficient of Variation; SD: Standard Deviation;
SPF: Secondary Pulmonary Fibrosis; UI/L: Units per Liter.

3.2. Associated Comorbidities and Treatment

In the analysis of associated comorbidities between patients with IPF and SPF, several
notable differences were observed, as demonstrated in Table 2. The exacerbation rate
was also higher in the IPF group, with 15.79% experiencing exacerbations, whereas no
exacerbations were reported in the SPF group (p-value = 0.035). Additionally, ischemic
heart disease was more prevalent among IPF patients (42.11%) compared to those with
SPF (17.86%) (p-value = 0.037). There were no significant differences in the presence of
chronic obstructive pulmonary disease (COPD), diabetes, and hypertension between the
groups. While the use of antifibrotic therapy, specifically Nintedanib, was significantly
more common in the IPF group (63.16% vs. 17.86%; p-value < 0.001), the use of Pirfenidone
did not differ significantly between the groups.

Table 2. Associated comorbidities and administered treatment in IPF and SPFE.

Variables IPF (n = 38) SPF (n = 28) p-Value
Comorbidities

Exacerbation (Yes), nr (%) 6 (15.79) 0(0) 0.035
COPD (Yes), nr (%) 5 (13.16) 5 (17.86) 0.732
COPD exacerbation (Yes), nr (%) 1(2.63) 1(3.57) 1
Asthma (Yes), nr (%) 4 (10.53) 4 (14.29) 0.714
Bronchiectasis (Yes), nr (%) 20 (52.63) 14 (50) 0.833
Home oxygen therapy (Yes), nr (%) 18 (47.37) 7 (25) 0.064
Obstructive sleep apnea (Yes), nr (%) 1(2.63) 2 (7.14) 0.57
COVID-19 (Yes), nr (%) 8 (21.05) 7 (25) 0.705
Diabetes (Yes), nr (%) 11 (28.95) 5(17.86) 0.299
Hypertension (Yes), nr (%) 29 (76.32) 18 (64.29) 0.286




Medicina 2024, 60, 1702

Table 2. Cont.

Variables IPF (n = 38) SPF (n = 28) p-Value
Comorbidities
Heart failure (Yes), nr (%) 14 (36.84) 10 (35.71) 0.925
Ischemic heart disease (Yes), nr (%) 16 (42.11) 5(17.86) 0.037
Previous MI (Yes), nr (%) 2 (5.26) 3(10.71) 0.643
Pulmonary hypertension (Yes), nr (%) 21 (55.26) 13 (46.43) 0.478
Cerebrovascular accident (Yes), nr (%) 0 (0) 2(7.14) 0.176
Carotid atherosclerosis (Yes), nr (%) 7 (18.42) 7 (25) 0.518
Treatment
Corticosteroids (Yes), nr (%) 2 (5.26) 3(10.71) 0.643
Biological treatment (Yes), nr (%) 0 (0) 2(7.14) 0.176
Biological treatment type (RITUXIMAB), nr (%) 0(0) 2 (7.14) 0.176
Initiated: 6 (15.79) Initiated: 2 (7.14)
. . o Interrupted: 3 (7.89) Interrupted: 0 (0)
Nintedanib, nr (%) No: 5 (13.16) No: 21 (75) <0.001
Yes: 24 (63.16) Yes: 5 (17.86)
Initiated: 1 (2.63) Initiated: 0 (0)
Pirfenidone, nr (%) No: 34 (89.47) No: 28 (100) 0.256
Yes: 3 (7.89) Yes: 0 (0)

COPD: Chronic Obstructive Pulmonary Disease; COVID-19: Coronavirus disease; IPF: Idiopathic Pulmonary
Fibrosis; MI: Myocardial Infarction; SPF: Secondary Pulmonary Fibrosis.

3.3. Hepatic Steatosis, Liver Fibrosis, and Hemogram-Derived Ratios

In the comparative analysis of hemogram-derived ratios, hepatic steatosis, and liver
fibrosis scores between patients with IPF and SPF, several significant differences were identified,
as mentioned in Table 3. The FIB-4 score was significantly higher in the IPF group (median:
1.66) compared to the SPF group (median: 1.42) (p-value = 0.049). Additionally, the RDW/PLT
was also significantly higher in the IPF group (median: 0.07) compared to the SPF group
(median: 0.06) (p-value = 0.037). The PLR and PNR were significantly higher in the SPF group
with a median of 160.52, compared to 107.24 in the IPF group (p-value = 0.005), and a median of
160.52 in the SPF group, compared to 107.24 in the IPF group, with a p-value of 0.005. Similarly,
the SII was elevated in the SPF group (median: 957.35) versus the IPF group (median: 560.88)
(p-value = 0.011). The LMR was significantly lower in the SPF group, with a median of 2.52
compared to 3.5 in the IPF group (p-value = 0.044).

Table 3. Evaluated hemogram-derived ratios, hepatic steatosis and liver fibrosis scores.

Variables IPF (n = 38) SPF (n = 28) p-Value
Hemogram-derived ratios

NLR, median (IQR) 2.75 (2.09-4.06) 3.65 (2.57-4.99) 0.091
dNLR, median (IQR) 14.16 (7.92-25.46) 19.07 (12.37-33.89) 0.153
PLR, median (IQR) 107.24 (78.59-163.32) 160.52 (119.64-265.17) 0.005
LMR, median (IQR) 3.5 (2.54-5.05) 2.52 (1.93-4) 0.044
SII, median (IQR) 560.88 (386.72-999.12) 957.35 (669.49-1308.34) 0.011
PNR, median (IQR) 107.24 (78.59-163.32) 160.52 (119.64-265.17) 0.005
ELR, median (IQR) 0.12 (0.05-0.2) 0.11 (0.08-0.18) 0.756
BLR, median (IQR) 0.01 (0-0.03) 0.02 (0.01-0.03) 0.081
RDW TO PLT RATIO, median (IQR) 0.07 (0.05-0.08) 0.06 (0.04-0.07) 0.037
Hepatic steatosis and liver fibrosis scores

FIB-4, median (IQR) 1.66 (1.35-2.23) 1.42 (1.07-1.98) 0.049
APRI, median (IQR) 0.33 (0.2-0.43) 0.23 (0.17-0.35) 0.05
BARD, median (IQR) 3(2-3) 3(2-3) 0.55
AST/ALT ratio, median (IQR) 1.27 (0.95-1.57) 1.39 (1.16-1.64) 0.246
ABIC, median (IQR) 8.67 (8.19-8.76) 8.25 (7.33-8.76) 0.272
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Table 3. Cont.

Variables IPF (n = 38) SPF (n = 28) p-Value
Hepatic steatosis and liver fibrosis scores
King score, median (IQR) 9.34 (6.34-11.34) 7.02 (4.91-9.9) 0.083
LogOddsLok, median (IQR) 0.29 (—0.74-1) —0.46 (—1.22-0.3) 0.101
Lok index, mean (SD) 0.55 (0.25) 0.43 (0.26) 0.117
TyG ratio, mean (SD) 3.78 (0.21) 3.8(0.27) 0.793

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; ABIC: Age-Bilirubin-INR-Creatinine Score;

APRI: Aspartate Aminotransferase-to-Platelet Ratio Index; BARD: Bilirubin, Age, AST/ALT Ratio, and Diabetes

Score; BLR: Basophil-to-Lymphocyte Ratio; ELR: Eosinophil-to-Lymphocyte Ratio; FIB-4: Fibrosis-4 Index; IPF:

Idiopathic Pulmonary Fibrosis; IQR: Interquartile Range; King score: King’s Score for Liver Fibrosis; LMR:

Lymphocyte-to-Monocyte Ratio; LogOddsLok: Log Odds of Lok Index; NLR: Neutrophil-to-Lymphocyte Ratio;

PLR: Platelet-to-Lymphocyte Ratio; PNR: Platelet-to-Neutrophil Ratio; RDW TO PLT RATIO: Red Cell Distribution

Width-to-Platelet Ratio; SII: Systemic Immune-Inflammation Index; SD: Standard Deviation; SPF: Secondary

Pulmonary Fibrosis; TyG ratio: Triglyceride Glucose Index.

3.4. Pulmonary Function Tests

A comparison of pulmonary function parameters between patients with IPF and

SPF is outlined in Table 4, revealing a significant difference in the MEF25%. Specifically,

the MEF25% was significantly lower in the SPF group (median: 44) compared to the

IPF group (median: 61.5) with a p-value of 0.042. However, other pulmonary function

metrics, including FVC%, FEV1%, FEV1/FVC, MEF75%, MEF50%, and DLCO, did not

show significant differences between the two groups.

Table 4. Pulmonary function tests according to pulmonary fibrosis type.
Variables IPF (n = 38) SPF (n = 28) p-Value
FVC%, mean (SD) 76.08 (23.21) 76.11 (25) 0.996
FEV1%, mean (SD) 79.47 (22.33) 76.81 (27.09) 0.667
FEV1/FVC, median (IQR) 109 (105-114) 105 (98.5-111) 0.164
MEF75%, mean (SD) 78.24 (28.19) 83.33 (33.44) 0.509
MEF50%, median (IQR) 78.5 (58-93.5) 68 (46.5-92) 0.405
MEF25%, median (IQR) 61.5 (48-82.5) 44 (27-71.5) 0.042
MEF75% > 80% (Yes), nr (%) 16 (42.11) 16 (59.26) 0.173
MEF50% > 80% (Yes), nr (%) 19 (50) 12 (44.44) 0.659
MEF25% > 80% (Yes), nr (%) 11 (28.95) 6(22.22) 0.543
DLCO, mean (SD) 46.61 (16.96) 56.5 (26.77) 0.093

Mild: 10 (26.32) Mild: 7 (25)
o Moderate: 12 (31.58) Moderate: 8 (28.57)
DLCO category, nr (%) Normal: 2 (5.26) Normal: 5 (17.86) 0.466
Severe: 14 (36.84) Severe: 8 (28.57)

DLCO: Diffusing Capacity for Carbon Monoxide; FEV1%: Forced Expiratory Volume in 1 s percentage; FEV1/FVC:
Ratio of FEV1 to FVC; FVC%: Forced Vital Capacity percentage; IPF: Idiopathic Pulmonary Fibrosis; IQR:
Interquartile Range; MEF25%: Mid-Expiratory Flow at 25% of FVC; MEF50%: Mid-Expiratory Flow at 50% of FVC;
MEF75%: Mid-Expiratory Flow at 75% of FVC; SD: Standard Deviation; SPF: Secondary Pulmonary Fibrosis.

3.5. Pulmonary Function Tests in Relation to Hemogram-Derived Ratios, Hepatic Steatosis and
Liver Fibrosis Scores

3.5.1. Mean Expiratory Flow

As outlined in Supplementary Materials Table S1, the comparison of various biomark-
ers and scores based on whether the MEF75% was >80% revealed the following results.
NLR, dNLR, PLR, LMR, SII, PNR, ELR, BLR, FIB-4, APRI, BARD, AST/ALT ratio, ABIC,
LogOddsLok, RDW to PLT Ratio, FEV1/FVC, and MEF50% did not show significant
differences between the groups with MEF75% > 80% and those with MEF75% < 80%.
Nevertheless, King Score was significantly higher in the group with MEF75% < 80% (me-
dian: 9.38) compared to the group with MEF75% > 80% (median: 6.67) with a p-value
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of 0.04. Moreover, Lok Index and TyG Ratio showed trends, but did not reach statistical
significance, with p-values of 0.103 and 0.197, respectively.

The analysis comparing various biomarkers and scores based on whether the MEF50%
is >80%, is demonstrated in Supplementary Materials Table S2, yielding the following
results. PLR was significantly higher in the group with MEF50% < 80% (median: 155.37)
compared to the group with MEF50% > 80% (median: 100.84) with a p-value of 0.031. SII
was significantly higher in the group with MEF50% < 80% (median: 857.27) compared
to the group with MEF50% > 80% (median: 576.11) with a p-value of 0.045. AST/ALT
ratio was significantly higher in the group with MEF50% > 80% (median: 1.44) compared
to the group with MEF50% < 80% (median: 1.23) with a p-value of 0.042. No significant
differences were observed for NLR, ANLR, LMR, PNR, ELR, BLR, FIB-4, APRI, BARD,
ABIC, King Score, LogOddsLok, RDW to PLT Ratio, Lok Index, or TyG Ratio between the
two groups.

As mentioned in Supplementary Materials Table S3, the analysis of biomarkers and scores
in relation to MEF25% being >80% revealed the following. ABIC was significantly higher in
the group with MEF25% < 80% (median: 8.24) compared to the group with MEF25% > 80%
(median: 8.73) with a p-value of 0.031. No significant differences were observed for NLR, dNLR,
PLR, LMR, SII, PNR, ELR, BLR, FIB-4, APRI, BARD, AST/ALT ratio, King Score, LogOddsLok,
RDW to PLT Ratio, Lok Index, or TyG Ratio between the two groups.

3.5.2. DLCO

Supplementary Materials Table 5S4 summarizes the analysis of biomarkers and scores
by DLCO categories, revealing that most indicators, including NLR, dNLR, PLR, LMR,
SII, ELR, BLR, FIB-4, APRI, BARD, and AST/ALT ratio, showed no significant differences
between mild, moderate, normal, and severe categories. Key measures like the ABIC score,
King Score, and RDW-to-PLT Ratio also did not vary significantly. SII and ELR trends were
observed, but differences were not statistically significant.

3.6. Correlations Between Pulmonary Function Tests and Assessed Biomarkers/Scores

The analysis of correlations between hemogram-derived ratios (Figure 1) and liver
fibrosis scores (Figure 2) with lung function parameters revealed several significant findings
(Table 5). NLR and dNLR exhibited notable negative correlations with FVC%
(p-value = 0.022 and p = 0.006, respectively) and FEV1% (p-value = 0.014 and
p-value = 0.01, respectively). In contrast, LMR showed a significant positive correlation
with FVC% (p-value = 0.03). PLR correlates positively with FEV1/FVC (p-value = 0.033)
and negatively with MEF50% (p-value = 0.009). ABIC also shows a significant correlation
with FEV1/FVC (p-value = 0.026).
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Figure 1. Correlation matrix evaluating pulmonary function tests (FVC%, FEV1%, FEV1/FVC, MEF75%,
MEF50%, MEF25%, DLCO) and hemogram-derived ratios (NLR, dNLR, PLR, LMR, SII, PNR, ELR, BLR).
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Figure 2. Correlation matrix displaying relationships between pulmonary function tests (FVC%, FEV1%,
FEV1/FVC, MEF75%, MEF50%, MEF25%, DLCO), various liver fibrosis scores (FIB-4, APRI, BARD,
AST/ALT ratio, ABIC, King score, LogOddsLok, Lok index, TyG ratio), and RDW-to-PLT ratio.

For MEF75%, there was a significant negative correlation with LogOddsLok
(p-value = 0.027). MEF50% was notably negatively correlated with PLR and dNLR
(p-value = 0.009 for both). MEF25% had significant negative correlations with NLR
(p-value = 0.038) and PLR (p-value = 0.04), along with a positive correlation with King
score (p-value = 0.005).

DLCO displayed significant negative correlations with NLR (p-value = 0.035) and
dNLR (p-value = 0.012), and a positive correlation with LogOddsLok (p-value = 0.049).

Overall, NLR and dNLR were consistently negatively correlated with various lung func-
tion measures, while other biomarkers demonstrated less consistent and variable associations.

3.7. AUROC to Differentiate Between IPF and SPF

To differentiate between IPF and SPF, various biomarkers were evaluated for their
diagnostic performance as outlined in Table 6. Among them, PLR and PNR demonstrated
the highest discriminatory ability, with an AUC of 0.702, reflecting good sensitivity (71.43%)
and specificity (65.79%). The RDW-to-PLT Ratio also showed strong performance, with an
AUC of 0.651 and perfect sensitivity (100%), but it lacked specificity (0%). The SII had an
AUC of 0.684, providing high sensitivity (85.71%) and moderate specificity (57.89%). In
contrast, FIB-4 and APRI were highly sensitive (100%) but did not effectively differentiate
PE due to their zero specificity. The NLR and dNLR had moderate AUCs (0.623 and 0.604),
with balanced sensitivity and specificity. The LMR had high specificity (94.74%) but very
low sensitivity (7.14%). Other markers like ABIC and King Score showed lower AUCs
(0.591 and 0.642), indicating less reliability. LogOddsLok and Lok Index also had high
specificity (96.55%) but very low sensitivity (8.7%). Overall, while FIB-4 and APRI are
highly sensitive, PLR and PNR offer a balanced approach, making them more effective for
distinguishing pulmonary fibrosis.
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Table 6. AUROC of several hemogram-derived ratios, hepatic steatosis, and liver fibrosis scores for
differentiating IPF from SPF.

Variable AUC (95% CI) Se Sp Cut-Off
RDW-CV (%) 0.617 (0.48-0.75) 50 71.05 14.4
NLR 0.623 (0.481-0.758) 60.71 65.79 3.283261803
dNLR 0.604 (0.461-0.743) 67.86 60.53 17.36452174
PLR 0.702 (0.569-0.824) 71.43 65.79 135.042735
LMR 0.646 (0.507-0.784) 7.14 94.74 7.114285714
SII 0.684 (0.548-0.812) 85.71 57.89 607.1794872
PNR 0.702 (0.565-0.827) 71.43 65.79 135.042735
ELR 0.477 (0.338-0.619) 78.57 36.84 0.070422535
BLR 0.626 (0.483-0.761) 85.71 39.47 0.00862
FIB-4 0.643 (0.496-0.773) 100 0 —Inf
APRI 0.642 (0.508-0.776) 100 0 —Inf
BARD 0.541 (0.403-0.672) 100 7.89 0
AST/ALT ratio 0.585 (0.451-0.723) 60.71 57.89 1.285714286

APRI: AST-to-Platelet Ratio Index; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; AU-
ROC: Area Under the Receiver Operating Characteristic Curve; BARD: Bilirubin, Age, AST/ALT Ratio,
and Diabetes Score; BLR: Basophil-to-Lymphocyte Ratio; dNLR: Derived Neutrophil-to-Lymphocyte Ratio;
ELR: Eosinophil-to-Lymphocyte Ratio; FIB-4: Fibrosis-4 Index; LMR: Lymphocyte-to-Monocyte Ratio; NLR:
Neutrophil-to-Lymphocyte Ratio; PLR: Platelet-to-Lymphocyte Ratio; PNR: Platelet-to-Neutrophil Ratio;
RDW-CV: Red Cell Distribution-Width—Coefficient of Variation; SII: Systemic Immune-Inflammation Index;
Se: Sensitivity; Sp: Specificity.

3.8. Risk of Advanced Hepatic Fibrosis and Pulmonary Function Tests

In assessing advanced hepatic fibrosis risk using FIB-4, spirometric measures
showed varying results, as demonstrated in Supplementary Materials Table S5. FVC%
and FEV1% did not differ significantly between high, indeterminate, and low fibrosis-
risk categories. However, FEV1/FVC was notably higher in the high-risk group. Other
measures like MEF75%, MEF50%, MEF25%, and DLCO showed no significant differ-
ences across the risk categories.

For advanced fibrosis risk assessed by APRI, spirometric and DLCO measures showed
no significant differences between high- and low-risk groups- as reported in Supplementary
Materials Table S6. Median values for FVC%, FEV1%, and other spirometric measures like
MEF75%, MEF50%, and MEF25% were similar across groups. DLCO also did not differ
significantly, indicating limited variability in these parameters relative to APRI-defined
fibrosis risk.

When comparing advanced fibrosis risk based on the BARD score, spirometric mea-
sures and DLCO did not show significant differences between high- and low-risk groups,
as mentioned in Supplementary Materials Table S7. Median values for FVC%, FEV1%,
FEV1%M%, MEF75%, MEF50%, MEF25%, and DLCO were similar across both risk cate-
gories, with no statistically significant differences found.

3.9. Comparative Analysis of Advanced Fibrosis Risk in IPF vs. SPF

In the context of pulmonary fibrosis, IPF cases had a significantly higher proportion of
high FIB-4 advanced-fibrosis risk compared to SPF cases (18.42% vs. 0%, p-value= 0.015), as
outlined in Table 7. APRI advanced-fibrosis risk showed no significant difference between
IPF and SPF (5.26% vs. 0%, p-value= 0.504). For BARD advanced-fibrosis risk, the proportion
of high-risk cases was similar between the two groups (89.47% in IDP vs. 96.43% in SPF,
p-value = 0.385).
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Table 7. Type of pulmonary fibrosis and associated risk of advanced liver fibrosis assessed using
FIB-4, APRI, and BARD.

Variable IPF (n = 38) SPF (n = 28) p-Value
. . High: 7 (18.42) High: 0 (0)

F.IBl:4 A?;/z)mced-ﬁbrosm Indeterminate: 23 (60.53)  Indeterminate: 16 (57.14)  0.015

TSk, 7o Low: 8 (21.05) Low: 12 (42.86)

APRI Advanced-fibrosis

risk (High), nr (%) 2 (5.26) 0(0) 0.504

BARD Advanced-fibrosis

risk (High), nr (%) 34 (89.47) 27 (96.43) 0.385

APRI: AST-to-Platelet Ratio Index; BARD: Bilirubin, Age, AST/ALT Ratio, and Diabetes Score; FIB-4: Fibrosis-4
Index; IPF: Idiopathic Pulmonary Fibrosis; SPF: Secondary Pulmonary Fibrosis.

4. Discussion

This study investigated the relationship between pulmonary fibrosis, hepatic condi-
tions, and various biomarkers, providing new insights into differentiating IPF from SPF.
Our main findings reveal that IPF patients exhibit higher FIB-4 scores and RDW /PLT ratios
compared to SPF patients, suggesting increased hepatic fibrosis risk. Conversely, SPF
patients show elevated PLR and SII, reflecting a more pronounced inflammatory profile.
Notably, PLR and PNR demonstrated the highest discriminatory ability between IPF and
SPF, while traditional hepatic fibrosis scores such as FIB-4 and APRI had limited differenti-
ation capabilities. Our analysis also found no significant differences in pulmonary function
tests across hepatic fibrosis-risk categories, indicating that hepatic fibrosis risk may not
directly impact pulmonary function.

In our study, we observed a significant association between pulmonary fibrosis and
hepatic conditions, with IPF patients showing elevated FIB-4 scores and RDW /PLT ratios
compared to SPF patients. The FIB-4 score, which combines age, AST, ALT, and platelet
count, is a validated non-invasive marker of hepatic fibrosis. Higher FIB-4 scores in IPF
align with findings from Cocconcelli et al., who reported a notable overall survival risk
related to liver fibrosis risk in IPF patients [15]. This association may be attributed to shared
pathogenic mechanisms such as chronic inflammation and oxidative stress, which drive
both pulmonary and hepatic fibrosis.

Conversely, SPF patients exhibited higher PLR and SII. Elevated PLR and SII in SPF
could reflect the inflammatory and immune dysregulation often observed in secondary
causes of pulmonary fibrosis, such as autoimmune diseases or occupational exposures. The
heightened inflammatory profile in SPF may contribute to distinct clinical and histopatho-
logical features compared to IPF. Our analysis identified PLR and PNR as particularly
effective in differentiating between IPF and SPF, with PLR showing the highest discrimina-
tory power among the evaluated biomarkers. PLR has been increasingly recognized for its
role in various inflammatory and fibrotic diseases. Achaiah et al. demonstrated that blood
neutrophil and lymphocyte counts are more reliable than monocytes for predicting disease
progression in individuals with established IPF [25]. Chen et al. found that higher levels of
NLR expression correlate with reduced overall survival in patients with IPF, regardless of
other prognostic factors. This suggests that NLR could serve as a dependable prognostic
biomarker for individuals with IPF [26].

However, FIB-4 and APRI, despite their high sensitivity, did not effectively distinguish
between IPF and SPF. The discrepancy may stem from differences in patient populations
or the specific characteristics of pulmonary fibrosis. Our findings suggest that while these
scores are useful for assessing hepatic fibrosis, they may not fully capture the complexities
of pulmonary fibrosis. The lack of significant differences in pulmonary function tests across
hepatic fibrosis-risk categories (assessed by FIB-4, APRI, and BARD) is noteworthy. Our
results suggest that while hepatic fibrosis risk may influence lung function, the relation-
ship might be less direct or more complex than previously thought [27]. Factors such as
concurrent comorbidities, disease duration, and treatment effects could contribute to these
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nuanced findings. Our results indicate a higher proportion of advanced fibrosis risk (as
assessed by FIB-4) in IPF compared to SPF, corroborating earlier studies, which found a
strong link between IPF and liver fibrosis. The similar proportions of high-risk cases for
APRI and BARD between IPF and SPF suggest that these scores may not be as effective
in distinguishing between the two conditions. This could be due to the overlap in the
underlying mechanisms of fibrosis and the influence of various confounding factors.

Our study underscores the utility of biomarkers such as the PLR and PNR in differenti-
ating IPF from SPE. These biomarkers offer a valuable complement to traditional diagnostic
methods, which primarily rely on HRCT and sometimes lung biopsy. While HRCT is
effective in identifying the UIP pattern, it may not always clearly distinguish between IPF
and SPF, especially in complex cases [28]. PLR and PNR reflect systemic inflammation and
immune responses, providing additional diagnostic insights that can enhance accuracy.
Integrating these biomarkers into clinical practice can improve diagnostic precision and
patient management by offering a quantitative measure of inflammation that supports a
more comprehensive and nuanced approach to distinguishing between IPF and SPF.

It is important to mention that antifibrotic medications, including Nintedanib and
Pirfenidone, play a critical role in managing IPF by slowing disease progression and im-
proving patient outcomes. However, these medications can pose risks of hepatotoxicity [29].
Nintedanib, a tyrosine kinase inhibitor, has been associated with mild and generally re-
versible elevations in liver enzymes, necessitating regular monitoring of liver function
throughout treatment [30]. Similarly, Pirfenidone, an anti-inflammatory and antifibrotic
agent, can cause increases in transaminases and bilirubin levels, though it is usually well-
tolerated when managed appropriately [31]. Both drugs have been linked to cases of DILI,
underscoring the importance of close surveillance for hepatic adverse effects. The risk of
hepatotoxicity may require dose adjustments or discontinuation of therapy, highlighting
the need to carefully balance the therapeutic benefits of these medications against poten-
tial liver-related risks. Effective management of these hepatic side effects is essential for
optimizing patient care and minimizing severe liver complications associated with IPF
treatment [5].

Our findings underscore the importance of integrating hepatic assessments into the
management of pulmonary fibrosis. Given the high prevalence of hepatic involvement
in IPF and the distinct inflammatory profiles in SPF, clinicians should consider a holistic
approach to evaluating patients with pulmonary fibrosis. The use of biomarkers such
as PLR and PNR can enhance diagnostic accuracy and guide personalized treatment
strategies. Future research should focus on validating these findings in larger, multi-center
cohorts and exploring the underlying mechanisms linking hepatic and pulmonary fibrosis.
Longitudinal studies assessing the impact of hepatic involvement on disease progression
and treatment response in pulmonary fibrosis are also warranted. Such research will help
refine diagnostic tools and therapeutic approaches, ultimately improving patient outcomes
in this challenging field.

Our study has several limitations that should be considered when interpreting the
results. First, its retrospective design may introduce selection bias, as it relies on existing
patient records and clinical data, which can limit the generalizability of our findings.
Additionally, the sample size, while adequate for preliminary analyses, may not be large
enough to detect more subtle differences between IPF and SPE. The lack of a longitudinal
follow-up means that we could not assess the long-term outcomes or progression of
disease in relation to the biomarkers studied. Furthermore, although we evaluated various
biomarkers and hepatic fibrosis scores, the absence of a gold standard for diagnosing
hepatic fibrosis limits our ability to definitively validate the efficacy of these measures.
Lastly, the study excluded patients with certain comorbid conditions and incomplete data,
which might have affected the representativeness of the patient cohort.

Despite these limitations, our study presents several strengths that enhance its contri-
bution to the field. The inclusion of a comprehensive set of biomarkers and hepatic fibrosis
scores provides a robust analysis of their potential utility in differentiating between IPF
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Abstract: Background and Objectives: Hepatic cirrhosis is a disease with an increasing frequency
globally, but its mechanisms of disease development are not yet completely known. The aim of
this study was to evaluate the relationship between thyroid hormone levels (T3, fT4, and TSH) and
survival in patients with chronic liver disease. Materials and Methods: A total of 419 patients diagnosed
with liver cirrhosis were included in the study. The MELD score was computed, and TSH, T3, and
fT4 were collected from each patient using the ELISA procedure. Signs and symptoms of liver failure
and portal hypertension confirmed the clinical diagnosis of liver cirrhosis, and biological tests and
imaging methods confirmed the diagnosis. Results: The MELD score was positively associated with
TSH on admission and TSH on discharge and negatively associated with T3 at discharge. TSH levels
were higher in non-survivors than in survivors. The values of T3 and fT4 present no significant
changes to be considered as prognostic factors. Conclusions: Although the differences between the
median TSH values of the patients who died and those who survived are not very large, the statistical
significance of the data obtained demonstrates that there are changes in metabolism of the thyroid
hormones during the progression of liver cirrhosis. It is possible that TSH is the one which maintains
the normal balance of thyroid activity for patients with liver cirrhosis, so it can be considered as an
important marker of evolution of these patients.

Keywords: evolution of cirrhosis; TSH; T3; fT4; encephalopathy; liver

1. Introduction

Liver cirrhosis has become an increasingly public health concern globally and in
Europe. The Global Burden of Disease (GBD) study (2017) estimated that 112 million
people worldwide have been diagnosed with compensated liver cirrhosis [1]. According to
WHO, 2.4% of all deaths worldwide are due to liver cirrhosis [2].

The main causes of liver cirrhosis are infection with hepatitis C virus (HCV), hepati-
tis B virus (HBV), alcohol-associated liver disease, and non-alcoholic fatty liver disease
(NAFLD) [3].

There is a tendency for viral liver infections to decrease as the cause of liver cirrhosis.
This fact is due to the vaccination against virus B and the implementation of treatment
programs for HBV, but also the successful treatment of HCV infection with direct acting
antiviral (DAA) therapy [4].

Alcohol is the substance most often abused throughout the world and is still a main
cause in the etiology of liver cirrhosis [5].

Alcohol consumption is an important factor in the occurrence and evolution of liver
cirrhosis. The systemic effect of alcohol consumption causes complications of pre-existing
pathologies, but also the unfavorable evolution of liver pathology. The association between
viral liver infection and alcohol consumption causes repeated decompensations of liver
disease and forms with unfavorable evolution [6].
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End-stage chronic liver disease is characterized by the replacement of normal liver
tissue with fibrotic tissue. Liver function loss has serious repercussions and is a cause of
morbidity and mortality [7].

The management of chronic liver diseases is challenging because of the complexity of
liver functions and the metabolic correlations in which they play a decisive role [8].

The survival of patients with liver cirrhosis depends on the way in which the triggering
cause of cirrhosis is kept under control, but also the complications and the effect on other
associated pathologies.

Liver cirrhosis develops over time and can have permanent, potentially fatal con-
sequences. Monitoring the clinical course and treatment is challenging because of the
lack of prognostic and developmental markers. The evolution of patients with end-stage
chronic liver disease is completely unpredictable because of the lack of balance between cell
destruction and regeneration and the absence of a clear link between numerous biological
constants and disease progression [9]. Challenging research topics include the prevention
of these problems and the determination of the links between disease progression and
metabolic changes, including hormonal changes [10]. Recent research has traced thyroid
dysfunction to liver disease. Changes in thyroid-stimulating hormone (TSH) and thyroid
hormone values are associated with liver disease complications, including mortality [11,12].

Thyroid hormone profile was strongly associated with worse outcomes in patients
with cirrhosis and might represent a promising prognostic tool that can be incorporated in
clinical practice [13].

The thyroid hormones triiodothyronine (T3) and thyroxine (T4) are produced under
the control of an endocrine feedback loop. Both hormones are bound to the bloodstream by
transport proteins called albumin, transthyretin, and thyroid-binding globulin (TBG) [14].
They play a part in the proper growth, development, and operation of organs. Moreover,
they influence liver function by regulating the basal metabolic rate of all cells, including
hepatocytes. On the other hand, the liver plays a significant role in thyroid hormone
metabolism, including conjugation, thyroglobulin-related synthesis, and peripheral deion-
ization [15]. Triiodothyronine is the main regulator of thyroid function in various target
organs. Most of the T3 hormone is produced by enzymatic deiodination at the 5 position
of T4, mainly in the liver. Thus, T3 reflects the functional status of peripheral tissue rather
than synthetic thyroid activity. Serum T3 concentration decreases as the conversion of T4
to T3 decreases [16].

The activity of the thyroid gland is directly connected with that of the liver. Thyroid
hormones regulate the rate of basal metabolism of hepatocytes and dysthyroidism can
produce alterations in liver metabolism and circulation at this level [17]. Thyroid hormones
elicit non-genomic effects that usually begin at the plasma membrane and are mediated
primarily by integrin ocv 33, although other receptors such as TR and TRf3 are also capable
of eliciting non-genomic responses [18].

There is a complex relationship between thyroid and liver pathology. Under normal
conditions, the liver plays an essential physiological role in thyroid hormone activation
and inactivation, transport, and metabolism, while thyroid hormones are involved in
hepatocyte activity and liver metabolism [19]. In hypothyroidism, changes in liver enzymes
can appear, which can be attributed to the impairment of lipid and protein metabolism.
Also, severe hypothyroidism can develop with hyperammonemia and ascites, mimicking
liver failure [20].

Thyroid hormones participate actively or inactively in all physiological processes in
the body [21]. The homeostasis of the thyroid can affect the evolution of chronic liver
diseases; there is even the idea that use of thyroid hormone-analog can be used in the
treatment of liver disease [22].

Patients with liver cirrhosis may be clinically euthyroid, but the determination of
thyroid hormone and TSH values may record changes most likely determined by metabolic
alteration, especially related to dysproteinemia, with a decrease in total proteins and
albumin [23].
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The MELD score is commonly used to assess disease severity and it is based on
paraclinical measurements: bilirubin, creatinine, and INR (International Normalized Ratio).
We studied the possibility that calculating and tracking the MELD score and detecting
changes in the level of thyroid hormones may improve the evolution of the patients with
liver cirrhosis [24,25].

The main aim of this study was to investigate the possibility of using combined thyroid
hormones and the MELD score to more accurately evaluate the mortality of patients with
chronic liver disease. In this regard, as a specific objective, we aimed to evaluate the
relationship between thyroid hormone levels (T3, fT4, and TSH) and the survival of patients
with chronic liver disease.

2. Materials and Methods

Survival was assessed by recording death during hospitalization in patients with
chronic liver disease. MELD (Model for End-Stage Liver Disease) is a reliable indicator of
short-term survival in patients with end-stage liver disease and was designed based on
bilirubin, creatinine, and INR. The lowest MELD score was 6, and the highest score was 40.

2.1. Samples

Thyroid Stimulating Hormone (TSH, thyrotropin): collection was performed under
fasting conditions, but not after a recent thyroid biopsy or thyroid surgery. Venous blood
was sampled using a collection container with a vacutainer without anticoagulant, with
or without separating gel. Serum storage conditions: 20 °C or 2-8 °C. The samples were
centrifuged to separate it. At least 0.5 mL of serum was extracted, and electrochemilu-
minescence detection immunochemistry (ELISA) was used as the analytical method. We
excluded any analytical or drug interference and evaluated the range between 0.27 and
4.2 1U/mL as normal values, taking into account the adult age of the patients in the research
group [26].

Thyroxine (T4): Blood was collected from venous blood in a vacutainer with or without
separating gel and without anticoagulant. The storage conditions were 20 °C or 2-8 °C.
Centrifugation was used to separate the serum. The serum sample should contain 0.5 mL.
The electrochemiluminescence detection immunochemical assay (ELISA) was performed.
Interferences in drug and kit components were excluded. Reference values ranged from
12.0 to 22.0 pmol /L [27].

Triiodothyronine (T3) is a thyroid hormone that circulates bound to the transporter
protein but has a 10-fold lower affinity for the protein transporter than T4. The collection
and determination method was similar to that for fT4 determination, and the reference
range is 1.3-3.1 nmol/L [16].

All serological samples were processed during hospitalization and in the same laboratory.

2.2. Inclusion Criteria

The study included all patients over 18 years of age who provided written informed
consent and were diagnosed with liver cirrhosis after clinical, paraclinical-biologic, and
imaging examinations.

2.3. Exclusion Criteria

Patients who refused to complete the informed consent form were excluded. Patients
who were taking drugs that might have affected thyroid hormone metabolism were also
excluded. These included iodide contrast agents and amiodarone, which inhibit the conver-
sion of T4 to triiodothyronine T3, as well as other classes of drugs, such as glucocorticoids
and dopamine, which increase TSH secretion and, therefore, decrease T3 [28].

2.4. Participants

The study involved 419 patients diagnosed with liver cirrhosis who were hospitalized
between March 2022 and March 2023 in Constanta County Hospital, Romania. The patients
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were followed during hospitalization, until discharge, with an interval between 1 and
41 days (M = 7.21, SD = 6.73). There were three categories of discharges—clinical and
biological stabilization with resolution of the decompensation episode, discharge on request,
and exitus.

2.5. Data Analysis Methods

All analysis were performed using R [29] and the R packages.

Initially, outliers, missing values, and univariate descriptive analyses, including analy-
sis of compliance with the assumption of univariate normality for continuous data, were
performed using the Shapiro—Wilk test statistic [30,31], and indicators of skewness and
kurtosis were computed. Extreme univariate values (located beyond 3 standard deviations
to the left or above 3 standard deviations to the right of the mean) were replaced using
missing values, and imputation was performed using the K-nearest neighbor method [32].
Recorded hormone values as they resulted from the analysis (continuous variables, higher
power) were used instead of transformation to categorical values (categorical variables,
lower power), and statistical methods were used to compare rank means.

For the analysis of the associations between the main continuous variables, depending
on whether the assumption of univariate normality was met, a Bravais-Pearson r correlation
matrix was used if the assumption was met, or a Spearman p correlation matrix was used
if the assumption was not met.

To test the hypotheses, depending on the fulfillment of the assumptions, either the two-
sample t-test, comparing the means of two independent populations, or its nonparametric
equivalent (Wilcoxon sum rank test) was used.

Given that the survival achievement variable is dichotomous, its prediction as a
function of thyroid hormone levels was performed using receiver operator characteristic
(ROC) curve and area under curve (AUC) analysis. The true positive rate (TPR) was
calculated as the proportion of correctly predicted survival cases out of all survival cases,
and the false positive rate (FPR or specificity) as the proportion of incorrectly predicted cases
out of all deaths. The ROC curve displays the ratio between sensitivity and specificity, and
closeness to the upper-left corner indicates very good classification performance, whereas
the equality of sensitivity and specificity (TPR = FPR) indicates lack of concrete classification
of predictions (random assignment), where the ROC curve follows the diagonal. AUC (Area
Under Curve) and confidence interval were also calculated as measures of classification
accuracy. The control level for the ROC curve analysis was death (the “Yes” variant).

The diagnosis of liver cirrhosis was supported clinically by the presence of portal
hypertension and symptoms of liver failure and paraclinical findings on biological and
imaging tests. Each patient was assigned a MELD score and a Child-Pugh score, depending
on the course and severity. We also classified the patients with hepatic encephalopathy into
stage categories, using the traditional West Haven Classification (formulated by Harold
Conn). This classification divides patients with hepatic encephalopathy into four stages [33].
According to the West Haven criteria, stage 1 includes changes in attention, euphoria, or
anxiety, and reduced intellectual performance; stage 2 is characterized by lethargy or
apathy, minimal temporo-spatial disorientation, personality changes, and inappropriate
behavior; stage 3 includes drowsiness up to semi-stupor, but remaining responsive to verbal
stimuli, confusion, and severe temporal-spatial disorientation; and stage 4 is represented
by coma [34].

Kaplan—Meier survival analysis was also conducted, in which participants were right-
censored according to the number of hospitalization days. As an event of interest, the
death of patients was monitored, and as a group variable, continuous hormone values were
discretized, as follows: (a) for TSH, values between 0.27 and 4.2 were considered normal,
and values lower or higher than these limits were considered abnormal; (b) for T3, values
between 1.3 and 3.1 were considered normal, and values lower or higher than these limits
were considered abnormal; and (c) for fT4, values between 12.0 and 22.0 were considered
normal, and values lower or higher than these limits were considered abnormal.
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3. Results
3.1. Socio-Demographic Data

The age of the participants ranged from 32 to 91 years (M = 63.26, SD = 9.57), and
68.97% were male. After diagnosis, patients were hospitalized between 0 and 96 months (M
=20.35, SD = 20.22), and the duration of hospitalization ranged from 0 to 41 days (M =7.21,
SD =6.73).

In terms of etiology, most cases had alcoholic etiology (50.60%), followed by HVC
(18.62%) and HVB (17.90%) etiology, as well as mixed etiology (12.89%). In terms of
encephalopathy score, most patients were in the group determined by score 0 (67.78%),
followed by those in the group determined by a score of 2 (17.66%), then those in the
group with score 1 (6.68%) and 3 (5.01%), and lastly those with the highest score, 5 (2.86%).
Moreover, (7.88%) are currently deceased.

3.2. Univariate Descriptive Analysis

Values > 10.4 for TSH at discharge, >5.4 for T3 at admission, and >4.3 for T3 at
discharge were considered univariate extreme and were discarded, with a new K-nearest
neighbor imputation. For TSH, only one missing value was found at admission and
three missing values at discharge. For T3, five missing values were observed, the same
participants at admission and discharge. For FT4, two missing values were found at
admission and three missing values at discharge

The hospitalization data showed that the MELD score, TSH, T3, and fT4 are positively
skewed, postulating the existence of highly, although not extremely, emphasized values.
The MELD score and TSH have a leptokurtic distribution, with low variability around
the mean, and the other variables had a mesokurtic distribution (Tables 1 and 2), so the
assumption of univariate normal distribution is not fulfilled.

Table 1. Univariate descriptive analysis: data collected at admission.

Variable N Mean Ab. Std Median Min Max Skew (ES) Kurt (ES) Normal
MELD Score 419 14.08 4.32 14 5 31 0.72 (0.12) 0.92 (0.24)
TSH (mUI/L) 419 5.89 1.92 5.7 2.4 14.4 0.70 (0.12) 1.03 (0.24) 0.4-4.0
T3 (pmol/L) 419 0.84 0.50 0.77 0.05 2.5 0.51 (0.12) —0.24 (0.24) 1.2-3.0
fT4 (pmol/L) 419 14.13 2.62 13.5 8.8 23 0.83 (0.12) 0.43 (0.24) 12.0-22.0

Table 2. Univariate descriptive analysis: data collected at discharge.

Variable N Mean Ab. Std Median Min Max Skew (ES) Kurt (ES) Normal
TSH (mUI/L) 419 3.89 1.26 3.55 1.35 8.15 0.68 (0.12) 0.04 (0.24) 0.4-4.0
T3 (pmol/L) 419 0.78 0.52 0.65 0.00 2.25 0.64 (0.12) —0.64 (0.24) 1.2-3.0
fT4 (pmol/L) 419 12.76 3.04 124 8.8 234 0.86 (0.12) 0.26 (0.24) 12.0-22.0

In the case of the discharge data, all distributions are positively skewed, and the
distribution for T3 is platykurtic (see Table 1).

3.3. Bivariate Correlation Analysis

The assumption of univariate normality was not met, so the variables were correlated
using Spearman’s p correlation coefficient (Table 3) after first converting the dichotomous
variable “non-surviving patients” to the corresponding numerical values.
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Table 3. Spearman p correlation matrix.

1 2 3 4 5 6 7 8 9
(1) MELD -
(2) Non-surviving patients  —0.09 -
(3) Hospitalization (days) —0.03 —0.02 -
(4) TSH—Admission 0.27 *** —0.19**  0.03 -
(5) TSH—Discharge 0.21 *** —0.14*  0.00 0.75 *** -
(6) T3—Admission —0.10 0.04 0.01 —0.35**  —0.28** -
(7) T3—Discharge —0.17**  —0.02 —0.01 —023** —0.14*  0.46*** -
(8) fT4—Admission —0.02 0.01 0.06 —0.18**  —0.07 0.23 *** 0.13 ** -
(9) fT4—Discharge 0.08 0.02 0.07 0.05 0.20 *** 0.09 0.51** 042 -
Media 14.08 1.92 7.21 5.89 3.89 0.84 0.78 14.13 12.76
Standard deviations 4.32 0.27 6.73 1.92 1.26 0.50 0.52 2.62 3.04

% < 0.001; ** p < 0.01.

The MELD score was positively associated with TSH on admission (p = 0.27, p < 0.001),
and TSH on discharge (p = 0.21, p < 0.001), negatively associated with T3 at discharge
(p=—0.17, p < 0.001), negatively marginally associated with non-survival (p = —0.09,
p = 0.074) and T3 on admission (p = —0.10, p = 0.053), and not associated with hospitaliza-
tion days (p = —0.03, p = 0.541), fT4 at hospitalization (p = —0.02, p = 0.629), and T4 at
discharge (p = 0.08, p = 0.109).

Non-survivor status at discharge was negatively associated with TSH at hospitaliza-
tion (p = —0.19, p < 0.001), and TSH at discharge (p = —0.14, p = 0.004), and not associated
with hospitalization days (p = —0.02, p = 0.702), T3 at hospitalization (p = 0.04, p = 0.0355),
T3 at discharge (p = —0.02, p = 0.750), fT4 at hospitalization (p = 0.02, p = 0.745), and {T4 at
discharge (p = 0.02, p = 0.745).

The number of hospitalization days was not associated with any variable.

TSH on admission was positively associated with TSH on discharge (p =0.75, p < 0.001),
negatively associated with T3 on admission (p = —0.35, p < 0.001), T3 on discharge
(p=—-0.23, p < 0.001), and fT4 on admission (p = —0.18, p < 0.001), and not associated
with T4 on discharge (p = 0.05, p = 0.315).

TSH at discharge was positively associated with fT4 at discharge (p = 0.20, p < 0.001),
negatively associated with T3 at hospitalization (p = —0.28, p < 0.001), and T3 at discharge
(p = —0.11, p = 0.005), and not associated with fT4 at hospitalization (p = —0.07, p = 0.147).

T3 on admission was positively associated with T3 on discharge (p = 0.46, p < 0.001),
fT4 on admission (p = 0.23, p < 0.001), and marginally positively associated with fT4 on
discharge (p = 0.09, p = 0.08).

T3 at discharge was positively associated with fT4 at hospitalization (p = 0.13, p = 0.008)
and fT4 at discharge (p = 0.50, p < 0.001), and fT4 at hospitalization was positively associated
with fT4 at discharge (p = 0.42, p < 0.001).

3.4. Data Analysis

The non-parametric Wilcoxon rank sum test was used for two independent popula-
tions from which the samples were drawn, also known as the Mann-Whitney test, because
the assumption of univariate normality was not met.

We found that the mean value for TSH on admission was 7.14 (SD = 1.79, median
= 6.7) in decedents and 5.78 (SD = 1.9, median = 6.60) in survivors, with normal values
ranging from 0.4 to 4.0 mIU/L (Figure 1). Thus, the decedents had statistically significantly
higher TSH levels on admission (W = 8930, p < 0.001, es = 0.19), and the effect size was
small.
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Figure 1. Comparisons of mean ranks of deceased and survivors’ TSH levels on admission (left) and
discharge (right).

The space between the dotted lines is the space of normal range of values. Similar
results were also observed for TSH at discharge, the mean rank of survivors’ values being
3.85 (SD = 1.26, median = 3.55), lower compared to that of the deceased 4.31 (SD = 1.19,
median = 3.9), and this difference had statistical significance (W = 8260, p = 0.005, es = 0.14)
with a small effect size.

ROC analysis showed an accuracy of survival classification based on TSH hormone of
70.33% (95% CI [61.61, 78.05]) at admission, and (62.78%, 95% CI [52.86, 71.27]) at discharge
(Figure 2), so it can be considered an acceptable classifier of survival in patients with cirrho-
sis, even though the effects have been shown to be very small but statistically significant.
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Figure 2. ROC curve analysis of survival classification according to TSH on admission (left) and
discharge (right).

In the case of T3 on admission, the values of the decedents were (M = 0.74, SD = 0.38,
median = 0.76), and of the survivors were (M = 0.85, SD = 0.50, median = 0.77), with no
statistically significant differences (W = 5750.5, p = 0.354, es = 0.05) between the two means
(Figure 3).

The space between the dotted lines is corresponding to the normal values of T3. At
discharge, those who subsequently died had a mean of 0.77 (SD = 0.47, median = 0.80),
and the mean of those who survived was 0.78 (SD = 0.53, median = 0.66), with at most
marginally significant differences between the two means (W = 6581.5, p = 0.75, es = 0.02).
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Figure 3. Comparisons of mean ranks of deceased and survivor T3 values on admission (left) and

discharge (right).

Survival classification based on T3 hormone had a very low accuracy both at admission
55.95% (95% CI [46.41, 64.74]) and at discharge, with a specificity of 50.59% (95% CI [41.18,
59.87]) at discharge (Figure 4), and T3 cannot be considered an acceptable classifier of
survival in patients with liver cirrhosis.
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Figure 4. Kaplan—-Meier curve for TSH at admission. Normal values vs. out-of-range values.

For T4, there were no statistically significant differences between survivors and those
subsequently deceased, neither at admission (W = 6229.5, p = 0.835, es = 0.01) nor at
discharge (W = 6155.5, p = 0.745, es = 0.02).

Classification of survival based on fT4 had a very low accuracy, both at admission
52.54% (95% CI [41.77, 60.94]) and at discharge (52.07%, 95% CI [41.08, 64.29]). Therefore,
fT4 cannot be considered an acceptable classifier of survival in patients with liver cirrhosis.

The mean MELD values were 15.54 (SD = 5.20, median = 15) for decedents and
13.95 (SD = 4.22, median = 14) for survivors. Thus, deceased patients have marginally
significantly higher MELD score values (W = 7555.5, p = 0.075, es = 0.09), but the effect size
was small.

Kaplan-Meier analysis was performed only for admission data. In the case of TSH, the
average number of days of hospitalization was 7.34 (N = 327, SD = 6.88) for patients with
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abnormal hormone values and 6.74 (N = 92, SD = 6.16) for patients with normal values,
with patient censoring observed almost every day. Our data show that all patients with
normal TSH values survived, while for patients with abnormal TSH values the probability
of survival was 88.8% (SE = 2.39%, 95% CI [84.2%, 93.6%]) at 9 days and 46.6% (SE = 19.52%,
95% CI [20.5%, 100.0%]) at 35 days. The log-rank test indicates a statistically significant
difference (p = 0.003). The median survival time of patients in the group with abnormal
TSH values was 35 days, which is significantly shorter than the survival time of patients in
the group with normal TSH values (41 days, see Figure 6).

In the case of T3 values, the average number of days of hospitalization was 7.29
(N =328, SD = 6.77) for patients with abnormal hormone values and 6.90 (N =91, SD = 6.61)
for patients with normal values, with patient censoring observed almost every day. Our
data show that for patients with abnormal T3 values the probability of survival was 89.0%
(SE = 24.16%, 95% CI [84.3%, 93.9%]) at 9 days and 71.5% (SE = 6.46%, 95% CI [59.9%,
85.4%]) at 22 days, whereas for patients with normal T3 values it was 92.3% (SE = 6.45%,
95% CI [80.5%, 100.0%]) at 12 days (Figure 5). The log-rank test indicated no statistically
significant difference (p = 0.10) between the median survival time of patients with abnormal
T3 values and that of patients with normal T3 values.
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Figure 5. Kaplan—-Meier curve for T3 at admission. Normal values vs. out-of-range values.

The same conclusions can be drawn for fT4. The average number of days of hospi-
talization was 7.78 (N = 97, SD = 7.40) for patients with abnormal hormone values and
7.03 (N = 322, SD = 6.52) for patients with normal values, with patient censoring observed
almost every day. For patients with abnormal fT4 values, the probability of survival was
90.40% (SE = 5.03%, 95% CI [81.0%, 100.0%]) at 12 days and 73.8% (SE = 11.84%, 95% CI
[563.9%, 100.0%]) at 22 days, whereas for patients with normal fT4 values it was 85.3%
(SE =3.39%, 95% CI [79.0%, 92.3%]) at 12 days and 77.5% (SE = 5.37%, 95% CI [67.7%,
88.8%]) at 18 days (Figure 6). The log-rank test indicated no significant difference (p = 0.93)
between the median survival time of patients with abnormal fT4 values and that of patients
with normal fT4 values.
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Kaplan-Meier curves for fT4 - Out of range vs. Normal value at admission
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Figure 6. Kaplan—-Meier curve for fT4 at admission. Normal values vs. out-of-range values.

4. Discussion

MELD score was positively associated with TSH at admission and at discharge and
negatively associated with T3 at discharge. This finding corresponds with data published
by Punekar, but refuted by studies by Vincken [11,35].

Non-survival was negatively associated with TSH at admission and at discharge and
not associated with the number of hospitalizations, not associated with T3 at admission
and at discharge, and not associated with fT4 at admission and at discharge. The number
of days of hospitalization was not associated with any of the variables.

TSH at admission was positively associated with TSH at discharge, negatively associ-
ated with T3 at admission and at discharge and with fT4 at admission, and not associated
with fT4 at discharge. The same situation is presented in the study of Vinken [35].

T3 at discharge was positively associated with fT4 at admission and at discharge.
The deceased had statistically significantly higher TSH levels on admission and also at
discharge, so it can be considered an acceptable classifier of survival of patients with liver
cirrhosis. These results are consistent with the data obtained by Fei Ye, who considered the
association between increased TSH and mortality to be statistically significant [36].

There are no statistically significant differences between T3 on admission to the hos-
pital of the survivors and of the decedents, so T3 cannot be considered as an acceptable
classifier of survival in liver cirrhosis. The same thing can be said about T4, and the result
is in agreement with studies by Trajkovic and Vincken who reported that they observed no
associations between T4 values and cirrhotic patients who died [35,37].

The Kaplan-Meier analysis shows that all the patients with normal TSH survived and
for those with abnormal TSH values the probability of survival was 88.8% at 9 days of
hospitalization and 46.6% at 35 days. The log-rank test shows no statistically significant
difference in T3 and fT4 in survivors and in non-survivors. A similar situation was reported
in the studies of Fei Ye [36]. Although the differences between the median TSH values of
the patients who died and those who survived are not very large, the statistical significance
of the data obtained demonstrates that there are changes in metabolism of the thyroid
hormones during the progression of liver cirrhosis.

For fT4, there were no statistically significant differences between survivors and those
who subsequently died, and the result is in agreement with studies by Trajkovic and
Vincken who reported that they observed the same situation [35,37].
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5. Conclusions

The findings of this study highlight the importance of careful monitoring of hormonal
markers in patients with liver cirrhosis. The MELD score was positively associated with
TSH on admission and TSH on discharge, and negatively associated with T3 at discharge.
Increased TSH levels in patients with cirrhosis during hospitalization are associated with
mortality. TSH may be a prognostic factor of mortality in patients with liver cirrhosis.
Monitoring TSH may not only improve our understanding of disease progression, but
significantly contribute to patient survival. The MELD score provides important prognostic
and evolution data. These data can be correlated with the TSH variation and can be used
to prevent unfavorable evolution towards exitus. The T3 and fT4 changes that occur
during the decompensation of patients with liver cirrhosis can be considered transitory
and not part of the permanent damage to the thyroid gland. The role of TSH is major,
correcting thyroid hormone disorders that can occur in patients with liver cirrhosis. Even
the conversion from T4 to T3 may not occur in proper conditions due to impaired liver
function; it seems that the body has the ability to regulate the secretion of thyroid hormones
so that there are no significant changes. This is probably achieved through the effect of
TSH, which shows increased values along with the evolution towards death of patients
with liver cirrhosis.
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Abstract: Background and Objectives: This study aimed to assess the impact of coronavirus disease
2019 (COVID-19) on patients with acute cholangitis (AC) by comparing outcomes, complications, and
hospital stays in a tertiary Gastroenterology department. Materials and Methods: This retrospective
observational cohort study was conducted in a tertiary gastroenterology department, collecting data
from all AC and AC + COVID-19 patients between April 2020 and February 2022. Data included
clinical and demographic information, COVID-19-specific details, acute cholangitis presentation,
medical records, laboratory results, and interventions. AC was diagnosed using Tokyo Guidelines
2018 (TG18) criteria, with all patients undergoing bile culture sampling. Results: The study included
241 patients, 30 in the COVID group and 211 in the non-COVID group. The COVID group’s mean
age was significantly higher (74.3 vs. 67.3 years, p < 0.009). Abdominal pain was more common in
the COVID group (90% vs. 70.6%, p < 0.025). Length of hospital stay was longer for COVID patients
(13.5 vs. 7.9 days, p < 0.001). COVID patients had higher incidences of malignant causes of AC, with
pancreatic cancer being the most common (30%). Pseudomonas spp. was significantly more prevalent
in COVID patients (16.7% vs. 5.7%, p = 0.028). Conclusions: Our study results show that COVID-
19 affected the duration of hospitalization for patients with AC. Furthermore, this study presents
observations regarding the impact of COVID-19 on AC, revealing differences in microbial profiles.

Keywords: acute cholangitis; COVID-19; biliary drainage; microorganisms

1. Introduction

Acute cholangitis (AC) is a potentially fatal condition requiring prompt detection
and treatment [1]. This clinical syndrome arises when bacterial infections invade the
normally sterile biliary system, typically in the context of a bile duct obstruction caused by
choledocholithiasis, although it can also occur in patients with neoplasms and strictures [2].
Management of acute cholangitis hinges on the severity of the condition, with biliary
drainage and antibiotics being the primary treatment modalities [3].

The Tokyo Guidelines 2018 (TG18) provide criteria for diagnosing AC, which include
systemic inflammation, cholestasis, and imaging evidence of bile-duct abnormalities [4]. These
guidelines also offer recommendations for the appropriate use of antimicrobial agents [5].
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The emergence of coronavirus disease 2019 (COVID-19), caused by the SARS-CoV-2
virus, has profoundly impacted medical practices worldwide, including gastroenterol-
ogy [6]. COVID-19’s rapid global spread has led to varied clinical presentations, from
asymptomatic cases to severe illness, complicating the management of pre-existing condi-
tions like acute cholangitis [7,8]. The need for emergency endoscopic procedures, such as
endoscopic retrograde cholangiopancreatography (ERCP), persisted during the pandemic,
despite overall reductions in gastrointestinal endoscopy volumes [9].

Notably, the pandemic did not significantly decrease the diagnosis of pancreaticobil-
iary cancers, nor did it alter the approach to ERCP for malignant and benign conditions [10].
However, patients with chronic liver disease who contracted COVID-19 faced higher risks
of severe complications and mortality [11].

The liver’s susceptibility to SARS-CoV-2 infection due to the high expression of ACE2
receptors in cholangiocytes further complicates the clinical picture [12].

While liver function abnormalities are common in COVID-19 patients, significant liver
impairment is rare [13]. Severe cases may experience liver injury due to immune-mediated
inflammation, including cytokine storms and hypoxia-associated pneumonia [14].

This study aims to evaluate the impact of COVID-19 on patients with AC, comparing
outcomes, complications, and length of hospital stay within a tertiary gastroenterology
department. Additionally, the primary objective of this study was to characterize the
microbiological profiles of bile aspirates collected during ERCP in patients with acute
cholangitis. By exploring these interactions, this study seeks to enhance the understanding
and management of AC in the context of the recent pandemic.

2. Materials and Methods
2.1. Study Design and Participants

Ethical approval was obtained from the Internal Review Board of “Pius Brinzeu”
Emergency County Hospital of Timisoara, Romania, and patient confidentiality and data
security were strictly maintained. This study was designed as a retrospective observa-
tional cohort single-center study conducted in a tertiary gastroenterology department
to investigate the intersection of COVID-19 and acute cholangitis. It aims to elucidate
the clinical characteristics, therapeutic interventions, and outcomes in patients with both
conditions. Data were collected from patients with acute cholangitis, with or without
COVID-19, between April 2020 and February 2022. Clinical and demographic data were
systematically and retrospectively collected, including COVID-19-specific information,
cholangitis presentation, medical records, laboratory results, radiological findings, and
medical interventions. Additionally, patient-reported outcomes and complications were
documented.

The study aims to characterize the microbiological profiles of bile aspirates from pa-
tients undergoing ERCP. The PICO elements are P (Population)—patients diagnosed with
AC and COVID-19; I (Intervention)—comparison of clinical outcomes and microbiolog-
ical analysis of bile; C (Comparison)—outcomes in patients with AC with and without
COVID-19; and O (Outcomes)—clinical outcomes (e.g., hospital stay, complications), and
microbiological profiles.

2.2. Inclusion Criteria

Patient inclusion criteria included testing for COVID-19 diagnosis through RT-PCR
on nasopharyngeal swabs and clinical and imaging evidence of AC based on the TG18.
Additionally, participants were required to be above 18 years of age and willing to provide
informed consent. Patients excluded from the study were those with inadequate medical
records or incomplete clinical data, inability to provide informed consent due to medical
or psychiatric conditions, age below 18 years, antibiotics treatment for other medical
conditions at the time of acute cholangitis diagnosis, post-ERCP perforation, cholangitis
secondary to ERCP, or percutaneous or surgical drainage.
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2.3. Diagnosis of AC

The TG18 criteria determined the AC diagnosis. Based on the TG18 criteria, diagnosing
acute cholangitis (AC) relies on three essential factors: systemic inflammation, cholestasis,
and imaging-detected bile-duct abnormalities. Systemic inflammation is a mandatory
criterion typically identified by fever or elevated inflammatory markers, such as increased
leukocyte count or elevated C-reactive protein levels. Despite significant advancements in
diagnostic imaging techniques, direct imaging-based diagnosis of AC remains challenging,
requiring a continued dependence on clinical and laboratory findings to confirm the
disease [4]. Following admission, all patients were administered antibiotics according to
the TG18 recommendations for the grade specified in the diagnosis of AC [5]. Culture
media were used to identify microorganisms in bile samples.

Various diagnostic techniques were applied to address the cause of obstruction at
admission. B-mode ultrasonography was initially performed, and when the diagnosis
remained uncertain, further methods, such as endoscopic ultrasound (EUS), contrast-
enhanced Computer Tomography (CE-CT), or magnetic resonance (CE-MRI), were used
to assist in diagnosing and staging malignancies. Additional diagnostic confirmation was
achieved by evaluating tumor markers and reviewing histopathological data derived from
ERCP or EUS biopsies.

2.4. Therapeutic Approach

ERCP was performed using a therapeutic duodenoscope provided by Olympus Corp.,
Tokyo, Japan, to access the common bile duct through a guidewire. Under careful sedation
management, a specialized anesthesia and intensive care team expertly administered a
blend of midazolam, propofol, and fentanyl, following their internal protocols during
ERCP procedures. The timing for ERCP was determined by evaluating the severity of the
condition and adhering to the guidelines set forth by the endoscopists as outlined in the
Tokyo Guidelines.

2.5. Data Acquisition and Study Variables

Meticulously documenting a broad range of variables enabled a thorough analysis
throughout the study. The collected data encompassed various aspects, including patient
demographics (gender, age), clinical observations (symptoms such as abdominal pain,
jaundice, fever, chills), laboratory analysis, duration of hospitalization, severity according
to the Tokyo guidelines, and microbial cultures of bile samples.

Additionally, we included COVID-19 patients with pneumonia, those who received
antiviral treatment for COVID-19, as well as those with comorbidities such as cardiac
pathology, type 2 diabetes mellitus, and chronic kidney disease in both groups of patients.

2.6. Statistic Analysis

Continuous variables were assessed for normality using the Shapiro-Wilk test. Nor-
mally distributed data were presented as means + standard deviations (SD), while non-
normally distributed data were summarized using medians with interquartile ranges (IQRs;
25th to 75th percentiles). Categorical variables were described as counts and percentages.
Differences between groups for normally distributed continuous variables were assessed
using Welch'’s t-test for comparisons between two groups and one-way ANOVA for mul-
tiple groups, incorporating post-hoc tests (e.g., Tukey’s HSD) to pinpoint specific group
differences. For non-parametric continuous data, the Mann-Whitney U and Kruskal-Wallis
tests were applied for two and multiple groups, respectively, with subsequent Dunn’s
post-hoc analyses as necessary. Categorical data comparisons were conducted using Chi-
square tests or Fisher’s exact test when expected cell counts were below five. We used
binomial logistic regression to identify independent predictors of study outcomes, care-
fully considering potential confounding factors. Before the main analysis, we checked
for multicollinearity among the predictors to ensure the integrity of our regression model.
The logistic regression model quantified the association between independent variables
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and the outcome variable through regression coefficients. These coefficients provided
insight into the direction and importance of the effect of each predictor, with statistical
significance determined by a p-value of less than 0.05. We applied a pseudo-R-squared
measure alongside the Hosmer-Lemeshow goodness-of-fit check to evaluate our logistic
regression model’s overall performance and suitability. Sample size calculations were
conducted a priori to achieve a confidence level of 95% and a statistical power of 80%
based on anticipated effect sizes and variance estimates derived from preliminary data. All
statistical analyses were performed in R (version 3.6.3), leveraging the capabilities of several
comprehensive packages within the Tidyverse for data manipulation and visualization,
Finalfit for regression analyses, and other specialized packages (MCGYV, Stringdist, Janitor,
Hmisc) for various data processing needs.

3. Results

A total of 241 patients were included in this study. The etiology of AC is detailed
in Table 1. Most patients in the benign group were diagnosed with choledochal lithiasis
(43.6%). Malignant pathology was diagnosed in 53.3% of patients (n = 129/241), with pan-
creatic cancer (29%) being the most common cause. The mean age between the four groups
showed statistical differences (p < 0.009). Patients in the COVID group had a mean age of
74.3 years (SD = 10.6), while patients in the non-COVID group had a mean age of 67.3 years
(SD = 14.1). No gender differences were found between COVID and non-COVID patients
(p = 0.539), as shown in Table 2. Abdominal pain was more common in the COVID group
than in the non-COVID group (90% vs. 70.6%, p < 0.025). No differences were observed
between the two groups in the incidence of fever (p = 0.246). Patients who tested positive for
COVID-19 had an extended hospital stay of 13.5 days (SD = 6.6), compared to an average
of 7.9 days (SD = 5.4) for patients not diagnosed with COVID-19.

A combination of correlation analysis, multiple regression analysis, and ANOVA was
used to evaluate the relationships between hospitalization duration and factors such as
sex, age, comorbidities (including cardiac pathology, Type 2 diabetes, and chronic kidney
disease), pneumonia severity, and the probability of receiving COVID-19 treatment for
patients with and without COVID-19.

The dataset included 30 COVID-19 patients, 15 of whom (50%) had pneumonia. Of
those with pneumonia, 5 patients (16.7%) had minimal involvement, 7 patients (23.3%)
had moderate involvement, and 3 patients (10%) had severe involvement. Additionally,
11 patients (36.7%) received COVID-19 treatment, while 19 (63.3%) did not.

Pearson correlation was used to explore the relationships between hospitalization
duration and factors such as sex, age, and comorbidities in COVID-19 and non-COVID-19
groups. For the COVID-19 group, age (r = —0.131, p = 0.490) showed weak correlations with
hospitalization duration. In the non-COVID-19 group, age (r = 0.155, p = 0.024) showed a
weak but statistically significant positive correlation with hospitalization duration.

Multiple linear regression further quantified these relationships. In the COVID-19
group, Type 2 diabetes (3 = 3.59, p = 0.142), gender (3 = 1.38, p = 0.530), and age (3 = —0.009,
p = 0.937) were not statistically significant predictors of hospitalization duration. In the non-
COVID-19 group, chronic kidney disease significantly affected hospitalization duration
(B =4.02, p=0.063), and age also approached statistical significance (3 = 0.053, p = 0.058).
However, the model’s explanatory power was low, with an R-squared value of 0.039, indi-
cating that these variables explained only 3.9% of the variance in hospitalization duration.

An ANOVA test was conducted to assess whether there were significant differences
in hospitalization duration based on pneumonia severity for COVID-19 patients. The
results indicated no statistically significant differences in average hospitalization duration
across different levels of pneumonia severity (F = 0.192, p = 0.901). A binomial logistic
regression was also performed to evaluate the association between hospitalization duration
and the probability of receiving COVID-19 treatment. The regression analysis showed that
hospitalization duration (coefficient = 0.0664, p = 0.265) was not significantly associated
with the probability of receiving COVID-19 treatment.
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Table 1. Distribution of acute cholangitis etiologies among COVID-19 positive and negative patients.

Condition COVID (n = 30) Without COVID (n = 211) p-Value
Benign 13.0 (43.3%) 99.0 (46.9%)

Choledocholithiasis 13.0 (43.3%) 92.0 (43.6%) 0.9781
Benign vaterian ampulloma 0.0 (0.0%) 2.0 (0.9%) 0.5901
Benign coledochal stenosis 0.0 (0.0%) 4.0 (1.9%) 0.4471
Liver abscess 0.0 (0.0%) 1.0 (0.5%) 0.706 1
Malignant 17.0 (56.7%) 112.0 (53.1%)

Pancreatic cancer 9.0 (30.0%) 61.0 (28.9%) 0.9021
Cholangiocarcinoma 6.0 (20.0%) 31.0 (14.7%) 0.450 1
Malignant vaterian ampulloma 2.0 (6.7%) 13.0 (6.2%) 09151
Malignant extrinsic compression 0.0 (0.0%) 6.0 (2.8%) 0.3501
Gallbladder cancer 0.0 (0.0%) 1.0 (0.5%) 0.706 1

n—number of patients; 1 Proportions are evaluated with a chi-square test.

Table 2. Clinical characteristics of the study population with biliary obstruction stratified by COVID-
19 infection.

COVID (n = 30) Without COVID (n = 211) p Value

Gender 0.5391
F 18.0 (60.0%) 114.0 (54.0%)

M 12.0 (40.0%) 97.0 (46.0%)

Age 0.009 2
Mean (SD) 74.3 (10.6) 67.3 (14.1)

Range 52.0-93.0 19.0-96.0

Jaundice 09181
Yes 27.0 (90.0%) 192.0 (91%)

No 3.0 (10.0%) 19.0 (9.0%)

Abdominal pain 0.0251
Yes 27.0 (90.0%) 149.0 (70.6%)

No 3.0 (10.0%) 62.0 (29.4%)

Fever 0.2641
Yes 6.0 (20.0%) 63.0 (29.9%)

No 24.0 (80.0%) 148.0 (70.1%)

CRP (mg/L) 0.476 2
Mean (SD) 119.65 (97.83) 105.70 (107.56)

Range 11.0-322.8 2.14-545.9

WBC (x103/uL) 0.8812
Mean (SD) 11.73 (7.35) 11.52 (5.85)

Range 3.61-40.0 2.81-41.9

Total Bilirubin (mg/dL) 0.698 2
Mean (SD) 10.77 (7.12) 10.22 (7.29)

Range 1.6-30.2 0.5-36.3

Platelets (x103/puL) 0.959 2
Mean (SD) 261.84 (120.52) 263.05 (109.51)

Range 32.0-501.8 24.0-777.0

INR 0.219 2
Mean (SD) 1.52 (0.39) 1.42 (0.59)

Range 0.96-2.77 0.91-5.05

Cardiac pathology 0.058 1
Yes 25 (83.3%) 135 (63.9%)

No 5 (16.6%) 76 (36%)

35



Medicina 2024, 60, 1354

Table 2. Cont.

COVID (n = 30) Without COVID (n = 211) p Value
Type 2 Diabetes 0.727 1
Yes 9 (30%) 53 (25.1%)
No 21 (70%) 158 (74.9%)
Chronic Kidney Disease 0.757 1
Yes 0 (()CVO) 6 (2.870)
No 30 (100%) 205 (97.2%)
Smoking status
Ex-smoker 8 (30%) 64 (30.3%) 09341
Smoker 11 (36.7%) 63 (29.9%) 0.6351
Non-smoker 10 (33.3%) 84 (39.8%) 0.7231
Previous stent 0.3621
Yes 7.0 (23.3%) 35.0 (16.6%)
No 23.0 (76.7%) 176.0 (83.4%)
Hospitalization days <0.001 2
Mean (SD) 13.5 (6.6) 7.9 (5.4)
Range 4.0-26.0 1.0-35.0
Weekend admission 0.550 1
Yes 8.0 (26.7%) 46.0 (21.8%)
No 22.0 (73.3%) 165.0 (78.2%)
Tokyo severity score 0.103 !
Gradel 10.0 (33.3%) 85.0 (40.3%)
Grade IT 6.0 (20.0%) 67.0 (31.8%)
Grade III 14.0 (46.7%) 59.0 (28.0%)
n—number of patients; ! Proportions are evaluated with a chi-square test; 2 Linear Model ANOVA; CRP—C-
reactive protein; WBC-white blood cells; SD—Standard Deviation, INR—international normalized ratio.
The results presented in Table 3 show bile culture results associated with Tokyo sever-
ities and COVID-19 status, revealing different patterns of bacterial growth and culture
sterility across various severity degrees. For patients with COVID-19, the highest pro-
portion of sterile cultures was observed in mild Tokyo severity (60%), followed by severe
cases (40%). No sterile cultures were identified in moderate-severity cases. In contrast, for
patients without COVID-19 infection, sterile cultures were more evenly distributed, with
a significant proportion observed in mild cases (40%), followed by moderate (33.3%) and
severe grades (26.7%).
Table 3. Bacterial presence in bile specimens: Insights from the Tokyo Guidelines Severity Grades
and COVID-19 Status.
Sterile tlr}:s:r-l 2 Bacteria Bac>tzria
o S, p coim Ny coum m 5 comn s
Tokyo Gradel — 3(60%) 30 (40%) 4(25%)  35(41.7%) 2(28.6%) 18 (40.90%) 1(50%)  2(25%)
Tokyo Grade II 0 25(333%) 02981  4(25%) 27(321%) 01561 2(28.6%) 12(27.30%)  0.795' 0 3(37.5%) 04291
Tokyo Grade Il 2 (40%) 20 (26.7%) 8(50%)  22(26.2%) 3(429%) 14 (31.80%) 1(50%) 3 (37.5%)

! Proportions are evaluated with a chi-square test.

Grade I (mild) acute cholangitis had a prevalence of monomicrobial growth in patients
with COVID-19 (25%) compared to those without COVID-19 (41.7%). For grade III (severe)
acute cholangitis, a higher prevalence of COVID-19 was observed (50%) compared to
non-COVID-19 cases (26.2%). Interestingly, for grade II (moderate) acute cholangitis, the
prevalence was relatively constant for both COVID-19 (25%) and non-COVID-19 (32.1%)
patients. For those with two bacterial types identified, the occurrence was almost equally
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distributed across all three types of Tokyo classification for both COVID-19 and non-COVID-
19 categories, with a slightly higher incidence in severe cases (42.9% for COVID-19 and
31.8% for non-COVID-19). Although less common, cultures with three or more bacteria
showed a 50% prevalence for both mild and severe Tokyo disease in the COVID-19 group
versus a lower prevalence in the non-COVID-19 group.

We utilized binomial logistic regression to assess the link between various bacterial
infections and COVID-19 status among patients with AC. The model showed that approx-
imately 26.5% of the variance in COVID-19 status could be attributed to the differential
bacterial profiles, as evidenced by an R-squared value of 0.26. This highlights the substan-
tial role that bacterial infections play in the context of COVID-19 among this patient cohort.
Among the various bacteria examined, Pseudomonas spp. was the only microorganism that
showed a statistically significant relationship with the COVID-19 status of the patients. The
results revealed an increasing odds ratio for Pseudomonas spp., suggesting that the presence
of this bacteria is associated with a fourfold increase in the likelihood of being a COVID-
19-positive case after adjusting for other bacterial infections. This finding highlights the
importance of Pseudomonas spp. as a significant indicator of COVID-19 status in patients
with cholangitis, highlighting its potential role in the pathophysiology of COVID-19-related
complications in such populations.

Tables 4 and 5 present a comprehensive analysis comparing the presence of various
microorganisms in bile cultures of patients with COVID-19 and those without COVID-19.
This comparison aims to identify significant differences in bacterial prevalence, which could
inform treatment and management strategies for patients with AC during the pandemic.

Table 4. Binominal Logistic Regression Analysis of Bacterial Profiles at patients with acute cholangitis
based on COVID-19 status.

95% Confidence Interval

Predictor Estimate SE z p Odds Ratio Lower Upper
Intercept —2.494 0.339 7.356 <0.001 0.0826 0.0425 0.160
Other bile germs:
Yes—No 0.999 0.627 1.593 0.111 2.7147 0.7945 9.275
Acinetobacter spp.
Yes—No 0.531 1.181 0.450 0.653 1.7014 0.1682 17.205
Citrobacter spp.
Yes—No 0.816 0.828 0.985 0.324 2.2608 0.4462 11.454
Pseudomonas spp.
Yes—No 1.457 0.615 2.369 0.018 4.2923 1.2857 14.329
Enterococcus spp.
Yes—No 0.320 0.488 0.655 0.512 1.3771 0.5289 3.586
Klebsiella spp.
Yes—No 0.261 0.514 0.509 0.611 1.2988 0.4742 3.558
Escherichia coli:
Yes—No 0.337 0.431 0.782 0.434 1.4008 0.6021 3.259

Note: Estimates represent the log odds of “Group = COVID” vs. “Group = Without COVID” (dependent variable).
The predictors listed are considered independent variables. The model was not adjusted for gender and age.
Each estimate is accompanied by its standard error (SE) and Z-score (Z), providing insight into each predictor’s
statistical significance and stability within the model. “Yes vs. No’ denotes the presence vs. absence of specific
bacterial species.

Our findings indicate that Pseudomonas spp. exhibited a significant difference in
occurrence rates between the two groups. Among patients with COVID-19, Pseudomonas
spp. was identified in 16.7% of cases, compared to 5.7% in patients without COVID-19,
with a p-value of 0.0281. This suggests a markedly higher prevalence of Pseudomonas
spp. infections among patients suffering from COVID-19, highlighting a potential area of
concern for managing secondary infections in these patients.
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Table 5. Impact of COVID-19 on the prevalence of microbial germs in bile cultures.

COVID (n = 30) Without COVID (n = 211) p-Value
Other bile germs 0.237'1
No 26.0 (86.7%) 196.0 (92.9%)
Yes 4.0 (13.3%) 15.0 (7.1%)
Acinetobacter spp. 0.605 !
No 29.0 (96.7%) 207.0 (98.1%)
Yes 1.0 (3.3%) 4.0 (1.9%)
Citrobacter spp. 0.555'1
No 28.0 (93.3%) 202.0 (95.7%)
Yes 2.0 (6.7%) 9.0 (4.3%)
Pseudomonas spp. 0.028 1
No 25.0 (83.3%) 199.0 (94.3%)
Yes 5.0 (16.7%) 12.0 (5.7%)
Enterobacter spp. 0.200'!
No 30.0 (100.0%) 200.0 (94.8%)
Yes 0.0 (0.0%) 11.0 (5.2%)
Enterococcus spp. 0.662 1
No 23.0 (76.7%) 169.0 (80.1%)
Yes 7.0 (23.3%) 42.0 (19.9%)
Kiebsiella spp. 0.450 !
No 24.0 (80.0%) 180.0 (85.3%)
Yes 6.0 (20.0%) 31.0 (14.7%)
Streptococcus spp. 0.350 !
No 30.0 (100.0%) 205.0 (97.2%)
Yes 0.0 (0.0%) 6.0 (2.8%)
Escherichia coli 0.666 !
No 19.0 (63.3%) 142.0 (67.3%)
Yes 11.0 (36.7%) 69.0 (32.7%)

n—number of patients; ! Proportions are evaluated with a chi-square test.

Other Gram-negative bacteria, such as Escherichia coli and Klebsiella spp., showed no
statistically significant difference in prevalence between the two groups. E. coli was present
in 36.7% of COVID-19 patients and 32.7% of non-COVID-19 patients, while Klebsiella spp.
was found in 20.0% of COVID-19 patients compared to 14.7% in the control group.

Similarly, Gram-positive bacteria like Enterococcus spp. did not demonstrate significant
differences in prevalence. Enterococcus spp. was observed in 23.3% of COVID-19 patients
and 19.9% of non-COVID-19 patients.

4. Discussion

The present study offers a detailed analysis of AC’s etiology, clinical characteristics,
and microbial profiles in COVID-19 infection. Our research highlights notable differences
in the presentation and outcomes of AC patients with and without COVID-19, providing
informative observations into the pandemic’s impact on the management and prognosis
of biliary tract infections. The difference in mean age between COVID-19-positive and
negative cohorts was statistically significant, with COVID-19 patients being notably older.
This finding aligns with existing literature indicating that advanced age is a significant
risk factor for severe COVID-19 outcomes [15-17]. Notably, gender distribution did not
exhibit significant differences between the two groups, suggesting a lack of gender-specific
predisposition to COVID-19 infection, consistent with previous findings [15,17].

Abdominal pain emerged as a significant symptom within the COVID-19-positive
cohort, supporting emerging evidence that gastrointestinal manifestations, including ab-
dominal pain, can be indicators of COVID-19 infection [16,18,19]. The presence of abdomi-
nal pain in COVID-19 patients warrants attention as a possible clinical marker for early
detection and effective management strategies.
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In contrast, no statistically significant difference was observed between the cohorts
regarding fever. This finding contrasts with prior research emphasizing fever as a prevalent
symptom in COVID-19 patients [16,17]. It underscores the heterogeneous nature of COVID-
19’s clinical presentation and emphasizes the importance of comprehensive symptom
evaluation in the diagnostic process [20].

In our study, patients who tested positive for COVID-19 experienced a significantly
longer hospital stay, averaging 13.5 (6.6) days compared to 7.9 (5.4) days without COVID-19.
This extended hospitalization period highlights the additional healthcare burden imposed
by COVID-19. A recent study focusing on individuals with decompensated liver cirrhosis
and COVID-19 revealed that the significant influence of COVID-19 on patients with LC,
particularly concerning organ failure, associated infections, hospitalization, and mortality,
was expected to some extent [11]. The severity of symptoms does not just determine
extended hospitalization in COVID-19 cases; it is influenced by several factors, such as
compromised functional status, referrals from other hospitals, specific admission criteria,
chronic health conditions, and the emergence of complications during the hospital stay.
Prolonged hospital stays are associated with COVID-19 and not exclusively with AC
progression, as observed with other diseases [21].

Regarding comorbidities in the COVID-19 group, Type 2 diabetes, gender, and age
were not significant predictors of hospitalization duration. In our analysis within the
COVID-19 group, type 2 diabetes showed a weak positive correlation with hospitalization
duration. However, another study revealed that COVID-19 patients with diabetes had
a substantially longer hospital stay and a markedly higher incidence of ICU admissions
compared to non-diabetic patients [22]. This discrepancy may be because the sample size
in our research is fairly limited.

To accentuate the impact of COVID-19 on other pathologies, a recent study on acute
pancreatitis during the pandemic reported that patients had a threefold increase in relative
death risk compared to those before the pandemic [23]. These findings highlight the
severe impact of the pandemic on patient outcomes and the increased risks associated
with concurrent SARS-CoV-2 infection. A notable aspect of the study was the analysis
of bile cultures, revealing distinct bacterial profiles in COVID-19 patients compared to
their non-COVID counterparts. Sterile cultures were more prevalent among COVID-19
patients with mild Tokyo severity, while non-COVID patients with severe cases had a
higher proportion of sterile cultures. This differential pattern suggests COVID-19 may
influence the biliary microbial environment, potentially through immune modulation or
direct viral effects on biliary tissue.

During the examination of various bacterial strains, Pseudomonas spp. emerged as
significantly associated with COVID-19 status, showing a fourfold increased likelihood of
presence in 16.7% of cases of COVID-19 patients (Odds Ratio = 4.2923, p = 0.018) compared
to 5.7% in patients without COVID-19. This association highlights the need for increased
vigilance and possibly specialized antimicrobial strategies in managing cholangitis in
COVID-19 patients. The presence of Pseudomonas spp. as a significant indicator of COVID-
19 status may reflect the opportunistic nature of this pathogen in immunocompromised
or critically ill patients, a category in which COVID-19 patients often fall. However, the
literature review did not yield data corresponding to these findings regarding AC.

Most studies examining bacterial coinfections in COVID-19 patients faced limitations
due to insufficient sample sizes, hindering the ability to detect outcome differences between
those with and without bacterial coinfection. However, a recent comprehensive analysis
focusing on bacterial coinfections upon admission found that patients with bacterial coin-
fection had longer hospital stays and increased in-hospital mortality compared to those
without. While not frequently detected upon admission, bacterial infections often emerged
during the prolonged hospitalization of patients, with prevalent pathogens including Pseu-
domonas aeruginosa, Klebsiella spp., and S. aureus [24]. Numerous international reports have
documented a slight uptick in the incidence of Pseudomonas aeruginosa bacteremia during
the COVID-19 pandemic [25].
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Other bacteria, including E. coli and Klebsiella spp., did not show significant differences
between the groups, suggesting that while these pathogens are common in AC, their
prevalence is not necessarily influenced by COVID-19. The lack of significant differences
in these common pathogens may indicate that standard prophylactic and therapeutic
measures remain effective for these bacteria, regardless of COVID-19 status.

In a comprehensive multicenter observational study conducted by Gomi et al. in
2017 focusing on patients with acute cholangitis, E. coli emerged as the predominant
organism detected in bile cultures [26]. Consistent with these findings, review studies have
also highlighted the prevalence of coliform organisms, including Escherichia coli (25-50%),
Klebsiella spp. (15-20%), and Enterobacter species (5-10%) as commonly identified bacteria
in AC cases [27-29].

Comparing our findings to the TG18 for AC reveals several deviations. While the
guidelines delineate cholangitis severity based on clinical criteria such as systemic inflam-
mation, cholestasis, and imaging findings, our study suggests that COVID-19 status may
influence the microbial profile of acute cholangitis cases. This influence leads to varying
patterns of bacterial growth and culture sterility across severity grades [4].

The findings of this study have several clinical implications. Firstly, the increased age
and prolonged hospitalization of COVID-19-positive cholangitis patients necessitate special
consideration for resource allocation and management strategies in healthcare settings.
The higher incidence of abdominal pain and the distinct bacterial profiles, particularly
the prevalence of Pseudomonas spp., emphasize the need for specific clinical protocols and
potentially more aggressive management strategies for co-infected patients.

Moreover, the analysis of the microbial profiles suggests that routine bile culture and
sensitivity testing should be emphasized in COVID-19-positive cholangitis patients to guide
appropriate antimicrobial therapy. The distinct microbial landscape in these patients could
impose more precise and effective treatment regimens, potentially improving outcomes and
reducing the length of hospital stays. The global health landscape has been significantly
impacted by the COVID-19 pandemic, primarily due to the prevalence of severe respiratory
illness. Nonetheless, emerging data suggests that COVID-19 can also lead to secondary
sclerosing cholangitis, commonly called post-COVID-19 cholangiopathy. This rare yet
serious complication manifests as inflammation and damage to the bile ducts following a
bout of COVID-19 infection [30].

While comprehensive, this study has several limitations that should be addressed
in future research. The relatively small sample size of COVID-19-positive patients may
limit the generalizability of the findings. Additionally, the study’s retrospective nature
could introduce biases related to the accuracy of medical records and the diagnostic criteria
used. Due to the retrospective design, it is challenging to ensure that all participants in
the COVID-19 and non-COVID-19 groups had no previous infections before enrollment
in the study. Our data is limited to what is recorded in our hospital’s database, and we
acknowledge that this may not capture the entire infectious history of the patients. Many
patients might have been diagnosed or treated for COVID-19 in other hospitals or by their
primary care physicians, and these records are not readily available to us. Additionally,
in this study, we did not have detailed information on the COVID-19 vaccination status
of all participants. This lack of data on vaccination status is another limitation that could
potentially affect the results and interpretation of our study.

5. Conclusions

Our study results show that COVID-19 affected the duration of hospitalization for
patients with acute cholangitis. Furthermore, this study presents observations regarding
the impact of COVID-19 on acute cholangitis, revealing differences in microbial profiles.
The advanced age and prolonged hospitalization of these patients demand a more precise
approach, while the increased incidence of abdominal pain and distinct bacterial profiles,
particularly the prevalence of Pseudomonas spp., indicate the importance of developing
specific clinical protocols. These observations suggest that a more intensive and indi-
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vidualized treatment strategy may be necessary to improve outcomes in this vulnerable
patient population.
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Abstract: Background and Objectives: Conflicting guidelines exist for initiating average-risk colorectal
cancer screening at the age of 45 years. The United States Preventive Services Task Force (USPSTF)
changed its guidelines in 2021 to recommend initiating screening at 45 years due to an increasing
incidence of young-onset colorectal cancer. However, the American College of Physicians (ACP)
recently recommended not screening average-risk individuals between 45 and 49 years old. We aim to
study the national trends in the incidence of sporadic malignant polyps (SMP) in patients from 20 to
49 years old. Materials and Methods: We analyzed the Surveillance, Epidemiology, and End Results
database (2000-2017) on patients aged 2049 years who underwent diagnostic colonoscopy with at
least a single malignant sporadic colorectal polyp. Results: Of the 10,742 patients diagnosed with SMP,
42.9% were female. The mean age of incidence was 43.07 years (42.91-43.23, 95% CI). Approximately
50% of malignant polyps were diagnosed between 45 and 49 years of age, followed by 25-30%
between 40 and 45. There was an upward trend in malignant polyps, with a decreased incidence
of malignant villous adenomas and a rise in malignant adenomas and tubulovillous adenomas.
Conclusions: Our findings suggest that almost half of the SMPs under 50 years occurred in individuals
under age 45, younger than the current screening threshold recommended by the ACP. There has
been an upward trend in malignant polyps in the last two decades. This reflects changes in tumor
biology, and necessitates further research and support in the USPSTF guidelines to start screening at
the age of 45 years.

Keywords: young-onset colorectal cancer; sporadic malignant polyps; adenomatous adenomas;
malignant tubulovillous adenomas; SEER database

1. Introduction

Colorectal carcinoma (CRC) is the third most common cancer worldwide and the
second most common cause of cancer death. More than 1.9 million new colorectal cancer
cases and 935,000 deaths were estimated to occur in 2020, representing about 1 in 10 cancer
cases and deaths [1]. CRC is commonly diagnosed in older people, and the median age of
diagnosis is 67 years [2]. Early-onset CRC, also known as young-onset colorectal carcinoma
(YoCRC), is defined as CRC diagnosed in individuals younger than the age of 50 years
who did not previously meet the traditional age criteria for average-risk screening in
the United States [3,4]. In 2023, approximately 153,020 people will be diagnosed with
CRC, and 52,550 will die from the disease, with 19,550 cases and 3750 deaths occurring
in people under the age of 50 [5]. Over the last ten years, the incidence of CRC has been
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steadily increasing, and there is an increased annual incidence of YoCRC. The incidence of
YoCRC has nearly doubled since 1990, with an increase of 2% per year, mainly in Western
countries [6-8]. Based on current trends, it is anticipated that the incidence rates of cancers
of the colon and rectum will rise by 90% and 124.2%, respectively, among people in the
20-34 age group, while they will increase by 27.7% and 46.0%, respectively, among patients
in the 35-39 age group [6,9]. YoCRC is now the second and fourth most common cause of
cancer in men and women under 50 years in the US. The death rate from YoCRC has been
progressively increasing, with an estimated 12 deaths per 100,000 as of 2019 [10].

Young-onset colorectal cancer is associated with a number of risk factors, such as
obesity, processed meat consumption, alcohol intake, family history, inflammatory bowel
disease, genetic predisposition syndromes, and disruption of the gut microbiome [3,11].
Despite one-third of YoCRC being associated with familial risk factors, the majority of
YoCRCs do not have associated hereditary syndromes and are linked with microsatellite
instability. YOCRCs are more likely to present as advanced-stage III/IV carcinomas, and
more frequently display aggressive histological characteristics such as poor differentiation
and perineural and blood vessel invasion [12-14]. Patients with YoCRC also have a signifi-
cantly longer median time to diagnosis, symptom duration, and time of evaluation. The
time to diagnosis is 1.4 times longer for younger than older patients [14]. The definitive
pathogenesis and molecular profile of YOCRC are not well understood, and there are few
studies that have addressed this.

The increase in the incidence of YoCRC, together with the significant proportion
of cases with sporadic characteristics within this subgroup of CRC, have led multiple
societies to recommend starting regular screening by a stool-based test or colonoscopy
at age 45 for people at an average risk for CRC. However, conflicting guidelines exist
in terms of initiating average-risk colorectal cancer screening at age 45 years. The US
Preventive Services Task Force changed its guidelines in 2021 to recommend initiating
screening at 45 years due to the increasing incidence of young-onset colorectal cancer [15].
However, the American College of Physicians (ACP) recently recommended not to screen
average-risk individuals between 45 and 49 years [16]. The American Cancer Society
(ACS) published recommendations for CRC screening for average-risk adults starting at
age 45 in May 2018 [17]. The US Preventive Services Task Force (USPSTF) expanded its
recommendations for CRC screening guidelines in 2021 to include adults aged 45-49 [15,18].
This was followed by the American College of Gastroenterology (ACG) amending their
CRC screening guidelines to begin from 45 years for average-risk individuals [19].

The initiation of screening at age 45 instead of 50 years added 19 million average-
risk people to the screening pool and dropped national CRC screening rates for those
50 and older from 68% to 59% [5]. No specific changes in screening recommendations were
made for people at higher-than-average risk by the ACS, USPSTF, or ACG. The USPSTF
recommends beginning screening for those with a family history of CRC 10 years before
the age of the youngest affected relative’s diagnosis or age 40, whichever is earlier [20]. The
NCCN guidelines recommend genetic screening for patients with young-onset CRC [21]. It
is of value to note that only half of young-onset CRC patients with germline mutations have
a history of CRC in a first-degree relative, despite the fact that family history is frequently
used to screen for elevated CRC risk [22].

Owing to the lack of screening in younger patients, the incidence of YoCRC reflects
diagnostically detected CRCs in symptomatic patients or inherently high-risk patients.
Data about the new case trends in sporadic malignant polyps (SMP) in younger patients
are limited, given the lack of established screening in those at an average risk of CRC under
the age of 45. The lack of uniformity in guidelines prevents definitive management and
screening in the 45 to 49 years age group population. Hence, we aimed to study the trends
in new cases of sporadic malignant polyps in patients between 20 and 49 years of age over
an 18-year period from the National Cancer Institute’s SEER database.
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2. Materials and Methods
2.1. Study Design

The Surveillance, Epidemiology, and End Results (SEER) Program of the National
Cancer Institute (NCI) is an authoritative source of information on cancer incidence and
survival in the United States (U.S.). The SEER database contains cancer incidences dating
back four decades, from 1975 [23]. It was launched on 1 January 1973 as a part of the
National Cancer Act. Initially, 7 registries (SEER 7) with epidemiologically significant
populations that consisted of racial and ethnic minorities were included, and this was
gradually enlarged to the current 22 cancer registries (SEER 22). SEER collects demographic,
clinical, and outcome information on all cancers diagnosed in representative geographic
regions and subpopulations. Data are obtained for all primary invasive malignancies and
some additional diagnoses, such as in situ carcinomas, and include the date of diagnosis, as
well as demographic data such as age, gender, race/ethnicity, and county of residence [24].
Appropriate use of the SEER database can ensure that the correct research conclusions are
drawn and maximize the benefits for clinicians and patients [25].

SEER is widely regarded as the gold standard for data quality in US and international
cancer registries. For cancer registries worldwide, the SEER Program serves as a model
due to its emphasis on quality control from the program’s beginning, its long-standing
commitment to representing all population segments, and its recent success in funding
research advancements. Contractual arrangements with regional registries ensure quality,
and SEER standards must be met before data are transferred [24]. Originally, there were
only 9 tumor registries, and now there are 22 US geographic areas participating in the
SEER program. Recently, the SEER Program has been moving toward more automation
to improve its consistency and reduce delays in cancer reporting. It currently collects
and publishes cancer incidence and survival data from population-based cancer registries,
covering approximately 41.9 percent of the U.S. population as per the 2020 census, and has
the largest geographic coverage available for survival. SEER 17 (accessed in November 2022)
includes 17 cancer registries that collect cancer incidence data from various geographic
regions of the U.S. SEER 17 contains 1 record for each of 9,208,295 tumors.

The American Community Survey (ACS) is an ongoing community-based survey that
has been conducted by the US Census Bureau since 2005. The ACS is the primary source
of high-resolution geographic data on the U.S. population. It provides vital demographic,
housing, and socioeconomic information, including employment, migration, and disability
information about the US population. These community-level indicators, which include
occupation, income, and education, have been linked to a number of health outcomes,
including life expectancy, self-reported health, chronic conditions, certain types of cancer,
mental disorders, cardiovascular disease, obesity, and infant mortality [26]. In fact, studies
have assessed the feasibility of linking patient data from HER to microdata from the ACS,
with the goal of improving the understanding health disparities and social determinants
of health in the population [27]. The ACS denominators generally perform comparably
well and yield estimates with little bias [28]. We utilized information from the ACS as a
measure for the current population to derive the incidence rates of malignant colorectal
polyps. The incidence rates were calculated using a population specific to the particular
year as a denominator, per 100,000 people. Because these are de-identified datasets, the
study was exempted from review /approval by the Wright Center for Graduate Medical
Education’s institutional review board.

2.2. Patient Selection

All patients diagnosed with at least a single malignant colorectal polyp on colono-
scopies performed for any indication or screening between 2000 and 2017 were eligible
for the analysis. All these patients were stratified according to the 6th edition of AJCC,
thus ensuring uniformity in staging. We included data from patients aged between 20 and
49 years, diagnosed over the 18-year time period. Malignant colorectal polyps found during
colonoscopy in the entire colon, including the rectum, were included, however, the SEER
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database does not differentiate data between right vs. left colon or rectum. Most of these
patients underwent diagnostic colonoscopies, since screening colonoscopy began at age
50 years prior to 2018, after which, the USPSTF guidelines changed. We excluded familial
cancers, lesions with a high microsatellite instability (MSI-H), and Adenomatous polyposis
coli (APC).

2.3. Statistical Analysis

We accessed the data using the SEER diagnostic codes 8210/2 and 3 for tubular
adenomas, 8221/2 for serrated polyps, 8221/2 and 3 for multiple adenomatous polyps,
8261/3 and 8262 /3 for villous adenomas, and 8263/2 and 3 for tubulovillous adenomas.
We performed a descriptive statistical analysis using the SPSS v27 Macintosh(SPSS v27, IBM
Corporation, Armonk, NY, USA). The incidence rates per 100,000 people were calculated
using data from the American Community Survey [29]. CRC incidence was stratified based
on gender and histology.

3. Results

Between 2000 and 2017, a total of 10,742 patients with biopsy-proven sporadic ma-
lignant colorectal polyps between the ages of 20 and 49 years were included. The cohort
consisted of 57.1% men and 42.9% women (Table 1).

Table 1. Gender distribution and histological trend over time (2000-2017) of malignant colorectal
polyps in patients aged 2049 years.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Female 226 235 242 242 223 235 282 307 293 329 355 315 346 332 342 315 332 340
Male 245 233 266 250 247 268 286 291 356 349 325 365 341 316 379 356 389 306
Adenocarcinoma in 169 152 191 166 184 179 239 237 245 270 247 283 281 276 309 298 280 275
adenomatous polyp

Serrated 0 0 0 0 0 1 0 0 1 0 0 0 0 2 0 0 1 2
adenocarcmoma

Adenocarcinoma in
multiple 1 3 2 4 3 6 1 3 1 0 2 1 3 4 2 0 1 0
adenomatous polyp

Adenocarcinoma in 108 112 101 101 91 95 93 101 101 96 91 79 72 61 64 59 49 46
villous adenoma

Adenocarcinoma in 193 212 214 221 192 222 244 257 301 312 340 317 331 305 346 314 390 323
tubulovillous adenoma

The average age of malignant colorectal polyp diagnosis was 43.07 years (average age
range for CRC diagnosis: 42.92-43.23 years). The annual mean age (95% CI) of new-onset
malignant polyps trending over time is visualized in Figure 1. The majority of sporadic
malignant polyps were diagnosed in patients aged 45-49 years, with 50% diagnosed
between the ages of 45 and 49 and 25-30% diagnosed between the ages of 40 and 44.

The trends of incidence of sporadic malignant polyps were compared with local-
stage CRC cases, which is depicted in Figure 2. SEER defines local stage as a malignancy
limited to the organ of origin; no spread beyond the organ of origin; and infiltration past
the basement membrane of the epithelium into the stroma of the organ. This roughly
corresponds to stage TINOMO, as per the TNM cancer staging classification for CRC. The
incidence was calculated using the number of cases of sporadic malignant polyps from the
SEER database and divided by the population during the same year in the same age group
(2049 years) obtained from the ACS. Thus, the incidence rate was per 100,000 people for
that particular year. Since 2013, there has been a noticeable rise in cases of local-stage
CRC, while the incidence of sporadic malignant colorectal polyps remained constant from
2010 to 2019 (~0.5 cases/10,000 population). Table 1 lists the histological subtypes and
gender distribution of sporadic malignant colorectal polyps. There has been a significant
decrease in new cases of malignant villous adenomas. However, the incidence of malignant
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tubular adenomatous polyps and tubulovillous adenomas has significantly increased over
time. Serrated adenocarcinomas in serrated polyps were reported as very few in the

population studied.
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Figure 1. Age of malignant colorectal polyp incidence over time in 20- to 50-year age group.
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Figure 2. Observed incidence per 100,000 of sporadic malignant polyps and local-stage CRC cases.

4. Discussion

We looked at data from colonoscopies performed on symptomatic patients across the
country. The objective of the present study was to analyze the incidence and trends of
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young-onset CRC between 2000 and 2017. To the best of our knowledge, this is the largest
known cohort to date, where we analyzed 10,742 cases of sporadic young-onset CRC over
a period of 18 years across the United States.

One in five patients diagnosed with CRC under 50 years of age has a genetic pre-
disposition syndrome [11]. There are multi-society guidelines to begin early screening in
these individuals [30,31]. However, the detection of cancer among the other 80 percent of
patients poses a considerable challenge, since there is no family history to advocate for
early screening in this group. Conflicting guidelines exist in terms of initiating average-risk
colorectal cancer screening at age 45 years. The USPSTF changed its guidelines in 2021 to
recommend initiating screening at 45 years due to the increasing incidence of young-onset
colorectal cancer [15]. It expanded its recommendations for CRC screening guidelines in
2021 to include adults aged 4549 [15,18]. The ACP recently recommended not to screen
average-risk individuals between 45 and 49 years [16]. This ACP guideline was based on
the absence of direct evidence that screening younger individuals reduces CRC incidence
or mortality [16,32].

Of note is that early experiences with screening in the 45 to 49 years group show
similar rates of neoplasia as those in the 50 to 55 years group of patients [33]. Lowering
the starting age of population screening for sporadic CRC to 45 years also seems to be
cost-effective. Our data support screening for CRC in the younger population. The average
age of CRC diagnosis was 43.07 years (range: 42.92-43.23), which is well below the ACP
recommendation to start screening at 50 years. In fact, it is also lower than the USPSTF
recommendation to start CRC screening at 45 years. This lack of uniformity prevents
having definitive guidelines for screening in the 45 to 49 years population.

According to studies conducted around the world, the incidence of CRC is increasing
in people under 50 and at a slower rate in people over 50 [34-36]. The total incidence
of YoCRC in the United States and the number of cases of advanced-stage colorectal
carcinomas increased twofold between 1990 and 2013, according to a study analyzing the
SEER database [37]. While older research has established that diabetes and obesity are risk
factors in the younger population [38], Austin et al. studied mean body mass index (BMI)
increases across age groups, which was unable to explain the selective increase in incidence
amongst younger age groups compared to the older population [39].

Our study population comprised 42.9% females, and showed increased incidence in
both genders. Although there was no significant gender preponderance in our study, it was
seen that, during some years, females were diagnosed with a higher number of cases of
YoCRC. Our results are consistent with those of Lall et al., who found that young females
are more susceptible to CRCs [40]. In contrast, some cohorts revealed a marginally higher
incidence of YoCRC in men compared to women, with women consistently having fewer
cases than men, while other studies found no difference between the two genders over the
past three decades [37,41]. It has been studied that gender and body mass index (BMI) are
associated with CRC diagnosis at a younger age, and there is a linear relationship between
BMI and YoCRC [42,43]. Men are more likely than women to be diagnosed with CRC
according to global trends; this has been attributed to a number of factors, including the
frequency of colonoscopies, race, socioeconomic status, and insurance coverage [41,44].

The mean age at presentation and diagnosis of sporadic malignant polyps in our study
was 43 years (42.9-43.23, 95% CI). As shown in Figure 1, the average age at which malignant
polyps is diagnosed has decreased since 2014. The majority of malignant polyps (50%)
were discovered in patients between the ages of 45 and 49, with 25 to 30 percent discovered
in patients between the ages of 40 and 44. The SEER study by Wang et al. found a similar
pattern, with 27% of cases diagnosed between 40 and 45 and 47% between 45 and 49 [37].
According to Abualkhair et al., 95.1% of CRCs diagnosed between the ages of 45 and 50 are
invasive, with 46% increased incidence rates in 1 year age transitions [45]. The patients in
our study who underwent colonoscopies had symptoms that persisted and necessitated
diagnostic scopes. These lesions would have been discovered earlier had screening been
performed at an earlier age.
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Our analysis revealed a stable trend in overall local-stage CRCs over time, however,
there has been a steady increase in the subset of sporadic malignant polyps (Figure 2). This
is an interesting trend which implies that, while the number of CRCs accounted for by
sporadic malignant polyps has remained steady, there has been a rise in polyps that are
going undetected and progressing to local-stage CRC at presentation. This could mean an
increase in the incidence of adenomas in the younger age group which progress to CRC
before they are detected. Patients in the age group of 2049 years have not been subject to
CRC screening until recently, when the minimum age for cancer screening was decreased
from 50 to 45 years by the USPSTF in 2019 [46]. This could also mean that there are ‘alterna-
tive” pathways other than the traditional adenoma—carcinoma sequence of CRC which are
at play. Recently, there has been increasing interest in and evidence in favor of the serrated
carcinogenesis pathway [47]. Serrated polyps are the second most common type of polyp
identified during a colonoscopy (after conventional adenomas). Approximately 15-30% of
CRC:s arise from the serrated polyp pathway. Evidence suggests that serrated polyp sub-
types, especially traditional serrated adenoma (TSA) and sessile serrated adenoma/polyp
(SSA/P), can cause adenocarcinoma via the serrated route. Additionally, the data indicate
that SSA /Ps are the precursors of CRC through microsatellite instability (MSI) and could
rapidly progress to malignancy [48]. Recent data from surveillance colonoscopies after the
development of YOCRC have shown that the absence or presence of polyps is an important
prognostic factor. The development of polyps during surveillance shows that it is necessary
to extend the follow-up time, even in cases with microsatellite-stable YoCRC [49].

Over the course of this 18-year analysis, histopathology trends showed an increase in
malignant tubular and tubulovillous adenomas and a gradual decline in malignant villous
adenomas. YoCRC patients are known to be more likely to develop poorly differentiating
aggressive forms of CRC, which have worse prognoses [38,50-52]. According to a study
by Abualkhair et al. that spanned over 15 years, the incidence of localized CRC increased
by 75.9%, that of regional CRC increased by 30%, and that of advanced CRC increased by
15.7% between the ages of 49 and 50 [45]. Similar research found that 90% of polyps were
tubular adenomas with low-grade dysplasia, with tubulovillous adenomas with low-grade
dysplasia making up 8% of these polyps [40]. Seven serrated adenocarcinomas in serrated
polyps were found in our study during this period. Serrated adenomas are frequently
found in the proximal colon and are challenging to see without improved colonoscopic
techniques [53]. Vogelstein et al. described the pathogenesis of YOCRC to be based on an
adenoma to carcinoma sequence [54]. However, this cannot explain genetic etiologies of
CRC, as these appear phenotypically different from old CRC [55]. Changes in genotypic
driver mutations in the adenoma-carcinoma sequence have been linked to phenotypic
profile changes found in YoCRC. Many genes identified to have caused mutations in YoOCRC
are not commonly seen in the presumed adenoma-carcinoma sequencing. Further research
should focus on younger patients with sporadic malignant colorectal polyps [56,57].

It is important to consider the fact that gastrointestinal diseases are responsible for
considerable healthcare use and expenditure. In 2018 alone, gastrointestinal healthcare
expenditures totaled USD 119.6 billion in the United States [58]. Increasing awareness
about early CRC detection through regular screening is an effective strategy to reduce
the economic burden of CRC [59]. In the past 5 years, the USPTF, ACG, and ACS up-
dated their screening recommendations for CRC from the age of 50 to start at the age of
45 years [17-19]. The biggest challenge in the near future will be to improve screening in
the newly eligible, those overdue and unscreened, and reduce barriers to cancer care [32].
Since this modification to standard CRC screening, there have not been enough studies
looking at the prevalence of YOCRC. Our study examined data collected prior to 2018, when
screening recommendations changed and colonoscopies were performed in response to
symptomatic presentations. We noticed a significant increase in the incidence of YoCRC
in patients aged 4549, as well as those aged 40-45 years. It is known that these polyps
might have existed years before the age of screening; if these cases had been screened for
earlier, the majority of diagnoses of YoCRC might have been avoided [60]. We also looked
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at changes in the histopathological trends of young-onset malignant polyps, which are
probably the result of evolving genotypic mutations. Additionally, there is a need for more
studies to better understand the pathogenesis and evolution of YoCRC.

Among our study’s strengths is that SEER remains widely regarded as the gold stan-
dard for data quality among cancer registries in the United States and around the world.
We leveraged the strengths of the SEER program with regard to representativeness and
generalizability to the U.S. population, the lengthy period of data collection, the large
numbers of cases, and the collection of cancer specific outcomes. The registry includes
patients treated in a wide range of practice settings and currently represents 42% of the
US population. SEER’s stringent protocols and quality control ensure data reliability and
accuracy. The SEER database was used to provide epidemiological trends in sporadic ma-
lignant polyps of young onset in our study. We calculated the incidence per 100,000 people
in the United States to provide a standardized denominator for comparison.

Since this is a population-based retrospective study, it has some inherent limitations.
The SEER database has an inclusion bias, with limited staging and metastatic data recorded.
Because the database only collects malignant data, we were unable to include any pre-
malignant lesions. SEER only reports first treatment interventions. As a result, there was
no information on the subsequent recurrence of malignant polyps. However, recurrence
data should not be used to calculate the incidence of primary sporadic malignant polyps.
There is also a lack of information on comorbidities. Furthermore, detailed information
regarding treatment and prognosis is lacking. Nonetheless, the study remains convincing,
given the large demographics.

5. Conclusions

Malignant sporadic polyps account for one-quarter of all localized CRCs diagnosed
in people under the age of 50. Significant upward trends in sporadic malignant polyps
were observed over time, possibly reflecting changes in tumor biology, necessitating fur-
ther research. The majority of these sporadic malignant polyps were diagnosed between
40 and 49 years. These findings may have potential implications for future CRC screening
strategies in younger patients. Improving screening in the newly eligible population within
a framework of health equity and reducing barriers to care remains important to further
reduce the burden of CRC.
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Abstract: Background and Objectives: The subcutaneous (SC) formulation of vedolizumab has proven
to be effective for the maintenance of remission after intravenous induction. Little is known about
the efficacy of switching from intravenous maintenance treatment to SC. We aimed to assess the
real-world efficacy of switching to SC treatment and to assess the impact of a baseline treatment
regimen. Materials and Methods: In this observational cohort study, adult patients with inflammatory
bowel disease who were switched to SC vedolizumab maintenance treatment were enrolled. Patients
after intravenous induction and patients who switched from intravenous maintenance treatment
(every 8 weeks or every 4 weeks) were included. The SC vedolizumab dosing was 108 mg every
2 weeks, regardless of the previous regimen. The clinical, biochemical, and endoscopic disease activity
parameters and vedolizumab serum concentrations at the time of the switch and at the follow-up
were assessed. Results: In total, 135 patients (38% Crohn’s disease, 62% ulcerative colitis) were
switched to SC vedolizumab treatment. The median time to the first follow-up (FU) was 14.5 weeks
(IQR 12-26), and the median time to the second FU was 40 weeks (IQR 36-52). Nine patients (7%)
discontinued SC vedolizumab treatment, with two-thirds of them discontinuing due to active disease.
In all dosing regimens, there were no significant changes in the clinical scores and CRP at the baseline
and first and second FUs. Clinical and biochemical remission appeared to be maintained irrespective
of the previous dosing regimen. Conclusions: The results of this real-world study suggest that the
maintenance of clinical and biomarker remission can be achieved in patients who switched from
intravenous to SC vedolizumab. The baseline vedolizumab dosing regimen (every 4 weeks versus
every 8 weeks) did not have an impact on outcomes.

Keywords: inflammatory bowel disease; Crohn’s disease; ulcerative colitis; vedolizumab; subcutaneous
formulation

1. Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of the gastroin-
testinal tract that most commonly manifests with bloody diarrhoea and abdominal pain. If
the inflammation is uncontrolled, it can cause progressive functional and structural damage
and impair patients’ quality of life. Among the current therapeutic armamentarium, several
small molecules and biological agents are available, including vedolizumab [1].

Vedolizumab is a monoclonal antibody that targets «437 integrin, which is pref-
erentially expressed on gut-homing lymphatic cells and prevents their trafficking into
the inflamed gut. The gut-selective mechanism of action contributes to vedolizumab’s
favourable benefit-risk profile [2,3].
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Vedolizumab has been registered as an intravenous (IV) induction and maintenance
treatment for ulcerative colitis (UC) [4] and Crohn’s disease (CD) [5]. The recommended
dose regimen of vedolizumab is 300 mg administered via intravenous (IV) infusion at
weeks 0, 2, and 6, followed by infusions every 8 weeks thereafter. In the case of a loss of
response or an inadequate response, dose escalation by shortening the dosing interval to
every 4 weeks was proven effective in approximately half of the patients [6,7]. Recently,
a subcutaneous (SC) formulation of vedolizumab has been approved for maintenance
treatment after showing efficacy and safety in the phase III clinical trials VISIBLE 1 [8]
and VISIBLE 2 [9]. The serum levels of vedolizumab were higher with SC administration
compared to IV. Both clinical trials evaluated SC maintenance treatment (108 mg every
2 weeks) in patients who responded at week 6 to an induction with two infusions of
vedolizumab [8,9]. However, these clinical trials did not assess IBD patients who were
treated with maintenance IV vedolizumab before transitioning to SC.

Switching from IV infusion to SC injections is an appealing option due to the potential
for self-administration at home, which could enhance patient convenience [10]. Additional
advantages include a shorter application time, a decreased incidence of infusion-related
adverse events, an improved quality of life, a reduction in the time needed to travel to
a healthcare institution, and a decrease in healthcare system costs [10,11]. Conversely,
more frequent injection-site reactions are observed with SC applications compared to
IV applications [8]. Nevertheless, most patients and healthcare professionals express a
preference for SC application over IV [10,11]. There are limited data about switching from
IV maintenance to SC treatment. Four prospective real-world studies from Europe reported
that transition to SC maintenance treatment is feasible, effective, and safe [12-15]. Data
regarding switching from IV maintenance to SC treatment in patients who were previously
dose-optimised due to a loss of response or an inadequate response by shortening the IV
dosing interval to every 4 weeks are even more deficient.

In our study, we aimed to assess the drug persistence, efficacy, and pharmacokinetics
of switching to an SC vedolizumab formulation in a real-world cohort of IBD patients and
to assess if the baseline IV regimen (maintenance every 8 weeks (q8), maintenance every
4 weeks (q4), or IV induction) impacts the outcomes after the transition.

2. Materials and Methods
2.1. Study Design and Population

This observational study was conducted in a tertiary referral IBD centre (University
Medical Centre Ljubljana, Slovenia) following the rules of the Declaration of Helsinki of
1975, revised in 2013. Ethical permission was granted by the Slovenian National Ethics
Committee (0120-013/2016-2). Consecutive prospectively followed adult patients with IBD
who were switched to SC vedolizumab maintenance treatment from May 2021 onward
were enrolled. Follow-up lasted until July 2022. Therefore, the duration of follow-up differs
among enrolled patients. All patients being treated with vedolizumab (with response after
IV induction or undergoing IV maintenance treatment) were offered the option of switching
to SC formulations after an exact explanation of known data.

The included patients had to be >18 years of age with a confirmed diagnosis of IBD
(UC, CD, or unclassified IBD) and undergoing treatment with SC vedolizumab—either after
IV induction or after IV maintenance. There were no exclusion criteria. Demographics and
baseline characteristics were extracted from medical files, including age, gender, diagnosis,
disease duration, disease phenotype, smoking status, weight, height, previous biological
therapy, previous exposure to corticosteroids, and duration of IV vedolizumab therapy
before switching to SC.

The included patients were grouped based on the IV treatment regimen before switch-
ing to SC: IV maintenance treatment every 8 weeks (q8 cohort), optimised IV maintenance
treatment every 4 or 6 weeks (q4 cohort), and IV induction (two or three IV infusions).
After the switch to SC, all groups were treated with the same SC vedolizumab regimen
(108 mg every 2 weeks), regardless of the previous IV regimen. Follow-up visits were
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individually scheduled by the treating physician; therefore, not all patients had visits at
the same time point. Data on SC vedolizumab discontinuation, clinical and endoscopic
scores, and biochemical parameters (including vedolizumab serum concentrations) were
documented at baseline and throughout follow-up.

2.2. Study Endpoints and Definitions

The main outcome was the proportion of patients who discontinued SC vedolizumab.
Drug discontinuation could be due to disease activity, intolerance or side effects, the need
for IBD surgery or hospitalisation, patients” wishes, moving to another IBD centre, and
being lost to follow-up. The discontinuation date was defined as the day of the last SC
vedolizumab application.

Additional outcomes included clinical remission, biochemical remission, and endo-
scopic remission after switching to SC treatment. Vedolizumab serum concentrations were
assessed at the time of switch and at follow-up visits.

Clinical disease activity was assessed using the Harvey Bradshaw index [16] (HBI)
for CD or the partial Mayo score [17] (pMayo) for UC. Clinical remission was defined as
HBI < 5 in CD and pMayo < 2 in UC.

Fecal calprotectin (FC), C-reactive protein (CRP), and vedolizumab serum concen-
tration were measured at the time of switch and at follow-up visits. FC was measured
using the Calprest assay (Eurospital, Trieste, Italy) and CRP was measured with the AD-
VIA 1800 Chemistry System (Siemens, Germany). Biochemical remission was defined as
CRP <5mg/L and FC < 100 pg/g [18]. Vedolizumab concentrations were measured with
the Conformité Européenne-marked apDia vedolizumab enzyme-linked immunosorbent
assay (Turnhout, Belgium) with a measurement range between 1 and 50 pg/mL.

The endoscopies were scheduled by the treating physician. Disease activity was
assessed using the endoscopic Mayo score [19] in UC and by the presence of ulcers in CD.
Endoscopic remission was defined as a Mayo endoscopic score < 2 in UC and an absence
of ulcers > 5 mm in CD.

2.3. Statistical Methods

All analyses were performed on a per-protocol basis. The continuous variables are
presented as medians with interquartile ranges (IQRs). The vedolizumab serum concentra-
tions before and after switching were compared using a paired Wilcoxon rank test. Values
of p < 0.05 were considered statistically significant. All analyses were performed using IBM
SPSS statistics for Windows, Version 21.0 IBM Corp., Armonk, NY, USA).

3. Results
3.1. Patient Characteristics

In total, 135 patients were enrolled, 51 (37.8%) had CD, and 84 (62.2%) had UC (Table 1).
The median time to the first follow-up visit was 14.5 weeks (IQR 12-26 weeks), and the
median time to last follow-up was 40 weeks (IQR 36-52 weeks). No patients underwent
dose escalation during the follow-up period.

3.2. Drug Survival

A total of 9/135 patients (6.7%) discontinued SC vedolizumab treatment until the
end of follow-up: 6 (7.1%) had UC and 3 (5.9%) had CD. Reasons for discontinuation
were active disease with the need for treatment escalation in six patients, dysplasia at
surveillance colonoscopy requiring colectomy in one patient, discontinuation due to the
patient’s wishes in one patient, and loss to follow-up for one patient. The median time to
treatment discontinuation was 22 weeks (IQR 1445 weeks).

Out of the six patients who discontinued SC vedolizumab due to active disease, three
were in the IV induction group and three were in the q4 group (Table 2). All were switched
to another treatment.
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Table 1. Patient demographics and baseline characteristics.

q8 q4 IV Induction
CD (n = 26) UC (n =39) CD (n=17) UC (n=24) CD (n=8) UC (n=21)
Age at first SC dose, medianin 5 g (1) 47 (41-65) 51 (40-61) 41 (30-66) 54 (30-70) 43 (24-53)
years (range)
Male sex, 1 (%) 17 (63) 25 (64) 8 (47) 9 (38) 5 (63) 12 (57)
Disease duration: years (IQR) 9 (1.6-17.1) 10 (4-19) 16 (6-21) 6 (3-10) 12 (9-22) 10 (4-13)
CD location, # (%)
L1 (ileal) 6 (23) 3(18) 1(13)
L2 (colonic) 11 (44) 4 (24) 5 (63)
L3 (ileocolonic) 9 (34) 10 (59) 2 (25)
gastrointestinal dopase) 301 16 103
CD behaviour, 1 (%)
e m s o
B2 (stricturing) 3(12) 6 (35) 1(12.5)
B3 (penetrating) 2(7) 6 (35) 1(12.5)
Perianal disease 14) 6 (35) 2 (25)
UC extent, n (%)
E1 (proctitis) 5 (13) 9 (43)
E2 (left-sided colitis) 14 (36) 8 (33) 4(19)
E3 (pancolitis) 20 (51) 16 (67) 8 (38)
Smoking status, 1 (%)
Current smoker 4 (15) 3(8) 3(18) 2(8) 1(13) 3(14)
Previous smoker 5(19) 8 (21) 4 (24) 3(13) 0 1(5)
Non-smoker 17 (66) 28 (71) 10 (59) 19 (79) 7 (87) 17 (81)
Prev;?;ii;ie’rljlzoy/o N ith 10 (39) 14 (36) 15 (88) 11 (46) 4 (50) 6 (29)
>1 prior biologic 1 (%) 5(19) 6 (15) 8 (47) 1(4) 3(37) 0
if;igg;i‘sf;f?("}? 14 (54) 28 (72) 11 (65) 21 (88) 6 (75) 11 (52)
Duration of IV vedolizumab —»0 01 44y 18(11-31)  25(1643) 22 (14-32) / /

treatment, months (IQR)

Abbreviations: UC: ulcerative colitis; CD: Crohn’s disease; q8: intravenous vedolizumab every 8 weeks; q4: intra-

venous vedolizumab every 4 weeks; IV intravenous; IQR: interquartile range.

Table 2. Patients who discontinued vedolizumab SC due to active disease.

Duration of

Group Patient

Reason for Discontinuation

SC Vedolizumab
. . Endoscopically active disease
q4 CD, after right hemicolectomy 10 months (Rutgeerts i2); asymptomatic
CD, after ileo-caecal resection 6 months Endoscoplc.ally active dlsea'se
(Rutgeerts i4); asymptomatic
uc 6 months Clinically and endoscopically (endoscopic

Mayo score 2) active disease
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Table 2. Cont.

. Duration of . . .
Group Patient SC Vedolizumab Reason for Discontinuation

Endoscopically active disease (ulcers in the

IV induction group CD, after proctocolectomy 13 months stomach and small bowel); asymptomatic
uc 11 months Endoscopically active disease (endoscoplc
Mayo score 3); asymptomatic
ucC 11 months Clinically active disease

Abbreviations: UC: ulcerative colitis; CD: Crohn’s disease; q4: intravenous vedolizumab every 4 weeks;
SC: subcutaneous.

3.3. Clinical and Biochemical Disease Activity after Switch

The proportion of patients with CD in clinical remission was 17/18 (94%), 20/20 (100%),
19/11 (91%) in the q8 group, 7/11 (64%), 13/15 (87%), 5/7 (72%) in the q4 group, and
7/7 (100%), 7/7 (100%), 2/2 (100%) in the IV induction group at baseline and first and
second follow-up, respectively. The proportion of patients with UC in clinical remission
was 26/27 (96%), 25/28 (89%), 12/13 (92%) in the q8 group, 12/17 (71%), 15/17 (88%),
7/10 (70%) in the g4 group, and 13/18 (72%), 16/18 (89%), 9/9 (100%) in the IV induction
group at baseline and first and second follow-up, respectively. In all groups of patients,
there were no significant changes in clinical disease activity scores at baseline and first and
second follow-up. Data for clinical disease activity are shown in Table 3.

Table 3. Clinical and biochemical disease activity.

q8 q4 IV Induction
CD (n = 26) UC (n =39) CD (n=17) UC (n=24) CD (n=8) UC (n=21)
Median HBI (IQR; n)
At baseline 1(0-2; 18) 2 (0-6;11) 1(0-3;7)
At 1st FU 1 (0-2; 20) 1(0-3; 15) 0(0-1,7)
At 2nd FU 1(0-2;11) 3(0-6;7) 1(/;2)
HBI < 5 (%)
At baseline 17/18 (94) 7/11 (64) 7/7 (100)
At 1st FU 20/20(100) 13/15 (87) 7/7 (100)
At 2nd FU 10/11 (91) 5/7 (72) 2/2(100)
Median pMayo
(IQR; n)
At baseline 0 (0-1;27) 1(0-2;17) 1(0-2;18)
At 1st FU 0 (0-1; 28) 0(0-1;17) 0(0-1;18)
At2nd FU 0 (0-0;13) 1 (1-3;10) 1(0-1;9)
pMayo <2 (%)
At baseline 26/27 (96) 12/17 (71) 13/18 (72)
At 1st FU 25/28 (89) 15/17 (88) 16/18 (89)
At 2nd FU 12/13 (92) 7/10 (70) 9/9 (100)
CRP, mg/L, median
(IQR; n)
At baseline 3(3-9;22) 3(3-7; 30) 3 (3-6;15) 3(3-11,23) 5 (3-17,7) 3 (3-3; 20)
At 1st FU 3(3-4;17) 3 (3-5; 30) 3(3-3;15) 3 (3-5;17) 8 (3-8;8) 3(3-3;18)
At 2nd FU 3(3-5; 14) 3(3-6;12) 4 (3-6; 8) 4 (3-11;10) 7(/;2) 3(3-3;11)
CRP <5 mg/L (%)
At baseline 13/22 (59) 21/30 (70) 9/15 (60) 13/23 (57) 3/7 (37) 16/20 (80)
At 1st FU 13/17 (76) 22/30 (73) 13/15 (87) 11/17 (65) 3/8(38) 15/18 (87)
At 2nd FU 8/14 (57) 9/12 (75) 4/8 (50) 7/10 (70) 1/2 (50) 8/11 (73)
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Table 3. Cont.

q8 q4 IV Induction
CD (n = 26) UC (n =39) CD (n=17) UC (n=24) CD (n=38) UC (n=21)
FC, mg/kg, median
(QR; n)
At baseline 29 (16-61; 20) 16 (16-50; 24) 131 (16-252;7) 174 (35-419; 14) 16 (16-324; 5) 156 (34-212; 15)
At 1st FU 39 (16-119;9) 16 (16-16; 15) 48 (18-337; 8) 165 (53-330; 6) 125 (16-147;3) 91 (16-221; 12)
At 2nd FU 49 (48-147;7) 40 (27-135; 10) 274 (/;2) 500 (/; 4) / 27 (27-53; 6)
FC <100 mg/kg (%)
At baseline 16/22 (72) 20/24 (87) 3/17 (18) 5/14 (36) 3/5 (60) 5/15 (33)
At 1st FU 6/9 (67) 173 //1105 ((7%7)) 5/8 (63) 2/7 (28) 1/3 (33) 6/12 (50)
At 2nd FU 3/7 (50) 1/2 (50) 0/4(0) / 5/6(83)

Abbreviations: UC: ulcerative colitis; CD: Crohn’s disease; q8: intravenous vedolizumab every 8 weeks; q4: intra-
venous vedolizumab every 4 weeks; IV Induction: intravenous vedolizumab as an induction—2 or 3 infusions;
HBI: Harvey Bradshaw index; pMayo: partial Mayo score; FU: follow up; CRP: C-reactive protein; FC faecal
calprotectin; IQR: interquartile range; n: number of patients.

Similar trends were noted with biochemical markers of disease activity (Table 3). In
all groups of patients, there were no significant changes in CRP at baseline and first and
second follow-up. Due to missing data, calculations were not performed for FC.

Clinical proportions in biochemical remission rates in patients with CD and UC are
presented in Figures 1 and 2.
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Figure 1. Clinical remission rates in CD (left) and UC (right) at baseline and first and second
follow-up. Clinical remission was defined as HBI < 5 in CD and pMayo < 2 in UC. The median
time to the first follow-up visit was 14.5 weeks (IQR 12-26 weeks), the median time to last follow-
up was 40 weeks (IQR 36-52 weeks). Abbreviations: UC: ulcerative colitis; CD: Crohn’s disease;
q8: intravenous vedolizumab every 8 weeks; q4: intravenous vedolizumab every 4 weeks; Ind:
intravenous vedolizumab induction—2 or 3 infusions; HBI: Harvey Bradshaw index; pMayo: partial
Mayo score.
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Figure 2. Biochemical remission rates in CD (left) and UC (right) at baseline and first and second
FU. Biochemical remission was defined as CRP < 5 mg/L. The median time to the first FU visit
was 14.5 weeks (IQR 12-26 weeks), the median time to last FU was 40 weeks (IQR 36-52 weeks).
Abbreviations: UC: ulcerative colitis; CD: Crohn’s disease; g8: intravenous vedolizumab every
8 weeks; q4: intravenous vedolizumab every 4 weeks; Ind: intravenous vedolizumab induction—?2 or
3 infusions; CRP: C-reactive protein; FU: follow-up.

3.4. Endoscopic Disease Activity after Switch

Endoscopic disease activity after the switch to SC formulation was assessed after a
median time of 24.5 weeks (IQR 17-42), 29 weeks (IQR 21-42), and 21 weeks (IQR 16-29) in
the g8, g4, and IV induction groups, respectively. Endoscopic remission in UC was reached
in 89%, 67%, and 75% of patients in the g8, q4, and IV induction groups, respectively.

The percentage of patients in endoscopic remission after the switch to SC formulation
is presented in Table 4.

Table 4. Endoscopic disease activity.

q8 q4 IV Induction

CD (n =26) UC (n=39) CD (n=17) UC (n=24) CD (n=8) UC (n=21)

Median time to endoscopy after

switch to SC in weeks (IQR) 245 (17-42) 29 (21-42) 21 (16-29)

Endoscopic

remission (pementage) 1/1 (100) 8/9 (89) 0/5 (0) 4/6 (67) 0/2 (0) 9/12 (75)

Endoscopic remission was defined as Mayo endoscopic score < 2 in UC and the absence of ulcers in CD. Abbrevi-
ations: UC: ulcerative colitis; CD: Crohn’s disease; g8: intravenous vedolizumab every 8 weeks; g4: intravenous
vedolizumab every 4 weeks; IV induction: intravenous vedolizumab as an induction—2 or 3 infusions; IQR: in-
terquartile range.

3.5. Pharmacokinetics

The median vedolizumab serum concentration in each group at baseline and first
and second follow-up is presented in Table 5. Vedolizumab serum concentration at first
follow-up was significantly higher than at baseline in the g8 group (p < 0.001). However,
no significant change in vedolizumab serum concentrations between baseline and first
follow-up was observed in the g4 and IV induction groups.
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Table 5. Vedolizumab serum concentration at baseline and 1st and 2nd follow up.

q8 q4 IV Induction
CD CD ucC CD ucC
(n = 26) UC (= 39) (n=17) (1 = 24) (1 = 8) (n = 21)
Vedolizumab serum
concentration ug/mL (IQR. n)
At baseline 10.9 (7.2-16.6; 46) 28.5(17.3-42.1; 32) 26.0 (17-37; 23)
At first follow-up 28.6 * (20.8-34.8; 7) 22.7 **(17.9-29.9; 9) 25.3 ¥** (24.0-34.3; 11)

At second follow-up 29.7 (22.4-36.4; 6) 19.0 (15.4-28.0; 6) 27.0 (18.9-32.3; 6)

*p <0.001, ** p = 0.575, *** p > 0.05. Abbreviations: UC: ulcerative colitis; CD: Crohn’s disease; q8: intravenous
vedolizumab every 8 weeks; q4: intravenous vedolizumab every 4 weeks; IV induction: intravenous vedolizumab
as an induction—2 or 3 infusions; IQR: interquartile range; n: number of patients.

4. Discussion

To the best of our knowledge, this is the largest reported cohort of patients who
transitioned from escalated 4-week IV vedolizumab dosing to SC vedolizumab. Our
findings confirm the feasibility of switching to regular SC maintenance treatment (108
mg every 2 weeks) even in patients with more refractory disease, receiving the optimised
dosing of IV vedolizumab. Notably, clinical and biochemical remission appear to be
maintained after switching to the SC formulation, regardless of the previous IV treatment
regimen.

Over a median follow-up of 40 weeks, only 9 out of 135 (7%) patients discontinued
SC treatment with vedolizumab, with a median time to treatment discontinuation of
22 weeks. This contrasts with discontinuation rates of 27% and 39% within 52 weeks of
treatment reported in the registration trials VISIBLE 1 and VISIBLE 2 [8,9]. However, the
results of our study cannot be compared to randomised controlled trials due to different
patient populations, variations in IV treatment regimens (notably, only induction with
two infusions in VISIBLE trials) and variable follow-up time. A more reliable comparison
can be made with other real-world studies on transitioning to SC treatment. In a study
from Netherlands, 11.9% of patients discontinued treatment after a median follow-up of
27 weeks [12]. An English cohort reported an 8% discontinuation rate at week 12 [14].
Similarly, in a Swedish cohort, discontinuation rates at 6 and 12 months were 4.5% and
11.5%, respectively [15]. A Norwegian study reported a 7.4% discontinuation rate by
week 26 [13]. These findings indicate comparable discontinuation rates to our results.

On the other hand, our findings indicate lower discontinuation rates compared to
other real-world cohorts receiving IV vedolizumab maintenance treatment. For instance, in
a French cohort, 7.5% discontinued treatment with vedolizumab by week 14 and 43.5% by
week 54 [20]. In the long-term follow-up of the same study, the 1-, 2- and 3-year persistence
rates of vedolizumab in patients with CD were 48.5%, 31.4% and 26.3% and in patients
with UC, 61.0%, 49.9% and 42.9%, respectively [21]. In a Danish cohort, the 12-week,
52-week, and 17-month drug continuation rates were 81%, 61%, and 58%, respectively [22].
Finally, in the Dutch cohort, the probability of continuing receiving vedolizumab treatment
after 52 and 104 weeks was 54.0% and 38.4% for CD and 60.8% and 51.3% for UC, respec-
tively [23]. From these data, it appears that transitioning to the SC formulation might be
both feasible and, at the very least, similarly effective in preventing treatment discontin-
uation. However, low discontinuation rates in our study might be explained by the long
median duration of IV vedolizumab treatment in the g4 and g8 groups. It is possible that
many non-responsive patients were already discontinued before transitioning to SC.

The primary reason for treatment discontinuation in our study was active disease
with the need for treatment escalation in two-thirds of patients. Interestingly, 4/6 of these
patients were in clinical remission but had endoscopically active disease. In many of them,
endoscopy was scheduled while still on IV maintenance treatment, meaning that disease
could have been endoscopically active even before the switch to SC. Similar trends were
observed in the Swedish cohort, where the majority discontinued due to active disease
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(5 out of 9) [15]. Conversely, in the Dutch cohort, most patients discontinued treatment
due to adverse events (9/16) and a fear of needles (3/16). Only four (25%) discontinued
treatment due to a loss of response [12]. Similarly, in the English cohort, 8/10 (80%) patients
discontinued treatment due to adverse events [14]. Interestingly, none of the patients in
our study discontinued treatment due to adverse events or a fear of needles. This could
be attributed to the shared decision-making process allowing patients to choose between
continuing IV treatment or transitioning to SC treatment. Moreover, all patients underwent
comprehensive injection training by a specialised IBD nurse.

The proportion of patients with UC and CD in clinical remission across the g8, q4, and
IV induction groups appeared to be stable at the first and second follow-up compared to
baseline. Notably, our study observed a high percentage of patients in clinical remission,
ranging between 64% and 100% for CD and 70% and 100% for UC at various time points.
A non-significant trend towards a lower proportion of patients in clinical remission was
noticed in the g4 group. This population represents patients more refractory to therapy,
which already needed to be optimised due to insufficient response. Another possible
explanation might be the favourable safety profile of vedolizumab. Many elderly patients,
patients with comorbidities or cancer, and patients wary of side effects tend to continue
vedolizumab due to its selective mechanisms of action, despite only partial response
to treatment. Similarly, in line with our findings, no statistically significant differences
in clinical disease activity scores between baseline and follow-up were found in other
studies [12-15]. For instance, in the Dutch study, the steroid-free clinical remission rates
were 70%, 68%, and 39% for CD and 71%, 67%, and 44% for UC at baseline, week 12, and
week 24, respectively [12]. Moreover, in the Swedish cohort, the clinical remission rates
were 72%, 82%, and 73% in CD and 92%, 88%, and 92% in UC at switch, 3 months, and
6 months, respectively [13]. These percentages are comparable to our results.

No significant changes in CRP were observed at baseline and first and second follow-
up across all patient groups. A similar trend was noted with FC, although our results were
affected by missing data due to the retrospective nature of the study. Consistent with our
findings, other real-world cohorts also reported no changes in biochemical parameters after
switching to SC treatment [12-15]. However, a significant increase in FC after 12 weeks
in the English cohort (from 31 pg/g to 47 nug/g) [14] and a significant decrease in FC after
6 months in the Swedish cohort (from 64 to 49 ng/g) were reported [15], both unlikely to
be clinically relevant. Endoscopic remission in UC was achieved in the majority of patients:
89% in the g8, 67% in the g4, and 75% in the IV induction group. However, our analysis was
again hampered by missing data due to the retrospective nature of the study and relatively
short follow-up period.

After transitioning to the SC formulation, median serum vedolizumab trough levels
increased significantly from baseline in the g8 group (p < 0.001). However, no significant
changes in vedolizumab serum concentrations between baseline and the first follow-up
were found in the g4 group. These results could have been expected since patients in the
q4 group received a double dose of IV vedolizumab compared to patients in the g8 group
before transitioning to the same standard SC dose. Additionally, the q4 group represents the
most refractory population of patients with high inflammatory burden who had inadequate
or loss of response to standard vedolizumab dose every 8 weeks. Lower vedolizumab
serum concentrations could reflect higher drug clearance due to active disease [6,24].
Similarly to our findings, the VISIBLE 1 study reported higher vedolizumab serum con-
centrations in the SC vedolizumab treatment group compared to the IV vedolizumab
treatment group (infusions every 8 weeks) [8]. Notably, IV and SC formulations have
different pharmacokinetic profiles. SC administration leads to incomplete bioavailability,
gradual absorption, and lower peak concentrations, whereas IV infusion results in immedi-
ate systemic drug exposure and a high peak concentration [12,25]. However, the average
drug exposure between 108 mg SC vedolizumab every 2 weeks and 300 mg IV vedolizumab
every 8 weeks should be similar [12]. In our study, vedolizumab levels ranged between 22.7
and 28.6 ug/mL at week 14. These concentrations are comparable to those observed in the
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English (22.7 pg/mL at week 12) [14] and Swedish cohort (19.0 ug/mL at 6 months) [15]
but lower compared to levels in the VISIBLE trials (34.6 ug/mL in the UC trial and 30.2
pg/mL in the CD trial) [8,9] and the Dutch cohort (31 pg/mL at week 12 and 37 pg/mL at
week 24 in the Dutch cohort) [12].

While vedolizumab pharmacokinetics has been associated with clinical outcomes [4,5],
the practical utility of measuring vedolizumab drug levels in clinical practice has been
questioned. A vedolizumab serum concentration of 3 pug/mL induces a near-complete
saturation of «4f37 on peripheral blood T cells [26]. Whether increasing vedolizumab
concentrations (similar to concentrations with TNF antagonists) improves clinical outcomes
remains unknown. After loss of response, approximately half of patients regain clinical
response after dose escalation of IV vedolizumab by shortening the interval from 8 weeks
to 4 weeks [6]. In real-world cohorts, more than half of patients on IV vedolizumab are
optimised to infusions every 4 weeks [21]. However, Ungar at al. have argued against a
pharmacokinetic basis for insufficient response to vedolizumab and questioned the need
for dose escalation. In a retrospective study, they showed that lower vedolizumab lev-
els before vedolizumab IV escalation were not predictive of success. On the contrary,
higher pre-escalation vedolizumab levels were associated with better outcomes, possibly
indicating lower inflammatory burden and higher probability of success [7,24]. Simi-
larly, the endpoints of the ENTERPRET trial, comparing dose-optimisation strategy with
vedolizumab to standard dosing in UC patients who had high drug clearance and exhibited
primary nonresponse, were not met. The rates of endoscopic remission after 30 weeks
were similar in the standard dosing arm (300 mg every 8 weeks) and optimised-dosing
arm (300 mg or 600 mg every 4 weeks) [27]. The above findings are in line with our results.
Patients optimised to 300 mg every 4 weeks due to insufficient response can be de-escalated
to standard SC dosing (equivalent to 300 mg every 8 weeks) and maintain clinical and
biochemical remission.

Our real-world study, assessing the effectiveness of switching from IV to SC vedolizumab
maintenance treatment in IBD patients, has several strengths. Notably, it represents the
largest real-world cohort to date consisting of patients previously optimised due to loss of
response or inadequate response by shortening IV dosing interval to every 4 weeks. Fur-
thermore, our study has a longer follow-up period compared to other published real-world
cohorts [12,14,15]. Due to the real-world nature of the study without exclusion criteria, our
results reflect everyday clinical practice with a very heterogenous IBD population. It is the
only published real-world cohort of transitioning to vedolizumab SC with endoscopic data.

Our current study has several limitations. Firstly, its retrospective study design con-
tributed to a substantial amount of missing data, posing challenges to the statistical analysis
and comprehensiveness of our results. Secondly, follow-up visits were scheduled by the
treating physician at varying time points after the switch. Consequently, clinical disease
activity scores and laboratory testing were performed at different intervals following tran-
sition to SC, potentially influencing data consistency. Thirdly, our study did not have a
comparator arm as it was an observational study. The results were compared to baseline
parameters (IV treatment before switch). Fourthly, all enrolled patients had to be willing to
switch to SC formulation, potentially introducing selection bias. More refractory patients
may have been less prone to switch to SC vedolizumab. Fifthly, the scheduling of endo-
scopies by the treating physician, especially in patients with suspected active disease, might
have influenced our endoscopic remission rates (which might explain low endoscopic re-
mission rates in CD). Lastly, all patients were included from a tertiary centre, which may
represent a more refractory IBD population, potentially limiting the generalizability of
our findings.

5. Conclusions

The results of our real-world study suggest that transitioning patients established
on IV vedolizumab to SC appears effective and safe. Transitioning to SC vedolizumab
maintenance treatment is feasible also in the refractory patient population, which had to be
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optimised by shortening the IV interval to every 4 weeks due to insufficient response to
standard dosing. Notably, clinical and biochemical remission in patients transitioning from
IV to SC vedolizumab appears to be maintained, regardless of the baseline vedolizumab
dosing regimen (every 4 weeks versus every 8 weeks). Further prospective studies with
longer follow-up periods are needed to confirm these findings.
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Abstract: A biofilm is a community of microbial cells which are enclosed in an external
matrix and separated by a network of water channels attached to natural or artificial
surfaces. Biofilms formed inside biliary stents consist of a mixed spectrum of bacterial
communities, most of which usually originate from the intestines. The patency of biliary
stents is the most important problem. Stent occlusion can threaten the health and even
life of patients. The main cause of this phenomenon is bile sludge, which is an excellent
environment for the multiplication and existence of microorganisms. Due to the great
clinical importance of maintaining the patency of biliary stents, several methods have
been developed to prevent the accumulation of sludge and the subsequent formation of
biofilm; these include, among others, the use of anti-adhesive materials, coating the inner
surface of stents with metal cations (silver, copper) or other antimicrobial substances, the
implementation of biodegradable drug-eluting biliary stents and the development of a
new stent design with an anti-reflux effect. This article presents the latest information
on the formation of biofilms in biliary stents, as well as historical and future methods
of prevention.

Keywords: biofilm; biliary tract stents; biofilm elimination

1. Introduction

In the 1940s, it was observed that the majority of microorganisms in the aquatic
environment formed aggregates that adhered to objects immersed in water, exhibiting
different properties from microorganisms that occur as single cells [1]. This specific form of
existence of bacteria and fungi was called biofilm [2]. It has an advantage over planktonic
forms (occurring as single, scattered cells, most often in an aquatic environment) in that
it provides a greater chance of survival in a changing environment [3-6]. An important

feature of a biofilm is its reduced sensitivity to physicochemical factors as well as stress [7].

In their natural habitat, more than 90% of bacteria occur in this form [3,8]. Biofilms
are communities of microorganisms that adhere to each other and are embedded in an
extracellular matrix with a diverse chemical and structural composition created by the
microorganisms themselves [9,10]. The gradients that exist in the biofilm matrix allow
for the formation of microniches, created by different microorganisms [9]. Anaerobic
microorganisms and cells which are more sensitive to environmental stressors, such as
hazardous chemicals, inappropriate pH, or physical damage, can live in deeper layers of
biofilm [11]. The top layers of the biofilm, with an appropriate partial oxygen concentration
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and access to nutrients, enable microbial cells to carry out active metabolic processes with
a high rate of division [12].

The goal of this review thesis was to present the issues related to the phenomenon of
biofilm formation on medical devices, especially in biliary tract stents, as well as to present
the methods of preventing and combating this very dangerous process for patients.

2. Biofilm Formation

Biofilm formation is a complex process. The biofilm life cycle consists of distinct stages:
(1) initialization, (2) bacterial adhesion and aggregation, (3) microenvironment formation,
(4) microenvironment maturation, (5) dispersion and (6) quorum sensing QS, as shown in
Figure 1 [13-15].
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Figure 1. Stages of biofilm creation [14].

The first reversible stage of initialization occurs mainly due to physicochemical re-
actions between the colonized natural or artificial surface and the microbial cell [16].
Reversible binding most often occurs as a result of electrostatic, hydrophobic, van der
Waals and surface tension interactions, or due to gravitational forces [17]. During the
reversible attachment stage, microbial cells come into contact with the surface and begin to
adhere, but can still be relatively easily removed. Reversible binding is generally mediated
by the proteins found on the surface of the microorganisms. The rate of microbial adhe-
sion is significantly dependent on the characteristics of the colonized surface, including
hydrophobicity, topography and charge [18]. The chemical composition of the pathogen’s
cell wall and the roughness of the substrate surface are extremely important at this stage,
because both factors affect the type of physicochemical interactions [7].

During the adhesion and aggregation phase of bacteria, irreversible attachment occurs;
the cells completely bind to the surface and begin to produce an extracellular matrix that
prevents their physical removal from the surface [2,13]. After attachment, the microor-
ganisms change their profile from planktonic to sessile. The composition of the biofilm is
different; it is a mixture of various secreted biomolecules: polysaccharides, proteins, lipids,
teichoic acids and environmental DNA (eDNA) [11].

In the phase of microenvironment formation, biofilms grow and gain a three-
dimensional structure due to cell proliferation, adhesion between microbial cells and
the secretion of extracellular mucus [19]. Cells in the center of the biofilm, which have
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limited access to oxygen and nutrients, can often become dormant. These microorganisms
are metabolically dormant, but not dead [20,21]. Anaerobic metabolic pathways become
dominant among the microorganisms living deep in the biofilm due to their limited access
to oxygen and nutrients [17,19,22].

During the maturation stage, changes and differentiation occur among the cells of
the microorganisms forming the biofilm [7,16]. Differences in the metabolism of microor-
ganisms can be observed depending on their location in the biofilm structures [23]. In the
biofilm, there is increased diversity in activities of the cells forming it. There are dead cells,
dormant cells and cells with aerobic and anaerobic metabolism [2].

In the dispersion stage, the mature biofilm reaches a critical size, bursts and disperses
planktonic microorganisms [13]. Active detachment is triggered by various environmental
signals such as changes in temperature, pH, nitric oxide, nutrient deficiency, oxygen
deficiency and other stress factors [24,25]. The resulting chemical gradients experienced by
the cells in the biofilm are believed to be the main causes of its dispersion [26].

An important factor in biofilm structures is the phenomenon of quorum sensing (QS).
It represents chemical communication through signal substances or autoinducers (farnesol,
tyrosol, dodecanol) which accumulate with increasing cell density, responding to changes
in the external environment as well as to processes inside the biofilm. Microorganisms
use autoinducers to regulate the course of physiological processes or the expression of
pathogenicity factors in a controlled manner, depending on their number [27]. When
the appropriate number of cells, i.e., the quorum, is reached, the concentration of the
autoinducer exceeds the threshold value, and the controlled regulation of gene expression
occurs, which enables the cooperation of a given population of microorganisms and may
cause the simultaneous production of virulence factors. These factors affect, among others,
sensitivity or resistance to biocides [2,23,28,29]. The metabolic diversity of microorganisms
in individual layers of the biofilm may also lead to a differing sensitivity to antibiotics [12].
The QS system occurs both between cells of the same and different species and provides
an opportunity for the coordinated regulation of important life processes in the entire
population [2].

3. Biofilm Distribution

Biofilms are ubiquitous in almost every environment, affecting human health and
industry [3,30]. They have been created on a variety of surfaces in different habitats, both
natural and man-made, including in the hospital environment [30,31]. One of the first
to recognize the importance of biofilms in medicine was Niels Hoiby [32]. Since then,
this phenomenon has been supported by numerous pieces of evidence [32]. Biofilms are
involved in many different bacterial infections in the body. The National Institutes of
Health (NIH) revealed that of all bacterial infections, 60-80% are associated with biofilm
formation [15,33]. Biofilms are formed on various medical devices such as contact lenses,
catheters, prostheses, biliary stents, valves and pacemakers, but also on various surfaces
of the human body, including the skin or the mucous membranes of the respiratory and
digestive tracts, constituting an important reservoir for the initiation of new infections [11].
Environmental biofilms in drinking water systems may be a source of the respiratory
pathogen Legionella pneumophila, the causative factor of Legionnaires” disease, and oppor-
tunistic pathogens such as Mycobacterium avium, which poses a health risk, especially to
immunocompromised patients. Legionella spp. often form biofilms, particularly in shower
houses, which are believed to promote the persistence and resistance of the respiratory
pathogen to chlorine [34]. Cholera, a waterborne diarrheal disease, is caused by Vibrio
cholerae. This pathogen moves between the water body, where it forms biofilms on chiti-
nous surfaces, and the human body, where it successfully colonizes the gastrointestinal
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tract. Studies with neonatal mice showed that both intact biofilms and dispersed sessile
V. cholerae cells are more infectious than free-living planktonic cells [35]. From a clinical
point of view, the most important features of a biofilm are its high resistance to antimi-
crobial agents and the immune system, as well as its strong ability to colonize patient
tissues and biomedical materials [36]. Studies have shown that bacteria originating from
biofilms are characterized by a higher resistance to antimicrobial compounds than their
individual, planktonic counterparts [13]. Factors that cause higher antibiotic resistance in
biofilm-associated infections include the following: metabolic changes in bacterial cells,
antibiotic inactivation and reduced penetration through the extracellular matrix, inoculum
effects related to the high density of bacterial cells in relation to the number of available
antibiotic molecules and the increased exchange of resistance mechanisms between bacteria
in close proximity to each other [11]. Biofilm-forming microorganisms may be dangerous
for patients with predisposing factors, such as comorbidities or immunosuppression.

4. Biofilms in the Human Body and on Medical Equipment and Devices

Biofilms form on biomaterials, such as dental prostheses, catheters, endoprostheses,
biliary tract stents, as well as on living tissues. Microorganisms within the biofilms are
up to 1000 times more tolerant to antibiotic therapy than their planktonic counterparts,
which allows them to evade elimination excellently [13]. Opportunistic biofilms readily
colonize virtually any surface, especially those that are foreign to the body, such as im-
planted medical devices, used both in the short-term and for extended periods of time.
As various medical devices are increasingly used in all branches of medicine, strategies
to control biofilm formation in various environments are of great importance [37]. The
spread of biofilms on medical implants is one of the main factors triggering persistent and
chronic infections in clinical settings [38]. Biofilm formation and microbial colonization are
encountered on a wide variety of implantable medical devices. Common examples include
catheters, feeding tubes, cochlear implants, cardiac valves and pacemakers, urologic and
breast implants, biliary stents, endoscopic tubes, contact lenses and neurosurgical and
orthopedic implants. The abundance of microorganisms on various surfaces and sites in
the body is observed depending on environmental characteristics, such as the presence
of fluid flow and the surface properties of the implants, as well as the interplay between
colonization and the human immune response [38]. The extracellular matrix protects
microbial cells from drying out, constituting a barrier that impedes the penetration of
antibiotics and antiseptics, impedes the interaction of the host’s immune system (including
impeding phagocytosis and inhibiting the penetration of antibodies), reduces the effective
concentration of antibiotics reaching bacterial cells and creates optimal conditions for the
formation of microbial colonies [7,9].

Multi-species biofilms in the human body can be both a positive and negative phe-
nomenon. They are created by microbiota living in the oral cavity—mainly on the surface
of teeth, in the intestines, in the vagina or on the skin [2]. There are over 700 different
species of bacteria in the human oral cavity. They can initiate the formation of dental
biofilms, also known as dental plaque. The exact composition of dental biofilms varies
both from site to site in the mouth and from person to person. The core composition of the
microbiome has been proposed to include species from the following genera: Streptococ-
cus, Veillonella, Granulicatella, Neisseria, Haemophilus, Corynebacterium, Rothia, Actinomyces,
Prevotella, Capnocytophaga, Porphyromonas and Fusobacterium [39]. Dental biofilm is a perma-
nent reservoir of microorganisms, which can systematically spread throughout the body.
Dental biofilm bacteria are also directly and indirectly associated with various systemic
diseases, such as aspiration pneumonia, premature birth and low-birth-weight children,
diabetes, circulatory system diseases, atherosclerosis and infective endocarditis [40]. For
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example, the caries production of Streptococcus mutans results from the adhesive properties
(biofilm) of the extracellular polymeric substances secreted by it, the production of which
is partially stimulated by the presence of fructose and the conversion of simple sugars into
intracellular polysaccharides (mutan, dextran, levan) [41,42]. The final bacterial metabolites
that make up dental plaque are organic acids that damage the enamel, allowing various
cariogenic bacteria to begin the process of tooth destruction [42]. S. mutans can also cause
bacterial endocarditis, especially the subacute clinical form in 50-70% of all cases of this
disease entity. In people with risk factors for the development of the disease, which include
congenital heart defects, rheumatic fever, heart surgery and damage to the oral mucosa,
streptococci are allowed to enter the blood vessels. This can cause transient bacteremia
with heart valve colonization and biofilm formation [42]. The intestinal biofilm, built by
multi-species microorganisms, protects against chronic gastrointestinal diseases, retains
water in the body, stimulates the host’s immunity and participates in the production of
vitamins (vitamin K, biotin) and the breakdown of food. The gastrointestinal microflora
contains more than 1000 microbial species and the intestinal biofilm is formed by, among
others, bacteria of the genera Bacteroides, Bifidobacterium, Enterococcus and Streptococcus [43].
The ability to form biofilms is also characteristic of the lactic acid bacteria of the Lactobacillus
genus. Colonizing the vagina and intestines, they protect against infections of the digestive
tract, urinary tract and sexually transmitted diseases. In the vagina, these bacteria partici-
pate in the protection of the mucous membrane against pathogens, secreting metabolites
(organic acids, hydrogen peroxide, bacteriocins) with antimicrobial activity [44,45]. Over
60% of the microorganisms colonizing human skin are various bacteria that form biofilms.
The dominant flora includes Staphylococcus spp., Corynebacterium spp. and Propionibacterium
spp. [46]. The natural microflora on the surface of healthy skin performs a protective
function; a biofilm is the predominant form of microbial life on its surface [2].

Modern medicine increasingly relies on surgical interventions and the placement of
permanent medical devices in the patient’s body. Both surgical procedures and medical
devices can introduce foreign microorganisms into the body, which can serve as a per-
manent reservoir of infection and cause biofilm formation. Almost 80% of device-related
infections are caused by biofilms formed by Gram-positive Staphylococcus spp. bacteria,
primarily Staphylococcus epidermidis and Staphylococcus aureus [47]. Staphylococcus spp. are
a commensal of the skin, but in favorable conditions they can cause infection. They can
be introduced into the body via contaminated medical devices, from medical personnel
or from patients themselves [21]. Medical devices are made of many materials, including
metals, plastics and ceramics. Plastics are more easily colonized than metal surfaces, but
bacterial biofilms can form on both surfaces [48]. The van der Waals and hydrophobic
forces are the main factors influencing the adhesion of bacteria to the surfaces of medical
devices [49]. Surface characteristics, including hydrophobicity, texture and electrostatic
charge, can facilitate the attachment of microorganisms and influence which strains have
an affinity for it [13]. The most frequently isolated bacterial strains associated with biofilms
in medical devices used on the long-term and short-term are presented in Table 1.

Table 1. Most frequently isolated bacterial species on the surface of implanted medical devices.

Permanent Medical Device for Long-Term Use =~ Most Frequently Isolated Bacteria

K. pneumoniae

A. baumannii

Orthopedic implants [38,50-52]
S. epidermidis

S. aureus
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Table 1. Cont.

Permanent Medical Device for Long-Term Use

Most Frequently Isolated Bacteria

Stents [53]

E. coli

Enterobacter spp.

Klebsiella spp.

P. aeruginosa

E. faecalis

Streptococcus spp.

S. aureus

S. epidermidis

Cochlear implants [54]

P. aeruginosa

S. pyogenes

S. epidermidis

S. aureus

Breast implants [55]

E. coli

Mycobacterium spp.

S. epidermidis

S. aureus

Streptococcus spp.

Bacillus spp.

Medical Device For Short-Term Use

Most Frequently Isolated Bacteria

Urinary catheter [56,57]

E. coli

P. aeruginosa

K. pneumoniae

A. baumannii

Enterobacter spp.

S. epidermidis

E. faecalis

Central line catheter [58]

P. aeruginosa

K. pneumoniae

S. epidermidis

S. aureus

E. faecalis

Endotracheal tube [59]

P. aeruginosa

K. pneumoniae

Acinetobacter spp.

Enterobacter spp.

S. aureus

E. faecalis
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Table 1. Cont.

Medical Device For Short-Term Use Most Frequently Isolated Bacteria

P. aeruginosa

Enterococcus spp.

Feeding tube [60] Bacillus spp.

Staphylococcus spp.
E. coli

Contact lenses [38,56,61] P. aeruginosa
S. aureus

5. Biofilms on the Inner Surface of Biliary Stents

Plastic stents in the biliary tract are often occluded by biliary sludge, which provides
an excellent environment for microorganisms to adhere, multiply and thrive in. This
is an additional factor contributing to biliary stent obstruction [16]. Stent patency is a
major concern for patients, endoscopists and physicians, because it can affect both the life
expectancy and treatment schedule of patients and depends on biliary tract injury and stent
location. Biliary stent occlusion can occur due to several factors: biliary sludge causing
the slowing of bile flow, bile viscosity, food exposure and the subsequent formation of a
coating from dietary fibers. The reflux of intestinal contents into the bile duct allows for
the easy adhesion, colonization and growth of bacteria on the inner surface of the stent,
leading to an ascending bacterial infection. No ideal stent with permanent patency has
been identified to date [62-64].

Microorganisms isolated from obstructed biliary stents (anaerobic and aerobic bacteria
and fungi) secrete several types of proteins, such as fibronectin, vitronectin, laminin, fibrin
and collagen, which increase their adhesion. It is believed that the biofilm on the inner
surface of the stent causes it to be irregular, which further facilitates the accumulation of
sediment and debris, precipitating the occurrence of obstruction and the recurrence of
cholangitis [65]. Biofilms formed inside stents consist of a mixed spectrum of microorgan-
isms [10]. Polymicrobial communities act synergistically on biofilm maturation, causing it
to gradually become thicker [66]. Stent occlusion leads to jaundice and bacterial cholangitis
with polymicrobial infections in 90% of patients, as shown in Figure 2 [16]. The inappropri-
ate use of antimicrobial agents may lead to the emergence of antimicrobial resistance and,
consequently, ineffective treatment of stent-related cholangitis [67].

Currently, more than 70% of patients with biliary jaundice are treated with the im-
plantation of a biliary stent made of plastic or metal [68]. Plastic stents can be removed
and replaced if necessary, which is their main advantage. Self-expanding metal stents are
durable and have the advantages of a larger lumen and a longer period of patency [68].
In recent years, biodegradable biliary stents have also been developed for endoscopic
applications [69]. Studies comparing the properties and safety of different types of stents
for preoperative biliary drainage are limited, and no consensus has yet been reached on the
optimal type [70].

A study conducted in Italy analyzed the composition of biofilms colonizing biliary
stents. For this purpose, biliary stents were collected from 56 patients. The study partici-
pants were 32 to 89 years old (mean 67.30 & 15.75) and had been wearing stents for 13 to
330 days (mean 70.21 =+ 73.35). All stents were collected from patients who had not under-
gone antibiotic prophylaxis or chemotherapy. The time of stent patency ranged from 5 to
330 days [68]. The study used metal stents made of a braided nickel-titanium alloy (Nitinol)
with a full-length silicone polymer lining, or plastic—made of polyethylene. The species
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associated with stents were usually anaerobic and Gram-positive bacteria, comprising
50% and 58.3%, respectively. The three species Streptococcus anginosus, Escherichia coli and
Enterococcus faecalis were found in more than 80% of the samples (prevalence = 83.0%) [68].

Catheter surface 5.
Host protein coating

|

Catheter obstruction

Ureolytic mineralization

Biofilm matrix

Bacterial migration Fimbriae attachment Urea hydralysis
Figure 2. Biofilm formation on the inner surface of biliary tract stents [14].

In another study, a prospective microbiological analysis of biliary stent biofilm from
all patients requiring elective or emergency stent replacement/removal was performed
in northern India between April 2011 and March 2014. A total of 81 patients (41 males)
aged 20-86 years were included in the study. The primary reasons for stent placement were
gallstones (n = 46, 56.8%), benign stenosis (n = 29, 35.8%) and malignant stenosis (n = 6,
7.4%). All stents were made of polyethylene and were placed endoscopically. The median
duration of stent placement was 65 days (range 5-1095 days). Cholangitis at the time of
stent placement was present in 50 (61.7%) patients. A polybacterial biofilm was detected in
most stents (n = 73, 90.1%), while single species were found in the remaining eight (9.9%)
cases. The most common Gram-negative bacteria in the cited study were Pseudomonas spp.
(n = 38), Citrobacter spp. (n = 23), Klebsiella spp. (n = 22), Serratia spp. (n = 16), Escherichia
coli (n = 14), Aeromonas spp. (n = 12), Proteus spp. (n = 10) and Enterobacter spp. (n =9).
Among the Gram-positive bacteria, the most common were Staphylococcus spp. (n = 20),
Streptococcus spp. (n = 13) and Enterococcus spp. (n = 13) [16].

In a prospective study that was conducted in Rome between July 2019 and February
2021 in patients requiring urgent biliary stent exchange/removal due to benign biliary
stenosis, the mean duration from stent placement was 120 days [71]. A microbiological
analysis of bile and stent samples taken from 22 patients was performed. The dominant
species isolated in the bile and stent samples were Lactobacillus spp. (7.1 and 13.7% in
bile and stent samples, respectively), Enterococcus faecalis (9.2% and 9.7%), followed by
Escherichia coli (8.2 and 9.1%), Klebsiella pneumoniae (7.7% and 9.1%, respectively) and
Enterococcus faecium (6.6% and 6.9%). Among the anaerobic Gram-positive bacteria, the most
frequently isolated genus was Clostridium spp. (5.1% and 5.1%), especially C. perfringens
(3.1% and 2.9%), while among the Gram-negative anaerobic bacteria, the most common
genus was Bacteroides spp. (2.0% and 1.1%), with no differences between the individual
species. The most commonly isolated yeast species were Candida spp. (11.7% and 8.0%),
especially Candida albicans (8.7% and 7.4%) [71]. The biofilm which formed inside stents was
an organized community of microorganisms enclosed in a self-produced exopolysaccharide
matrix containing proteins and other polymers, which grew on a solid, synthetic surface, [16,66].
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The experiment conducted in Japan aimed to investigate the antibacterial efficacy of
polyurethane biliary stents coated with silver compared to polyurethane stents without
this coating. Stent obstruction is caused mainly by the deposition of bile sediments, which
consist of cholesterol crystals, calcium bilirubinate, calcium palmitate, bacteria and/or
fungi, microbiological by-products, proteins, dietary fiber and glycoproteins. Silver ions
proved to be a much stronger inhibitor of biofilm formation than many other antibacterial
agents, and at lower concentrations. The observation of an almost complete lack of bacterial
adhesion on the surfaces of silver-coated biliary stents after a longer period of time indicated
the possibility of achieving the long-term patency of polyurethane stents coated with this
metal [63].

6. Preventing and Combating Bacterial Biofilm

Because of the medical importance of bacterial biofilms, effective methods of prevent-
ing their formation and combating them are of great importance in clinical practice.

Bacterial cells in a biofilm are constantly growing and dispersing. These processes are
regulated by complex signaling pathways. Therefore, the mass of the biofilm is constantly
changing over days and weeks. The inhibition of biofilm formation cannot be achieved
solely by preventing the adhesion of cells or proteins, as each bacterial species has its own
surface characteristics that regulate its adhesion to a given surface [13].

The preventive action is aimed at changing the physical properties of the surface by
modifying the self-assembled monolayer (SAM) that inhibits bacterial adhesion, disrupts
biofilm formation or promotes its removal, in order to prevent the accumulation of a biofilm
layer [72,73]. A self-assembled monolayer is a thin, single-layer film of small molecules that
are attached to a surface in a highly ordered way [13]. SAMs are made of small molecules;
they usually have a thickness in the range of 1-5 nm depending on the size of the molecule,
and thus belong to the category of nanoscale materials. Compared to polymer films or
metals, SAMs are resistant to release into the surrounding environment due to their strong
interaction with the surface [74]. In addition to inhibiting bacterial biofilm formation, the
ultimate functionality of SAMs can also be used to retain a biocidal agent on their surface.
Most bactericidal SAMs kill by contact, using biocidal agents that act on the outside of the
bacteria. In the case of these surfaces, bacteria are killed upon contact [13]. The covalent
attachment between the surface and the bactericide is particularly important because it
prevents its release, which could lead to the development of bacterial resistance. It also
allows the use of relatively low concentrations of the active substance compared to the
doses administered in vivo. If the bactericide requires internalization into the bacterial cell
to act effectively, it can be used in an SAM, but then the mechanism of action is killing
by release, meaning that the SAM releases the bactericide over time. In this case, there
may be potential problems with controlling the concentration of the bactericide. This can
lead to toxic effects if too much is released at the beginning of the application, and to
inactivity when the coating loses its bactericide [13]. To inhibit biofilm formation, SAMs
can form quaternary ammonium compounds on gold, titanium or silicone surfaces [75,76].
Another effective strategy for inhibiting the formation of biofilms of Gram-positive S.
aureus and S. epidermidis bacteria is the covalent placement of the drug (vancomycin) on
the surface of titanium and stainless steel alloys. Much lower overall concentrations of the
antibiotic are used than the therapeutic, while maintaining the antibiotic at the biomedical
implant site. As studies have shown, this effect can be maintained even after exposure
to serum proteins [13,77]. A study was conducted to investigate the properties of an
aminosilanized titanium surface onto which the antiseptic chlorhexidine was grafted using
glutaraldehyde as a linker. The resulting surface inhibited the formation of an S. aureus
biofilm in proportion to the concentration of chlorhexidine used [78]. Similarly, the applied
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salicylic acid was released into the substrate and showed an up to 90% inhibitory effect
on the viability and growth of settled bacteria: E. coli, S. aureus and S. epidermidis. This
solution may be suitable for implementation in situations with a limited exposure window,
e.g., during the healing period after surgery, although these functionalized surfaces retain
their antibiotic activity for a limited time [79]. Metal cations, particularly silver ions, which
are known for their antibacterial properties, have also been grafted onto self-assembled
monolayers on various surfaces to disrupt the biofilm formation process, in addition to
antibiotics, which have also been grafted onto SAMs [80]. Silver has a broad spectrum
of antimicrobial activity and, if used in small amounts due to toxicity concerns and so
as to minimize costs, can be an effective bactericide [81,82]. Silver cations have been
coordinated to titanium and stainless steel surfaces. Studies have confirmed its biocidal
efficacy against E. coli, S. aureus, S. epidermidis and P. aeruginosa. A silver-coordinating
SAM inhibited bacterial cell adhesion by three orders of magnitude and reduced the
likelihood of biofilm formation by 80%. This SAM coating has been proven to kill bacteria
and prevent their adhesion. The amount of silver required for this effect is less than 1
nmol/cm?, which is less than many other antibacterial silver treatments [83]. Copper
(cations of Cu?*) also has antibacterial properties; its bactericidal effect has been assessed
against E. coli and S. aureus. After five hours, almost 95% of bacterial cells were killed,
and more than 99.9% were killed after 24 h [84]. Currently, the chemical composition of
the biofilm matrix is known for most pathogenic microorganisms, so it would be realistic
to disperse bacterial cells enclosed in biofilms by degrading the matrix. One of the main
components of many bacterial biofilms is eDNA. Bacteria produce their own nucleases
to digest eDNA, among other things, in order to disperse the biofilm matrix depending
on the environmental conditions [85]. eDNA is a polymeric component of the matrix
of many bacterial biofilms and most likely originates from cell lysis [86]. Nucleases can
therefore become therapeutic agents by destroying the protective matrix and making
bacteria sensitive to other treatments [11]. Many Enterobacterales produce extracellular
amyloid fibrils, which are harmful because of their ability to adhere to surfaces and form
and maintain biofilms. Specific bioactive compounds that inhibit the formation of these
fibrils have been identified, effectively preventing biofilm formation and destabilizing the
mature biofilms of pathogenic E. coli [87].

Stent obstruction is a serious problem in the treatment of biliary tract strictures;
therefore, some modifications (i.e., design changes, special coatings and new biomaterials)
have been proposed to prolong patency time, but there are no definitive data to support
the introduction of these solutions into clinical practice [71].

7. Future Perspectives

The problem of the internal stent occlusion and the exact cause of its occurrence is
not completely solved. The results of various studies have shown that the composition
of the sediments from the biliary stent is not particularly dependent on the material from
which it is made, the extraction procedure or any of the patient characteristics taken into
account [68,88]. The main solution to this problem would be to develop innovative stents
made of materials that have permanent antimicrobial properties, thus offering a promising
solution to this long-standing problem [71]. Technical developments remain desirable
to develop new stent materials and designs that minimize or eliminate the obstruction
phenomenon [70]. The implementation of such improvements in stent design could sig-
nificantly improve patient outcomes and reduce the risk of related complications [71].
Microscopic biofilms can cause serious infections and patient complications, especially
in cases involving long-term medical devices. They can also be difficult or impossible to
detect without removing the medical device. Further studies should focus on developing
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surfaces that prevent biofilm formation and facilitate their detection to provide clinicians
with additional information and to enable the early identification of potential complications
and the sources of these complications [89].

After analyzing the literature, the following main strategies for combating biofilms
were identified:

- Development and creation of antiadhesive materials and substances with prolonged
properties.

- Inhibition of the attachment of microorganisms to the substrate by using special
compounds, and the destruction of biofilms early in their formation.

- Use of compounds that disrupt QS, causing the detachment of biofilms and the
destruction of their vital activity.

- Use of physical destruction means (lasers, cold plasma, etc.).

- Development of drugs that destroy the biofilm matrix, facilitating cell access.

- Genetic engineering of phages.

- Use of antibacterials together with matrix-destroying factors.

- Drug-eluting biodegradable biliary stents. The drug administered in this way acts on
a specific site, limiting the undesirable effects on the rest of the body, and the speed of
its release can be controlled.

- Development of a new stent design with anti-reflux action [15,63,64,90-92].

The limitations in the above manuscript result from the small number of studies on
this topic, and the fact that the published results are not methodologically consistent, which
makes their comparison very difficult. Due to the small number of available data, the
authors of this article describe the composition of biofilms to a negligible extent, focusing
mainly on the types of isolated microorganisms. In the future, it would be reasonable to
relate the pathogens found in biofilms to the duration the drain stays in the patient’s body,
the chemical composition of the biofilm and the medical indications for the insertion of
a prosthesis.
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Abstract: Background and Objectives: Fatty Liver Disease is a major health problem world-
wide. We can distinguish liver steatosis as non-associated or associated with chronic/acute
alcohol consumption. These two entities share similar stages ranging from hepatic fat
storage (namely, steatosis) to inflammation, necrosis, and fibrosis until hepatocellular
carcinoma (HCC). Over time, “Metabolic Associated Fatty Liver Disease” (MAFLD) has
replaced nonalcoholic fatty liver disease (NAFLD) nomenclature and has included car-
diometabolic criteria in these patients definition. Thus, obesity, type 2 diabetes mellitus
(T2DM), hypertension, and dyslipidemia are MAFLD features and are of the metabolic
syndrome. Importantly, there is not a specific treatment for MAFLD, but there are thera-
peutic strategies that act on metabolic dysfunction related to MAFLD. They can reduce
the progression of liver fibrosis and its complications. Materials and Methods: For all these
reasons, we conducted a narrative review of the literature, and we focused on metabolic
dysfunction related to MAFLD, with a special regard for cholesterol metabolism. Results:
MAFLD is a recently redefined condition that better describes the metabolism derangement
responsible for fatty liver disease. This distinguishes MAFLD from NAFLD. In fact, the
diagnostic criteria for MAFLD require the presence of liver steatosis together with at least
one of the following: obesity, T2DM, or evidence of metabolic disorder such as hypertriglyc-
eridemia, low high-density lipoprotein cholesterol, or hypertension. As a result, MAFLD is
closely linked to an increased cardiometabolic risk. Current therapeutic approaches can be
used to reduce this risk, focusing on lifestyle interventions and pharmacological strategies.
Several treatments in patients diagnosed with MAFLD are mainly cholesterol-lowering
remedies. Among these, Pro-protein Convertase Subtilisin/Kexin type 9 inhibitors (PCSK9i)
show the most promising efficacy profile but data on liver fibrosis are lacking. Agonists
of GLP-1 receptor, Sodium-glucose cotransporter-2 inhibitors (SGLT2i) and Dipeptidyl
Peptidase-4 inhibitors (DPP-4i) have a “ multi-hit “ action allowing their use also in di-
abetic patients with MAFLD. Conclusions: Lifestyle modifications, some nutraceuticals,
statins, incretins, and PCSK9i have changed the natural course and significantly improved
the cardiometabolic outcomes of MAFLD. Emerging cholesterol-lowering drugs, such
as Bempedoic acid, can overcome low compliance to statins’ use and their controversial
effect on liver fibrosis. Finally, medications targeting insulin resistance allow for strategic
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interventions of the convoluted pathophysiology of MAFLD in multiple steps, with the
potential to reduce liver steatosis, inflammation, and necrosis and, sometimes even to
reverse liver fibrosis.

Keywords: fatty liver; NAFLD; MAFLD; dyslipidemia; diet; statin; PCSK9; nutraceuticals;
bempedoic acid

1. Introduction

Fatty liver disease is a rising health problem. It was firstly classified as nonalcoholic
fatty liver disease (NAFLD) or alcohol-related fatty liver disease (AFLD) depending on the
absence/presence of alcohol use/abuse. In the last two decades, NAFLD prevalence (rang-
ing from 12 to 22% of the general population) has been associated with various metabolism
alterations (e.g., obesity, insulin resistance (IR), type 2 diabetes mellitus (T2DM), hyper-
tension, hyperlipidemia and, more comprehensively, metabolic syndrome). Consequently,
NALEFD has been renamed as metabolic-associated fatty liver disease, MAFLD [1]. Obe-
sity, diabetes, and Metabolic Syndrome (MetS) are key drivers of liver fat deposition in
"Metabolic Associated Fatty Liver Disease’. Therefore, MAFLD diagnosis is reached ac-
cording to liver fat deposition detection (via radiology imaging, liver biopsy, or, more
recently, blood biomarkers) and one of three major dysmetabolic conditions: obesity or
being overweight, type-2 diabetes mellitus, and the presence of two or more metabolic ab-
normalities [2,3]. Thus, MAFLD prevalence has risen over that of NAFLD, overcoming 30%
of the general population [2,3]. Robust evidence points out a strong association between
increased cardiovascular risk and MAFLD. Atherosclerotic carotid plaques and a fatty liver
are a common finding at baseline patients’ evaluation [4] [Figure 1].
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Figure 1. The Figure shows the link between cardiometabolic risk and MAFLD. According to the
definition of “Metabolic Associated Fatty Liver Disease”, MAFLD, the disease can present with
various metabolic conditions including obesity, insulin resistance (IR), type 2 diabetes mellitus
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(T2DM), hypertension, hyper-lipidemia, and metabolic syndrome.

Indeed, the MAFLD definition has drawbacks: patients with fatty liver are not di-
agnosed according to the amount and frequency of alcohol use/abuse. Further, a vast
group of etiologies are included in the definition. For these reasons, the new “metabolic
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associated steatotic liver disease”, MASLD, requires at least one out of five cardiometabolic
risk factors and distinguishes between alcohol use or abuse. Thus, the term “metabolic
and alcohol-related /associated liver disease” (MetALD) has been introduced to describe
patients with MASLD who consume greater amounts of alcohol per week (140-350 g/week
and 210-420 g/week for females and males, respectively) [5]. In addition, the MASLD
definition overcomes the stigma of the term “fatty” and, more importantly, includes the
pathophysiologic dysmetabolic milieu of the disease [6,7].

MASLD prevalence reaches almost 25% of the global population with a growing
perspective [6]. This prevalence follows that of obesity and is going to be the main con-
tributor of increased prevalence of chronic hepatic diseases and hepatocellular carcinoma
worldwide [7].

The age range for MAFLD patients is between 40 and 60 years. Indeed, the disease
can be diagnosed also in children older than 10 years. MAFLD seems to significantly
affect more males than females, perhaps at a younger age. This sex-based distinction is the
opposite for patients older than 65 years [8]. This condition often progresses from simple
fatty liver to more serious stages like steatohepatitis (NASH) and cirrhosis, with or without
hepatocellular carcinoma. However, the transition from liver steatosis is not linear and
sometimes steatohepatitis patients can develop hepatocellular carcinoma (HCC) without
cirrhotic degeneration [9]. Given the increasing number of cases of MAFLD, several thera-
peutic strategies have been studied to act on metabolic dysfunctions affecting liver disease.
The latter are centered on lifestyle modifications. Indeed, there are pharmacological inter-
ventions that address the shared underlying metabolic and hepatic pathologic pathways.
The aim of these strategies is to focus on the most common metabolic disorders linked to
MAFLD, such as: insulin resistance (often treated with metformin, thiazolidinediones),
oxidative stress (counteracted with vitamin E, pentoxifylline), and inflammatory cytokines
(modulated via anti-TNF-a, TGF-3, IL-11) [10]. Indeed, lowering cholesterol levels (with
statins, ezetimibe or their combination, bempedoic acid and, due to statin-intolerance, the
novel proprotein convertase subtilisin/kexin 9 inhibitors) is a prominent target.

Thus, we performed a narrative review of the literature’s evidence on the definition
of MAFLD, its diagnosis, the role of lipogenesis/hepatic lipid deposition and insulin
resistance in its pathophysiology, and the relevance of remedies and drugs positively
affecting deranged metabolism (e.g., lowering cholesterol and affecting insulin resistance).
We have chosen the MAFLD and NAFLD nomenclature as it accounts for most of the
reviewed studies.

2. Materials and Methods

We made a search on PubMed, Medline for the literature data (namely, original articles,
reviews, meta-analyses, and case series) using the following keywords, their acronyms, and
their associations (e.g., “and”): “Fatty liver”, “NAFLD”, “MAFLD”, “Dyslipidemia”, “Diet”,
“PCSK9”, “Statin”, “Nutraceutical Therapies”, “Bempedoic acid”. Importantly, we chose
the MAFLD definition because most of the literature studies retrieved were performed
in patients with this nomenclature of disease. We considered articles in the timeframe of
2000-2024 years. In these years, the terms NAFLD and MAFLD were the most frequently
used. We selected articles published in English and involving human and animal models of
NAFLD and MAFLD. The MASLD definition and physiopathologic data were included in
the Introduction section to complete the NAFLD and MAFLD pathophysiology description.
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3. Results

3.1. Metabolic Dysfunction-Associated Fatty Liver Disease (MAFLD)
3.1.1. Diagnostic Criteria for MAFLD

According to the most recent guidelines, NAFLD could be considered, according to
liver fat accumulation detected at abdominal magnetic resonance imaging (MRI) and/or
biopsy in the absence of other hepatic injury causes (e.g., alcohol, hepatotoxic drugs, toxins,
viral infections, primary liver disease) [11,12]. Hepatic steatosis can be first diagnosed by
ultrasound when the hepatic parenchyma shows supranormal brightness [12]. Indeed,
liver steatosis can be underdiagnosed or missed when fat deposition spares more than 67%
of hepatic parenchyma [13]. In addition, the term NAFLD has been replaced by MAFLD
because it only describes liver fat accumulation, does not mention alcohol use/abuse,
and does not rely on metabolism alterations. Thus, experts in the field have performed
accurate consensus conferences to modify the definition. In particular, the MAFLD term
was proposed in 2020 and connected the diagnosis of fatty liver disease and one of the
following: Type 2 Diabetes Mellitus (T2DM), obesity, and metabolic dysfunction. Therefore,
the stigma of “non-alcoholic “was removed [13].

To provide further detail and practically, liver steatosis must be accompanied by
at least two dysmetabolic findings [13]: waist circumference > 102/88 cm in Caucasian
men/women or > 90/80 cm in Asian men/women; blood pressure > 130/85 mmHg or
antihypertensive drugs; plasma triglycerides (TG) > 150 mg/dL or TG lowering drugs;
plasma high-density lipoprotein cholesterol (HDL-C) < 40 mg/dL for men and <50 mg/dL
for women or lipid-lowering drugs; fasting plasma glucose (levels 100 and 125 mg/dL
or 2 h post-load); glucose levels (140-199 mg/dL) or glycosylated hemoglobin (HbA1c)
between 5.7 and 6.4%, Homa index score > 2.5; and high- sensitivity C-reactive protein
levels > 2 mg/L [Table 1].

Table 1. Criteria for MAFLD diagnosis, based on the metabolic alterations provided [13].

Metabolic Alteration Criteria

>102 cm in Caucasian men, >88 cm in Caucasian
Waist Circumference women; >90 cm in Asian men, >80 cm in
Asian women

Blood Pressure >130/85 mmHg or use of antihypertensive drugs

Plasma Triglycerides (TG) >150 mg/dL or use of TG-lowering drugs

Plasma High-Density
Lipoprotein Cholesterol
(HDL-C)

<40 mg/dL for men and <50 mg/dL for women, or
use of lipid-lowering drugs

Between 100 and 125 mg/dL or 2 h post-load
glucose levels

Between 140 and 199 mg/dLor HbAlc between 5.7

Fasting Plasma Glucose

Glucose Levels

and 6.4%
HOMA Index Insulin resistance score >2.5
High-Sensitivity C-Reactive Levels > 2 mg/L

Protein (hs-CRP)

Data on the relationship between sex, race, and other socioeconomic factors and
liver steatosis are available mainly for NALFD. Indeed, there are substantial disparities
in the development of NAFLD according to race and ethnicity because of genetics and
environmental and social factors. In detail, the prevalence of NAFLD in the US population
appears to be higher among Hispanics, followed by non-Hispanic Whites and Asians, and
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lastly, African Americans [14]. Similarly, the same disparity has also been observed in
hospitalized patients [15]. Interestingly, Japanese Americans have a greater risk for NAFLD
development because of high visceral adiposity prevalence [16]. Finally, Hispanics appear
to have a higher NAFLD prevalence, an earlier onset, and a worse metabolic profile vs.
other ethnicities. Unfortunately, data reported come almost exclusively from studies run
within the US population [17].

The impact of socioeconomic status on NAFLD prevalence is varied around the
world. Initially, NAFLD prevalence seemed to be higher among individuals with lower
socioeconomic status in Western countries [18]. Similarly, South Korea data found people
with a low socioeconomic status having a significantly higher risk of developing NAFLD
(OR 1.7) [19]. Oppositely, a Chinese study found people with a higher median income
having a two-fold higher risk of developing NAFLD vs. the low-income subjects [20]. Such
disparities are linked to food security and food composition. Almost 30% of US adults
with low-income have NAFLD and live in food-insecure households [18]. Conversely, the
prevalence of food insecurity is much higher among the Iranian NAFLD population (56.8%)
vs. non-NAFLD subjects (26.1%) [21].

3.1.2. Clinical and Laboratory Indexes for Steatosis Monitoring

Both NAFLD and MAFLD need an accurate grading and staging of steatosis activity
and fibrosis. The grading and staging describe disease progression and allow physicians to
predict patient outcomes and select the best therapeutic option. Thus, laboratory indexes
and non-invasive scoring systems have emerged as valuable tools in this context. The
disease is considered a continuum of stages from liver steatosis to steatohepatitis (namely,
NASH in the case of NAFLD or Metabolic Dysfunction-Associated Steatohepatitis (MASH),
in the case of MAFLD). In fact, disease activity and fibrosis can be evaluated through
non-invasive methods or liver biopsy (e.g., NAFLD Activity Score and degree of fibrosis,
respectively). In one regard, laboratory tests support the MAFLD diagnosis and allow the
evaluation of dysmetabolic conditions associated with hepatic steatosis evolution. However,
biomarkers used for liver fibrosis detection typically indicate matrix turnover, but not the
extent of extracellular matrix deposition. Moreover, no biomarker is specific for liver
fibrosis detection. In fact, extra-hepatic inflammatory and oxidative states can contribute to
fibrosis development in MAFLD. There are two types of markers that determine fibrosis
level in the liver: indirect and direct ones [Table 2].

Table 2. Available indirect and direct indexes for monitoring disease activity and fibrosis in MAFLD.

Direct Markers [22]

Indirect Markers [11] Collagen Synthesis/ Pro-Inflammatory
Degradation [23] Molecules [24]
Aspartate amino Transferase
(AST) [25] PIIINP TGF-Betal
Alanine amino Transferase
(AST) [25] TIMP-1 GF-1
Platelet Count (PLT) [26] TNF CRP
Gamma Glutamil Transferase .
(GGT) [27] MMP Fibrinogen
Total Bilirubin [27] Factor VIII
Alpha 2-macroglobulin PAL1

and/or alpha 2 globulin [28]
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The indirect markers describe deranged hepatic metabolism: aspartate amino Trans-
ferase (AST), Alanine amino Transferase (ALT), platelet count, Gamma-Glutamyl Trans-
ferase (GGT), total bilirubin, alpha 2-macroglobulin, or alpha 2-globulin (mainly hap-
toglobin). However, they do not help to detect the presence of fibrosis. Therefore,
scores built from a combination of multiple biomarkers can have a higher diagnostic
accuracy [28,29].

On the other hand, direct markers can help predict the presence of liver fibrosis. In fact,
they are biomarkers of collagen synthesis/degradation, extracellular matrix glycoproteins,
proteoglycans, and glycosaminoglycans (PIIINP: amino-terminal Propeptide of type III
Procollagen; TIMP-1: Tissue Inhibitor of Metalloproteinase; TNF: Tumor Necrosis Factor;
MMP: Matrix Metallo Proteinase). Furthermore, other biomarkers are pro-inflammatory
molecules, such as Transforming Growth Factor beta-1 (TGF-31), Insulin-Like Growth
Factor (IGF-1), and endothelin-1 and inflammatory mediators such as C-Reactive Protein
(CRP), Interleukin (IL)-6, and pro-coagulant factors such as fibrinogen, factor VIII, and
plasminogen activator inhibitor-1 [29-31].

Finally, there are also scores that can assist physicians in evaluating the progression
and the degree of hepatic steatosis, such as the Hepatic Steatosis Index (HIS) [32], Fatty
Liver Index (FLI) [33], the FIB-4 index [34], ELF test [Lee J], and APRI [34,35].

3.1.3. Non-Invasive Imaging Techniques for MAFLD Diagnosis and Histological Findings

Several imaging techniques are currently employed to diagnose and assess the severity
of MAFLD. Ultrasound (US) is the most used imaging available in current clinical practice
due to its low cost and widespread availability. However, it has low sensitivity for liver
steatosis detection and is not able to discriminate between liver steatosis and fibrosis [31].
Indeed, liver steatosis can be also frequently detected by computed tomography (CT) or
MRI [36].

Alternatively, the controlled attenuation parameter (CAP) measured during elastogra-
phy is a more sensitive radiologic tool, and the proton magnetic resonance spectroscopy
(IH-MRS) is also an acceptable quantitative marker of steatosis. These measurements can
be combined with laboratory biochemical testing in high-risk populations [37]. Indeed,
the main European and American liver disease scientific societies (namely, EASL and
AASLD) recommend the use of abdominal ultrasound and liver enzymes testing for all
patients with documented metabolic risk factors [38]. CT is a more accurate diagnostic tool
than ultrasound. However, its use is limited to mild steatosis patients because it requires
radiation exposure [39]. While CT is more sensitive than ultrasound for evaluating hepatic
fat content, substances like iron can interfere and impact the diagnosis [40]. The CAP
technique, an ultrasound-based approach, measures steatosis (greater than 10%) but has
been shown to be somewhat unreliable, even though it is still recommended in Asia-Pacific
guidelines as a useful tool for NAFLD/MAFLD patients. MRI and magnetic resonance
spectroscopy can detect liver fat and fibrosis, but their application in clinical practice is, as
of yet, limited by the high costs. In detail, MRS has a complex protocol for routine clinical
settings, despite its ability to detect 5.56% of liver fat content. Indeed, it can be considered
the gold standard for diagnosing steatosis [41]. In recent years, transient elastography
(Fibro Scan), an ultrasound-derived technique, has become more popular because it offers
fast and convenient measurements of liver stiffness, which correlates closely with liver
fibrosis stages [42]. It can be used either alone or in combination with a CAP measurement,
giving a consensual liver stiffness and steatosis assessment [42].

Histological diagnosis remains the gold standard for confirming MAFLD and evaluat-
ing its severity, particularly in advanced stages. Liver biopsy is an invasive procedure with
0.05% risk of mortality linked to procedures’” complications. It allows the assessment of key
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histopathological features, including steatosis, inflammation, the ballooning of hepatocytes,
and fibrosis [43]. Although biopsy has a high diagnostic accuracy, it is an invasive and
costly protocol with limited routine application [31,44,45].

More interestingly, liver biopsy shows greater issues when applied to bigger popula-
tions because of the sampling error (namely, the steatosis/fibrosis-spared liver segment
receiving the biopsy). The latter produces false-negative cases with misread prognosis.

Histologically, we distinguish macrovesicular and microvesicular steatosis.

In microvacuolar (or macrovesicular) steatosis, triglycerides commonly accumulate as
a single large lipid vacuole relocating the nucleus at the periphery of the hepatocyte [46].
This histological feature is the most common finding and is typically retrieved in obese
subjects [47], alcoholic liver disease, Wilson’s disease, and familial hypobetalipoproteine-
mia [47]. Usually, macrovacuolar steatosis is associated with hepatomegaly. In about 20% of
cases, it may progress to steatohepatitis, with necroinflammation, ballooning degeneration
of hepatocytes, and fibrosis [47]. It is important to acknowledge that fibrosis progresses to
liver cirrhosis over weeks/months in drug-induced steatohepatitis. Indeed, obesity and
other metabolic conditions favor cirrhosis development over decades [46].

The most common cause of microvesicular steatosis are drugs. Its clinical charac-
teristics include liver failure, encephalopathy, multiorgan failure, and coma [47]. The
rarer microvesicular steatosis recognizes the presence in the cytoplasm of several lipid
droplets, which leave the nucleus at the center of the hepatocyte [46]. There is also a certain
very rare association with macrovacuolar steatosis [46]. Small lipid droplets reflect severe
mitochondrial dysfunction in the injured hepatocytes [48]. From a pathogenetic point of
view, ATP deficiency has been linked to severe mitochondrial dysfunction and, altogether,
these can lead to the growth of lipid droplets through the reduction of lipid synthesis
or altered deranged expression of proteins and enzymes storing lipids [48]. In another
hypothesis, triglyceride can be hydrolyzed in the largest lipid droplets to mobilize oxidable
fatty acids [49]. Finally, lysosomal function derangement can favor small lipid droplets
storage [49].

Other diseases with microvesicular steatosis are acute fatty liver of pregnancy, some
inborn errors of mitochondrial fatty acids” oxidation, and several mitochondrial cytopathies
(i.e., genetic disorders of the OXPHOS system) [4,7,49]. Typically, Reye’s syndrome, trig-
gered by an acute viral illness (e.g., influenza and varicella) and drugs (namely, the nons-
teroidal anti-inflammatory drug (NSAID) aspirin (or herbal tea containing salicylate) and
valproic acid) is associated with microvesicular steatosis [4,49].

In conclusion, non-invasive methods can be considered the first step for NAFLD/MAFLD
diagnosis. Unfortunately, abdominal ultrasound has a significant inter-observer variability.
Other techniques can result in over- or underestimation of the hepatic fibrosis stage [49].
When NASH/MASH and liver fibrosis are not diagnosed /detected by non-invasive meth-
ods, liver biopsy can be performed in individuals in whom the etiology of the liver disease
needs to be clarified [44]. Non-invasive biomarkers and newer imaging techniques are
becoming more and more popular for early patients’” evaluation.

3.2. Metabolic Dysfunction in MAFLD
3.2.1. Lipid Metabolism and Insulin Resistance in MAFLD

MAFLD physiopathology encompasses a complex interplay of lipid metabolism path-
ways. The most advanced form of liver fibrosis, MASH and, more specifically MASH-
cirrhosis, is initiated by lipotoxicity. The latter is characterized by cellular inflammation,
oxidative stress, and hepatocellular ballooning. MASH can irreversibly progress to liver
cirrhosis and/or to the development of HCC. MASH progresses to cirrhosis and /or HCC
due to several pathologic processes: cellular senescence, oxidative stress, autophagy, and
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ferroptosis [50,51]. In detail, hepatic fat accumulation and steatosis are a result of excessive
lipid uptake, de novo lipogenesis, impaired oxidation of fatty acids, and dysfunctional
lipid export [51,52] [Figure 2].
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Figure 2. Main pathophysiologic key factors involved in deranged lipid metabolism and insulin
resistance in MAFLD. Sterol regulatory element-binding protein 1c (SREBP1c) and fatty acid transport
proteins (FATs) are upregulated (1) in MAFLD patients and are responsible for deranged lipogenesis
and lipid uptake. Lipogenesis is regulated by three enzymes: acetyl-CoA carboxylase (ACC), fatty
acid synthase (FAS), and stearoyl-CoA desaturase-1 (SCD1). The result is the formation of ceramides
(namely, palmitate, oleate, and palmitoleate), responsible for passage from liver steatosis to liver
steatohepatitis (NASH/MASH). Their increased levels lead to hypertriglyceridemia. SREBP1c is
primarily activated by insulin, especially in insulin resistance conditions. The latter impairs the
suppression of lipolysis in adipose tissue, leading to an increased flux of free fatty acids (FFAs)
up to the liver. Consensually, it has been determined that there is an increased expression of FA
binding protein (FABP), FA transport protein (FATP), and CD36 genes responsible for fatty acid
uptake and overexpression of de novo lipogenesis. FABP1 is specifically expressed in the liver
where it transports fatty acids between organelles, binding cytotoxic free fatty acids, and aiding their
oxidation or incorporation into triglycerides. The peroxisome proliferator-activated receptor-alfa
(PPAR) regulates fatty acid oxidation across mitochondria, peroxisomes, and cytochrome pathways.
PPAR« activation induces the production of lipoprotein lipase (LPL) and Apolipoprotein (apo) A-V.

We must note that lipid metabolism plays a pivotal role in several crucial activities
in humans. They include energy storage and release, cell membrane formation, hormone
synthesis and transport, liposolubility of nutrients, and the regulation of inflammatory
response [53]. MAFLD patients show their derangement.

Key molecular players, such as sterol regulatory element-binding protein 1c (SREBP1c)
and fatty acid transport proteins (FATs), are upregulated in MAFLD, driving both lipogen-
esis and lipid uptake [50,52]. The liver’s de novo lipogenesis is regulated by acetyl-CoA
carboxylase (ACC), fatty acid synthase (FAS), and stearoyl-CoA desaturase-1 (SCD1). Their
machinery results in the formation of palmitate, oleate, and palmitoleate whose storage
ends up in hypertriglyceridemia and liver steatosis [54]. The two transcription factors that
regulate the enzymes (precisely, FAS, and SCD1), are SREBP1c and the carbohydrate regu-
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latory element-binding protein (ChREBP). As a master regulator of the de novo lipogenesis
pathway, SREBP1c is primarily activated by insulin and shows a significant increase in
MAFLD patients vs. healthy individuals [44]. Moreover, the overexpression of SREBP-1c is
linked to the upregulation of key enzymes of de novo lipogenesis and results in hepatic
lipid accumulation [55]. Indeed, mice with MAFLD undergoing single-cell RNA sequenc-
ing (scRNA-seq) and computational network analyses to assess lipid signatures showed
that high SREBP1 expression is not predictive of liver lipids” accumulation. Further, the
constitutive androstane receptor (CAR) is a key regulator of functional modules associated
with cholesterol homeostasis, bile acid metabolism, fatty acid metabolism, and estrogens’
response. Thus, there is a significant correlation of its activation with steatohepatitis de-
velopment in humans [56]. In addition, among the other enzymes regulated by SREBP1c,
the isoforms of ACC have a significantly increased expression in MAFLD patients vs.
controls [57,58]. Interestingly, MAFLD patients also exhibited altered expressions the of FA
binding protein (FABP), FA transport protein (FATP) [57,58], and cluster of differentiation
36 (CD36) genes. The latter are responsible for fatty acid uptake and the overexpression of
de novo lipogenesis [56]. Fatty Acid Binding Protein 1 (FABP1) is specifically expressed
within the liver and transports fatty acids between organelles, binding cytotoxic free fatty
acids. The protein is also involved in their oxidation/incorporation into triglycerides [58].
In fact, knockout FABP1 mice showed a reduced response to fasting-induced increases in
hepatic triglyceride uptake and oxidation [54]. In addition, hepatic lipid uptake is regulated
by FATPs and CD36, and FATP isoforms 2 and 5 are the most abundant in the liver [59].
Increased FATP5 expression in humans significantly correlates with higher hepatic steatosis
in male MAFLD patients [60,61]. Moreover, hepatic CD36 protein levels’ expression rise
under high-fat diet [62]. These findings suggest a connection between FATP5, CD36, and
hepatic lipotoxicity [Figure 2].

De novo lipogenesis overexpression can lead to fat storage in MAFLD and, also to
storage of toxic lipid species (e.g., ceramides), critical for liver fibrosis development.

The impaired oxidation of fatty acids has been detected within mitochondria in
NAFLD research models. Very long-chain fatty acids are initially oxidized in peroxisomes
before being further processed. Under conditions of lipid overload (e.g., high-fat diet), an
alternative omega-oxidation pathway mediated by cytochrome P450 enzymes becomes
active. This fuels fatty acid oxidation. Unfortunately, this pathway produces significant
amount of reactive oxygen species (ROS) that trigger the inflammatory response and favor
progression to NASH. The peroxisome proliferator-activated receptor-alfa (PPARx) plays
a central role in regulating fatty acid oxidation across mitochondria, peroxisomes, and
cytochrome pathways. PPARx modulates lipid and lipoprotein metabolism. It regulates
the transcription of genes involved in the metabolism of triglycerides (TG)-rich lipoproteins
and HDL [63]. Thus, PPAR« activation induces lipoprotein lipase (LPL) and Apolipopro-
tein (apo) A-V synthesis expression. Conversely, its decrease is followed by apo C-III
activation. This results in LPL activity inhibition and enhanced beta ([3)-oxidation genes
expressions [64] [Figure 2].

Current data from the literature demonstrate that also microRNAs (miRNAs) might
be involved in NAFLD and MAFLD development. In detail, NAFLD animal models show
miRNAs linked to deranged cholesterol metabolism and NAFLD [32,45,49]. Further, a
comprehensive review of the literature including 19 articles demonstrated that 13 different
miRNAs are related with the altered lipid metabolism typical of MAFLD. The most studied
is miR122, one of the most abundant in the liver [57].

Insulin resistance (IR) is a central driver in the pathogenesis of MAFLD. It links hepatic
steatosis to systemic metabolic dysregulation. IR impairs lipolysis inhibition within the
adipose tissue, leading to an increased flux of FFAs up to the liver. The flux promotes
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hepatic triglyceride accumulation, exacerbating steatosis and triggering lipotoxicity. IR
reduces hepatic glycogen synthesis and, on the other hand, enhances de novo lipogenesis
via upregulation of transcription factors such as SREBP1c [65]. This imbalance is reinforced
by oxidative stress, mitochondrial dysfunction, and chronic low-grade inflammation. Alto-
gether, these processes create a vicious cycle that accelerates MAFLD progression toward
MASH. Consensually, it has been determined that oxidative stress from mitochondrial
dysfunction and reactive oxygen species reinforces inflammation and insulin resistance.
IR downregulates lipases functioning and this results in the altered flow of fatty acids
and of the intestinal production of chylomicrons (CM) and of hepatic very low-density
lipoproteins (VLDL). Moreover, hyperinsulinemia increases fatty acid esterification and
inhibits beta-oxidation that regulates triglycerides formation in liver [66]. In addition, dys-
metabolic patients show increased oxidative stress and increased blood levels of glucose
and lipoproteins, ending in foam cell formation and atherosclerotic disease [31].

Finally, the physiopathologic “multi-hit” hypothesis that integrates these pathways
emphasizes the roles of insulin resistance, dyslipidemia, and inflammation in MAFLD
pathogenesis, making lipid metabolism a crucial target for therapeutic strategies [67].

3.2.2. Cardiovascular Risk in MAFLD: The Link Among Physiopathology and
Clinical Features

MAFLD has been significantly associated with cardiovascular disease-related mor-
tality. In fact, it is a major risk factor for cardiovascular diseases (CVD) like myocardial
infarction, stroke, and heart failure [51]. This is supported by meta-analysis and systematic
review data [68]. Moreover, MAFLD contributes to an accelerated progression of coro-
nary atherosclerosis, heart failure, and arrhythmia [68,69]. Similarly, MASLD shows a
similar risk profile for CVD [70]. In a large study involving over 8.8 million South Korean
adults, MAFLD was significantly associated with a higher incidence of cardiovascular
events [69,71].

3.3. Current Therapeutic Strategies Targeting Metabolism in MAFLD
3.3.1. Diet and Lifestyle in the Treatment of MAFLD

To date, lifestyle interventions, particularly diet and physical activity, are the cor-
nerstone for managing MAFLD. We aim to counteract the lifestyle changes derived from
the rapid economic growth of the last 40 years. Specifically, a Westernized world has
led to more meat and egg consumption. Conversely, ingestion of fruits, vegetables, and
whole grains has decreased [72]. This alimentary shift is high in cholesterol [73]. Thus,
a comprehensive approach addressing weight reduction, dietary changes, and increased
physical activity is essential for improving liver health, metabolic dysfunction, and cardio-
vascular outcomes in MAFLD patients [74]. For example, overweight and obese MAFLD
patients obtaining a weight loss of 7-10% show a decrease of hepatic steatosis grading
and, of vascular and metabolic complications [75]. This phenotypic change correlates with
reduced hepatic enzyme activity, improved histological liver steatosis and inflammation.
Unfortunately, there is less certainty regarding the impact on fibrosis [75]. High-intensity
interval exercise is able to improve plasmatic levels of triglyceride-rich VLDLI1 particles
and LDL cholesterol and insulin resistance and other CVD risk factors. Thus, it is strongly
recommended together with a dietary approach (hypolipemic diet). In this regard, the
Mediterranean diet and similar dietary approaches are gaining more and more attention
from the scientific community [76].

3.3.2. The Use of Nutraceuticals in MAFLD

The use of nutraceuticals in managing MAFLD should not be underestimated. They
can be effective either alone or in combination with dietary and lifestyle changes [77]. In
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particular, the nutraceuticals reviewed are those with a proven significant improvement
in hepatic steatosis. However, their usage has some issues: they can have rather low
bioavailability and limited effectiveness. In fact, individual genetics can affect nutraceuti-
cals” absorption, storage, and excretion [31]. Nutraceuticals mainly target inflammation,
glycemia and insulinemia, LDL-C, and blood pressure [78]. In MAFLD patients, they

effectively address liver inflammation, steatosis, and insulin resistance [Table 3].

Table 3. Nutraceuticals used in the treatment of MAFLD.

Nutraceutical Key Properties Benefits in MAFLD References
Antioxidant, Improves liver enzymes
Silymarin anti-inflammatory,  and reduces hepatic [31,79]
antifibrotic steatosis
Reduces Lowers triglycerides,
Omega-3 Fatty Acids trlglycerldes, improves hep'atlc . [80,81]
anti-inflammatory  steatosis and insulin
action resistance
Livid-lowerin Enhances metabolic
Berberine ~Pie e profile, reduces hepatic [31,82]
insulin-sensitizing .
fat accumulation
Reduces liver
Curcumin Antl—'mﬂamr'n-at.ory, %nﬂar'nmatlo.n', 1mproves [31,83]
insulin-sensitizing  insulin sensitivity and
hepatic steatosis
Regulates adipokine
Anti-inflammatory, levels support metabolic
Coenzyme Q10 antioxidant action balance, reduces [31,84]
oxidative stress
Antioxidant, Improves liver enzyme,
anti-inflammatory  reduces inflammation
Nigella Sativa (contains and lowers [85]
Thymoquinone) cardiovascular risk
action markers
lowers insulin levels,
antioxidant, Homeostatic Model
Brown Algae . .
(Ascophyllum nodosum anti-inflammatory,  Assessment for Insulin [85]
Py , and anti-cancer Resistance (HOMA-IR),
and Fucus vesiculosus) . :
properties blood glucose, and waist
circumference
improves liver function,
particularly in pediatric
Vitamin E Antioxidant action =~ NASH patients; can [86-89]
reduce liver
inflammation

Silymarin is known for its antioxidant, anti-inflammatory, and antifibrotic properties.
It comprises seven flavonolignans (silybin A, silybin B, isosilybin A, isosilybin B, silychristin,
iso-silychristin, and silydianin) and one flavonoid (taxifolin). It has shown benefits in
improving liver enzymes and reducing hepatic steatosis. In particular, several clinical
studies on NAFLD have shown that silymarin can delay the progression of liver disease,
alleviate symptoms, and enhance the quality of life of patients [31]. Silymarin acts as a
scavenger of free radicals. For this reason, it prevents lipid peroxidation and protects
enzyme systems associated with hepatic cellular damage. Thus, it reduces oxidative stress
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and cytotoxicity [79]. The accepted and tolerated dosage of silymarin in NAFLD and
MAFLD studies is 140 mg three times a day. The dosage can reduce deranged liver enzyme
levels [79]. For example, Torre et al. showed that 4 months of silymarin administration
significantly reduced transaminases and gamma-glutamyl transferase levels [90]. Further,
Lee et al. found similar significant results after only 1 month of silymarin treatment and,
importantly, the reduction was maintained for more than 4 years [91].

Omega-3 Fatty acids reduce triglyceride levels and improve hepatic steatosis and
insulin resistance [31]. Further, several trials have investigated the role of omega-3 in the
treatment of NASH in men. However, the variability of results among the studies can be ex-
plained by differences of product administration and experimental design (e.g., formulation
of omega-3, the duration and dosage of the supplements, the endpoints, and the measured
outputs such as exercise, dietary changes, and the genetic or epigenetic background of the
participants) [80]. Although no study has demonstrated significant improvements in key
histological prognostic features (namely, fibrosis), most trials have reported a reduction of
steatosis grade. One study using biopsies found no change in steatosis after 12 months of
treatment with a synthetic Eicosapentaenoic acid (EPA) supplement (up to 2700 mg/day
vs. placebo) [81].

Berberine lowers circulating lipids’ levels and enhances insulin sensitivity, contributing
to improved metabolic profiles and a reduction in hepatic fat synthesis [31].

Curcumin is extracted from Curcuma Longa, has insulin-sensitizing effects and re-
duces liver inflammation and steatosis [31].

Coenzyme Q10 regulates adipokine levels and supports metabolic rebalancing in
MAFLD [31].

Nigella Sativa with its active component, thymoquinone, possesses antioxidant and
anti-inflammatory properties [31]. Specifically, it improves levels of transaminases, fasting
glycemia, the lipid profile, the high-sensitivity C-reactive protein, and the degree of liver
steatosis [84].

The combination of Ascophyllum nodosum and Fucus vesiculosus has been studied for
its antioxidant, anti-inflammatory, and anti-cancer properties. These two types of brown
algae enhance intestinal viscosity, slowing the absorption of cholesterol and inhibiting
alfa (x)-amylase and «-glucosidase activity. The latter reduces sugar absorption. This
combination significantly lowers insulin levels, blood glucose, the calculated HOMA-IR,
and waist circumference. After six months of algae use, plasma HDL-C levels significantly
rose in NAFLD subjects [85].

Vitamin E is a complex of tocopherols and tocotrienols extensively studied for the
treatment of NASH due to its well-known antioxidant properties [86]. Most studies have
focused on alfa (x)-tocopherol, obtaining inconsistent findings. Vitamin E (800 IU/day) and
ursodeoxycholic acid (12-15 mg/kg) administered for two years, alone or in combination
vs. a single/double placebo, demonstrated histological improvement in the combination
group only [87]. Positive outcomes were also observed under E and C vitamin combined
administration. More interestingly, in pediatric NASH patients, pioglitazone (belonging
to thiazolidinediones, an insulin sensitizer used in type 2 diabetic patients) demonstrated
significantly greater efficacy than vitamin E in reversing liver fibrosis. Indeed, fibrosis
reduction was of 47% for pioglitazone vs. 36% for vitamin E vs. 21% for the placebo.
Therefore, the data suggest that a high vitamin E dosage (precisely, 800 IU/day) can
beneficially affect mild pediatric NASH patients with only a limited effect in adults [88,89].

3.3.3. Pharmacological Treatment of Cardiometabolic Profile in MAFLD: The Crucial Role
of Lowering Cholesterol Remedies

Pharmacologic MAFLD treatment should target liver steatosis, the metabolic dis-
turbances associated with the condition and prevention of liver fibrosis development.
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The pharmacological treatment of MAFLD has evolved significantly in the last twenty
years, with a wide range of agents now being considered for managing the disease and its
associated metabolic complications.

Statins are commonly used in patients with MAFLD to manage hyperlipidemia and
reduce cardiovascular risk. However, it is important to mention that their direct impact
on liver histology is uncertain. In fact, statins can reduce liver fat content and improve
liver enzymes but their effect on fibrosis is inconclusive. Epidemiological studies first
supported the potential benefits of statins on liver function. These found statins’ use to
be associated with a decreased risk of NAFLD/NASH and MAFLD/MASH diagnosis
according to ultrasonography or histology usage [92,93]. Furthermore, statins’ use in
diabetic patients was associated with a reduced risk for steatohepatitis and, even advanced
liver fibrosis development [94]. In detail, atorvastatin reduces the expression of perilipin 5
in hepatocytes, contributes to increased lipolysis, and reduces triglyceride accumulation
through protein kinase A phosphorylation [95]. Indeed, discontinuation of statin therapy
remains a global issue in the frame of MAFLD treatment, mainly because of myalgia
occurrence. Therefore, bempedoic acid (BA) usage has become more and more frequent.
BA is an ATP citrate lyase inhibitor able to decrease the hepatic synthesis of cholesterol.
In detail, it upregulates LDL receptor expression in the liver and clears circulating LDL-
cholesterol from the bloodstream. Several randomized clinical trials showed a significant
LDL level reduction (e.g., 17-28%) in statin-intolerant patients. Regarding the cholesterol
biosynthesis cascade, ATP-citrate lyase (ACL) is an enzyme working two levels above
HMG-CoA reductase. Indeed, its mechanism of action is similar to, but less efficient than,
that of statins. Thus, BA mainly decreases the hepatic generation of cholesterol, upregulates
the LDL receptor expression within the liver, and clears the circulating LDL-C from the
systemic circulation [96] [Figure 3].
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Figure 3. Mechanism of action of bempedoic acid. Bempedoic acid downregulates cholesterol

biosynthesis by inhibiting ACL, a cytosolic enzyme that acts in the cholesterol synthesis chain on a
phase prior to that of HMG-CoA reductase, the therapeutic target of statins.

A promising class of drugs includes Pro-protein Convertase Subtilisin/Kexin type 9
inhibitors (PCSK9i) that can offer additional benefits in patients with MAFLD. Although
clinical studies using PCSKOYi are, at the time of writing, few, their results indicate high
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efficacy and safety. PCSK9 inhibitors may reduce liver steatosis, inflammation, and fibro-
sis [97]. Although PCSK9i should be prescribed in patients without a compromised liver
function, Shafiq et al. showed that this treatment can lower hepatic transaminases’ lev-
els [97]. Thus, PCSK9 inhibitors appear to have beneficial effects on patients with MAFLD.
Notwithstanding, further research is necessary to gain more evidence for MAFLD treat-
ment.

Although statins, the intestinal cholesterol transporter inhibitor (namely, ezetimibe)
and PCSK9 inhibitors reduce serum levels of LDL-C, they do not act on Hypertriglyc-
eridemia and HDL levels. The last two targets can be treated with fibrates, nicotinic acids,
and n-3 polyunsaturated fatty acids. Fibrates have been shown to be PPAR«x agonists
and can significantly lower triglycerides levels. However, they present some adverse
effects, including an increase in creatinine levels and liver enzymes [65,97,98]. Intrigu-
ingly, several clinical trials demonstrate that Pemafibrate, the first Selective Peroxisome
Proliferator-Activated Receptor Alpha Modulator (SPPARM), can significantly lower liver
enzymes and total bilirubin levels. The efficacy seems to be greater in more compromised
patients [99]. These findings pave the road for its possible use in NAFLD/NASH patients
that show more consistent evidence.

Antifibrotic therapies are gaining attention as they are showing promising preclin-
ical studies. Agents that target TGF-beta and other fibrotic pathways could potentially
reduce liver scarring and improve long-term outcomes in MAFLD patients [31]. To date,
Resmetirom is the first Food and Drug Administration (FDA)-approved medication for
the treatment of NASH/MASH. It is administered at either 80 mg or 100 mg per day.
Resmetirom reduces liver fat accumulation by acting as an agonist of the thyroid hormone
receptor (THR-P) [100]. In detail, the drug can provide NASH resolution (assessed by
the NAFLD activity score) in 24.2% and 25.9% of patients treated with 80 and 100 mg,
respectively, vs. 14.2% of those treated with a placebo (p < 0.001). Moreover, Resmetirom
improves liver fibrosis (25.9% and 29.9%, after 80 mg and 100 mg, respectively, vs. 9.7%
under placebo) (p < 0.001) in F2-F3 NASH patients [101].

Obeticholic acid (OCA), a semisynthetic derivative of the natural bile acid chen-
odeoxycholic acid, can improve insulin sensitivity and reduce biomarkers of liver fibrosis
in NAFLD patients with type 2 diabetes mellitus [102]. However, we must bear in mind
serious adverse events registered upon its use in non-cirrhotic patients with primary biliary
cholangiopathy [103].

Antidiabetic medications are the most widely used pharmacological agents in the
management of insulin resistance linked to MAFLD development. They can reduce hepatic
glucose production and improve insulin resistance. Insulin sensitizers (e.g., pioglitazone
and metformin) are recommended. Pioglitazone is recommended for patients diagnosed
with MASH, while metformin has been found to markedly modify body composition
and liver function in individuals with non-diabetic MAFLD [104]. Metformin reduces fat
deposition and inhibits hepatic inflammation. This depends on enhanced phosphorylation
of hepatic 5" adenosine monophosphate-activated protein kinase (AMPK) and ACC and
reduced lipogenic enzymes and proinflammatory cytokines [31].

Sodium-glucose cotransporter-2 (SGLT2) inhibitors improve liver enzymes and liver
steatosis. For example, taking canagliflozin for 20 weeks delayed the onset of NASH and
reduced liver enzymes, together with body weight [105]. Empagliflozin can improve both
liver steatosis and fibrosis. It decreases transaminases in MAFLD patients with or without
type 2 diabetes mellitus (T2DM) [106]. Furthermore, it decreases the hepatic expression of
inflammatory cytokines (e.g., TNF-q, interleukin-6, and Monocyte Chemoattractant Protein-
1 (MCP-1)) in NASH patients. When used in combination with linagliptin, a Dipeptidyl
peptidase-4 (https:/ /en.wikipedia.org/wiki/Dipeptidyl_peptidase-4 accessed on 1 May
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2024) inhibitor (DPP-4i), it reduces mRNA expression of genes for fatty acid synthesis,
collagen deposition, and the expression of Alpha Smooth Muscle Actin (xXSMA). The latter
is a biomarker of liver fibrosis [105,106]. Finally, empagliflozin attenuates inflammasome
proteins’ expression and the triglyceride NOD-like receptor (NLR) family pyrin domain
containing NLRP-3 activation in the liver [106].

Glucagon-Like Peptide-1 (GLP-1) Receptor Agonists slow down the progression of
MAFLD through several mechanisms: reducing inflammation, improving insulin sensitiv-
ity, and mitigating oxidative stress. Moreover, they inhibit enzymes involved in hepatic
lipogenesis, activate the autophagy/mitophagy pathway, and enhance the activity of en-
zymes responsible for beta (f3)-oxidation. MAFLD patients seem to be their favorite target
because of the peculiar downregulation of GLP-1 receptors [31]. In fact, almost 40% of pa-
tients treated with liraglutide showed steatohepatitis reversal at liver biopsy and improved
glycemic profile, liver enzymes, and increased HDL concentration. This was consensual
with weight loss of approximately 5 kg [107]. In line with these results, s.c. semaglutide
once weekly shows liver enzymes’ normalization and reduced radiologic liver steatosis
features in MASLD patients [108].

DPP-4i act via the suppression of the activity of DPP-4, leading to elevated incretin
levels and reduced glucagon secretion. These increase insulin exocytosis, promote fatty acid
oxidation in the liver, slow gastric emptying, and diminish hepatic glucose output [109].
Sitagliptin, a gliptin-based drug, can lower liver enzymes, reduce body weight, and reduce
hepatocyte swelling in patients with concomitant diabetes and NASH [110].

4. Conclusions and Future Perspectives

In conclusion, the management of MAFLD requires a multifaceted approach, address-
ing all the metabolic components of the disease pathophysiology.

Solid evidence confirms that lifestyle modification, including correct nutrition com-
bined with regular physical activity, has efficacy in reducing liver fat deposition and
improving insulin sensitivity. Among the antioxidant substances available, high-dose
Vitamin E has the most solid evidence, especially in pediatric NASH patients.

The use of pharmacological treatments such as statins, bempedoic acid, or PCSK9
inhibitors show promising results in MAFLD management and deserve further studies
to confirm their capability to also revers liver fibrosis. In detail, statins can normalize
liver function indexes but seem to not affect the liver fibrosis process. Indeed, they are a
cornerstone in preventing fibrosis process in NAFLD/MAFLD subjects.

Newly released antifibrotic therapies show a promising impact on NASH/MASH
patients for fibrosis reversal. More data are needed to confirm the first results.

Insulin sensitizers, such as Pioglitazone and metformin, can be used in diabetic and
non-diabetic MASH patients, respectively, to reverse the disease course.

SGLT2 inhibitors and fibrates offer promising evidence for their use in treating dys-
lipidemia, insulin resistance, and inflammation in MAFLD.

GLP-1 receptor agonists have a very promising profile of action for liver fibrosis treatment
in MAFLD and MASH patients, with special attention on body composition modification.

Dipeptidyl Peptidase-4 (DPP-4) inhibitors have a promising effect profile in MAFLD
and NASH patients. Their potential usage can be considered in diabetic patients.

Finally, liver fat deposition, cholesterol synthesis, and transport until triglycerides’
extracellular storage in the liver are targets for the reviewed treatments. However, a person-
alized therapeutic approach cannot be overstated due to the multifaceted physiopathology
of MAFLD. Future artificial-intelligence-powered therapeutic flow-charts are warranted to
fit a personalized approach to every single patient with an MAFLD diagnosis, according to
the disease staging.
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Abstract: Coronary artery disease (CAD) is one of the leading causes of death worldwide,
significantly contributing to mortality in both developed and developing nations. CAD
arises from a combination of risk factors, including atherosclerosis, dyslipidemia, hyperten-
sion, diabetes, and smoking. In recent years, growing evidence has suggested a potential
link between infectious agents and cardiovascular diseases. Among these, Helicobacter pylori
(H. pylori) infection has been hypothesized for over a decade to play a role in the pathogene-
sis of CAD. This hypothesis is based on the bacterium’s ability to trigger host inflammatory
or autoimmune responses, potentially contributing to the progression of atherosclerotic
plaques and coronary events. The association between H. pylori infection and CAD is of
considerable interest as it opens new avenues for prevention and management strategies in
cardiovascular health. Understanding this relationship could lead to innovative approaches
to reducing the burden of CAD, particularly in populations with a high prevalence of H.
pylori. In this review, we aim to provide a comprehensive overview of the most recent
evidence on the involvement of H. pylori in the development and prognosis of CAD. By
analyzing and synthesizing current findings, we seek to shed light on unresolved questions
and clarify the ambiguous aspects of this potential connection. Our goal is to contribute
to a deeper understanding of how H. pylori, may influence cardiovascular disease and to
inspire further research in this critical area.

Keywords: Helicobacter pylori; CAD; infection; stroke; CagA

1. Introduction

Helicobacter pylori (H. pylori) is a gram-negative, acidophilic, spiral-shaped bacterium
that primarily colonizes the stomach and duodenum. It is a major cause of acute gas-
tritis, one of the most prevalent infections globally, affecting a significant portion of the
population. In addition to acute gastritis, it is implicated in chronic gastritis, peptic ulcer
disease, gastric adenocarcinoma, and gastric mucosa-associated lymphoid tissue (MALT)
lymphoma [1]. It is estimated that in developing countries, between 70% and 90% of the
population is infected with H. pylori [2]. The bacterium can be transmitted through both
oral-oral and fecal-oral routes, either directly from person to person or indirectly through
contaminated surroundings [3]. H. pylori is capable of colonizing and persisting in the
gastric lumen. The expression of urease activity and flagellar motility are essential for its
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survival and function, allowing H. pylori to penetrate the mucus layer of the stomach [4].
Moreover, flagella and adhesins such as SabA, BabA, and HopQ facilitate colonization
and promote the formation of biofilms, which are aggregates of microorganisms within a
hydrated matrix of extracellular substances that protect H. pylori against antibiotics and
harsh environments [5]. Several risk factors for infection include dietary habits, smoking,
water contamination [6], and gut microbiota [7]. H. pylori infection can be diagnosed using
both non-invasive and invasive methods. Non-invasive methods include the detection of
H. pylori antigens in stool samples, the urea breath test (UBT), or the detection of antibodies
in serum, urine, and oral samples [8]. Invasive tests include histopathology, biopsy cultures,
rapid urease tests, and fluorescent in situ hybridization [8]. Treatment of H. pylori infection
typically involves a combination of antibiotics and proton pump inhibitors. Treatment
regimens are tailored based on factors such as the patient’s age, symptoms, concomitant
medications, local antibiotic resistance patterns, treatment availability, and associated
costs [9]. As previously mentioned, H. pylori has been associated with gastrointestinal
conditions (such as acute and chronic gastritis, peptic ulcers, and cancer) but it is involved
in the pathogenesis of various extra-gastric conditions. These include idiopathic iron
deficiency anemia, vitamin B12 deficiency, immune thrombocytopenic purpura (ITP), neu-
rodegenerative diseases such as Alzheimer’s and Parkinson’s disease, an increased risk of
preeclampsia in infected women, and cardiovascular diseases [10-12]. Several studies have
reported an association between H. pylori and coronary artery disease (CAD), though the
relationship remains a topic of debate. The prevalence of CAD varies significantly across
different geographical regions, ethnicities, and genders, but it remains one of the leading
diseases affecting the global population. Risk factors for the development of CAD include
lifestyle choices, environmental influences, and genetic predispositions. The widespread
prevalence of these risk factors in otherwise healthy individuals highlights the potential
for an increased incidence of CAD shortly [13]. Numerous projects have been conducted
to assess the incidence of cardiovascular diseases across various populations. The World
Health Organization (WHO) has coordinated the “MONICA (Monitoring Trends and
Determinants in Cardiovascular Diseases) Project” which consists of a multicenter interna-
tional collaborative study to measure the risk factors (cigarette smoking, blood pressure,
and serum lipids and cholesterol) and determinants of cardiovascular diseases (coronary
heart attacks and strokes), over 10 years. The population included women and men aged
25-64 years. About 39 collaborating centers from 26 countries in North America, Europe,
and the Western Pacific are collaborating in this project, using a standardized protocol and
covering a population of about 10 million to identify trends in mortality and morbidity for
cardiovascular diseases in defined communities in different countries and to measure how
these trends are related to changes in both risk factor and/or medical care [14]. Whereas
the INTERHEART study provided valuable insights into the prevalence of CAD across
diverse populations. The INTERHEART study was a case-control study conducted in 52
countries, (15,152 cases, 14,820 controls) to evaluate the effect of potentially modifiable
risk factors associated with myocardial infarction. Both in women and in men, and for all
ages in all regions, the authors reported an association with risk of coronary heart disease
and hypertension, diabetes, abdominal obesity, smoking, abnormal cholesterol, alcohol
use, consumption of fruits, and vegetables, and regular physical activity. The authors
measured the odds ratio (OR) and population-attributable risks (PAR). They found for
hypertension (OR 1.91, PAR 17.9%), diabetes (OR 2.37, PAR 9.9%), smoking (OR 2.87 for
current vs. never, PAR 35.7% for current vs. never), alcohol consumption (OR 0.91, PAR
6.7%), daily consumption of fruits and vegetables (OR 0.70, PAR 13.7% for lack of daily
consumption), regular physical activity (OR 0.86, PAR 12.2%) that prevention can be based
on similar principles almost worldwide [15]. In 2016, the American Heart Association
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published an updated report on heart disease and stroke statistics, revealing that CAD
affects 15.5 million individuals over the age of 20 in the United States. This prevalence was
found to be increasing with age in both men and women [16]. Intensive epidemiological
research has linked CAD to risk factors such as smoking, diabetes, hyperlipidemia, and
hypertension [17-20]. Interestingly, a growing number of studies have demonstrated a link
between CAD and various infectious agents, including H. pylori, Chlamydia pneumoniae,
and cytomegalovirus. For example, Eeskandarian et al. [21], showed in a prospective study,
the effects of H. pylori on the incidence of cardiovascular events in 433 patients presenting
with acute coronary syndrome (ACS). The study’s key finding was a positive association
between H. pylori seropositivity and the incidence of short-term adverse cardiovascular
events within the first month after an ACS episode. This review aims to summarize the
most important and recent research linking H. pylori infection and CAD.

2. Pathophysiology

Several studies have explored the mechanisms by which H. pylori may contribute to
the development of atherothrombosis, including chronic inflammation and direct injury to
the vessel wall. These processes can promote the progression or rupture of atherosclerotic
plaques, as well as trigger systemic inflammation, both of which are linked to H. pylori
colonization of the stomach [21]. These inflammatory processes can induce prothrombotic
changes in the blood, affecting both plasma (e.g., hyperfibrinogenemia and altered coagu-
lation) and platelets (e.g., increased platelet count, activation, and aggregation), thereby
contributing to the development of acute coronary syndrome (ACS) [21,22]. It has been
demonstrated that H. pylori can stimulate inflammatory cells and trigger the excessive
production of cytokines within atherosclerotic plaques, leading to local endothelial and
vascular dysfunction. H. pylori infection also induces inflammatory mediators such as
interleukin-1 (IL-1), interleukin-6 (IL-6), C-reactive protein (CRP), and tumor necrosis
factor-alpha (TNF-«), all of which contribute to plaque instability [23]. In addition, H. pylori
can enter endothelial cells via exosomes containing the cytotoxin-associated gene A (CagA),
which causes endothelial damage. The bacterium also secretes another virulence factor,
vacuolating cytotoxin A (VacA), which reduces nitric oxide (NO) levels, thereby impairing
endothelial function [24,25]. The expression of P-selectin increases following H. pylori
infection, and the interaction between von Willebrand factor (vWEF), released by platelets,
and P-selectin promotes platelet aggregation, elevating the risk of thrombosis and, conse-
quently, increasing the risk of CAD [26]. It should also be mentioned that H. pylori infection
can exacerbate conditions such as hypertension, dyslipidemia, hyper-homocysteinemia,
diabetes, and impaired glucose tolerance, all of which are established risk factors for car-
diovascular disease [27]. A recent meta-analysis confirmed that H. pylori infection was
significantly associated with arterial hypertension [28]. Additionally, it has been shown that
the eradication of H. pylori in patients with essential hypertension can reduce blood pressure
values, particularly diastolic pressure [29]. Izhari et al. [30] reported that patients infected
with H. pylori had a higher risk of elevated serum levels of total cholesterol, triglycerides,
and low-density lipoprotein (LDL) cholesterol, as well as reduced levels of high-density
lipoprotein (HDL) cholesterol. This effect on lipids could be attributed to a reduction in
the activity of paraoxonase and arylesterase, along with an increase in lipid hydroperoxide
and total thiol (SH) levels [30]. The interaction between H. pylori infection and diabetes has
been extensively studied. Evidence suggests that diabetic patients exhibit poorer glycemic
control, which in turn serves as a risk factor for the development of CAD [31]. Finally,
H. pylori infection has been associated with low serum levels of vitamin B12 and folic acid,
which consequently lead to hyper-homocysteinemia. Elevated homocysteine levels are
a significant factor in the development of atherosclerosis due to their harmful effects on
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endothelial cells, promoting the formation of atherosclerotic plaques and contributing to
vascular diseases [32-34].

2.1. Cytotoxin-Associated Gene Antigen and Atherosclerosis

The CagA protein is a virulence factor produced by H. pylori. It is encoded by the
CagA gene, which is part of the cag pathogenicity island (PAI), a region in the bacterial
genome associated with increased virulence. When H. pylori infects gastric epithelial cells,
CagA is delivered into the host cells via a type IV secretion system. Once inside, CagA un-
dergoes tyrosine phosphorylation and interacts with multiple signaling pathways, causing
a range of effects. It disrupts cytoskeletal organization and tight junctions, compromising
epithelial barrier integrity. In addition, CagA induces the release of pro-inflammatory
cytokines such as IL-1«, IL-8, and IL-18, contributing to chronic inflammation. CagA has
also been implicated in the development of gastric cancer due to its ability to interfere
with cellular signaling pathways [35]. It inhibits autophagy in host cells, promotes un-
controlled cell proliferation, and suppresses apoptosis. The presence of the CagA gene is
associated with more severe clinical outcomes, including peptic ulcers, gastric adenocar-
cinoma, and a heightened inflammatory response compared to H. pylori strains lacking
this virulence factor [35]. CagA also promotes the activation of c-Met, which triggers the
PI3K/AKT/mTOR signaling pathway. This induces a reduction in autophagy within the
host cell and leads to the accumulation of the sequestosome-1 (SQSTM1) protein, further
enhancing the production of NF-kB-dependent cytokines [36]. As reported by Xia et al. [37],
CagA-positive H. pylori strains promote atherosclerosis through exosome-mediated reactive
oxygen species (ROS) formation. A study conducted by Rozankovic et al. [38] suggests
the existence of autoimmune mechanisms that contribute not only to the pathogenesis
of atherosclerotic plaques but also to their destabilization. Other research indicates that
CagA antibodies cross-react with antigens present in both normal and atherosclerotic blood
vessels. This suggests that the presence of CagA-positive H. pylori may influence the pro-
gression of atherosclerosis in patients infected with CagA-positive strains [39]. Specifically,
cross-reactivity may occur between antibodies targeting lipopolysaccharide-binding pro-
tein (LBP) and those directed against H. pylori heat shock protein 60 (HSP60), as well as
antigens present on endothelial cells and arterial smooth muscle [40]. It has been shown
that CagA-positive H. pylori strains have an increased ability to stimulate IL-6 production, a
cytokine associated with the aging of both vascular and myeloid cells [40—42] and induces
macrophage cell formation by downregulating the expression of the transcription factors
peroxisome proliferator-activated receptor (PPAR)y and liver-X receptor (LXR)«x [43]. Gas-
tric epithelial cells injected with CagA release exosomes containing protein to the systemic
circulation, which facilitates the transport of CagA into endothelial cells [44]. In a study
conducted on transgenic mice expressing CagA in their endothelial cells, exposure to a
high-fat diet induced the development of proatherogenic lesions in the aorta, which were
absent in non-transgenic mice exposed to the same diet. These lesions were characterized
by an increase in the thickness of the tunica media and a reduction in its elasticity. When the
high-fat diet was administered for a longer period, mice with CagA-expressing endothelial
cells exhibited greater macrophage infiltration and the development of atherosclerotic
plaques [45]. It has also been demonstrated that CagA-positive H. pylori strains are as-
sociated with increased expression of endothelial adhesion molecules such as ICAM-1
and VCAM-1. These molecules facilitate the binding of circulating monocytes, promoting
macrophage infiltration into the endothelium. The upregulation of adhesion molecules is
driven by the activation of the NLRP3/Caspase-1/IL-13 pathway, which leads to elevated
IL-6 production. This, in turn, promotes local inflammation and, together with macrophage
infiltration, contributes to the progression of atherosclerosis [46]. Moreover, it has been
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demonstrated that the inhibition of exosome secretion with GW4869 effectively prevented
excessive aortic ROS production, endothelial dysfunction, and atherosclerosis in mice with
CagA-positive H. pylori infection [37]. In the meta-analysis published by Shi et al. [47]
it has been demonstrated that H. pylori can promote atherosclerosis in people under the
age of 60 without other cardiovascular risk factors. Recent studies have demonstrated
that outer membrane vesicles (OMVs) derived from H. pylori-infected gastric epithelial
cells encapsulating the CagA are present in the blood of both patients and animal models.
This suggests that these OMVs can facilitate the systemic dissemination of CagA into
the bloodstream. Building on this evidence, some researchers have hypothesized that H.
pylori may contribute to the development of atherosclerosis (AS) through OMV-mediated
mechanisms [48]. The support this hypothesis it has been shown that the administration of
OMVs from CagA-positive H. pylori accelerated atherosclerosis plaque formation in ApoE
—/— mice [49]. Although these pathophysiological mechanisms have been elucidated and
hypothesized, clinical evidence supporting the idea that H. pylori eradication improves
survival is still lacking. On one hand, this absence of evidence may be attributed to the
lack of sufficiently long randomized controlled trials. On the other hand, some authors
suggest that the lack of clinical benefit may be due to the dysregulation effects induced by
the eradication of antibiotic therapy on the gut microbiota [50]. Figure 1 summarizes the
diseases associated with H. pylori infection, as well as the effects induced by H. pylori that
may contribute to the development of coronary artery disease (CAD).

Correlates to:
‘ Enters endothelial cells through cytotoxin
associated gene A (CagA), containing exosomes
with endothelial-damage

Chronic gastritis
Gastrointestinal bleeding
Peptic ulcer

Gastric adenocarcinoma
Gastric Lymphoma (MALT)
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Figure 1. H. pylori-related pathophysiological mechanisms associated with coronary artery disease.

Several clinical studies have highlighted an association between CagA-positive
H. pylori infection and extra-gastric diseases that share atherosclerotic pathogenesis and risk
factors with ischemic heart disease. For example, H. pylori DNA has been found in carotid
plaques, and CagA-positive strains have shown a higher prevalence in patients with non-
cardioembolic stroke, reinforcing this connection [51,52]. A 2019 cross-sectional study and
subsequent meta-analyses identified H. pylori infection, particularly with CagA-positive
strains, as independent risk factors for non-cardioembolic ischemic stroke [53,54]. Collec-
tively, these findings underscore the critical role of H. pylori virulence factors, especially
CagA, in the development of atherosclerosis and related diseases.
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2.2. H. pylori and Autoimmunity

Several studies have been led about the link between H. pylori infection and autoim-
mune diseases. Higher serological prevalence rates of H. pylori infection have been reported
in patients with type 1 diabetes (T1DM) and autoimmune thyroiditis (AT) [55,56]. In partic-
ular, Choi YM. et al. [57] found a higher prevalence of H. pylori infection in patients with
autoimmune thyroid disease and controls. Another study led by El-Eshmawy et al. [58]
proved a connection between both type 1 diabetes and autoimmune thyroids, supporting
the idea of a connection between H.pylori infection and the occurrence of anti- TPO, anti-Tg
autoantibodies, and AT in young patients with TIDM. Many autoimmune mechanisms,
some of which were described in the previous paragraph, have been considered a potential
link to coronary artery disease (CAD). For example, it has been observed that anti-glycan an-
tibodies produced after immunizing animals with heat-killed H. pylori strains cross-reacted
with histological preparations of infarcted myocardial tissue. Additionally, a cross-reaction
between H. pylori antibodies and blood group Lewis’s antigens has been documented.
These studies suggest that autoimmune phenomena, such as cross-mimicry with H. pylori,
may play a role in the pathogenesis of CAD by directly promoting thrombotic occlusion
through endothelial damage, as well as through local procoagulant phenomena [59].

3. H. pylori and Predisposition to CAD

Chronic inflammation associated with persistent infections is believed to contribute
to the progression of atherosclerotic disease, which may eventually manifest as coronary
artery disease (CAD). H. pylori presence was detected by polymerase chain reaction (PCR)
in 29.5% of 105 patients who underwent coronary artery bypass grafting (CABG) [60].
Additionally, serological evidence of infection was found in 53.3% of these patients. These
findings suggest that H. pylori infection could play a role in plaque rupture and subsequent
ischemic heart disease. Notably, high levels of anti-CagA antibody titers were observed
in CAD patients compared to healthy individuals and those with anti-CagA positivity
exhibited more severe CAD lesions [61]. Another study evaluated the effects of H. pylori
eradication, revealing an improvement in CAD. Interestingly, a greater loss of coronary
lumen was noted in patients with serological evidence of H. pylori infection. However,
H. pylori eradication attenuated the reduction in coronary artery lumen compared to
the placebo group [62]. Further studies are required to explore whether early H. pylori
eradication may help reduce CAD morbidity.

4. Myocardial Infarction

Myocardial infarction (MI) is an acute and severe cardiovascular disease, brought on
by ischemia of the heart muscle and blockage of the coronary arteries, poses a significant
threat to patients’ lives, and is a serious public health problem [63]. There is a variety
of risk factors for MI, such as lifestyle, diet, genetics, and environmental factors [64,65].
Risk factors are divided into modifiable, such as age and ethnicity, and modifiable, such
as diet, smoking, and exercise. Reducing these last ones can improve MI prevention and
control [66-68]. It has been proved that inflammation has a key role in atherosclerosis
progression [66]. Inflammation is involved in restenosis or vessel narrowing, after initially
successful balloon angioplasty or coronary stenting [69,70]. H. pylori gastric infection is
one of the common chronic infections and can induce a pro-inflammatory role, which
leads to the development of atherosclerosis and the progression of coronary heart disease
(CHD) [71-73]. A previous study, led by Franceschi et al. demonstrated that anti-CagA IgG
can recognize vascular wall self-antigens of 160 and 180 kDa [39], meaning the autoimmune
system may also be involved. It is a phenomenon known as “epitope spreading” [74]. In
case of an H. pylori infection, T lymphocytes activated against CagA positive strains of
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the bacteria could, therefore, recognize fragments of these self-antigens presented on type
I major histocompatibility complex by antigen-presenting cells and stimulate an athero-
genic inflammatory response within vascular walls. Moreover, pathogen-induced tissue
inflammation may result from local activation of antigen-presenting cells and enhanced
processing/presentation of self-antigens that cause T-cell priming, followed by T-cell acti-
vation and expansion of additional specificities [75]. A study led by Wang et al. analyzes
whether there is a causality of anti-H. pylori IgG levels on MI and HDL cholesterol levels.
Increased anti-H. Pylori IgG levels are significantly associated with an increased risk of MI
and decreases in HDL cholesterol levels [76]. A meta-analysis led by Liu J. et al. estimated
an approximately 70-100% MI risk increase for H. pylori infection [77]. Other studies, not
included in this meta-analysis, led in two different areas of Northern Italy and in USA,
proved an increased Ml risk in patients having a H. pylori infection [78-81]. A study led by
Niccoli G. et al. [82] enrolled 181 consecutive patients (155 men, mean age 64 £ 13 years)
presenting with STEMI. In all patients, serum levels of IgG anti-CagA were assessed. The
results showed that anti-CagA IgG seropositive patients presented more frequently a pre-
vious history of acute coronary syndrome compared with seronegative patients. Also,
the major adverse cardiovascular event rate was higher in anti-CagA IgG seropositive
compared with seronegative patients. These data suggest that CagA-positive strains of
H. pylori seem to be involved in the pathogenesis of recurring ACS, and CagA seropositivity
predicts the outcome of STEMI patients undergoing primary PCI. Table 1 shows the main
findings of studies that analyzed the relationship between H. pylori, atherosclerosis, and
coronary artery disease.

Table 1. Studies about the relationship among H. pylori, atherosclerosis, coronary artery disease and
autoimmune disturbances.

Evidence

Studies Main Findings

H. pylori infection
and atherosclerosis

risk factors

N. Wang. Front. Cell Dev. Biol. Outer membrane vesicles secreted by H. pylori
2021 [49] exert an effect on distant organ and tissue

M. Candelli. Int. ]. Mol. 2023 [50] progress of atherosclerosis

H. pylori infection and
myocardial infection

Q. Wang. Front. Microbiol., 2023 [76] an increased risk of MI

J. Liu. Helicobacter, 2015 [77] infected patients

Increased Ml risk in patients with

R. Pellicano. Int. ]. Clin. Lab. 1999 [80] H. pylori infection

Increased Ml risk in patients with

R. Pellicano. Panminerva 1999 [81] H. pylori infection

H. pylori infection and CAD  G. Niccoli. Eur. Heart ]. ACC, 2017 [82]

associated with history of ACS

G. Niccoli. Coron. Artery Dis, 2010 [61]  H. pylori is associated with plaque rupture

M Kowalski. J. Physiol. Pharmacol. H. pylori infection was associated with higher

2001 [62] loss of coronary lumen

NP. Tobin. Am. ]. Physiol., 2008 [24]

108

H. pylori promotes atherosclerosis in people
Shi H. Helicobacter. 2022 [47] under the age of 60 without cardiovascular

H. pylori has a role in the pathogenesis and

Anti-H. pylori IgG levels are associated with

70-100% increased MI risk for H. pylori

In patients with STEMI, Anti-Cag-Ab is

Eradication of H. pylori attenuated the
reduction in the coronary artery lumen
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Table 1. Cont.

Evidence Studies Main Findings

H. pylori and autoimmune
pathologies

High prevalence of H. pylori infection in

N. Figura et al. Antibiotics 2019 [56] patients with Hashimoto thyroiditis

M.M. El-Eshmawy. Diabet Met Syn. H. pylori infection is the link between typel
2011 [58] diabetes and thyroiditis

Legend: MI: myocardial infarction, STEMI: ST elevation myocardial infarction, CAD: Coronary artery disease,
ACS: acute coronary syndrome.

5. Methods

This review included papers published from 2000 to 2025 about the relationship
between H. pylori and CAD. We searched literature reviews, observational studies (case-
control, cross-sectional), retrospective and prospective studies, and clinical trials. We
selected studies containing data on the association between H. pylori infection and CAD,
ranging from pathophysiological mechanisms (autoimmune, inflammatory) to clinical
aspects. Studies were chosen based on the research period, title, abstract, study type,
and English language. We searched on Up-to-Date®, PubMed®, Web of Science®, and
Cochrane®. This review does not need ethical approval. We included as principal words of
research: Helicobacter pylori AND coronary artery disease OR myocardial infarction OR
atherosclerosis OR heart; infectious diseases AND coronary artery disease OR atherosclero-
sis; Helicobacter pylori AND coronary plaques. The authors first selected relevant studies
by analyzing the titles, followed by a review of the abstracts. A final selection was made
based on a full-text assessment of the remaining papers.

6. Discussion and Future Research

The available data seemed to suggest that patients with H. pylori infection have an
increased risk factor for CAD. Meanwhile, studies are reporting that this association is
casual. The relationship between H. pylori infection and CAD has been controversial for
years. Some studies suggest that the association between H. pylori infection and CAD is
casual. Studies led on population, have found a higher prevalence of H. pylori infection in
men than in women, as for CAD. However, it has been shown that H. pylori infection is more
common in non-Hispanic blacks and Hispanic ethnics and it is linked to poor hygienic con-
ditions. CAD was demonstrated to be prevalent in the Asiatic population and to be linked
to psychosocial conditions and factors such as smoking, abdominal obesity, and a raised
ApoB/ApoAl ratio. It has been proven that H. pylori infection links to atherothrombosis
and brings the organism to a status of chronic inflammation, by stimulating inflammatory
medjiators, such as in-terleukin-1 (IL-1), interleukin-6 (IL-6), C-reactive protein (CRP), and
tumor necrosis factor alpha (TNF-«). This leads to atherosclerotic plaque instability, which
is one of the major risk factors for CAD. It has also been proven that H. pylori infection
worsens hypertension, dyslipidemia, hyper-homocysteinemia, diabetes, and impaired
glucose tolerance. These are all factors that lead to a higher risk of CAD. It has been widely
proven that there is a relationship between H. pylori infection and CAD risk factors, and
indirectly to CAD. However, more studies are needed to show whether H. pylori infection
may be considered a direct risk factor or not and how strongly can be H. pylori infection be
related to a higher risk of CAD. Whether there could be a strong relationship between H.
pylori infection and CAD, it would be possible to start screening for H. pylori infection as
prevention for CAD. This could lead to the use of different treatments, such as antibiotics
for atherosclerosis. Such an early screening could also lead to a decrease in CAD risk fac-
tors, such as hypertension, dyslipidemia, hyper-homocysteinemia, and diabetes; which are
worsened by H. pylori infection. This means improved general health for a big slice of the
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worldwide population. More comprehensive and large studies are required to investigate
better this association and to clarify the role of this microorganism in such pathogeneses.
This may be helpful to screen for H. pylori infection, consider the use of different treatments
as antibiotics for atherosclerosis, and improve the lives of many patients with CAD with
a strong positive impact all over the world. Future research should include (1) prospec-
tive population-based studies in which the incidence or the recurrence of CAD has to be
evaluated in correlation with H. pylori infection, (2) intervention trials, focusing separately
on the chronic and acute phases of CAD; and (3) studies of physiopathology (both in the
animal model and humans) to understand the potential biological plausibility.

7. Conclusions

Despite the numerous pathophysiological mechanisms underlying the association
between Helicobacter pylori (H. pylori) infection and coronary artery disease (CAD) that have
been studied, clinical evidence demonstrating that eradication of the infection provides a
tangible clinical benefit is still lacking. Research in this area should be encouraged through
prospective studies, as identifying a risk factor as easily addressable as a bacterial infection
could represent a crucial step in the prevention of the world’s leading cause of mortality.
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Abstract: The purpose of this article is to present selected food additives as disruptors of
normal intestinal homeostasis with a potential impact on the development of metabolic
dysfunction-associated steatotic liver disease (MASLD). A comprehensive literature search
was conducted in three major electronic databases: PubMed, ScienceDirect, and Google
Scholar. MASLD is a prevalent liver condition that is closely related to the global rise
in obesity. Its pathogenesis is multifactorial, with genetic, environmental, and metabolic
factors playing a key role. The “multiple-hit” hypothesis suggests that a Western-style
diet, rich in ultra-processed foods, saturated fats, and food additives, combined with low
physical activity, contributes to obesity, which promotes lipid accumulation in the liver.
Recent studies underscore the role of impaired intestinal homeostasis in the development
of MASLD. Food additives, including preservatives, emulsifiers, and sweeteners, affect gut
health and liver function. Selected preservatives inhibit pathogenic microorganisms but
disrupt the intestinal microbiota, leading to changes in intestinal permeability and liver
dysfunction. Some emulsifiers and thickeners can cause inflammation and alter the gut
microbiome, contributing to liver steatosis. Furthermore, the use of sweeteners such as
sucralose and aspartame has been linked to changes in liver metabolism and intestinal
microbial composition, which in turn promotes metabolic disorders.

Keywords: colors; emulsifiers; food additives; MASLD; microbiota; preservatives; sweeten-
ers; taste enhancers

1. Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD) was previously
referred to as nonalcoholic fatty liver disease (NAFLD). NAFLD was first described by
Ludwig et al. in 1980 [1]. In 2020, the term steatohepatitis associated with metabolic
dysfunction (MAFLD) was introduced, while in 2023, an international panel of experts
proposed a new nomenclature—MASLD [2]. In 2018, the estimated prevalence of NAFLD
worldwide was 24% [3]. Currently, is one of the most common liver diseases in the
world, and its incidence is increasing every year not only in the adult population but
also in children, in parallel with the obesity epidemic [4,5]. MASLD is associated with a
greater predisposition to cardiovascular disease, type 2 diabetes, kidney disease, and other
diseases [6,7]. The diagnosis of MASLD requires the presence of one or more metabolic
risk factors for the disease, i.e., hyperglycemia, excessive body weight, abnormal lipid
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metabolism, and high blood pressure [8]. It can also predispose people to steatohepatitis
associated with metabolic dysfunction (MASH), organ fibrosis, cirrhosis, and hepatocellular
carcinoma (HCC) [9]. There are several risk factors for MASLD, but in recent years,
researchers have increasingly turned their attention to the disruption of the intestinal
microbiota and the disruption of the integrity of the intestinal barrier. The purpose of this
article is to present selected food additives as disruptors of normal intestinal homeostasis
with a potential impact on the development of MASLD.

2. Methods

The data collection process took place from October to December 2024. A compre-
hensive literature search was conducted in three major electronic databases: PubMed,
ScienceDirect, and Google Scholar. The search strategy used a combination of relevant
keywords and phrases in two main categories: (i) intervention terms: food additives, colors,
emulsifiers, preservatives, sweeteners, or taste enhancers; (ii) condition terms: MASLD
and microbiota, MASLD, or microbiota. Articles published in peer-reviewed journals
were included if they met the following criteria: (i) written in English, (ii) published be-
tween 2019 and 2024, and (iii) directly addressed the relationship of food additives to
gut microbiota and MASLD. Publications published prior to 2019 were also reviewed if
they were considered crucial to providing basic knowledge. The search for publications
was carried out by selecting titles and abstracts, followed by a review of the full text to
ensure appropriate methodological quality. The literature was also hand-searched to find
other relevant articles. Randomized controlled trials, meta-analyses, systematic reviews,
prospective cohort studies, and animal and in vitro studies were analyzed.

3. Pathogenesis

The pathogenesis of MASLD is multifactorial and complex. The most commonly
indicated link is between genetic, environmental, immunological, and metabolic factors, so
the hypothesis of “multiple hits” has been proposed [10,11].

One of the main modulators of pathogenesis is the adherence to a Western-type diet,
containing ultra-processed foods, high in saturated and trans fatty acids and food additives,
and with a lack or low levels of physical activity. This type of lifestyle predisposes people
to insulin resistance, being overweight, or obesity. This, in turn, affects organokines (gut
cytokines, osteokines, adipokines, and myokines) and, more specifically, the amount of
their secretion. An example is the reduction in Nrg4 (neuregulin 4), which is secreted
by brown adipose tissue, which can consequently cause disturbances in liver metabolic
homeostasis. Another example is cell communication network factor 4, which is secreted
by adipose tissue, altering the action of, among other things, insulin [12]. Excess body
weight predisposes people to the hepatic accumulation of triglycerides from non-esterified
fatty acids secreted from adipose tissue [13]. MASLD also has an increased rate of de
novo hepatic lipogenesis, which accelerates lipid accumulation in the organ [14]. Other
risk factors are the gene polymorphisms present, e.g., patatin-like phospholipase domain-
containing protein 3, membrane-bound O-acyltransferase domain-containing protein 7,
or transmembrane 6 superfamily 2. Some also show an increased predisposition to liver
fibrosis and the appearance of HCC [15-18]. Furthermore, gut microbiota metabolites can
affect liver lipogenesis. One of them is short-chain fatty acids (SCFAs), which are formed
from dietary fiber; more specifically, propionic acid is formed, which can predispose people
to gluconeogenesis and adipogenesis, which have been shown to have an effect on the
development of MASLD [19]. Another metabolite is bile acids, whose primary role is the
digestion of lipids, but they have also been shown to help maintain the normal homeostasis
of the intestinal microbiota [20]. A different example is choline and its metabolites, mainly
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trimethylamine (TMA). TMA is metabolized by the gut microbiota, absorbed through
the intestines, and transported to the liver. Therefore, diets deficient in choline affect the
occurrence of intestinal barrier disorders, which predispose people to the accumulation of
lipids in the liver and the onset of organ steatosis [21]. Additionally, the sheer disturbance
in the quantity and quality of the gut microbial composition can influence the onset of
MASLD. Proteobacteria are observed more frequently in the presence of hepatic steato-
sis [22]. Boursier et al., in their work, observed that Bacteroides can be associated with
nonalcoholic steatohepatitis, while Ruminococcus can be associated with the progression
of organ fibrosis [23]. In another paper, Zhang et al., after observing animal models fed a
high-fat diet, found that there was an increase in Mucispirillum and Desulfovibrio, among
others, while there was a decrease in Bacteroides and Bifidobacterium, which was associated
with the development and progression of MASLD to the onset of HCC [24]. However, there
is currently a lack of long-term studies identifying a clear link between the gut microbiota
and the occurrence of MASLD.

The mechanism of the MASLD formation process is complex and multifactorial. An
influx of released free fatty acids (FFAs) from adipose tissue into the liver, along with
the body’s hyperinsulinemia, causes an imbalance between hepatic lipid absorption and
excretion. Donnelly et al. indicate that approximately 59% of hepatic lipids from MASLD
come from FFA, about 26% from the de novo lipogenesis pathway, and only about 15%
from the diet [14]. Due to the accumulation of lipotoxic fatty acid -oxidation intermedi-
ates, mitochondria malfunction, which, in turn, reinforces the lack of fatty acid burning
efficiency [25,26]. Mitochondria produce 90% of cellular reactive oxygen species (ROS);
with uncontrolled mitochondrial oxidative stress, there is oxidative damage to hepato-
cytes [27]. Endoplasmic reticulum stress triggers inflammatory cascades by increasing the
activity of nuclear factor kB, c-Jun N-terminal kinase, and others, which can regulate inflam-
matory macrophage activation [28]. Activated macrophages after organ damage secrete
pro-inflammatory cytokines, such as interleukin-6 (IL6), human tumor necrosis factor-o
(TNF«), and interleukin-1p (IL1f3), and so inflammation increases [29]. Macrophages and
Kupffer cells (KCs) are also involved in the inflammatory process. Activated KCs, through
liver injury, like macrophages, promote inflammatory reactions occurring in the organ,
which causes the activation of hepatic stellate cells (HSCs) [30,31]. These, in turn, are a key
element for liver fibrosis, which in advanced cases can lead to organ cirrhosis [32,33]. The
simplified connections between the gut and liver are shown in Figure 1.
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Figure 1. Potential influence of selected food additives on the association with intestinal homeostasis
disorders and the occurrence of MASLD. Selected food additives can adversely affect the maintenance
of intestinal homeostasis by reducing normal tight junction function, decreasing mucus, and altering
the composition and quantity of certain intestinal microorganisms. And these changes affect the liver,
leading to an increased risk of MASLD.

4. Nutritional Models Used in the Management of MASLD

As has been demonstrated, diet is one of the most significant modifiable factors in
lifestyle that influence the diversity of the host microbiome [34]. There is clear evidence
that the proper state of the microbiota plays a crucial role in the pathogenesis of numerous
diseases, as well as in their prevention and management [35,36]. Dietary models based
on a high supply of dietary fiber are an important part of the prevention of intestinal
diseases [35] and diet therapy for chronic liver diseases, including MASLD [37]. An
analysis of the association between dietary fiber intake and MASLD was evaluated in
the NHANES study among 5935 participants, which confirmed that there is an inverse
relationship between dietary fiber intake and changes in liver steatosis [38].

Dietary fiber modulates the gut microbiota, as it is one of the main substrates used
by gut microbes. The fermentation of dietary fiber and resistant starch in the large intes-
tine results in the production of SCFAs, including acetate, butyrate, and propionate [35].
These substances demonstrate anti-inflammatory, immunomodulatory effects and improve
intestinal barrier function [39,40].

Fiber also acts as a prebiotic, promoting the growth of beneficial gut bacteria such as
Bifidobacterium, Lactobacillus, Faecalibacterium, Ruminococcus, Akkermania, or Roseburia, which
contribute to improved intestinal health and the overall health of the body [41,42]. Regular
consumption of fiber can improve the composition of the microbiota, which can have a
long-term impact on reducing the risk of chronic diseases such as obesity, type 2 diabetes,
and heart disease, which are often associated with MASLD [43].
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New therapeutic approaches to the nutritional management of MASLD are constantly
being sought. Hansen et al. showed that a low-carbohydrate, high-fat diet (50-60% fat,
less than 20% carbohydrate, and 25-30% protein) can result in significant improvements
in glycemic and weight control compared to a high-carbohydrate, low-fat diet (50-60%
carbohydrate, 20-30% fat, and 20-25% protein) [44]. Similarly, Chen et al. reported
improvements in body composition parameters and alanine transaminase (ALT), aspartate
aminotransferase (AST), uric acid, and insulin levels in patients with MASLD following a
low-carbohydrate, high-fiber diet combined with nutritional education [45]. Cunha et al.
reported better weight reduction accompanied by substantial decreases in visceral adipose
tissue and liver fat fractions in comparison with the standard diet [46].

Nevertheless, the low-calorie Mediterranean diet (MED) remains the most frequently
recommended dietary intervention for managing MASLD [47,48]. Montemayor et al.
conducted a multicenter (Mallorca and Navarra, Spain) prospective randomized trial to test
the effect of the MED diet in patients with MASLD and metabolic syndrome. A six-month
follow-up showed that adherence to the diet led to lower levels of parameters, such as body
mass index (BMI), body weight, waist circumference, and intrahepatic fat content, and
lower levels of blood pressure (systolic blood pressure and diastolic blood pressure) [49].
However, preliminary results of a multicenter RCT (randomized controlled trial) conducted
by Rosi et al. showed no difference between the use of an MED diet and a low-fat diet
in counteracting obesity in children and adolescents [50]. However, it should be borne
in mind that the use of dietary questionnaires to assess dietary habits may be subject to
measurement error.

Cheng et al. showed that dietary intervention combined with physical activity posi-
tively affects the stability of the ecosystem interaction network, thereby improving host
metabolism [51]. An interesting intervention was carried out by Chooi et al. The researchers
included supplementation with pentadecanoic acid (C15:0), which naturally occurs in milk
fat and ruminant meat, in the diets of women with MASLD. The use of a diet rich in
dietary fiber and unsaturated fatty acids in combination with C15:0 led to a reduction
in low-density lipoprotein (LDL) cholesterol levels and an increase in the abundance of
Bifidobacterium adolescentis [52]. In the Gémez-Pérez study, an MED diet combined with
physical activity for 12 months in patients with clinically suspected MASLD and MASH
resulted in improved gut microbiota composition, which was associated with changes in
MASLD/MASH biochemical indices (non-suspected fibrosis and indeterminate or sus-
pected fibrosis). There was an increase in the genus Coprococcus and Lachnospira, as well as
Oscillospira, and a decrease in Proteobacteria and its family Enterobacteriaceace [53].

An analysis of recent data by Bialczyk et al. showed that the introduction of probiotic
therapy in patients with MASLD can favorably affect liver enzyme levels, improving
insulin sensitivity, lipid profile parameters, and BMI. Probiotic supplementation can reduce
inflammatory markers such as IL-6, c-reactive protein (CRP), and TNF-«, and, when
combined with prebiotics, can also improve histological markers [54]. Lactobacillus may
be beneficial in alleviating MASLD through their effects on various tissues and organs
in the body, and their effectiveness may vary depending on the strain and the patient’s
current condition. Lactobacillus can restore intestinal homeostasis by modulating Mucin2
and intestinal tight junctions [55]. In patients with MASLD, the use of multi-strain probiotic
therapy (six different species of Lactobacillus and Bifidobacterium) at a concentration of
30 billion CFU for 6 months did not significantly affect the degree of steatosis/fibrosis or
improve laboratory parameters. However, due to the significant reduction in the expression
of CD8+ T lymphocytes and zonula occludens-1 (ZO-1) in the placebo group, the authors
suggest that probiotics may play a role in stabilizing the immune function of the mucosa
and also prevent intestinal permeability in MASLD patients [56]. An interesting observation
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was made by Xue et al., who performed fecal microbiota transplantation (FMT) on patients
with MASLD from healthy donors. Patients who received FMT showed a reduction in fat
accumulation in the liver by improving intestinal microbiota dysbiosis, thereby reducing
hepatic steatosis, especially in patients suffering from obesity. The control group who
received probiotic therapy (Bifidobacterium viable and Lactobacillus acidophilus capsules)
showed no differences in blood lipid levels, liver function, and fat suppression before
treatment [57].

According to the available data, a low-processed diet, rich in dietary fiber, focusing on
the intake of whole grain products, vegetables, fruits, and unsaturated fatty acids through
the modulation of the intestinal microbiota, promotes intestinal health and may be key in
the prevention of MASLD (Figure 2).
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Figure 2. The benefits of a diet rich in dietary fiber and unsaturated fatty acids, combined with
exercise in the context of improving intestinal and liver function and preventing metabolic disorders
associated with MASLD. Il-6—interleukin 6; CRP—c-reactive protein; TNF-x—tumor necrosis factor
alpha; MUC2—Mucin2.

5. Food Additives in Association with the Gut Microbiome and MASLD
5.1. Colors (E100-E199)

It is widely accepted that food colors are among the most toxic food additives used
in the food industry, with those belonging to the “azo” group being considered to be the
most genotoxic. Tatrazine (TS) (E102) is an artificial dye that contains an azo group and
is soluble in water [58,59]. It is a compound commonly used in the food industry. Due
to its yellow color, it is often added to yellow cheeses, sauces, jellies, chewing gums, fish
products, flavored wines, and other drinks, such as soft drinks and sports drinks. It is
also an additive to vegetable and fruit products—both canned and bottled [58,60]. The
acceptable daily intake (ADI) level according to the Food and Drug Administration was
recognized at 5 mg/kg bw in 2011, while the European Food Safety Authority approved it
at 7.5 mg/kg bw [60]. TS, to a small extent, can be reduced by various bacterial taxa [61].
Azoreduction of TS in the gut leads to the formation of sulfanilic acid and 4-amino-3-
carboxy-5-hydroxy-1-(4-sulfophenyl)pyrazole (SCAP) [62]. TS metabolites are considered
potentially hazardous to health, especially for children who consume significant amounts
of colored foods and soft drinks [63]. Nitrogen dyes account for 10-22% of the maximum
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ADI in beverages [64]. Subsequently, toxic concentrations of SCAP can occur in the gut
when TS is consumed at the limit of the recommended daily dose [62].

A study by Wu et al. showed that the ingestion of TS (1.4, 5.5 and 10 mg/kg/day)
could cause severe histopathological and cellular changes in the intestines and liver of
goldfish. Some epithelial cells became vacuolized and the intestinal villi was ruptured.
In addition, TS supply induced oxidative stress (proportional dose-dependent increase in
malondialdehyde (MDA)) and led to changes in the intestinal microbiota, an increase in
Actinobacteriota and Proteobacteria, and a significant decrease in Planctomycetota and Fusobac-
teriota, as well as the bacteria responsible for SCFA production (Bacteroides and Clostrid-
ium_sensu_stricto_1) [65]. In a subsequent study, Wu et al. reached similar conclusions. TS
supply was associated with changes in the intestinal microbiota and the development of
inflammation, which was associated with the up-regulation of pro-inflammatory cytokines
(IL1 and IL6), lysozymes (lyz), 3-defensin 3 (defb3), and complement component 3 (c3) [66].

In a study by El-Desoky et al., the administration of TS at a dose of 7.5 mg/kg bw for
50 days resulted in increased liver function enzymes (aspartate aminotransferase (AST),
alanine aminotransferase (ALT), gamma-glutamyl transferase, and alkaline phosphatase),
bilirubin levels, abnormal lipid profile, and serum glucose. There was a decrease in body
weight with an increase in liver weight, indicating its toxic effects. An increase in protein
kinase C (PKC) isoforms was indicative of ROS generation, and alpha-fetoprotein was
indicative of liver failure [67].

As with TS, Allura Red (AR) (E129) can be metabolized by an intestinal bacterium
through nitrogen reduction, including O. splanchnicus and P. vulgatus. This results in the
formation of two compounds, creisin-4-sulfonic acid and 1-amino-2-naphthol-6-sulfonic
acid [61,68]. Hofseth et al. believe that the association of AR with inflammation, DNA
damage, and the concomitant disruption of the microbiome is notable [68]. Kwon et al. ob-
served that chronic, long-term exposure to AR promotes experimental colitis via serotonin
in the colon in a pathway, whether dependent on or independent of the gut microbiota, in
mice [69]. He et al. noted that the risk of developing colitis was increased in mice expressing
the increased expression of IL-23, leading to the increased generation of activated CD4 T
cells that expressed interferon-y. In turn, the induction of colitis was dependent on the
commensal microbiota, promoting AR azo reduction and the production of the metabolite
1-amino-2-naphthol-6-sulfonate sodium [70].

The administration of AR to albino rats for 4 weeks at a dose of 7 mg/kg bw resulted
in an increase in biochemical markers of liver function (ALT and AST) and MDA levels
and a decrease in serum antioxidants. There were changes in the histological structure
with a decrease in Bcl2 expression and an increase in cytochrome ¢ oxidase subunit II
expression [71].

Sunset yellow (SY) (E110), also commonly used in the food industry, is added to foods
such as desserts, chips, cookies, ice cream, and soft drinks and also to pharmaceutical
products and drugs and syrups for children [72]. Due to its potential mutagenic and
carcinogenic effects, SY has been banned for use in Norway and Finland [73]. The ADI of
SY is 4 mg/kg/bw [74].

According to Sensoy et al., SY can affect the intestinal epithelium, inducing changes
in intestinal secretion. SY has also been shown to interfere with intestinal signaling inter-
actions by exerting antagonistic effects on the glucagon-like peptide-1 (GLP-1) receptor,
a peptide hormone [72]. In the study by Zahran et al., SY administration at a dose of
6.17 mg/kg (equivalent to human ADI of 1 mg/kg) for 12 weeks increased serum LPD
and altered the intestinal microbiome, leading to the disruption of intestinal integrity
by altering the jejunal E-cadherin/(3-catenin adhesion junction complex and decreasing
cloverleaf factor (TFF)-3. SY decreased the abundance of beneficial taxa, including Tre-
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ponema 2 and Anaerobiospirillum, while increasing the abundance of potentially pathogenic
microorganisms Prevotella and Oribacterium [75].

Abdelhamid et al. have shown that SY can induce a number of adverse structural
and biochemical changes in the liver [76]. In the previously mentioned study, Khayytat
et al. observed similar changes when SY was administered at a dose of 2.5 mg/kg body
weight as when AR was used. However, an additional genotoxic effect was observed
for SY, which was not detected for AR [71]. Huessein et al. reported that the long-term
oral administration of SY above ADI is hepatotoxic and has negative effects on immunity.
However, the authors noted an increase in ALT and AST and, even at low doses of SY, an
increase in the mRNA expression of proapoptotic protein [77].

Data on the effects of food dyes on the gut microbiota and liver function come mainly
from studies on animal models. However, the results of these studies indicate that these
substances can cause negative health effects in humans as well. Dyes commonly used in
the industry can change the composition of the intestinal microbiota, leading to structural
changes in the intestines, with the liver disrupting their function. Thus, they lead to the
development of inflammation and a decrease in antioxidants in the body.

5.2. Preservatives (E200-299)

This section concerns a group of food additives labeled E200 to E299. They have
their use in cured meats, sauces, marinades, and processed foods [78]. Some preservatives
have been shown to inhibit the growth of beneficial microorganisms, thereby disrupting
intestinal microbial homeostasis and causing predisposition to inflammation [79]. Another
example of substances used in the food industry with a preservative effect are sulfites.
Their main function is to inhibit the growth of pathogenic microorganisms. However, they
can exhibit a number of other undesirable functions. Irwin et al. point out that sulfites
can potentially lead to cell damage reactions; additionally, due to their bacteriostatic and
bactericidal effects, they can potentially alter the oral and intestinal microbiome [80,81].
In a study by Nagpal et al., in animal models, the authors observed a qualitative and
quantitative change in the composition of the intestinal microbiota after treatment with
potassium sorbate (E202), benzoic acid (E210), or sodium nitrate (E251). Changes related to
intestinal epithelial permeability and the expression of markers of intestinal tight junctions
were also demonstrated [82]. In addition to their indirect effects on the liver through the
modulation of the gut microbiota, preservatives added for food preservation can also
have direct effects. Hrncir et al. studied liver function after exposure to fructose and
preservatives such as sodium benzoate, sodium nitrite, and potassium sorbate. They
noted that preservatives can amplify the adverse effects of fructose on liver function and
lipid metabolism. Such synergistic adverse effects have also been observed to increase
intestinal permeability [83]. Crowe et al. examined the effects of sodium nitrite found in
sausages on the colorectal cancer status in mice. They showed that the consumption of
meat products with sodium nitrite added was associated with intestinal dysbiosis and
higher lipid peroxidation [84]. On the contrary, Van Hecke et al. show that the consumption
of peated beef compared to fresh beef alters the composition of the intestinal microbiota in
animal models with a higher relative abundance of Ruminococcaceae [85]. Preservatives can
have an indirect effect on the onset of homeostatic disorders leading to MASLD, but some
studies indicate a direct effect by disrupting normal organ function.

5.3. Emulsifiers, Thickeners, Stabilizers (E400—499)

Food additives in the group of emulsifiers, thickeners, and stabilizers are designated
as E400-E499. An example of a food additive with thickening and emulsifying properties
is carrageenan (E407). It is extracted from the cell walls of red seaweed. It is often an
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ingredient in fat-reduced food products, for example dairy products, cured meats, dietary
supplements, jams, jellies, powdered products, instant drinks, and sauces [86]. Borsani
et al. in their paper presented that carrageenan can induce inflammation, predisposing
people to the onset of exacerbation in ulcerative colitis (UC) and thus disrupting intestinal
homeostasis and the integrity of the intestinal barrier, and can cause an increased risk of
bacterial translocation, which would also have consequences for the liver [87]. Ariffin et al.
studied the effects of carrageenan on intestinal and hepatic cell lines. They noted that
the acid hydrolysis products of k-carrageenin could exhibit cytotoxic effects on both cell
lines, while unintegrated carrageenin did not show such properties [88]. In a review article,
Liu et al. conclude that the long-term consumption of carrageenan may be associated
with inflammation in the gut and changes in the composition of the gut microbiota [89].
Furthermore, Naimi et al. indicate that carrageenan may have adverse effects on the intesti-
nal epithelium and the composition of the intestinal microbiota and may show increased
expression of pro-inflammatory molecules [90]. Through this type of interaction, it can
potentially cause inflammation that is histopathologically similar to inflammatory bowel
disease [91]. All of these disorders can trigger further consequences in the pathogenesis of
liver disease [92,93].

Polysorbate 80 (P-80), labeled E433 on the list of food additives, is used as an emul-
sion stabilizer. It is added primarily during the production of sauces, ice cream, and
confectionery products [94]. P-80 or carboxymethylcellulose (CMC, E-466) can cause a
predisposition to type 1 diabetes, cardiovascular disease, intestinal disease, and metabolic
syndrome [95-98]. In the case of the direct effects of emulsifiers on the liver, Vilas-Boas
et al. describe that there was a predisposition to liver toxicity with formulations in which
P-80 was added, which may be the reason for increased membrane permeability [99]. Lv
et al., in their study, observed that P-80 can stimulate colitis synergistically with a high-fat
diet, affect weight gain, and predispose people to changes in their bile acid profile [100].
In another study in animal models, Singh et al. indicate that P-80-fed mice showed an
association with faster fat growth. They also observed elevated parameters indicative of
metabolic syndrome and low-grade inflammation, which can lead to MASLD. The authors
showed the appearance of abnormalities in the gut microbiota in mice fed P-80 [101]. On
the other hand, a direct link to intestinal dysbiosis and the occurrence of MASLD may be
caused by the incorrect detection of receptor containing protein 6 (NLRP6) and receptor
containing protein 3 (NLRP3) inflammasomes [102].

Other Substances with a Thickening Effect Using Maltodextrin as an Example

Although not classified as an emulsifier, maltodextrin (MDX) exhibits thickening
properties in starchy products and is widely used as a food additive. Nickerson et al.,
in their work, indicate that up to 60% of packaged food products may contain MDX or
modified starch in their composition [103]. Arnold et al. describe that MDX consumption
may predispose people to low-grade inflammation and may be a risk factor for IBD; it may
also increase the risk of metabolic disease, which is also associated with MASLD [104]. In
another study in animal models, Singh et al. showed that in mouse pups fed a predomi-
nantly MDX mixture, it could induce intestinal damage similar to necrotizing enterocolitis
(NEC). The consequences included bacterial translocation and the altered functioning of
tight junction (T]) proteins. The factor leading to intestinal damage altered homeostasis
between pro-inflammatory cytokines and anti-inflammatory cytokines [105]. In another
study, Zangara et al. reached similar conclusions. In addition to increasing susceptibility
to colitis in genetically susceptible individuals, it can also alter intestinal mucus produc-
tion [106]. Almutairi et al. conducted a systematic review of randomized placebo trials
in which MDX was used as a placebo. They concluded that because MDX can induce
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modifications in the gut microbiota and immune factors, it should not be used as a placebo
in clinical trials [107]. All of these impacts on the gut microbiota and the disruption of
gut barrier integrity could also potentially affect the liver and the appearance of MASLD.
However, in many studies on liver effects, MDX is used as a placebo or with other prebiotic
substances, and so further studies are needed to determine the actual effects of MDX on
the occurrence of MASLD.

5.4. Taste Enhancers (E600-699)

The group of food additives known as flavor enhancers is classified in the list from
E600 to E699. These are substances added to foods to increase the intensity of certain
flavor characteristics and aromas. The flavor enhancers most commonly studied are
monoammonium glutamate (MAG) (E624) and monosodium glutamate (MSG) (E621).
They are found mainly in powdered soups and sauces, salty snacks, seasoning mixes, stock
cubes, and fast food dishes [108,109]. Ahangari et al., in their review article, indicate that
the long-term intake of MSG can cause changes in the gut microbiota and have effects
on liver metabolism and hepatocyte damage [110]. Nahok et al., in a study using animal
models, showed that the metabolic changes that occurred after MSG ingestion are related
to gluconeogenesis and branched-chain amino acid metabolism with concomitant intestinal
dysbiosis [111]. In another study, the authors indicate that the addition of MSG to the
diet causes a reduction in Akkermansia muciniphila, which, among other things, produces
mucin [112]. In a study by Coelho et al., the researchers observed that in mice with prevalent
obesity with MSG in the diet, there is a premature induction of fat accumulation in the
liver, predisposing them to the induction of MASLD and subsequent disease progression
in the form of hepatitis [113]. MSG causes oxidative stress, which can also contribute to
liver damage and changes in liver fat metabolism [114,115]. Olowofolahan et al., after
orally administering MSG in various doses to rats, observed that MSG in low doses is
tolerated by the animals, while in high doses, it causes cytotoxicity by opening the hepatic
mitochondrial permeability transition pore; a similar trend occurred for lipid peroxidation,
among other things [116]. Obesity-induced hepatic steatosis while consuming MSG may
predispose to the infiltration of lymphocytes, macrophages, and eosinophils, increasing
inflammation, which can then cause a predisposition to HCC [117]. Flavor enhancers can
have a negative impact on the gut microbiota, and chronic and excessive consumption
of these food additives can predispose people to oxidative stress and cause damage to
hepatocytes, leading to altered organ function.

5.5. Sweeteners (E900-999)

Sweeteners are substances used to add a sweet taste to food products. In this capacity,
they function as substitutes for sucrose and other naturally occurring saccharides. Sucralose
(E955) is one of the most prevalent sweeteners in the industry. Sucralose is a non-nutritive
sweetener, 600 times sweeter than sucrose. For years, it has been recommended to patients
suffering from diabetes and obesity. Sucralose is poorly absorbed and enters the lower
gastrointestinal tract practically unchanged, where it can potentially alter the composition
of the microbiota [118,119]. In the 1990s, it was considered safe by the Food and Agriculture
Organization of the United Nations and World Health Organization, and its ADI was set
at 15 mg/kg body weight (bw) [118]. Sucralose is often added to foods and beverages,
including products designed for patients with diabetes or people who want to reduce
energy consumption in their diet [120]. It is also used in the production of alcoholic and
non-alcoholic beverages, dairy drinks, chewing gums, ice cream, jams, and jellies [121].
However, in 2023, the WHO has published new guidelines on non-sugar sweeteners
(NSS), which advise against the use of NSS for weight management or to reduce the risk
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of noncommunicable diseases [122]. Feng et al. highlighted the important issue of the
influence of other factors, both external and internal, that can affect the microbiome with
NSS exposure, such as environmental factors, diet, and stress [123].

According to Shiffman et al., the amount of sucralose 6-acetate in a single daily
sucralose-sweetened beverage can far exceed the toxicological risk threshold for genotoxic-
ity (TTC genotox) of 0.15 ug/person/day. Sucralose 6-acetate was shown to significantly
increase the expression of genes related to inflammation, oxidative stress, and cancer, with
the highest expression observed for the metallothionein 1 G gene (MT1G) [124].

Bian et al. demonstrated that sucralose has the ability to influence the composition of
the gut mycobiome and modify its metabolic functions. A six-month supply of sucralose
was administered to mice, resulting in alterations in hepatic gene expression (matrix metal-
loproteinase 2 and inducible nitric oxide synthase (iNOS)) [125]. Sucralose consumption
significantly increased the abundance of the intestinal genera Bacteroides and Clostridioides,
which are responsible for the production of deoxycholic acid, in a study of MISICG models,
and its increase has been linked to the development of MASLD [126].

The role of gut bacteria in the biotransformation of bile acids is also important. By
cleaving amino acid residues, gut bacteria can lead to the uncoupling of taurine/glycine-
conjugated bile acids. In a study by Chi et al., sucralose was found to have a reducing effect
on the abundance of bacteria associated with the metabolism of bile acids. Furthermore,
sucralose administration was found to result in reduced levels of hepatic farnesoid X
receptor activation, which was associated with an increase in intrahepatic cholesterol
levels [127].

A randomized case—control study by Suez et al. showed that sucralose, at a dose below
the ADI, impaired glycemic responses in healthy subjects over two weeks of administration.
The increase in glycaemia was accompanied by an increase in plasma trichloroacetic acid
and changes in the oral microbiome in the relative abundance of six Streptococcus species in
the sucralose group [128]. Different results were obtained by Orku et al. They showed that
the regular consumption of water sweetened with sweeteners, including saccharin, in doses
similar to those consumed in everyday life had no significant effect on glycemic response,
insulin sensitivity, GLP-1 release, and body weight in healthy subjects [129]. Moreover, of all
the substances tested (sucralose, aspartame, saccharin, and stevia), dietary supplementation
with sucralose had the greatest impact on the functional potential of the human microbiome
in an NNS-specific manner [128]. However, the results of a randomized, double-blind,
cross-over clinical trial showed that the oral consumption of sweetened beverages at a dose
of 136 mg/day had no measurable effect on gut microbiota in healthy participants [130].

Aspartame (E951) is a sweetener composed of two naturally occurring amino acids,
L-phenylalanine and L-aspartic acid. It is about 200 times sweeter than sucrose, and the
ADI is 40 mg/kg bw [131]. Aspartame is used in the food and pharmaceutical industries
and is added to chewing gum, ice cream, dairy products, cough drops, and chewable
vitamins [132]. After absorption in the intestinal lumen, aspartame is hydrolyzed to
phenylalanine (50%), aspartic acid (40%), and methanol (10%) [133].

Finamor et al. showed that aspartame can negatively affect liver health. Feeding
aspartame to mice at a dose of 80 mg/kg for 12 weeks led to increased levels of liver
enzymes ALT and AST and liver fibrosis. Increases in profibrotic markers were observed,
including transforming growth factor 3 1, collagen type I alpha 1, and alpha-smooth muscle
actin. Aspartame decreased the activation of erythroid nuclear factor 2-related factor 2
(Nrf2) and increased lipid peroxidation, thereby affecting the activation of NLRP3 [134].
The initiation of the NLRP3 inflammasome has been linked to liver cancer, particularly
HCC [135]. Aspartame also reduced levels of peroxisome proliferator-activated receptor
gamma coactivator 1 alpha (PGC-1«), and its deficiency may be responsible for changes in
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the serum lipid profile, as well as lipid accumulation and impaired hepatic gluconeogenesis.
Palmnis et al. demonstrated that the administration of aspartame at a dose of 5-7 mg/kg/d,
via drinking water over a period of 8 weeks, was associated with an increase in propionate,
a substrate with a high gluconeogenic potential. The increase in propionate, in conjunction
with the increase in fasting glucose levels, has the potential to impair insulin-stimulated
glucose disposal on both standard and low-fat diets, irrespective of body composition.
Furthermore, aspartame intake was found to be associated with an increase in the total
number of Enterobacteriaceae and Clostridium leptum bacteria [136]. In another study, Finamor
et al. showed that chronic aspartame administration can lead to hepatic glutathione
depletion, which is associated with reduced glutamate cysteine ligase and cysteine levels.
Moreover, aspartame induced a blockade of the trans-sulfuration pathway at two steps,
namely methionine adenosyltransferase and cystathionine y-lyase [137].

In the previously cited double-blind study conducted by Ahmad et al., an evalua-
tion of the effects of the oral consumption of aspartame-sweetened beverages at a dose
of 425 mg/day showed no effect on the gut microbiota in healthy participants [130]. A
randomized, case—control study by Tey et al. demonstrated that the consumption of artifi-
cially and naturally sweetened non-calorie beverages, including aspartame, had minimal
effects on postprandial glucose and insulin levels in comparison to sucrose-sweetened
beverages [138]. Interestingly, changes in insulin sensitivity caused by aspartame supply
have been linked to the development of carcinogenesis [135]. Orku et al. [129] and Suez
et al. reported comparable outcomes on the impact on the glycemic response. However,
the ingestion of sweeteners, including aspartame, has been shown to induce substantial
alterations in the composition of the fecal and oral microbiome, as well as the plasma
metabolome [128].

Saccharin (E954) is a commonly used sweetener in the food industry, and the ADI is
5 mg/kg bw [131]. It is added to a wide range of foods, from dairy drinks to unripened
cheese, jams, confectionery, and even breakfast cereals [139]. Saccharin is not metabolized
in the body, but can pass through the placenta and breast milk, so it is not recommended
for pregnant or breastfeeding women [131,140]. There is evidence that saccharin can be a
metabolic disruptor and can alter the composition of the gut microbiome in offspring [140].

The administration of saccharin in drinking water at a concentration of 0.3 mg/mL
over a period of six months resulted in a substantial increase in iNOS and TNF-« levels in
the liver of mice. This increase was concomitant with the onset of inflammation and the
disruption of the microbiome. The composition of the gut microbiota and the metabolome
exhibited alterations. The study noted an increase in bacteria associated with inflammation,
including Corynebacterium, Turicibacter, and Roseburia [141]. Serrano et al. conducted a
double-blind, placebo-controlled, parallel study with healthy men and women, as well
as an animal model. The study found no effect of saccharin supply on glucose tolerance
or gut microbiota composition in humans or mice. However, it should be noted that
the study evaluated the effects of short-term saccharin consumption in the maximum
permitted amounts [142]. Similarly, Orku et al. did not show an effect of saccharin on
glycemic response or insulin sensitivity in healthy subjects [129]. Suez et al. obtained
divergent results. They reported a reduced relative abundance of Fusobacterium in the
oral mycobacterium after saccharin ingestion and an impaired glycemic response during a
short-term (two week) supply of saccharin [128]. The recommendation to use sweeteners
as substitutes for sugars continues to appear in recommendations, including for people
suffering from obesity. Based on the available research results, it is worth noting that the
consumption of sweeteners instead of sugar should not be a long-term change, but only a
temporary one during a modification of eating habits.
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Table 1 presents the results of studies on the effects of food additives on gut microbiota

homeostasis and MASLD discussed in this review.

Table 1. The results of studies on the effects of food additives on gut microbiota homeostasis and
MASLD discussed in this review.

Food Additive Acceptable Daily Potential Impact on Gut Microbiota Disorders in Association
Example Intake (ADI) [143] with MASLD
e  Histopathological and cellular changes in the gut and liver [86];
e Increase in oxidative stress [86];
e  Changes in the composition of the intestinal microbiota [66,86];
. . e Liver dysfunction (increased liver enzymes) [67];
Tatrazine (E102) 7.5 mg/kg body weight | Abnorn}{al lipid profile and increased syerum glucose levels [67];
e  Up-regulation of pro-inflammatory cytokines [66];
e Increased ROS production [67];
e Increase in alpha-fetoprotein in serum [67].
e Increased inflammation, disruption of the intestinal
microbiota [68];
e Liver dysfunction (increase in liver function enzymes) [71];
Allura Red 7 me /ke bod oht Increase in serum MDA and NO levels [71];
(E129) mg/Kg body weig e  Decrease in serum antioxidants [71];
e  Changes in histological structure (disorganization of hepatic
strands, necrotic and hydropic degeneration of hepatic cells) [71];
e Decreased Bcl2 expression and increased COX2 expression [71].
e  Disruption of intestinal signaling interactions—antagonistic effect
on the glucagon-like peptide-1 (GLP-1) receptor, a peptide
hormone [72];
e Increase in serum LPS, increase in intestinal permeability, change
Sunset Yellow 4 me /ke bod ioht in composition of the microbiota [75];
(E110) mg/ kg body weig Decrease in total serum antioxidants, increase in serum MDA and
NO levels [71];
Infiltration of leukocytes and increase in Kupffer cells [71];
Changes in histological structure [71];
Reduction in Bcl2 expression [71].
Potassium
sorbate.(EZQZ)/ 1 mg/kg body weight/ . .Qualijcative jcmd quantitative change in the 'corpposifcion of .the .
benzoic acid . intestinal microbiota changes associated with intestinal epithelial
5 mg/kg body weight/ e : . ; . S .
(E210)/ 3.7 me/ke bod : oht permeability and in the expression of intestinal tight junction
sodium nitrate  Me/ g body welg markers [82].
(E251)
e  Adverse effects on the intestinal epithelium, composition of the
Carrageenan 75 mg/kg body weight intestinal microbiota and increased expression of
(E407) &/ Kg body welg _ p
pro-inflammatory molecules [90].
Polvsorbate 80 e  Faster increase in body fat, elevated parameters indicating
y 25 mg/kg body weight metabolic syndrome and low-grade inflammation, the presence of
(E433) A . .
abnormalities in the gut microbiota [101].
Maltodextrin . ¥nC1jee.15ed suscep?ibility to colitis in genetically susceptible
(E1400) - individuals [106]; .
e  Modifications in gut microbiota and immune factors [107].
e Infiltration of lymphocytes, macrophages, eosinophils, increasing
Monosodium . inflammation which predisposes to hepatocellular
glutamate (E621) 30 mg/kg body weight carcinoma [117];
e  Gut dysbiosis [111].
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Table 1. Cont.

Food Additive Acceptable Daily Potential Impact on Gut Microbiota Disorders in Association

Example

Intake (ADI) [143] with MASLD

Sucralose (E955) 15 mg/kg body weight

e Increased expression of genes related to inflammation and

oxidative stress [134];

e  Reducing the abundance of bacterial communities associated with

bile acid metabolism [127];
A reduction in the level of hepatic FXR activation [127];

Disturbance of the composition of the intestinal microbiota;

increased production of deoxycholic acid [126];
e Impaired glycemic response [128].

Aspartame

(E951)

e Liver dysfunction—increase in liver enzymes (ALT and
AST) [134];

e Impaired hepatic gluconeogenesis, decreased GSH and GCLc and

cysteine levels [137];

activation [134];
Increased levels of lipid peroxidation [134];
Disturbances in the composition of the microbiota [136].

Saccharin (E954) 9 mg/kg body weight

Increased levels of iNOS and TNF-« in the liver [141];

in the composition of the intestinal microbiome [141];
e Impaired glycemic response [129].

FXR—farnesoid X receptor; ALT—alanine transaminase; AST—aspartate aminotransferase; GSH—glutathione;
GCLc—glutamate cysteine ligase; ROS—reactive oxygen species; MDA—malondialdehyde; NO—nitric oxide;
LPS—lipopolysaccharide; Nrf2—nuclear factor erythroid 2-related factor 2; iNOS—inducible nitric oxide synthase;
TNEF-o—tumor necrosis factor alpha.

6. Limitations

A limitation is the lack of animal and human studies examining the effects of the
food additives analyzed in the publication, their impact on the gut microbiota, and their
association with the occurrence of MASLD. There is also a lack of long-term studies on these
associations; moreover, some of the mechanisms of association are still poorly understood,
and so, in the future, it would be worthwhile to expand research to include other food
additives as well.

7. Conclusions

Foods rich in food additives, thanks to their properties, are particularly attractive to
consumers, especially children and adolescents. Some food additives including emulsifiers,
preservatives, flavor enhancers, dyes, or artificial sweeteners may predispose people to
dysfunction in the integrity of the intestinal barrier and may affect the composition of the
intestinal microbiota, leading to inflammation. These mechanisms can lead to oxidative
stress that is not sufficiently compensated for, predisposing the individual to impaired
lipid metabolism in the liver. However, further research is still needed to fully elucidate
the extent of the health effects of certain food additives and to understand the mechanisms
by which they affect the intestinal microbiota and the pathogenesis of MASLD.

Given the increasing incidence of obesity and MASLD, there is a need to effectively
control the intake of these substances, particularly among young people, and to further
restrict their use in food production. It seems that the recommendations for acceptable
intake should be reviewed as well.
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Abstract: In today’s world, with its continuing advancements in genetics, the identification
of Lynch syndrome (LS) increasingly relies on sophisticated genetic testing techniques.
Most guidelines recommend a tailored surveillance program, as well as personalized
prophylactic and therapeutic approaches, according to the type of dAMMR gene muta-
tion. Carriers of path_MLHI1 and path_MSH2 genes have a higher risk of developing
colorectal cancer (CRC), despite intensive colonoscopic surveillance. Conversely, carriers
of path_MSH6 and path_PMS2 genes have a lower risk of developing CRC, which may
be due to their lower penetrance and later age of onset. Thus, carriers of path_MLH1 or
path_MSH2 would theoretically derive greater benefits from total colectomy, compared to
low-risk carriers (path_MSH6 and path_PMS2), in which colonoscopic surveillance might
achieve an efficient prophylaxis. Furthermore, regarding the risk of endometrial/ovarian
cancer development, there is a global agreement to offer both hysterectomy and bilateral
salpingo-oophorectomy to path. MLH1, path. MSH2 and path_MSH6 carriers after the age
of 40. In patients with CRC, preoperative knowledge of the diagnosis of LS is of tremendous
importance, due to the high risk of metachronous CRC. However, this risk depends on
the type of dAMMR gene mutation. For carriers of the high-risk variants (MLH1, MSH2
and EPCAM) who have already developed colon cancer, it is strongly recommended a
subtotal or total colectomy is performed, while partial colectomy followed by endoscopic
surveillance is an appropriate management approach to treat colon cancer in carriers of the
low-risk variants (MSH6 and PMS2). On the other hand, extended surgery for index rectal
cancer (such as total proctocolectomy) is less effective than extended surgery for index
colon cancer from the point of view of metachronous CRC risk reduction, and is associated
with a decreased quality of life.

Keywords: Lynch syndrome; deficient mismatch repair gene; extended colectomy;
surveillance; prophylactic colectomy; prophylactic total hysterectomy; bilateral salpingo-
oophorectomy

1. Introduction

The tremendous developments in understanding the molecular basis of cancers over
the last decade allow for a refined prognostic estimation and personalized therapeutic
approach in most oncologic patients [1-4]. Lynch syndrome (LS), also known as hereditary
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non-polyposis colorectal cancer (HNPCC), is an inherited genetic disorder that significantly
increases an individual’s risk of developing various types of cancer, particularly colorectal
cancer (CRC) and endometrial cancer (EC) [5]. It is caused by inherited mutations in one
of the mismatch repair (MMR) genes (MLH1, MSH2, MSH6, or PMS2) or in the epithelial
cell adhesion molecule (EPCAM), which leads to the epigenetic silencing of MSH2. The
condition follows an autosomal dominant pattern of inheritance. First-degree relatives
(parents, siblings and children) have a 50% chance of being affected by LS.

Individuals with LS have an increased lifetime risk of developing CRC (up to 80%)
and EC (up to 60%), as well as other cancers, including ovarian (up to 15%), gastric (up
to 18%), urinary tract (up to 20%), pancreatic (4%), small intestine cancers, glioblastoma
(Turcot syndrome) and sebaceous neoplasms (Muir-Torre syndrome) [6-12].

LS is the most common hereditary form of CRC. It accounts for 2—4% of all CRC
diagnoses [7,13]. In patients with LS, CRCs have an adenoma-carcinoma progression ratio
of almost 1:1, with an estimated adenoma-to-cancer transformation time of 1-3 years. This
contrasts with sporadic cases, which have a ratio of 30:1 and an estimated transformation
time of 8-17 years. If left untreated, the majority of polyps will become malignant, with
about 70% of patients developing cancer by age 70 and 80% by age 85. Additionally, there is
a higher incidence of metachronous and synchronous colon cancers, with a second primary
CRC occurring in up to 30% of patients within 10 years and 50% within 15 years [14].

LS carriers/patients have distinct clinic, evolutive and prognostic features, depending
on the type of deficient MMR (AMMR) gene. In this narrative review, we present the clinical
impact of each of these genes’ mutations, as well as the personalized therapeutic approach
according to the type of genetic mutation that led to the development of LS. We also present
the available data on the usefulness of screening and surveillance programs for patients
with LS. Finally, we discuss prophylactic approaches that should be employed in case of
each gene’s mutations.

2. The Clinical Impact of Distinct Genetic Mutations

LS is caused by germline mutations in DNA mismatch repair genes, including MLH1,
MSH?2, MSH6 and PMS2 [15,16]. Mutations in these genes lead to microsatellite instability,
a hallmark of Lynch syndrome-associated tumors [17].

MLH1 and MSH2 are the most frequently mutated genes in patients with LS, ac-
counting for approximately 70% of the identified mutations (32% in MLH1 and 38% in
MSH?2) [13,18]. The carriers of pathogenic variants in MLH1 and MSH2 genes have a
significantly higher risk of developing CRC at a younger age compared to carriers of
pathogenic variants in MSH6 or PMS2 genes [19]. Individuals with mutations in the MSH2
gene have a higher likelihood of developing extracolonic cancers and a lower frequency of
CRC compared to those with mutations in the MLH1 gene [20,21]. MSH6 mutations are
more commonly associated with gastrointestinal and endometrial cancers that typically
occur at a later age [22,23].

Some studies have shown that constitutional 3’ deletions of EPCAM can lead to LS
by causing epigenetic silencing of MSH2 in EPCAM-expressing tissues, which results in a
tissue-specific deficiency of MSH2. Kempers et al. conducted a cohort study comparing
194 patients with an EPCAM deletion to 473 patients with mutations in MLH1, MSH?2,
MSHS, or a combined EPCAM-MSH2 deletion. The study found that carriers of an EPCAM
deletion had a 75% cumulative risk of developing CRC before the age of 70, similar to that
of carriers of combined EPCAM-MSH?2 deletions or MSH2 mutations, but higher than that
observed in MSH6 mutation carriers. However, only those with deletions extending near
the MSH2 promoter showed an increased risk of endometrial cancer [24].
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A change in any of the above-mentioned MMR genes can lead to the accumulation of
numerous errors in the DNA repetitive sequences known as microsatellites, which occur
throughout the genome. This process is known as microsatellite instability (MSI) and is
present in LS, but not exclusive to it. Therefore, not all the patients with MSI have LS. To
enhance the detection of individuals with LS, “universal tumor screening” is recommended.
In this approach, all individuals newly diagnosed with CRC undergo either tumor-based
dMMR genetic testing or immunohistochemistry (IHC) testing to check for the absence
of DNA mismatch repair (MMR) proteins (MLH1, MSH2, MSH6 or PMS2). The latter
method achieves a sensitivity of 100% (95% CI, 99.3-100%) and a specificity of 93.0% (95%
CI, 92.0-93.7%) for identifying individuals with Lynch syndrome [25-28].

Traditionally, the diagnosis of LS typically began with clinical suspicion, particularly in
individuals with a family history of CRC or other Lynch syndrome-associated cancers. The
Amsterdam II criteria and the revised Bethesda guidelines were commonly used to identify
individuals who may benefit from further genetic evaluation [29-31]. The shortcomings
of using this strategy were, on one hand, that 50% of patients who met these criteria do
not actually have LS and, on the other hand, that these criteria were missing in 50% of
LS patients. For these reasons, testing for the MMR status of the tumors is nowadays
recommended. If IHC staining for MLH1 (alone or with PMS2) is abnormal, testing for the
BRAF mutation or MLH1-promoter methylation should be performed to detect tumors
lacking DNA-MMR.

Somatic BRAF mutations occur in a small fraction of CRCs overall [32], but are present
in 69% to 78% of CRCs with MLH1 promoter methylation. These mutations are virtually
never seen in Lynch syndrome-associated cancers, making the presence of a BRAF mutation
highly predictive of a sporadic origin and a high negative predictive value for LS [33,34]. If
the test is negative, germline mutation testing for LS should be conducted. A multigene
panel test is available, particularly for individuals diagnosed before the age of 50 [35,36].

In the absence of available tumor data or known mutations, online tools such as
PREMMS5 and MMR Predict help in estimating an individual’s risk of carrying an MMR
mutation [6,37-39]. Given the complexities involved in selecting and interpreting the tests,
as well as the potential implications of the results for the family, genetic counseling should
precede and also succeed germline mutation testing.

3. Screening and Surveillance in Lynch Syndrome Patients

In LS patients, screening for CRC by colonoscopic surveillance has been generally
accepted as a method for providing greater life expectancy. But the benefits offered by
screening methods and surveillance are debatable for other cancers that put LS patients
at risk.

Screening for CRC by colonoscopy is recommended for people at risk of (first-degree
relatives who have not had genetic testing of known MMR gene mutation carriers) or
with LS. Colonoscopies should be performed every 1 to 2 years, starting at age 25 or
5 years before the youngest case in family. Recent European guidelines from the EHTG
and ESCP, based on PLSD studies (the prospective LS database), recommend a tailored
surveillance program according to the type of dAMMR gene mutation. Thus, for MLHI1,
MSH2 and MSHS, colonoscopic surveillance is recommended every 2 to 3 years, and for
PMS2, surveillance every 5 years may be considered [5]. The fecal immunochemical test
(FIT) is extensively utilized as a screening tool for CRC in the general population; however,
its role in LS surveillance remains under investigation and is not yet well established.
Recent studies have demonstrated that the FIT has low sensitivity (23%) for detecting
adenomas. Although sensitivity for advanced adenomas reached 66.7%, the overall detection
rates for adenomas are insufficient to replace colonoscopy as the primary surveillance
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method [40,41]. Nevertheless, the FIT may hold potential as an augmentative tool to
complement colonoscopy in specific scenarios, warranting further investigation into its
supplementary role and integration into LS surveillance strategies.

Although endometrial and ovarian cancer screening does not have proven benefits
in women with LS according to some studies [38], more recent data suggest that yearly
gynecological examination, pelvic ultrasound, CA125 and endometrial biopsy from age
30 to 35 may be useful [39,42—46]. In regions with a high incidence of gastric cancer and
in families with a history of gastric neoplasms, upper endoscopy surveillance may be
recommended every 2—4 years, with gastric biopsying of the antrum starting at the age of
3040 years [47—49]. For the urinary tract, no consensus currently exists regarding the
proper screening protocol, and great variability still exists regarding the methods and the
starting age of screening, ranging from 25 to 50 years [50]. Annual magnetic resonance
imaging (MRI) and/or endoscopic ultrasound (EUS) surveillance may be considered for
individuals with LS who have one first-degree relative affected by pancreatic cancer,
although additional supporting evidence is needed to back up this recommendation [51].
Routine screening for prostate and breast cancer is not recommended beyond what is
advised for the general population. A skin exam every 1 to 2 years with a healthcare
provider experienced in recognizing Lynch syndrome-associated skin manifestations is
recommended. The optimal age to begin surveillance is uncertain and can be individualized
based on personal and family history [39].

Recent observations suggest that future knowledge about the changes of gut micro-
biota in LS may be a useful tool for the surveillance of these patients. Research over the
last few years suggests that the gut microbiota may have a different pattern in LS and
non-LS patients, probably due to the underlying differences in epithelial biology and im-
munology [52-54]. For example, Rifkin et al. showed that Veillonella was enriched and
Faecalibacterium and Romboutsia were depleted in LS [52], whereas Mori et al. suggested
that microbiota pattern associated with LS is characterized by an over-representation of Fae-
calibacterium prausnitzii, Parabacteroides distasonis, Ruminococcus bromii, Bacteroides
plebeius, Bacteroides fragilis and Bacteroides uniformis species [53]. The interaction be-
tween the specific fecal microbiota pattern and the altered immune surveillance of LS
patients may play a critical role in CRC development [55]. Thus, Yan et al. found that
a subset of Clostridiaceae was depleted in stool biopsies, corresponding with baseline
adenomas, while Desulfovibrio was enriched both in stool and in mucosal biopsies [54].
Their observations suggest that although prospective monitoring of microbiome has lim-
ited benefit in the early detection of adenoma, these early changes in microbiota may play
a causal role in colonic neoplasia [4]. Moreover, Mori et al. suggested that despite the
possible existence of a fecal microbiota pattern associated with a LS genetic background,
there were no differences between microbial communities of patients with LS and CRC,
and those observed in patients with LS and gynecologic malignancies [53]. However, future
studies are needed to better understand the relationship between microbiota and cancer
development in LS patients, and how the changes in microbiota can be used in the early
detection of Lynch syndrome-related malignancies. Furthermore, the adequate manipula-
tion of microbiota could represent a future therapeutic option to avoid the development of
some malignancies related with LS.

4. Preventive Measures for Lynch Syndrome

Aspirin may be considered as a preventive measure against cancer in individuals with
LS, although the optimal dosage remains unclear. The Colorectal Adenoma/Carcinoma
Prevention Programme 2 (CAPP2) demonstrated a 60% reduction in the incidence of
CRC and other Lynch syndrome-associated tumors in individuals who took 600 mg of

139



Medicina 2025, 61,120

aspirin daily for at least two years, compared to those who received a placebo [56]. The
ongoing CAPP3 study aims to determine the most effective dose by comparing daily aspirin
intake at 600, 300 and 100 mg. The European guidelines from the European Hereditary
Tumour Group (EHTG) and the European Society of Coloproctology (ESCP) recommend the
acetylsalicylic acid dose should be a minimum of 75-100 mg daily and this dose should be
increased for people with above-average body mass [5]. However, the American College of
Gastroenterology does not recommend the routine use of aspirin for the chemoprevention
in LS [57].

In certain cases, prophylactic surgical interventions such as total colectomy or risk-
reducing salpingo-oophorectomy may be considered for individuals with LS who are at
particularly high risk of developing certain cancers.

4.1. Prophylactic Surgery for CRC in Patients with LS

Prophylactic surgery aims to remove organs before cancer develops, reducing the
potential risk. The decision regarding which operation is preferable should be made on
the basis of individual patient’s factors and preferences, with special emphasis on the risk
of metachronous CRC, the functional consequences of surgery, the patient’s age and the
commitment of the patient to continue colonoscopic surveillance [58]. The term of pro-
phylactic total colectomy is defined either by total colectomy with ileo-rectal anastomosis,
or proctocolectomy ended with ileal-anal pouch anastomosis (IPAA) or with ileostomy.
In contrast to FAP, in which proctolectomy is the procedure of choice, Syngal et al. [59]
showed that minimal benefit is derived from performing proctocolectomy rather than
subtotal colectomy on patients with LS. By contrary, Henegan et al. [60] consider that a true
prophylactic surgery is total proctocolectomy with IPAA or with end ileostomy because we
can no longer talk about prophylaxis in rectal sparing surgery as it leaves the rectum in the
LS patient, who then has a 1% per year risk of developing metachronous rectal cancer for
the first 12 years [61]. However, patients with the rectum left in place could be regularly
surveilled via a rectoscopy, which is more easily performed and accepted by the patient
than a full colonoscopy.

The timing for surgery should be evaluated on an individual basis, taking into con-
sideration gender, familial pattern of cancer and the age when cancers occur in relatives.
Prophylactic surgery needs to be performed at an earlier age than the age of cancer occur-
rence in the youngest relative [61]. Prophylactic colectomy requires the careful evaluation of
its implications, as it can significantly impact quality of life, lead to considerable morbidity
and carries mortality risks. Individuals with LS have a lifetime colorectal cancer (CRC)
risk of about 70%, indicating that nearly 30% out of these surgeries may be unnecessary
for patients that would never develop CRC. Moreover, some of patients could eventually
develop types of cancer other than CRC, and the prophylactic colectomy would not only
be futile, but could also worsen their quality of life [62].

Llach et al. considered that prophylactic colectomy or proctocolectomy in healthy LS
patients is not indicated due to the efficacy of colonoscopy on CRC mortality reduction,
but they argue that there may be a role for prophylactic colorectal surgery in the secondary
prevention of CRC [57,63-65].

Prophylactic proctocolectomy is recommended for patients with a pathologic germline
mutation in the APC gene leading to familial adenomatous polyposis (FAP) [66]. Similarly,
risk stratification by affected MMR gene may help identify the LS patients more prone
to developing CRC. Thus, carriers of path. MLH1 or path_ MSH2, who have a higher
risk of developing CRC, would theoretically derive a greater benefit from total colectomy
compared to carriers of the low-risk variants (path_MSH6 and path_PMS2), in which
colonoscopic surveillance might achieve an efficient prophylaxis (Table 1).
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Table 1. Impact of genetic mutations on the risk of colon cancer development and prophylactic
surgery (+++ high risk/strong recommendation, + low risk/weak recommendation).

Genes Risk of Colon Prophylactic Prophylactic

Cancer Colectomy THBSO
MLH 1 +++ +++ +++
MSH 2 +++ +++ +++
MSH 6 + + +++
PMS 2 + + +

Prophylactic colorectal surgery might be considered in some particular situations, e.g.,
for mutation carriers who are unable to undergo surveillance, for patients who are non-
compliant with surveillance examinations or have endoscopically unresectable adenomas
with severe dysplasia, or for patients with severe distress regarding the development CRC
who prefer surgery to surveillance [63,66].

Further prospective studies are necessary in order to elaborate clear guidelines con-
cerning the role of prophylactic CRC surgery for patients with LS before developing CRC.

4.2. Prophylactic Surgery for Gynecologic Cancers in Lynch Syndrome

Women with LS have a 40 to 60% lifetime risk of EC and a 10 to 12% lifetime risk of
ovarian cancer [62].

Therefore, for women with LS, prophylactic hysterectomy and bilateral salpingo-
oophorectomy (BSO) can, at least theoretically, significantly reduce the risk of endometrial
and ovarian cancers. Such surgical interventions may provide a substantial risk reduction
for gynecological cancers, which are common in LS, and may be an important considera-
tion for women with this condition, particularly those who have completed childbearing
(>40 years) [8,64,67,68].

Women who carry an MSH2, MLH1 or MSH6 germline mutation and who present
with CRC in the absence of distant metastases will present an extraordinarily high lifetime
risk for carcinoma of the endometrium and/or ovary, therefore prophylactic hysterectomy
and oophorectomy may also be considered for female patients with LS [61,69]. These
procedures aim to reduce the risk of gynecologic cancers in this high-risk population.

Several surgical techniques have been proposed and implemented to achieve this
goal. The most common surgical techniques include prophylactic total hysterectomy and
bilateral salpingo-oophorectomy (THBSO). The opportunity for combining THBSO with
colectomy should be discussed with the patient, taking into account the patient’s age,
comorbid conditions, plans for fertility and specific family history of cancer.

Although studies conducted before 2006 showed uncertain benefits in reducing gy-
necologic cancer risk after prophylactic surgery, the benefit of prophylactic THBSO was
clearly demonstrated in a case-matched study reported by Schmeler et al. [67].

The timing of surgery should be individualized based on comorbidities, family history,
LS gene and whether childbearing is complete [70].

In 2021, the ESGO-ESTRO-ESP consensus recommended surveillance for endometrial
cancer in patients with LS starting at the age of 35 by annual transvaginal ultrasound (TVUS)
and annual or biennial endometrial biopsy. Prophylactic THBSO should be considered at
the end of childbearing and preferably before 40 [71], or even sooner if the patient does
not wish to preserve fertility. The lack of consensus and evidence for the effectiveness of
surveillance may also be used to enhance the argument for prophylactic THBSO when
the opportunity arises, either at the time of prophylactic or curative colectomy in women
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with LS or as a separate operation once childbearing is complete for patients wanting to
preserve fertility [62,72].

In a 2020 survey study that involved 18 countries, there was global agreement (>90%)
in favor of offering both hysterectomy and BSO to carriers of path_MLH1, path_MSH2 and
path_MSHS6 genes after the age of 40 [73] (Table 1).

Because there is a wide variation in how, when and to whom risk-reducing gynecolog-
ical surgery is offered, there is a clear need for further research in the field of care for the
management of gynecological cancer risk.

5. Curative Surgery for Colorectal Cancer in Lynch Syndrome

The primary focus for individuals with LS is to prevent and/or detect cancer at an
early stage. This involves using pre-symptomatic screening methods and opting for surgical
removal when feasible.

Colorectal resection surgery on patients with Lynch syndrome who have been diag-
nosed with colorectal cancer should adhere to at least the same oncological standards used
for those with non-hereditary colorectal cancer. It is crucial to ensure that these patients
receive comprehensive and personalized care, considering the unique aspects of LS.

Moreover, a multidisciplinary approach involving a team of experts, including col-
orectal surgeons, gastroenterologists, oncologists and genetic counselors is fundamental
for optimizing the surgical outcomes and long-term prognosis of these patients.

Additionally, post-operative surveillance is of utmost importance to facilitate early
detection of any possible recurrence or the development of secondary malignancies.

With advances in medical research, targeted therapies and immunotherapies are
emerging as potential treatment options for patients with CRC associated with Lynch
syndrome, further emphasizing the need for individualized treatment plans.

5.1. Surgical Management of Primary Colon Cancer in Lynch Syndrome

Individuals with LS face a significant risk of developing life-threatening colorectal
and endometrial cancers, with incidences reaching 40-80% by the age of 75 [74]. Despite
surveillance efforts, the effectiveness of early detection remains limited, mainly because
accelerated adenoma-to-carcinoma progression has been reported in patients with LS,
with estimated polyp-to-cancer dwell times of 35 months compared with 10 to 15 years
in sporadic cancer [75,76]. The limited effectiveness of colonoscopy can be explained by
missed lesions on exploration, fast progression of newly formed adenomas, the fact that not
all CRC in LS follow an adenoma-carcinoma pathway and the occurrence of induced lesions
by multiple colonoscopies in MMR carriers [77]. Carriers of path_ MLH1 and path_ MSH2
genes have a higher risk of developing colorectal cancer, despite intensive surveillance
colonoscopy [8,77-79]. Conversely, carriers of path_ MSH6 [8,79] and path_PMS2 [80] genes
have a lower risk of developing CRC, which may be due to their lower penetrance and
later age of onset, and can be further reduced by regular colonoscopic surveillance or even
become near to zero in carriers of PMS2 [78,81,82]. Characteristically, in LS, CRC develops
at an early age, with right-sided tumor predominance (60-65%), along with extracolonic
tumors of the endometrium, ovary, stomach, renal pelvis, ureter and other organs [62,74].

The surgical principles required when considering a case with CRC in the setting of
LS should respect the following desideration: (1) the appropriate treatment of the primary
tumor according to oncological principles applied in sporadic cases; (2) consideration of
further risk reduction with prophylactic removal of larger parts of the non-neoplastic colon;
(3) decrease morbidity and increase quality of life after colectomy [1]; (4) patient gender,
age and general status; and (5) patient choice. In order to respect these principles, the
range of surgical removal extends from limited resection/segmental colectomy, towards
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total colectomy with ileo-rectal anastomosis and finally to proctocolectomy completed with
an IPAA or with end ileostomy. The extent of colorectal resection should be thoroughly
discussed with the patient and the decision on this issue should consider patient’s gender,
age, general status, willingness to adhere to the program of colonoscopic surveillance and
the degree of distress regarding the development of metachronous CRC.

To avoid the misleading interpretation of the terminology used for surgical approaches,
we will further define the terms “segmental colectomy” and “extended colectomy”. Seg-
mental colectomy includes right or left hemicolectomy (for right or left colon cancer,
respectively), segmental colectomy (for transverse colic cancers), and anterior resection
or abdominoperineal resection (for rectal cancer). Extended colectomy includes extended
right hemicolectomy, subtotal colectomy or total colectomy with ileo-rectal anastomosis
(for colon cancer), and total proctocolectomy ended with IPAA or with end ileostomy (for
rectal cancer).

When feasible, a minimally invasive approach (MIS) should be favored for patients
with LS. Overall, the implementation of a MIS for patients with LS is highly recommended,
as it optimizes surgical outcomes while prioritizing patient safety and well-being [83].
In the context of advancements in CRC surgery for patients with LS, the utilization of
laparoscopic and robotic techniques has shown promising results in terms of reducing
postoperative complications and improving recovery times [84].

5.1.1. Segmental Colectomy for Index Colonic Cancer

The selection of the suitable surgical procedure should be made after carefully consid-
ering the patient’s unique factors and preferences. It is crucial that several aspects are taken
into account, such as the risk of developing metachronous CRC, the age of the patient, the
pathologic gene that determined LS and readiness to undergo surveillance colonoscopy.
By thoroughly analyzing these factors, one can determine the most appropriate surgical
procedure that will ensure optimal outcomes for the patient.

However, the vast majority of primary CRCs in LS patients are managed with segmen-
tal colectomy, simply because of the lack of preoperative recognition of the syndrome [62].
Some patients are susceptible to LS based on family history, but this can often be incomplete.
Moreover, a majority of the patients with an unknown family history will be diagnosed by
genetic testing of the colorectal specimen only after surgical removal.

Therefore, at present, it is strongly recommended that an immunohistochemical (IHC)
evaluation of MMR genes expression is performed on the specimen attained by colono-
scopic biopsy. If IHC staining revealed MSI-high status, genetic testing for germline
mutations of MMR genes should be performed, in order to have a precise diagnosis before
a surgical intervention.

Preoperative knowledge of the diagnosis of LS is of tremendous importance, due
to the high risk of metachronous CRC in these patients. Thus, Parry et al. reveal that
the risk of metachronous CRC is significantly reduced by 31% for every 10 cm of bowel
removed, and Kim et al. report that a bowel resection of 25 cm or longer decreases the risk,
as compared to less extensive resections [85,86]. Therefore, extended colectomy or even
total /near total colectomy should be advocated in these patients.

Furthermore, every genetic variation in the MMR genes linked to LS (MLH1, MSH2,
MSH6, PMS2 and EPCAM) carries a distinct risk of developing metachronous cancer. As a
result, current guidelines distinguish between these genes when making recommendations
for extension of colonic resection and surveillance programs. MLH1, MSH2 and EPCAM
are classified as high-risk variants, and MSH6 and PMS2 as low-risk variants [5,20,74].

The latest NCCN version on Genetic/Familial High-Risk Assessment (version 1.2024—
9 Spetember 2024 https:/ /www.nccn.org/guidelines/guidelines-detail?category=2&id=15
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44) [39] predicted an up to 43% cumulative lifetime risk of metachronous CRC for MLH1
and MSH2 carriers who have segmental resection, and a lower risk for MSHG6 carriers. For
this reason, it is strongly recommended that a subtotal or total colectomy is performed
for carriers of the high-risk variants who have developed CRC. There are limited data on
PMS2, but no marked increase in risk for metachronous CRC has been reported in the
available literature. Eikenboom et al. show that the risk of metachronous colorectal cancer
did not differ between carriers of low-risk variants who had segmental colectomy and
those of high-risk variants who had extensive colectomy, and they conclude that a partial
colectomy followed by endoscopic surveillance is an appropriate management approach to
treat colorectal cancer in carriers of low-risk Lynch syndrome variants [74] (Table 2).

Table 2. Extent of colorectal resection according to the index colorectal tumor location and genetic
mutations (APR = abdominoperineal resection).

Index Tumor MLH1 MSH2 MSHe6 PMS2
Primary Colon  Total/subtotal  Total/subtotal Segmental Segmental
Cancer colectomy colectomy colectomy colectomy
Primary Rectal Anterior Anterior Anterior Anterior
Cancer resection/APR  resection/APR resection/APR resection/APR

Therefore, the decision to perform segmental versus total /near total colectomy should
balance the risks of metachronous cancer according to the pathologic gene, the functional
consequences of surgery and the patient’s age and wishes.

Compared to young and fit patients, elderly and frail patients are more susceptible
to experience adverse outcomes following surgery. Such outcomes include postoperative
complications, functional decline and worse quality of life after surgery. Advanced age
in LS typically refers to patients over 60-65 years of age [8,87]. Although the Mallorca
Group Surgery [88] recommends total abdominal colectomy with ileo-rectal anastomosis
regardless of patient age, older patients have a relatively short life expectancy in comparison
to younger patients, and quality of life means more than longevity for many of these
patients [89].

Quality of life encompasses various aspects such as physical function, psychological
well-being and social interactions. Surgery, especially in older, frail patients, can disrupt
these areas and lead to a decrease in overall quality of life. In light of these challenges, it is
important for healthcare professionals to carefully assess and manage the risks associated
with surgery in older CRC patients. This includes implementing tailored approaches to
optimize outcomes and minimize potential complications. By taking a comprehensive and
individualized approach, healthcare teams can strive to improve the overall prognosis and
postoperative experience for older LS patients with CRC [90,91]. For these frequently frail
patients, it seems reasonable to perform a segmental colectomy instead of an extended
colectomy, in order to minimize the postoperative morbidity and offer a better quality
of life.

5.1.2. Extended Colectomy for Index Colonic Cancer

Theoretically, extended colectomy reduces the amount of future colorectal tissue
exposed to carcinogenesis, thus reducing the recurrence of CRC. The more extended the
CRC resection, the lower the risk of metachronous CRC development. Subtotal colectomy
with ileo-sigmoidostomy or total colectomy with ileo-rectal anastomosis significantly
lowers the risk of developing future CRC, but does not eliminate it completely. However,
surveillance is easier in these patients, as there is only a small portion of rectum (and
sigmoid) that has to be monitored regularly by recto-sigmoidoscopy, and this investigation
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is better tolerated by patients. Although the recurrence rate is higher in patients treated
by limited resection versus extended colonic resection (the rates of recurrent CRC after 10
years were 16% vs. 4%, respectively), the overall survival benefit of extended resection
was not demonstrated by Natarjan et al. [92], probably due to the relatively small number
of available subjects. However, de Vos tot Nederveen Cappel and colleagues show that
life expectancy increased up to 2.3 years for patients who underwent extended colectomy
at a younger age (under 47 years) compared to their counterparts treated with segmental
resection [87].

Furthermore, Natarajan et al. recommend extended colectomy due to the increased
incidence of metachronous CRC and the frequent necessity for a second abdominal surgery
on patients who undergo limited resection [92].

The advantage of extended colectomy may be influenced by the age at first CRC. A
decision analysis model pointed out that subtotal colectomy performed at 25 years of age
in LS patients with CRC led to the greatest life expectancy [8].

Extended colectomy is also indicated in recurrent CRC because it is cost effective,
and is favored by patients because it spares them from repeated colonoscopies and la-
parotomies [62,93]. As already mentioned, the EHTG and ESCP guidelines recommend
extended colectomy (either total or subtotal colectomy ended with ileo-rectal anastomosis or
with ileo-sigmoidostomy) for high-risk patients (path_MLH1 and path_MSH2 carriers) [5]
(Table 2).

Thus, the extent of colonic resection in individuals with LS remains a complex and
nuanced topic. While the fundamental principles of oncologic colorectal surgery apply,
the unique considerations of this high-risk population must be carefully weighed. A
tailored surgical approach based on tumor characteristics, gene mutations and patient’s risk
factors and desires, as well as the potential for neoadjuvant therapy and organ-preserving
strategies for patients with rectal cancer may optimize both oncologic and functional
outcomes for individuals with LS [94,95].

Despite active surveillance in LS, more frequent colonoscopic surveillance did not
reduce the incidence of metachronous CRC or stage at detection [96]. This is another
reason for opting for extended CRC surgery in LS, even at the time of metachronous CRC.
Nevertheless, many guidelines recommend colonoscopic surveillance every 1-2 years in
LS patients [5,25,83].

As described above, the choice between segmental and extended colectomy for pa-
tients with colon cancer in LS involves weighing the benefits of reduced metachronous
CRC risk against the potential for worse bowel function and lower quality of life [97].

5.2. Surgical Management of Primary Rectal Cancer in Lynch Syndrome

Although 60% of CRCs in Lynch syndrome occur on the right colon, about 10-15%
of LS patients present with rectal cancer as an index tumor [98,99]. It is associated mostly
with mutations in the MSH2 and MSH6 genes that are also present in extracolonic malig-
nancies [100].

Some authors suggest that rectal cancer should be managed in the usual way, based
on standard oncologic principles for sporadic rectal cancer, without a requirement for
LS-specific approaches [63]. Thus, different guidelines recommend segmental resection
(either anterior resection or abdominoperineal resection) in LS patients presented with
index rectal cancer [5,101]. On the other hand, You et al. [102] consider that in dMMR genes
carriers with rectal cancer, the surgical strategy should be tailored by addressing not only
the rectal cancer (loco-regional control, distant metastases control and functional outcome)
but also the issues associated with LS—the risk of metachronous CRC and the risk of cancer
occurrence in other organs (especially ovarian or endometrial).
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Thus, the surgeon should decide whether to perform a standard rectal resection
according to the location of the primary tumor in the rectum or extend the resection
to the remaining colon in order to reduce the risk of metachronous CRC (performing a
total proctocolectomy ended with IPAA or an end ileostomy). The choice of localized vs.
extended resection should be discussed with the patient and explained thoroughly, given
the issues of regular colonoscopic surveillance, the risk of missed lesions at colonoscopy
(in case of a limited resection) and the decreased quality of life and higher morbidity rates
(observed after extended resections). Moreover, surgeons should discuss the possibility of
performing prophylactic THBSO at the same time as the CRC surgery, given the increased
risk of uterine and ovarian cancer in women with LS.

A recent study that compared the risk of metachronous CRC after surgical resection
in two groups [colonic cancer (CC) and rectal cancer (RC) index group] found that the
incidence of metachronous CRC was lower in the rectal group [103]. Another finding
was that cause of death was associated with extracolonic LS tumors (mainly gynecologic
in women) without any deaths due to CRC in the RC group, whereas in the CC group,
28.6% of deaths were associated with metachronous CRC. Therefore, considering the above-
mentioned results, extended surgery for index rectal cancer (such as total proctocolectomy)
is less effective than extended surgery in index colon cancer group, from the point of view
of metachronous CRC risk reduction, and is associated with a decreased quality of life
(Table 2). Also, prophylactic THBSO at the time of index surgery seem to be lifesaving in
both groups. Although Kalady et al. and Win et al. propose total proctocolectomy with
IPAA as a treatment of index rectal cancer, Chikatani et al. consider that this extensive
surgery cannot be recommended as a standard treatment [103-105].

Since the published results are contradictory, further prospective studies are needed,
with larger cohorts, in order to achieve definitive conclusions.

Other issues concerning the treatment of rectal cancer in patients with LS are the
multimodal treatment and alternative approaches to TME.

The standard treatment of locally advanced (stage II and III) rectal cancer is pre-
operative (chemo)radiotherapy followed by surgery and adjuvant systemic chemother-
apy [106,107]. The question of whether pelvic radiation can be skipped for certain patients
is really important for LS patients with rectal cancer, mainly in sphincter-saving procedures
in which radiation therapy may led to bowel dysfunction. Another aspect in LS patients
is that they are generally young and the patient should be informed about the risks re-
lated to long term consequences of pelvic radiation: sexual dysfunction, hip fracture and
fibrosis [108,109].

Regarding the surgical approach, radical total mesorectal excision (TME) is the main-
stay treatment for patients with rectal cancer. Although laparoscopic, robotic and transanal-
TME (TaTME) approaches improved the surgical armamentarium in TME, there is signifi-
cant debate regarding the approach that achieves the best oncologic results [110].

Even though TME is the procedure of choice for patients with resectable rectal cancer
without metastases and local excision (LE) techniques have been associated with inferior
oncologic outcomes, in select cases, LE may be a recommended surgical alternative, due
to the lower morbidity rates and better quality of life for select patients [110-113]. This
could be particularly useful when treating elderly LS patients with multiple prior surgical
interventions, or those who refuse stoma formation or an extended resection that can lead
to bowel and functional disturbances [102].

Only 4% [114] of LS patients present with stage IV rectal cancer. In patients with unre-
sectable metastases, the role of surgery is minimal and patients could benefit from systemic
therapy, although up to 40% of these patients could be rendered to resectability [115,116].
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Nevertheless, after curative intent treatment, such patients could achieve 5-year overall
survival and disease-free survival rates up to 60% and up to 40%, respectively [94,117,118].

6. Conclusions

As the field is ever-evolving, it is crucial for clinicians to stay informed about the latest
guidelines and recommendations regarding the management of LS.

Presently, the diagnosis of LS is genetic. The pathologic MMR gene has a huge impact
on clinical presentation, on the risk of developing different types of cancers and, conse-
quently, on the surveillance programs, prophylactic approaches and extent of colorectal
resection. Pathologic variants of MLH1 or MSH2 genes are associated with a significantly
higher risk of developing CRC and metachronous CRC after the resection of the index
colon cancer. For these reasons, carriers of these high-risk variants would derive a greater
benefit from total colectomy compared to carriers of the low-risk genes. Total or subtotal
colectomies are recommended for treating index colon cancer in such patients. By contrary,
extended surgery for index rectal cancer seems to be less effective than extended surgery in
the index colon cancer group, from the point of view of metachronous CRC risk reduction.
Furthermore, the performance of a total proctocolectomy (ended with either IPAA or an
end ileostomy) is associated with a decreased quality of life and, for these reasons, this
extensive surgery cannot be currently recommended as standard treatment. Prophylactic
THBSO should be considered at the end of the childbearing age and preferably before
40 years of age or sooner if the patients do not wish to preserve fertility, especially in
path_MLHI1, path. MSH2 and path_MSHS6 carriers.

Future studies should focus on refining the criteria for surveillance and intervention,
and ensuring that patients receive individualized care based on their unique genetic profiles
and personal circumstances.
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Abstract: Irritable bowel syndrome (IBS) is a prevalent gastrointestinal disorder, affecting
3-5% of the global population and significantly impacting patients” quality of life and
healthcare resources. Alongside physical symptoms such as abdominal pain and altered
bowel habits, many individuals experience psychological comorbidities, including anxiety
and depression. Recent research has highlighted the critical role of the gut microbiota in IBS,
with dysbiosis, characterized by an imbalance in microbial diversity, frequently observed in
patients. The gut-brain axis, a bidirectional communication network between the gut and
central nervous system, plays a central role in the development of IBS symptoms. Although
interventions such as probiotics, prebiotics, synbiotics, and fecal microbiota transplantation
(FMT) have demonstrated potential in modulating the gut microbiota and alleviating
symptoms, their efficacy remains an area of ongoing investigation. This review examines
the interactions between the gut microbiota, immune system, and brain, emphasizing the
need for personalized therapeutic strategies. Future research should aim to identify reliable
microbiota-based biomarkers for IBS and refine microbiome-targeted therapies to enhance
patient outcomes.

Keywords: irritable bowel syndrome; microbiota; gut-brain axis; disorders of gut brain
interaction (DGBI)

1. Introduction

Irritable bowel syndrome (IBS) affects 3-5% of the world’s population and is diagnosed
using the Rome IV criteria, which are symptom-based [1]. While the impact on mortality is
unknown, IBS has a major influence on quality of life, especially through linked psychiatric
illnesses such as anxiety and depression, resulting in higher healthcare usage and decreased
productivity.

Research emphasizes the significance of gut microbiota in IBS, with dysbiosis, charac-
terized by reduced microbial diversity, reported in many patients. Specific bacterial families,
such as Firmicutes and Proteobacteria, are implicated, and a decrease in butyrate-producing
bacteria may contribute to symptom onset by compromising intestinal barrier integrity [2].
Probiotics have shown promise in treating IBS symptoms, highlighting the microbiome’s
role in the condition [2].

The brain—gut connection, which has a long history, has been scientifically validated
using modern imaging techniques. According to research, gut stimuli can trigger brain re-
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gions involved in emotion regulation, and gastrointestinal dysfunction frequently precedes
neurological diseases such as Parkinson’s disease [3]. This emphasizes the significance of
gut health in general neurological and emotional well-being, underlining the need to better
understand gut-brain connections in IBS patients.

The global prevalence of IBS varies due to factors such as food, ethnicity, and health-
care systems. IBS-D (diarrhea-predominant) and IBS-C (constipation-predominant) account
for around 30% of cases, with women having a greater incidence [4]. The disorder has a sub-
stantial impact on daily living, limiting productivity and social participation. Some patients
are willing to give up years of life for symptom alleviation. Recent research has connected
altered gut microbiota to IBS, implying that bile acids, psychosocial variables, and genetic
predispositions all contribute to IBS pathogenesis [4]. However, the particular microbiome
signature associated with IBS severity and treatment response is still being investigated.

The pathogenesis of IBS is complicated, involving elements such as visceral hypersen-
sitivity and gut microbiota changes, with the gut-brain axis playing a key role in symptom
development. While studies on probiotics such as Lactobacillus and Bifidobacterium spp.
demonstrated promise, their clinical importance is unknown [5]. IBS patients typically have
altered gut microbiota, including decreased Bifidobacterium and increased Bacteroides, but
the cause and stability of these alterations are still being explored [5]. The lack of specific
biomarkers interferes with the diagnosis and the management, while genetic predisposition
and psychological variables also contribute to the disease progression. The Rome IV criteria
also indicate a continuum in gastrointestinal diseases, with symptom overlap common,
confounding diagnosis and comprehension of disorders of gut-brain interaction (DGBI) [6].

While the significance of probiotics in IBS treatment is debated, synbiotics have shown
promise in relieving symptoms, particularly in IBS-D patients [6]. Furthermore, fecal
microbiota transplantation (FMT) is emerging as a potential therapy option [6]; however,
its efficacy and safety must be further investigated.

This review explores the function of gut microbiota in the development and treatment
of IBS. It investigates differences in gut microbiota composition among IBS subtypes, the
gut-brain axis, and their roles in symptom development. Furthermore, it emphasizes
the roles of biofilms and small intestinal bacterial overgrowth (SIBO) in IBS pathogenesis.
Current microbiome-targeted therapeutics, including probiotics, prebiotics, synbiotics, and
fecal microbiota transplantation (FMT), are evaluated alongside dietary interventions to
determine their impact on gut microbiota and symptom alleviation. The emphasis is on
personalized therapy techniques, with a focus on identifying research gaps and providing
future approaches for improving microbiome-based diagnostics and therapeutics in IBS.

2. The Gut Microbiome in Health and Disease

The gut microbiota is critical to human health since it ferments dietary fibers, produces
short-chain fatty acids (SCFAs), and regulates the immune system [6]. A healthy and
diversified microbiome is essential for intestinal health and general well-being. Healthy
individuals often have a diverse microbial makeup, characterized by beneficial bacteria
such as Lactobacilli and Bifidobacteria [7]. The gut microbiota is predominantly composed
of four phyla: Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria, all of which play
important roles in metabolic processes and immunological function [8].

The gut microbiota develops early in childhood and is impacted by a variety of factors,
including nutrition and antibiotic exposure, which can alter microbial populations [8].
Individual microbial makeup varies significantly, influenced by eating habits, age, and
lifestyle choices. According to research, microbiome alterations might cause imbalances,
which contribute to gastrointestinal problems [6]. In healthy individuals, the microbiota
makeup is dominated by beneficial species that aid in gastrointestinal homeostasis [9].
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Perinatal variables, such as method of delivery and maternal education, have a major
impact on the development of IBS, with a strong link to cesarean delivery. These factors
have an impact on early life microbial profiles, which may increase IBS risk later in life [10].

3. Alterations in Gut Microbiota in IBS Patients

Alterations in gut microbiota have also been associated to immunological activation
and intestinal barrier dysfunction, particularly in post-infectious IBS (PI-IBS), where previ-
ous infections can cause chronic symptoms [11]. Evidence indicates that molecular mimicry
between microbial antigens and host proteins may contribute to chronic inflammation and
nerve damage [11]. A systematic review found a relationship between gastroenteritis and
IBS, and the overall prevalence of PI-IBS was 14.5% [12]. Compared to bacterial and viral
enteritis, protozoal infections pose a greater risk for the development of PI-IBS [11]. This is
linked to the stimulation of inflammatory processes, exposure to exogenous substances,
and increased intestinal permeability [11]. Furthermore, gut dysbiosis, which includes
reductions in good bacteria like Bifidobacterium and Lactobacillus and increases in danger-
ous species like Enterobacteriaceae, has been linked to IBS [11]. However, the variability
of available studies makes it difficult to identify a consistent microbial signature for IBS,
underlining the importance of subtype-specific research and microbiota-targeted therapy.

Functional gastrointestinal disorders (FGIDs) are common but poorly understood due
to the absence of obvious organic abnormalities, complicating diagnosis and therapy. The
Rome IV criteria redefined FGIDs as DGBI, emphasizing the importance of psychological
comorbidities including anxiety and depression [13]. This review also emphasizes the gut-
brain axis and the microbiome’s critical roles in DGBI, which includes IBS and functional
dyspepsia [13]. New research suggests that the gut microbiota regulates gut motility, vis-
ceral sensitivity, and even brain activity, with neurological, immunological, and metabolic
pathways supporting bidirectional communication [13]. Microbial metabolites that affect
the gut-brain axis, such as serotonin, tryptophan, tryptamine, and SCFAs, modify these
effects. Stress-induced dysbiosis and comorbid illnesses are among the psychiatric diseases
linked to gut microbiota composition [11]. Given that each person’s microbiome is distinct,
individualized treatment approaches, particularly diet-based therapies, are recommended
to address individual variability.

Numerous phyla that make up the gut microbiota are essential to preserving gut
homeostasis. Enterococcus, Ruminococcus, Clostridium, Lactobacillus, Faecalibacterium, Rose-
buria, and Eubacterium are among the Firmicutes that are involved in the metabolism of
amino acids, carbohydrates, and lipids as well as the transformation of bile acids and the
creation of cholesterol [2,8]. Along with aiding in the synthesis of vitamins K2, B1, B2,
B6, B7, B9, and B12, they also support the integrity of the intestinal epithelial barrier and
immunological response, which guards against enteric infections [2,8]. Bacteroidetes, which
include taxa like Bacteroides and Prevotella, have related roles in immunological modulation,
metabolic pathways, and appetite regulation [8,11]. Vitamin production (K2, B1, B2, B6,
B7, B9, and B12), bile acid metabolism, and protection against enteric infections are all
aided by Actinobacteria, which are represented by Bifidobacterium and Corynebacterium [2,8].
Finally, Proteobacteria, which include Shigella, Escherichia, and Desulfovibrio, are important in
the metabolism of amino acids and can affect gut disease when their populations become
dysregulated [8,11].

In contrast to healthy microbiota, IBS patients have dysbiosis, which is character-
ized by diminished microbial diversity and microbial population imbalance. (Figure 1
demonstrates the alterations that can happen to the microbiome in IBS.) Studies show that
IBS patients have a different gut microbiota makeup, with decreased levels of beneficial
bacteria and an increase in pro-inflammatory species [4,14]. Dysbiosis in IBS patients
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causes changes in microbial metabolites that impact the mucosal and systemic levels [11].
Visceral hypersensitivity and increased inflammatory cytokine production are frequent
in PI-IBS [11]. Distinct microbial patterns have also been noted across IBS subtypes. In
particular, one study discovered that fecal Lactobacillus and Bifidobacterium were correlated
with IL-10 in IBS-C patients, while Gram-positive and Gram-negative bacteria are corre-
lated with C-X-C motif chemokine ligand 11 in IBS-D patients [11]. The altered microbiota
of some IBS patients may be associated with clinical severity and psychosocial factors;
changes in brain regions related to emotional responses are correlated with changes in the
microbiota, such as the prevalence of Prevotella over Bacteroides [11]. This microbiota is
frequently unstable, influenced by environmental factors such as nutrition and antibiotic
use, confounding comprehension of its function in the illness [5,14].

According to research, certain bacterial families, such as Bifidobacteria and Faecal-
ibacterium, represented lower numbers than in healthy subjects, whereas Lactobacilli and
Bacteroides were found to be increased [15]. IBS symptoms include decreased microbial
diversity, increased pro-inflammatory species such as Bacteroides, and a decline in the num-
ber of anti-inflammatory species such as the butyrate-producing bacteria Faecalibacterium
prausnitzii [16]. Subtype-specific differences in transcriptomics and metabolomics show
various microbiota-related processes that underpin IBS symptoms. Additionally, one study
showed an increase in Clostridium [17] and higher levels of Streptococcus and Gardnerella
vaginalis [18], all of which are linked to IBS symptoms. One study indicated decreasing
levels of Lactobacilli in IBS-D patients [19], while another mentioned a trend of decreased
beneficial species such as Lactobacilli and Bifidobacteria in its findings, highlighting discrep-
ancy [9]. Notably, IBS frequently results in a reduction in butyrate-producing bacteria and
an increase in pro-inflammatory Enterobacteriaceae [8].

Through the fermentation of polysaccharides, Methanobrevibacter species like Methanobre-
vibacter smithii and M. stadtmanae play important roles in the gut microbiota by creating
hydrogen (H;) and methane (CHy), which can affect gut permeability and bowel motil-
ity [2]. Furthermore, metabolite-sensing G-protein-coupled receptors (GPR43, GPR41, and
GPR109A) interact with butyrate and other SCFAs generated by colonic bacteria, such as
strains of Bifidobacterium and Lactobacillus, to control inflammatory responses and support
gut homeostasis [2]. Because IBS is characterized by inflammation and immune system
activation, these pathways are especially pertinent in this condition [2,11].

Methane-producing bacteria are more abundant in IBS-C than in IBS-D, with an
overall decrease in butyrate-producing bacteria [9]. IBS patients had a higher Firmicutes-to-
Bacteroidetes ratio and higher levels of certain Streptococci and Ruminococcus species than
healthy individuals [9]. Ruminococcaceae levels have been found significantly reduced in
IBS-D patients, as has bile acid metabolism, which is linked to symptoms such as diarrhea
and visceral hypersensitivity [20].

Microbes and their constituents can enter the mucosa due to increased permeability
caused by the intestinal epithelial barrier being disrupted in IBS [2,8,11]. The immune
system is triggered by this exposure, which results in aberrant inflammatory reactions that
exacerbate IBS symptoms [3,8,11]. This problem has been made worse by the discovery that
IBS patients have abnormalities in tight junction proteins, which are essential for preserving
barrier function [8,11]. IBS is characterized by immune activation in the intestinal mucosa,
wherein pro-inflammatory cytokines are produced in greater quantities in response to either
direct microbial stimulation or indirect activation via microbial antigens [8,11]. Visceral
hypersensitivity and bowel pain are linked to this elevated immune response, which is
biased toward pro-inflammatory Th1l and Th17 pathways [2,11]. Moreover, cross-reactive
immune responses may be triggered by molecular mimicry between host proteins and
pathogen antigens. For instance, host proteins like vinculin may be mistakenly targeted by
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antibodies produced against bacterial toxins, impairing intestinal neuronal activity [11].
Furthermore, by blocking histone deacetylases, microbial metabolites like butyrate can
cause epigenetic modifications, modifying gene expression and adding to the molecular
alterations observed in the gut and brain systems of individuals with IBS [11].

The gut-brain axis plays a part in the pathophysiology of IBS, as evidenced by elevated
levels of pro-inflammatory cytokines such as IL-6, TNF-«, and IL-1$3, which are associ-
ated with anxiety and depression [2]. Furthermore, intestinal permeability and somatic
hypersensitivity are made worse by genetic and epigenetic variables, such as dysregu-
lated microRNA production and changes in the serotonin receptor gene, which result in
symptoms of the disease and a lower quality of life for IBS patients [2].

Despite proven abnormalities in gut microbiota in IBS patients, a particular microbial
signature that distinguishes these individuals has yet to be found, with no clear signature
identified for IBS subgroups [15,21]. Small intestine bacterial overgrowth (SIBO) is signifi-
cantly more common in IBS patients [22], particularly in IBS-D [23]. However, its role is
debatable due to diagnostic limitations [21].

The interplay of gut microbiota and bile acids (BAs) is important in IBS pathogenesis.
Certain BAs, particularly CDCA and DCA, can cause cellular damage and compromise
tight junction integrity, resulting in increased intestinal permeability that contributes to IBS
symptoms [17]. According to research, impaired intestinal barrier integrity and increased
immune activation may contribute to IBS symptoms, especially in instances triggered
by past infections [11]. PI-IBS is a significant risk factor that can develop following a
variety of gastrointestinal infections, with meta-analyses revealing a fourfold increase in
IBS risk after infection [21]. PI-IBS can cause long-term symptoms due to dysbiosis and
inflammation [23].

The gut microbiota has a major impact on intestinal barrier integrity and immune
system modulation, two important aspects of IBS pathogenesis. In IBS patients, mast
cells are more prevalent close to enteric nerve fibers [8,10]. These cells release mediators
including serotonin and histamine, which cause cytokine imbalance and lymphocyte activa-
tion, changing pain thresholds and escalating visceral hypersensitivity [8,10]. By releasing
tryptase, mast cell degranulation and eosinophil activation further weaken tight junction
proteins, which increases intestinal permeability [8,10]. Certain microorganisms help to reg-
ulate these processes: tryptophan is converted by Lactobacilli species into indole-3-aldehyde,
which activates the aryl hydrocarbon receptor (AHR), which controls intraepithelial lym-
phocyte populations and stimulates the production of the anti-inflammatory IL-22 [8].

Mucus layer composition and thickness are influenced by Ruminococcus species, Bac-
teroides thetaiotaomicron, and Faecalibacterium prausnitzii [8,18]. One of the most prevalent
bacterial species in the gut is Faecalibacterium prausnitzii. Through the activation of reg-
ulatory T cells, the promotion of IL-10 secretion, and the inhibition of IL-8 synthesis, it
demonstrates anti-inflammatory properties [8]. Firmicutes create SCFAs, which improve
epithelial integrity by upregulating the expression of tight junction proteins such as oc-
cludin and claudins [8,17]. E-cadherin production is stimulated by polyamines produced
by genera such as Lactobacillus and Clostridium, which strengthen barrier function [5,8].
Lactobacillus rhamnosus, Bifidobacterium breve, and other probiotic strains control pro- and
anti-inflammatory cytokines, preserving the integrity of the intestinal barrier and reducing
the symptoms of IBS [5,8].

Intestinal barrier dysfunction is common in IBS, particularly in IBS-D, and correlates
with increased permeability, which contributes to low-grade inflammation and symptom
exacerbation [24]. Tight junction protein expression changes and enhanced mast cell
activation have been seen inside the intestinal mucosa [24]. Notably, SCFAs play an
important function in increasing tight junction protein expression [8]. Dysbiosis can

158



Medicina 2025, 61, 109

lead to the generation of proteases that weaken the intestinal barrier, emphasizing the
intricate relationship between microbiota composition and gut integrity [24]. Furthermore,
a reduction in the number of butyrate-producing bacteria may compromise intestinal
barrier function [2].

Recent research found that higher serum levels of D-lactate and diamine oxidase are
related to increased IBS severity [25], implying a possible relationship between microbiota
composition and symptom intensity. Certain bacterial families, both beneficial and harmful,
have been linked to IBS severity, supporting the concept of a microbiota-based biomarker
for the illness. However, significant studies have found that IBS patients have an excess
of harmful bacteria, such as Enterobacteriaceae, and fewer good bacteria, such as Bifidobac-
terium and Lactobacillus [25]. Dietary therapies, such as gluten-free or low fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAP) diets, have not
consistently improved dysbiosis indices in IBS patients [25], highlighting the complexities
of the microbiome’s participation in the condition.

Research has also shown that psychological problems such as anxiety and depression
are common among IBS patients, with a substantial relationship between symptom severity
and psychological distress [2,13,26].

Food hypersensitivity adds to dysbiosis, complicating treatment options and highlight-
ing the importance of personalized dietary approaches to properly control symptoms [27].
The gluten-free diet (GFD) has become popular among IBS patients, with some research
suggesting symptom relief. However, this relief may be due to a reduction in fructans,
which are FODMAPs rather than gluten itself, confounding dietary assessments [28].

In simple terms, changes in gut microbiota composition and functionality are critical
to the pathophysiology of IBS, demanding additional research to understand these complex
interactions. The link between gut microbiota composition and IBS symptoms is variable
across the literature, underscoring the need for additional study to determine causality [15].

¥ *
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Figure 1. Microbiota alterations in IBS. (The figure is adapted with modifications from Surdea-Blaga
et al., 2024, Microbiome in irritable bowel syndrome: advances in the field—A scoping review [25]).

4. The Complex Relationship Between SIBO and IBS

Small intestinal bacterial overgrowth (SIBO), formerly known as “blind loop syn-
drome”, is associated with maldigestion and malabsorption caused by excessive bacterial
growth in the small intestine. The symptoms are diarrhea, steatorrhea, and megaloblastic
anemia. While jejunal aspirate cultures were formerly the diagnostic gold standard, breath
tests like lactulose hydrogen (LHBT) and glucose hydrogen (GHBT) are now widely utilized
despite concerns about specificity and false positives [29]. Studies indicate a high incidence
of SIBO in IBS patients, while some report symptom relief following antibiotics; however,
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diagnostic inconsistencies confuse findings [29]. Emerging data have revealed a possible
relationship between IBS and SIBO. Gastric achlorhydria, motility disorders, and small
bowel stasis are all risk factors for SIBO [30]. While some studies suggest a high SIBO rate in
IBS patients and relief of symptoms with antibiotics such as rifaximin, inconsistent evidence
and the lack of defined diagnostic criteria confuse the SIBO-IBS link [30]. A case—control
study found that 84% of IBS patients tested positive for LHBT, and neomycin therapy
alleviated symptoms in these situations [30]. Similarly, the antibiotic rifaximin has shown
minor efficacy in IBS-D and is approved by the FDA for this type of condition; however, its
advantages do not directly indicate SIBO involvement. Systematic reviews have revealed
uneven SIBO prevalence in IBS, with confounding factors such as proton pump inhibitor
use aggravating the relationship [30]. Studies have found no obvious symptom differences
between SIBO-positive and SIBO-negative people with IBS [30]. Current research does not
clearly show SIBO as a causal factor in IBS, emphasizing the need for molecular techniques
to investigate the intricate connection between gut microbiota and IBS pathology.

5. Biofilms and IBS

IBS, inflammatory bowel disease (IBD), and colorectal cancer (CRC) are among the
gastrointestinal disorders that are influenced by biofilms, which are essential for preserving
gut homeostasis. Comprising intricate microbial colonies shielded by a matrix, biofilms
display traits including virulence and resistance to antibiotics that help prolong the course
of disease [31]. To maintain host-microbiota equilibrium, these biofilms interact with the
mucosal microbiota. Polymicrobial and trans-kingdom interactions (encompassing viruses,
Prokarya, Eukarya, and Archaea) are key for host-microbiota balance [31]. Disruptions in
the integrity of biofilms, frequently brought on by compromised mucus or excessive use of
antibiotics, can result in dysbiosis and illness; resistance is increased by biofilm-associated
bacterial dispersion and gene transfer, and the makeup of the gut’s mucosal microbiota
differs from that of the fecal microbiota [31]. Understanding biofilm dynamics is crucial
for therapeutic treatments, as biofilm development is especially common in high-density
microbial regions like the colon [31].

Biofilms contribute to altered microbiomes and decreased bacterial diversity, which
increase the density of bacteria in the gut mucosa and worsen disease pathophysiology [32].
Commensal biofilms can also be beneficial in preventing infections through competitive
exclusion even if biofilms in pathogenic conditions like H. pylori directly contribute to the
development and recurrence of the disease [32]. Moreover, IBS responds differently to
therapies that target the gut microbiota, such as FMT, antibiotics, and dietary modifica-
tions. Rifaximin, for example, provides short-term symptom alleviation, especially for
bloating [33]. However, the impact of these treatments on biofilm-related mechanisms
remains poorly understood, and the inconsistent results from FMT trials suggest that
biofilms are not fully addressed in current therapies [33]. Future research should focus on
biofilm-targeted strategies to better understand and treat GI disorders like IBS.

6. Gut-Brain Axis and IBS Symptoms

The gut microbiota communicates bidirectionally with the autonomic nervous system
(ANS), modulating gut motility and secretions through metabolites like serotonin, his-
tamine, and GABA [22,34]. It affects both the central and enteric neural systems, impacting
gastrointestinal function and emotional regulation. The microbiota—gut-brain (MGB) axis
concept illustrates how these systems interact [3]. Neuroimaging studies utilizing MRI
revealed structural and functional abnormalities in the brain associated with IBS, demon-
strating that specific microbial signatures correspond to alterations in brain structure and
activity [24]. Current research on the MGB axis has produced conflicting results owing
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to a lack of causal evidence tying changes in the gut microbiota to brain function. Most
research have focused on preclinical animal models, indicating immune system interactions,
metabolites, and neurotransmitter signaling as important communication pathways [3].
Eubacterium, Bacteroides, and Clostridium (clusters IV, XI, XIII, and XIVa) are key producers
of secondary bile acids and SCFAs, which stimulate serotonin synthesis in colonic ente-
rochromaffin cells and regulate gastrointestinal motility [2,8]. Serum serotonin levels differ
between IBS subtypes, being lower in IBS-C and higher in IBS-D [3,5]. The serotonin system,
particularly 5-HT3 and 5-HT4 receptors, plays a crucial role in gastrointestinal motility
and sensory functions [6,8]. 5-HT4 receptors stimulate acetylcholine release, accelerating
the peristaltic reflex, whereas 5-HT3 receptors mediate smooth muscle contraction and
gut-brain communication [5,8]. Therapeutic interventions targeting these receptors have
shown promise; 5-HT3 receptor antagonists alleviate abdominal pain and IBS-D symp-
toms, while 5-HT4 receptor agonists improve stool frequency, consistency, and abdominal
discomfort in IBS-C [3,9]. However, adverse effects, including cardiovascular risks, have
led to the withdrawal or restricted use of some medications, driving the development of
safer alternatives [6]. Bacterial metabolites such as SCFAs impact neuropeptide production,
which controls gastrointestinal motility and sensitivity [8].

Maternal factors, including as food and stress, have a significant impact on the baby
microbiome, which affects brain and enteric nervous system development. The early
microbiome makeup is essential for long-term gut-brain connection [3]. Research suggests
that the timing of microbiota recolonization in germ-free rodents is critical for recovering
key brain functions, implying a sensitive period for microbial influence [3]. While human
research is scarce, preliminary results point to a link between microbiome composition and
cognitive development, particularly in early childhood [3].

The human microbiota has been intensively investigated, with a revised human-to-
microbiota cell ratio of 1.3:1, emphasizing microbial cells” considerable genetic contribu-
tion [34]. Notably, more than 99% of the genes in the human body are microbial, implying
a co-evolutionary relationship that could influence immune responses and epigenetics [34].
The gut microbiota can be therapeutically modified by diet and lifestyle, opening new
avenues for treating chronic diseases, notably DGBL.

Communication between the gut and brain occurs via a variety of channels, including
neurological, immunological, and metabolic mechanisms, with the vagus nerve playing an
important role [13]. The vagus nerve has been identified as the principal pathway for gut
microbiota impacts on the central nervous system (CNS), with various bacteria producing
neurotransmitters that can influence behavior and brain function [34]. For example, several
strains of Bifidobacteria have been demonstrated to increase tryptophan levels, a precursor
to serotonin [34].

The gut microbiota influences anxiety and stress-related behaviors, with significant
differences in microbiome composition found in anorexia nervosa patients compared to
healthy controls. (Figure 2 shows an overview of other factors that could be involved in IBS
pathogenesis.) Evidence suggests a link between gut microbiota and neurodegenerative
illnesses, with certain bacterial species influencing brain health and function [35]. Further-
more, neuropsychological symptoms such as brain fog have been linked to increased SIBO
rates, implying a possible gut-brain connection [36].
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Gut Microbiota Genetic Factors

A genetic predisposition to IBS has
been suggested, with some individuals
inheriting a susceptibility to develop
IBS, particularly related to gut
motility and sensory perception.

Imbalances in gut bacteria
(dysbiosis) may affect digestion and
immune responses, contributing to
IBS symptoms. Certain probiotics
and dietary adjustments targeting
microbiota can provide relief.

Certain foods can trigger IBS

symptoms, particularly those rich in e — IB S >

( Low-Grade Inflammation )

Mild inflammation in the gut, often
undetectable in routine tests, may be
present in IBS patients, leading to
irritation and the activation of immune
pathways that exacerbate symptoms.

FODMAPs (fermentable carbs). Food
intolerances or hypersensitivities may
worsen IBS, and dietary modifications
can often help manage symptoms.

GI Alterations CNS

The CNS plays a key role in regulating

gut function. Dysregulation of the gut-

brain axis can lead to altered pain
perception and stress responses,
contributing to IBS symptoms.

IBS is associated with abnormal gut
motility and increased intestinal
permeability (leaky gut), leading to
symptoms like bloating, pain, and
diarrhea or constipation.

Figure 2. An overview of suggested factors involved in IBS.

7. Microbiome Targeted Treatment in IBS

Probiotics have been demonstrated to boost immunological function, reduce inflam-
mation, and promote gut health in IBS patients by increasing the number of helpful bacteria
and promoting the production of SCFAs [20]. Specifically, strains such as Bifidobacterium
and Lactobacillus have shown promise in alleviating IBS symptoms, although their effec-
tiveness varies depending on the strain and patient characteristics [1,37,38]. Probiotics are
thought to lower gut inflammation, enhance gut health, and regulate immune responses by
modulating pro-inflammatory and anti-inflammatory cytokines [10,39]. Probiotics increase
short-chain fatty acids, promote Lactobacillus and Bifidobacterium colonization, and alleviate
colonic hypersensitivity by upregulating p-opioid and cannabinoid receptor expression.
They also enhance gut barrier function, inhibit pathogenic bacteria, produce neurotransmit-
ters, and regulate IL-10/IL-12 levels while decreasing pro-inflammatory cytokines [15,20].
Moreover, certain probiotics may alter gut pain receptors and affect the immune system and
brain, contributing to symptom relief, mood improvement, and anxiety reduction [7,39].

While probiotics hold potential, research remains inconsistent. For example, a meta-
analysis of 54 randomized controlled trials (RCTs) found that probiotics, particularly
Lactobacillus and Bifidobacterium strains, significantly improved IBS symptoms, especially
abdominal pain, but effects varied across strains and formulations [38,40]. In placebo-
controlled studies, B. infantis significantly improved abdominal pain/discomfort in IBS
patients after at least 4 weeks of treatment; B. lactis reduced abdominal distension, transit
times, pain/discomfort, and global IBS symptoms in female IBS-C patients; B. animalis
improved bloating within 3 weeks and stool frequency within 6 weeks in IBS-C patients;
and B. bifidum improved pain, discomfort, bloating, urgency, and quality of life after 4 weeks
of treatment [37]. Also, placebo-controlled trials demonstrated that Lactobacillus probiotics
(L. plantarum, L. rhamnosus, L. casei, and L. reuteri) alleviate IBS symptoms, but the outcomes
are less consistent compared to Bifidobacterium [37]. Another meta-analysis indicated that
some probiotics may be useful, and combining probiotics with certain strains relieved
symptoms, gastrointestinal discomfort, and bloating [41]. Recent studies have suggested
that probiotic combinations are more beneficial than single-strain options, with Escherichia
and Streptococcus combinations resulting in reduced abdominal pain and bloating [7,38].
Nonetheless, the efficacy of probiotics appears to depend on the strain, dosage, and duration
of treatment, with some patients experiencing only temporary symptom relief [15,37].
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Interestingly, probiotics” ability to promote gut health may extend beyond symptom
relief. The composite IBS symptom score decreased significantly in the probiotic group
compared to placebo [42]. Probiotic treatment resulted in a 37% reduction in IBS score
versus 9% in placebo [42]. They can increase levels of beneficial bacteria like Bifidobacterium
and Lactobacillus, producing SCFAs that are vital for intestinal function [10]. However,
the overall effectiveness of probiotics remains inconclusive, with studies highlighting
the need for more research to identify the most effective strains and dosages for IBS
management [19,43]. Synbiotics, which combine probiotics and prebiotics, have shown
promise by providing additional benefits through synergistic effects, improving stool
frequency, and reducing bloating [2].

8. Prebiotics in IBS

Prebiotics, non-digestible fibers that promote the growth of beneficial gut bacteria,
have shown potential in treating IBS symptoms, particularly bloating and gas [20]. Prebiotic
fermentation produces SCFAs, which possess anti-inflammatory properties that may help
alleviate IBS symptoms [44]. Clinical trials have indicated that low to moderate doses of
prebiotics can relieve symptoms, although large doses may exacerbate bloating and other
gastrointestinal discomforts [44,45].

Similar to probiotics, the efficacy of prebiotics in IBS treatment is not uniform across
studies. For instance, supplementation with fructooligosaccharides (FOS) and galac-
tooligosaccharides (GOS) promotes the growth of beneficial bacteria, but symptom relief
has been inconsistent [36]. Some patients report improvements in bloating and gas with
low doses of trans-GOS, but higher doses can increase symptoms due to fermentation [36].
This highlights the importance of individualized approaches when using prebiotics to
manage IBS.

9. Synbiotics and Postbiotics

Synbiotics, which combine prebiotics and probiotics, aim to enhance the efficacy of
both by improving probiotic survival in the gastrointestinal system [44]. This synergistic
approach shows potential in optimizing IBS treatment, with some studies indicating im-
provements in bowel movement frequency and reductions in bloating [2,45]. However,
more research is needed to understand the long-term effects and optimal formulations of
synbiotics for IBS patients [5].

In addition to synbiotics, postbiotics, i.e., metabolites produced by probiotics, are
emerging as potential therapies for IBS. Although the research on postbiotics is still in
its infancy, early findings suggest that they may help reduce inflammation and improve
symptoms, especially in diarrhea-predominant IBS [11]. This innovative approach warrants
further investigation to determine its effectiveness in clinical settings.

10. Fecal Microbiota Transplantation (FMT) in IBS

FMT has gained attention as a potential therapy for IBS by restoring gut microbiota
composition. (Figure 3 summarizes the mechanism of action of different therapeutic
approaches for IBS.) Several studies have shown that FMT can result in significant symp-
tom improvements, particularly in patients with severe IBS or high levels of gut dysbio-
sis [7,46,47]. However, the outcomes of FMT are inconsistent. Some trials report substan-
tial reductions in IBS symptoms, while others show minimal or no effects compared to
placebo [9,36,48]. These discrepancies may be influenced by factors such as donor selection,
delivery method, and individual patient characteristics [25,48].
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Figure 3. Summary of the mechanisms of action of different therapeutic approaches for IBS.

The mode of FMT administration also appears to play a crucial role in determining
its efficacy. For example, older FMT techniques, such as enema or colonoscopy, have been
found to be more effective than newer methods like capsule delivery [36,47]. Multiple-
donor FMT has shown promise, but its overall effectiveness in treating IBS remains incon-
clusive [48]. Moreover, the long-term consequences of FMT on gut microbiota and IBS
symptom relief are still unknown, necessitating further research to confirm its safety and
efficacy [40,43,46].

Despite its potential, FMT’s clinical application in IBS management is not without
challenges. For instance, male patients have shown reduced response rates to FMT, while
patients with severe IBS have reported better outcomes [25]. Additionally, certain bacterial
profiles in donors may predict treatment efficacy, highlighting the need for personalized
approaches to FMT therapy [25,49].

11. Dietary Interventions for IBS

Dietary interventions, particularly the low-FODMAP diet, are among the most effec-
tive first-line treatments for IBS. FODMAPs, or fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols, are poorly absorbed carbohydrates that can cause bloating,
gas, and discomfort in IBS patients. The low-FODMAP diet is typically implemented in
three phases: exclusion, gradual reintroduction, and long-term personalization to meet
individual needs [28].

Studies have shown that the low-FODMAP diet can significantly reduce IBS symptoms,
with symptom reduction rates ranging from 50% to 76% during the initial elimination
phase [15,28]. Long-term adherence to the diet, particularly with the guidance of a dietitian,
can provide sustained symptom relief, especially from fructans [15,28]. Dietary factors
play an important role in IBS patients, with meal-related symptom aggravation frequently
observed, and specific foods such as high-fat meals and poorly digested carbohydrates
trigger symptoms through fermentation and modified colonic responses [50]. However, the
low-FODMAP diet is not without risks. Long-term use may result in nutrient deficiencies,
alterations in gut microbial diversity, and reduced levels of beneficial bacteria such as
Bifidobacterium [26,28,49].

The efficacy of the low-FODMAP diet varies depending on IBS subtype. For instance,
while it significantly alleviates symptoms in diarrhea-predominant IBS patients, it may be
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less effective in those with constipation-predominant IBS [29,32]. Furthermore, research
comparing the low-FODMAP diet to traditional dietary guidance has yielded conflicting
results, suggesting that other dietary approaches may be equally beneficial for some
patients [25].

In contrast to the low-FODMAP diet, the NICE diet has been proposed as a better
long-term solution for IBS patients, benefiting 46% to 54% of patients while avoiding the
nutritional risk factors associated with FODMAP restriction [51]. The NICE diet focuses on
balanced nutrition, avoiding the stringent restrictions of the low-FODMAP diet, which can
lead to calorie restriction and nutritional deficits [51]. Despite the challenges of maintaining
the low-FODMAP diet long-term, it remains one of the most effective dietary therapies for
IBS symptom management [15].

12. Gluten-Free Diet (GFD) and IBS

Wheat grains contain a variety of components, including proteins such as gluten,
which is composed of glutenin and gliadin. Barley, rye, and oats all contain gluten-like
proteins known as hordein, secalin, and avenins. Wheat also contains albumins, such as
amylase-trypsin inhibitors (ATIs), and starch, which includes fructans, an oligosaccharide
classed among the FODMAPs. As a result, people who consume a wheat-based diet
are exposed to gluten proteins, ATIs, and FODMAPs, all of which may contribute to
gastrointestinal discomfort in IBS patients [27]. This complication makes it difficult to
pinpoint the exact components responsible for symptom relief when wheat is removed
from the diet [27].

Celiac disease is caused by a particular immune response to gluten, a wheat protein
breakdown product that binds to the HLA-DQ2 and HLA-DQ8 receptors on antigen-
presenting cells. This interaction results in a mucosal inflammatory response that includes
lymphocyte infiltration, crypt enlargement, villous atrophy, and accelerated epithelial cell
turnover. IBS symptoms have been connected to an immunological response to gluten,
which is comparable to celiac disease; however, the exact mechanism is yet unknown [26].
Prior to starting a gluten-free diet, celiac patients also exhibit key abnormalities seen in IBS,
such as increased gut permeability, higher mucosal mast cells, and decreased serotonin
transporter expression [26].

Some IBS patients report symptom alleviation from GFD, although the underlying
mechanism remains uncertain. Patients with IBS are 3.5 times more likely than controls to
report gluten intolerance [26]. Research suggests that reducing fructans rather than gluten
may be responsible for the observed symptom relief in non-celiac gluten-sensitivity (NCGS)
patients [28]. Despite this, many patients continue to adhere to the GFD long-term, even
though it may lead to nutritional deficiencies and potential heavy metal accumulation [28].

While the GFD may provide symptom relief for some IBS patients, its long-term safety
and effectiveness are still debated. As with other dietary interventions, individualized
approaches are essential to minimize risks and ensure proper nutrition [28,49].

13. Personalized Approaches in IBS Management

The emerging trend in IBS management is the shift towards personalized treat-
ment approaches that consider individual differences in gut microbiota and dietary
responses [21,52]. For instance, the gut microbiome may predict a patient’s response to
the low-FODMAP diet, with higher dysbiosis scores indicating a poor response [9,28].
Similarly, pre-treatment gut flora diversity may serve as a biomarker for predicting the
efficacy of FMT in IBS patients [25,46].

Personalized nutrition programs that balance symptom relief with adequate nutrition
are vital for long-term IBS management. These programs must be tailored to the patient’s
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unique microbiome composition, symptom profile, and dietary preferences [49]. As re-
search progresses, the integration of microbial and dietary therapies holds promise for
improving IBS management and patient outcomes [52].

14. Challenges and Future Research Directions in Microbiome-Targeted
Treatments for IBS

The study of microbiome-targeted treatments for IBS has advanced significantly, yet
substantial gaps remain in our understanding. These knowledge gaps impede the ability
to develop personalized treatment strategies, which could address the diverse subtypes
and symptom profiles of IBS. This section highlights key challenges in current research,
focusing on the gaps in knowledge and potential avenues for personalized treatments.

15. Gaps in Current Knowledge

One of the major challenges in IBS research is the lack of long-term data on the effects
and adverse events related to probiotic interventions. Most existing studies on probiotics
for IBS treatment are short-term and do not adequately assess the variability in probiotic
formulations or the heterogeneity in patient responses [53]. This is problematic because
the effectiveness of probiotics can vary significantly based on the strain used, dosage, and
treatment duration, which are not yet optimized for specific IBS subtypes [53]. Additionally,
the safety profile of probiotics, particularly with long-term use, remains unclear. More
extensive trials with longer follow-up periods are needed to monitor potential side effects
and adverse events, which are crucial for refining probiotic therapeutic strategies [53].

Another limitation in the current research is the small sample sizes and short study
durations, which restrict the ability to draw robust conclusions, particularly about the
efficacy of probiotics across different IBS subtypes. Studies with larger populations and
longer durations are essential to evaluate the long-term effectiveness of probiotics and
to determine their impact on various IBS subtypes [54]. Furthermore, current trials often
focus solely on probiotics, neglecting other potentially beneficial agents such as fiber and
prebiotics. The inclusion of these components in future studies could provide a more
comprehensive understanding of how various interventions impact IBS symptoms and gut
health [54].

In addition to these methodological challenges, there are significant gaps in our under-
standing of the microbiome-brain interaction, particularly in the context of DGBI, including
IBS. The current research on microbiome function and its role in IBS pathophysiology is
hampered by inconsistent methodologies for assessing the microbiome, which leads to
conflicting results [10]. To address this, large-scale longitudinal studies using multi-omics
approaches are needed to investigate the interactions between the microbiome and the
host in IBS patients. Future studies should focus on improving the timing and integra-
tion of psychological therapies into treatment plans in order to maximize their function
alongside medical treatment [55]. Such studies could explain the role of gut-brain commu-
nication mechanisms and the potential for microbiome-targeted therapies, such as FMT
and psychological interventions, in IBS management [13].

Geographical and population-specific differences also represent a significant gap in
IBS research. There is a notable lack of studies focused on IBS patients from Asia, where the
microbiota composition may differ due to genetic, dietary, and environmental factors [25].
This underrepresentation limits the generalizability of current findings. Future studies
should explore how dietary interventions influence microbiota changes across different
IBS subtypes and investigate the efficacy of probiotics and FMT in these populations [25].
Additionally, the role of beneficial bacteria in the pathogenesis of IBS requires further
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research to determine whether certain strains could be leveraged for targeted therapeutic
interventions [25].

16. Potential for Personalized Treatments

Personalized treatments for IBS, which account for individual variations in microbiota
composition and host factors, hold great promise but remain an underdeveloped area of
research. Current findings often fail to meet clinical needs, highlighting the necessity for
further exploration of the specific pathophysiological mechanisms underlying IBS [49]. The
complexity of IBS pathophysiology, which can differ significantly between patients, calls for
a deeper investigation into how personalized medicine can be integrated into IBS treatment
strategies. (Table 1 displays the results of different meta-analyses.) For example, the efficacy
of FMT varies across different IBS subtypes, and there is a need to examine how individual
patient characteristics, such as microbiome composition, influence treatment outcomes [49].
Similarly, the response to probiotic therapy may differ based on individual genetic and

microbial profiles, suggesting that treatments should be tailored to these factors [49].

Table 1. A summary of several meta-analyses evaluating the role of microbiota in IBS.

Reference Methods Results
Authors searched Pub.Med{ Embase, Google Scholar,. and Following the SATs, almost 60% of IBS patients reported
abstract books from Digestive Disease Week and United . .
Myneedu E . considerable symptom relief. However, the RCTs revealed
uropean Gastroenterology Week (2010-2018) for studies on e . . )
etal. . X varied findings. Some studies indicated improvements in
IBS, and they retrieved single-arm and RCTs on EMT for IBS, . I .
2019 [47] : : . . symptoms, while others found no significant difference
where the diagnosis was confirmed by a physician or based on between the FMT and control eroups
ROME L1V criteria. groups.
B. coagulans was found to be the most effective probiotic species
Authors searched for RCTs on the efficacy of probiotics in for relieving IBS symptoms. L. plantarum was shown to confer
treating IBS until August 25, 2021. The primary focus was on the highest quality of life (QOL). Meta-regression revealed that
Zhang et al. the rate of symptom reduction as well as changes in overall probiotic dose had no significant impact on outcomes, whereas
2022 [52] symptoms. Meta-regression was used to determine whether the  treatment time did. Further subgroup analysis found that B.
length and dose of probiotic treatment had an impact on coagulans given for 8 weeks was the most effective in relieving
effectiveness. these symptoms, outperforming probiotic combinations in the
research.
Authors conducted a comprehensive search of PubMed, Three RCTs with 71 patients found that probiotics significantly
. . : improved stool consistency compared to placebo. An 8-week
Embase, the Cochrane Library, Web of Science, and China R . . .
Shang et al. : . . . therapy period was effective, while 12 weeks provided no
Biology Medicine (CBM). Intervention parameters included 3 . . .
2022 [39] o7, . . benefit. Two RCTs with 74 patients found that probiotics
probiotic strains, dose, duration, form, and placebo use as well ionifi Ivi d fecal Bifidob . d Lactobacill
s outcome measures such as symptom reports and scale use significantly improved fecal Bifidobacterium and Lactobacillus
a ’ levels after four weeks. There was no effect after 8 weeks.
The most effective probiotics were L. acidophilus (efficacy level
. . L. . A). Other strains, such as B. bifidum and C. butyricum, provided
Reviewers independently gathered crucial information from Ccznsiderable benefits (efficacyﬁlevel B). The mzltistraig group
eligible trials, such as RCT details, participant characteristics, . L . .

. . demonstrated the greatest improvement in quality of life. C.
Xie et al. and results. Intention-to-treat analyses were conducted. buturi Jso showed sienifi . laceb
2023 [38] Transitivity was established by comparing major clinical utyricurn also showed significant improvements over placebo.

. X B ) B. coagulans MTCC 5856 and S. cerevisine CNCM 1-3856 were
variables between studies. The network’s consistency was : - . . .
verified by node splitting and loop-specific analvsis found to be most effective at improving stool consistency in
y P & p-sp ysis: IBS-D patients. There were no significant differences between
probiotics and placebo for IBS-C in this network analysis.
Single dosage of FMT administered via colonoscopy
A complete search of the PubMed /Medline and Embase significantly decreased patient complaints.Using frozen FMT as
Jamshidi et al databases was performed to include all relevant publications an oral capsule significantly increased symptoms compared to
2023 [48] " up to 14 June 2023. To reduce heterogeneity, subgroup analyses  the non-FMT placebo.Patients undergoing multiple-donor FMT
were conducted based on FMT preparation, frequency of showed considerable improvement compared to autologous.
administration, and route of administration. However, compared to the non-FMT placebo, it had a negative
effect on IBS symptoms.
Databases were searched, including Medline, Embase and Probiotics had the greatest treatment benefit over placebo. FMT
Embase Classic, Cochrane Central Register of Controlled Trials, also showed considerable improvement. Prebiotics did not
and Web of Science. Authors also searched for unpublished differ significantly from placebo. Synbiotics also did not reveal
Wu et al. trial data on ClinicalTrials.gov. Standardized mean differences  significant differences from placebo. Probiotics performed
2024 [40] (SMDs) were utilized to compare the effect sizes of the much better than prebiotics and synbiotics. FMT performed

experimental and placebo groups. The study looked at the
effects of several probiotic strains by dividing interventions
into subgroups based on the strain.

much better than prebiotics and synbiotics. Probiotics helped to
improve abdominal pain and bloating when compared
to placebo.
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One of the key challenges in developing personalized treatments is the lack of clarity
regarding the optimal probiotic combinations for managing IBS symptoms. While probi-
otics are commonly used in IBS treatment, it is still unclear which strains, dosages, and
combinations are most effective for specific patient subtypes and symptom profiles [40].
This highlights the need for more clinical trials focusing on the efficacy of particular probi-
otic strains and combinations tailored to different forms of IBS [40]. Such research could
benefit from integrating genomic and transcriptomic analyses to better understand the
molecular mechanisms of probiotics and their interaction with the host microbiome [40].

Geraniol, an essential oil constituent, has anti-inflammatory, antibacterial, and eubiotic
effects on gut microbiota in IBS patients. In a randomized double-blind trial, geraniol
reduced overall IBS symptoms and gut microbiota profiles, especially in IBS-M patients [25].
Clinoptilolite, a natural zeolite that has high absorptive ability, was found to reduce
diarrhea frequency in a randomized trial of IBS-D patients. A new double-blind RCT
investigated the efficacy of GTB1 in 27 IBS-D patients. After four weeks, the GTB1 group’s
abdominal pain and bloating severity decreased significantly. GTB1 also enhanced the
relative abundance of Lactobacillus while decreasing Bacteroides levels within one week
of therapy [25]. Furthermore, randomized trials have suggested that fiber can assist IBS-
C patients, with viscous fiber (psyllium) improving stool consistency and frequency by
increasing water content [26].

Furthermore, the use of FMT as a treatment for IBS remains in its early stages, with
few studies investigating its efficacy across IBS subtypes. Future research should focus on
identifying the optimal donor selection criteria, treatment regimens, and bacterial strains for
effective FMT therapy in IBS [40]. A more personalized approach to FMT, which considers
individual variations in gut microbiota, could significantly improve treatment outcomes
for IBS patients [40].

The incorporation of personalized medicine into IBS treatment also requires advance-
ments in understanding how microbiome alterations can affect the broader gut-brain
axis. There is still much to learn about how the gut microbiota interacts with the central
nervous system and how these interactions influence IBS symptoms. Psychological thera-
pies, including cognitive behavioral therapy (CBT) provided over the phone, have shown
long-term efficacy in treating IBS symptoms [55]. Investigating the mechanisms behind
these microbiome-brain interactions, particularly in the context of psychological therapies,
could open up new avenues for personalized treatment options [13].

17. Conclusions

IBS is a multifactorial disorder influenced by a combination of genetic predisposi-
tions, gut microbiota alterations, and psychosocial factors. The growing body of evidence
supporting the role of the gut microbiota, particularly its involvement in the gut-brain
axis, provides valuable insights into the pathogenesis and management of IBS. While
microbiota-targeted therapies such as probiotics, synbiotics, and FMT show promise, the
variability in patient responses underscores the need for more personalized treatment
approaches. Future research should focus on identifying specific microbial signatures that
can serve as biomarkers for IBS and exploring the long-term efficacy and safety of these
interventions. A more nuanced understanding of the microbiota’s role in different IBS
subtypes will be crucial for optimizing individualized therapeutic strategies and improving
patient outcomes.
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Abstract: Hepatic hemangiomas are the most common benign liver tumors. Typically, small- to
medium-sized hemangiomas are asymptomatic and discovered incidentally through the widespread
use of imaging techniques. Giant hemangiomas (>5 cm) have a higher risk of complications. A variety
of imaging methods are used for diagnosis. Cavernous hemangioma is the most frequent type, but
radiologists must be aware of other varieties. Conservative management is often adequate, but some
cases necessitate targeted interventions. Although surgery was traditionally the main treatment, the
evolution of minimally invasive procedures now often recommends transarterial chemoembolization
as the treatment of choice.

Keywords: hepatic hemangiomas; atypical hepatic hemangioma; computed tomography (CT);
magnetic resonance (MR); ultrasound (US); contrast-enhanced ultrasound (CEUS); transarterial
chemoembolization (TACE)

1. Introduction

Hepatic hemangiomas, the most prevalent benign liver tumors, are characterized
as slow-flow venous malformations with an incidence rate ranging between 0.4% and
20.0% [1-3]. These tumors are primarily comprised of endothelial cells originating from
the hepatic artery [4-6]. Cavernous hemangiomas represent the most frequent pathological
subtype. Notably, there is a predilection for women, with reported female-to-male ratios
reaching as high as 5:1 [7,8]. The vast majority of hepatic hemangiomas are asymptomatic,
maintain a stable size, do not affect liver function, and are incidentally detected during
routine abdominal imaging [9-11]. The detection of hepatic hemangiomas has significantly
increased in recent years, largely due to advancements in imaging technologies. Heman-
giomas that are small to medium in size, defined as less than 4 cm in diameter, typically
remain asymptomatic and are managed conservatively.

Giant hemangiomas, particularly those that exhibit progressive growth, pose a higher
risk of serious complications, including local compression effects due to the tumor’s
volume, hemorrhage, Kasabach-Merritt Syndrome, or Budd-Chiari syndrome [12-16].
Such hemangiomas can reach up to 40 cm in diameter and are most commonly found in
the right liver lobe, especially in segment IV [17].

This review explores recent developments in the literature on hepatic hemangiomas,
with a focus on advancements in surgical and minimally invasive treatment modalities.
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The shift towards minimally invasive techniques has expanded the treatment options
for hemangiomas previously considered inoperable, reflecting a significant evolution in
therapeutic approaches.

2. Materials and Methods
2.1. Literature Search Strategy

A systematic literature search was executed across several electronic databases, in-
cluding PubMed, MEDLINE, Embase, and Google Scholar, spanning from their inception
to 12.01.2024, without imposing language constraints. Search terms employed encom-

passed “hepatic hemangioma”, “liver hemangioma”, “imaging”, “diagnosis”, “therapeutic
7”7 ‘“ 7 “" 7”7 “” awr 7 ‘“”

strategies”, “management”, “embolization”, “surgery,” “radiotherapy”, “review”, and
“treatment”, along with their various combinations.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria were applied to articles that offered insights into imaging techniques
for hepatic hemangiomas, diagnostic methodologies, and therapeutic interventions. Studies
that discussed clinical manifestations, histopathological features, epidemiological data,
and treatment outcomes were also considered. The selection was limited to peer-reviewed
articles, review articles, case reports, and clinical trials. Exclusions were made for animal
studies, conference abstracts, and publications without accessible full texts.

2.3. Data Extraction and Analysis

Initial screening involved two independent reviewers assessing the titles and abstracts
for relevance. Subsequently, full-text articles were scrutinized to confirm their suitability
against the predefined inclusion and exclusion criteria. Any disagreements between the ini-
tial reviewers were arbitrated by a third, independent reviewer. The data collation process
focused on extracting information regarding the study’s design, participant demographics,
sample size, imaging results, diagnostic approaches, therapeutic modalities, outcomes, and
any reported complications.

2.4. Quality Assessment

The methodological quality of the included studies was evaluated using appropriate
tools tailored to the study design: the Cochrane Risk of Bias Tool for randomized controlled
trials and the Newcastle-Ottawa Scale for observational studies. Case reports and case
series were assessed for their informational clarity and the pertinence of the data provided.

2.5. Synthesis of Results

A narrative synthesis was conducted on the data harvested from the selected studies,
aiming to compile a comprehensive summary of the current knowledge on imaging modal-
ities, the diagnostic complexities, and the array of therapeutic interventions available for
managing hepatic hemangiomas.

3. Clinical Manifestations of Hepatic Hemangiomas

In the majority of instances, hepatic hemangiomas are asymptomatic and are fortu-
itously identified during imaging procedures conducted for unrelated medical conditions.
This observation holds particularly true for hemangiomas of small to medium size. How-
ever, in the case of giant hemangiomas (exceeding 5 cm in diameter) that exhibit rapid
growth, various symptoms may manifest, albeit these are typically nonspecific and mimic
those associated with a range of other disorders, especially those of gastrointestinal origin.
The clinical manifestations commonly observed in patients with giant hepatic heman-
giomas include pain in the upper abdominal quadrants, nausea, abdominal distension,
dyspepsia, and early satiety. Physical examination seldom reveals a palpable mass.

The complications associated with hepatic hemangiomas are predominantly contin-
gent upon the lesion’s size and anatomical location. Mechanical complications can arise,
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such as spontaneous or trauma-induced rupture, and local compression effects on adjacent
anatomical structures. For example, compression of the bile ducts can precipitate jaundice
or hemobilia; impingement on the stomach may result in gastric obstruction, leading to
symptoms of early satiety and dyspepsia; and compression of the hepatic veins by the
tumor mass can obstruct venous outflow, culminating in Budd—Chiari syndrome. [16,18].
Inflammatory complications can manifest as either acute or chronic fever and pain. Hem-
orrhagic complications encompass intratumoral or intraperitoneal hemorrhage, which
may occur with or without associated consumptive coagulopathy. One notable condition
in this context is Kasabach—Merritt syndrome, predominantly observed in giant hepatic
hemangiomas. This syndrome is characterized by thrombocytopenia, microangiopathic
hemolytic anemia, and disseminated intravascular coagulation. Additionally, Klippel—-
Trenaunay syndrome, a form of congenital hemiatrophy, can lead to the development of
nevus flammeus and hemimegalencephaly. Von Hippel-Lindau disease is another con-
dition that results in the formation of hemangiomas in multiple organs, including the
brain, retina, pancreas, and liver, further complicating the clinical picture [13-15]. While
Kasabach-Merritt syndrome is predominantly reported in pediatric populations, there
have been documented instances of its occurrence in adults presenting with giant hep-
atic hemangiomas [19,20]. It can manifest as a symptom of giant hemangioma, leading
to consumption coagulopathy and ensuing thrombocytopenia, prolonged prothrombin
time and partial thromboplastin time, and hypofibrinogenemia caused by endothelial
defects within the hemangioma. These manifestations may occur alongside or without
microangiopathic hemolytic anemia [21]. Degenerative complications include thrombosis,
progressive fibrosis, and sclerosis. Noteworthy cases of hepatic hemangiomas include
calcified, pedunculated (presents risk of torsion), hepatic hemangioma occurring on the
steatotic or cirrhotic liver, and with accompanying arteriovenous shunt or heart failure.

4. Diagnostic Approaches for Hepatic Hemangiomas

Hepatic hemangiomas are commonly identified incidentally through cross-sectional
abdominal imaging conducted for routine screening or for purposes unrelated to the
investigation of a potential hepatic mass [9-11]. This incidental detection is attributable
to the predominantly asymptomatic nature of these lesions, which frequently remain
unnoticed during standard physical examinations.

The diagnosis of hepatic hemangiomas utilizes a spectrum of imaging modalities, in-
cluding conventional ultrasound (US, including B-mode and Doppler), contrast-enhanced
ultrasound (CEUS), contrast-enhanced computed tomography (CT), magnetic resonance
imaging (MRI), angiography, and nuclear imaging (specifically, scintigraphic studies uti-
lizing Technetium-99m-labeled red blood cells). The specificity and sensitivity of these
diagnostic techniques are delineated in Table 1 [22].

Table 1. Sensitivity and specificity of diagnostic methods in hepatic hemangiomas.

Diagnostic Method Sensitivity (%) Specificity (%)
Ultrasonography 96.9 60.3
Computed tomography 98.3 55
Magnetic resonance imaging 100 85.7
Tc-99m RBC blood pool scintigraphy 67 100

These diagnostic modalities offer considerable specificity in differentiating hepatic
hemangiomas from other vascular neoplasms, benign entities such as adenomas, or malig-
nant lesions including hepatocellular carcinoma (HCC), metastases, and dysplastic nodules.
Typically, hepatic hemangiomas are categorized into three histological subtypes: capillary
hemangioma, cavernous hemangioma, and sclerosing hemangioma.
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4.1. Ultrasound (US)

Ultrasound (US) frequently serves as the initial diagnostic modality for hepatic heman-
giomas, favored for its wide availability, non-ionizing nature, and repeatability. However,
a significant limitation of US is its dependency on the operator’s expertise and the patient’s
specific characteristics, rendering it highly sensitive to both operator and patient factors.
On greyscale ultrasound, hepatic hemangiomas typically present as hyperechoic, well-
circumscribed lesions with a uniform appearance, or as hypoechoic masses featuring a
hyperechoic rim [23-26] (Figure 1). The hyperechoic pattern observed in ultrasound images
of hepatic hemangiomas is linked to their histological makeup, where the echogenicity
results from the numerous interfaces between the endothelium-lined sinuses constituting
the lesions and the encapsulated blood. Smaller hepatic hemangiomas commonly exhibit
this hyperechoic characteristic. In contrast, larger lesions might show heterogeneity, charac-
terized by mixed echogenicity (both hypo- and hyperechoic) arising from potential necrosis,
hemorrhage, or fibrosis, leading to classification as atypical hepatic hemangiomas. Doppler
ultrasound assessments of most hepatic hemangiomas reveal minimal to absent Doppler
flow signals [27].
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Figure 1. Slightly heterogeneous hyperechoic lesion with absence of flow on color Doppler, character-
istic of a large hepatic hemangioma.

Nevertheless, it is imperative to approach the diagnosis of every hyperechoic mass
with caution before categorizing it as a hepatic hemangioma. This echogenic pattern
may also manifest in a spectrum of other hepatic conditions, encompassing both benign
entities (e.g., adenomas) and malignant pathologies (such as hepatocellular carcinoma
and metastatic lesions). Consistency in imaging findings across successive examinations
constitutes a reliable marker for benign pathology in clinical settings. Ultrasound demon-
strates high diagnostic accuracy in distinguishing hepatic hemangiomas from malignant
hyperechoic masses, evidencing a sensitivity of 94.1% and specificity of 80.0% for lesions
smaller than 3 cm in diameter. The lack of detectable blood flow within a lesion on Doppler
ultrasound serves as a robust discriminant for differentiating hepatic hemangioma from
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hepatocellular carcinoma (HCC), the latter typically exhibiting intra- or peritumoral vascu-
lar signals [28].

In the context of hypoechoic lesions, the identification of a peripheral echogenic
halo may indicate a hepatic hemangioma. Conversely, the presence of a hypoechoic rim
encircling the lesion, often referred to as the “target sign”, is infrequently associated with
hepatic hemangiomas [27]. Special caution is warranted in the evaluation of hepatic lesions
within a steatotic liver, where the altered echotexture may cause a typically hyperechoic
hemangioma to appear hypoechoic against the background of an intensely hyperechoic
liver parenchyma.

4.2. Contrast-Enhanced Ultrasound (CEUS)

Contrast-enhanced ultrasound (CEUS) represents a more specific diagnostic modality
for hepatic hemangiomas (HH) compared to traditional ultrasound techniques. By employ-
ing microbubble contrast agents that enhance the visualization of the microvasculature,
CEUS facilitates real-time perfusion imaging that mirrors the vascular patterns observable
in CT imaging. This feature is exceedingly beneficial for differentiating liver nodules
and accurately identifying HH in contrast to adenomas, focal nodular hyperplasia (FNH),
hepatocellular carcinoma (HCC), or metastatic lesions. Characteristically, a typical HH
demonstrates peripheral nodular enhancement in the arterial phase, followed by complete
(occasionally incomplete) centripetal filling in the portal venous and late phases. This
enhancement pattern boasts a high sensitivity (98%) for the identification of histologically
confirmed HH. Nonetheless, it is critical to acknowledge that HH may, albeit infrequently,
exhibit a centrifugal enhancement pattern as well [29,30].

CEUS provides several significant advantages, including the capability for real-time
examination and instantaneous results. It allows for the concurrent assessment of multiple
lesions, offers the repeatability necessary for follow-up evaluations, and permits the re-
injection of contrast agents for enhanced imaging [31]. However, the diagnostic accuracy
of CEUS can be compromised in patients with steatosis (fatty liver) or for lesions deeply
situated within the body. Moreover, imaging comprehensive views of a large hepatic
hemangioma presents a challenge due to the limited penetration depth and field of view of
the ultrasound probe [3].

4.3. Endoscopic Ultrasound (EUS)

Endoscopic ultrasound (EUS) offers the ability to visualize and biopsy small, solid
liver lesions that may not be detectable through other imaging techniques, or that become
evident only during routine staging for gastrointestinal cancers. However, the precise
diagnostic utility of EUS in the context of liver diseases remains to be fully elucidated,
highlighting the need for comparative studies to define its role more clearly. The therapeutic
applications of EUS in hepatic management are expanding [32]. EUS facilitates guided
interventions such as fine-needle aspiration (FNA) or biopsies when necessary. Although
biopsy is typically not indicated for conventional hepatic hemangiomas, EUS-guided
procedures can improve the accuracy and safety of biopsies in atypical cases or when the
diagnosis is uncertain [33,34]. It is essential to acknowledge that EUS is a semi-invasive
technique, carrying inherent risks of complications.

4.4. Computed Tomography

The characteristic imaging feature of a hepatic hemangioma on computed tomography
(CT) scans is a well-circumscribed, hypodense lesion. Upon administration of contrast
medium, it demonstrates peripheral nodular enhancement, followed by gradual and homo-
geneous centripetal fill-in (Figure 2). Nevertheless, this distinct enhancement pattern may
not be discernible in lesions smaller than 5 mm, complicating their accurate identification.
Atypical hepatic hemangiomas can present with a variety of enhancement patterns on CT
imaging [31,35].
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Figure 2. Computed tomography imaging of a giant hepatic hemangioma. The sequence illustrates a

precontrast image on the left, an arterial phase image in the center, and a venous phase image on the
right. This series effectively demonstrates the delayed contrast filling from the tumor’s periphery,
characteristic of a hepatic hemangioma.

In the context of hepatic steatosis (fatty liver), particular caution is warranted, as a
typical hemangioma might appear hyperdense in comparison to the surrounding hepatic
parenchyma. Major limitations of CT imaging include the risk of radiation exposure and
the use of iodine-based contrast materials, which carry a potential risk for allergic reactions
or contrast-induced nephropathy.

4.5. Magnetic Resonance Imaging

In magnetic resonance imaging (MRI), hepatic hemangiomas are typically charac-
terized by a well-defined, homogenous morphology, manifesting as hypointense on T1-
weighted sequences and hyperintense on T2-weighted sequences, a feature often described
as the “cotton-wool” appearance [36] (Figure 3). The differentiation between malignancies
and hepatic hemangiomas, both of which exhibit hyperintensity on T2-weighted images,
can be facilitated by modulating the echo time (TE). While malignant lesions tend to ex-
hibit a reduction in signal intensity, hepatic hemangiomas display an enhanced signal
intensity [37].

In MRI diagnostics, the contrast agent employed is gadolinium-based (UCA), ren-
dering it an appropriate option for individuals with allergies to iodinated contrast agents
or those with renal insufficiency for whom CT imaging with iodine-based contrast is
contraindicated [38].

4.6. Technetium-99m-Labeled Red Blood Cell Imaging

Technetium-99m-labeled red blood cell (Tc-99m RBC) scintigraphy is a noninvasive
diagnostic technique offering high specificity for identifying hepatic hemangiomas. In
Tc-99m RBC imaging, hepatic hemangiomas exhibit a distinctive perfusion and blood
pool mismatch, characterized by diminished perfusion in early dynamic phases with a
progressive increment in radiotracer uptake during blood pool phases. Initially, the lesion
presents as “cold” or less active, transitioning to intense activity typically within 1-2 h post
Tc-99m injection. The sensitivity of this modality is contingent upon the lesion’s size: it is
17-20% for lesions under 1 cm, increases to 65-80% for lesions between 1 and 2 cm, and
reaches nearly 100% for those exceeding 2 cm in diameter. The specificity of Tc-99m-labeled
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RBC scintigraphy, particularly when enhanced with Single Photon Emission Computed
Tomography (SPECT), maintains a rate of 100% across all lesion sizes [17].

Figure 3. Axial T1-weighted MRI with contrast, multiphase study of a giant hepatic hemangioma.

This image sequence demonstrates the gradual peripheral-to-central filling of the hemangioma,
highlighting the characteristic enhancement pattern.

However, the sensitivity of this technique is influenced by various factors, including
lesion size and anatomical location. Its diagnostic yield significantly improves when
integrated with SPECT imaging, yet remains limited for lesions smaller than 1 cm or those
positioned in anatomically complex regions [39,40]. The presence of persistent red blood
cell activity within the heart, inferior vena cava, and major intrahepatic vessels poses
challenges in detecting small hepatic hemangiomas located proximal to these vascular
structures in SPECT images [41].

Despite its diagnostic precision, Tc-99m-labeled RBC scintigraphy has been largely
superseded as a primary tool for hepatic hemangioma diagnosis due to several drawbacks,
such as limited availability, elevated costs, lengthy procedural times, radiation exposure,
and the advent of more advanced imaging technologies.

5. Imaging Characterization of Hemangioma Subtypes

Accurate identification of the distinct histological subtypes of hepatic hemangiomas
plays a crucial role in the comprehensive diagnostic evaluation. The primary subtypes
recognized within hepatic hemangiomas include cavernous hemangioma, capillary he-
mangioma (also referred to as fast-filling hemangioma), and sclerosing hemangioma [42].
The principal criterion for this classification is the extent of fibrous tissue present within
the body of the hemangioma [18]. It is essential to recognize that the unique histological
compositions of these lesions may result in imaging appearances that diverge from the
conventional semiotics associated with hepatic hemangiomas.

5.1. Cavernous Hemangioma

Cavernous hemangioma is closely aligned with the established radiological profile
of hepatic hemangiomas. However, its histological architecture diverges slightly from the
classical hepatic hemangioma phenotype. The defining distinction lies in the presence
of larger vascular spaces coupled with a reduced quantity of connective tissue. Such a

178



Medicina 2024, 60, 449

configuration is predominantly observed in lesions smaller than 3 cm in diameter, charac-
terized by well-defined margins and round or lobulated peripheries. Sonographically, this
subtype manifests as a hyperechoic lesion with posterior acoustic enhancement, reflecting
its histological composition [43]. Analogous to typical hepatic hemangiomas, cavernous
hemangiomas seldom generate Doppler signals in both color-coded and spectral Doppler
examinations [44]. The CT imaging of cavernous hemangiomas is consistent with the
descriptions provided for hepatic hemangiomas in the ‘Computed Tomography’ section.
However, MRl is the preferred imaging modality for cavernous hemangiomas, offering
enhanced differentiation between hepatic hemangiomas and malignant hepatic tumors or
cysts, contingent upon the inclusion of comprehensive imaging sequences. On T1-weighted
MRI, cavernous hemangiomas present as masses with low signal intensity. T2-weighted
and diffusion-weighted imaging (DWI) reveal homogeneous hyperintensity, frequently
described as the “light bulb sign” [45], attributed to the lesion’s cavernous vascular struc-
ture facilitating slow blood flow and unrestricted water diffusion. The identification of this
sign is particularly crucial in distinguishing flash-filling or sclerosing hemangiomas, which
lack nodular enhancement. A T2 relaxation time threshold of 112 ms has demonstrated
over 92% accuracy in differentiating hepatic hemangiomas from metastatic lesions [36]. In
contrast-enhanced studies, cavernous hemangiomas exhibit enhancement patterns similar
to those observed in CT, with early peripheral nodular enhancement followed by delayed,
centripetal, and complete enhancement in later phases.

5.2. Capillary Hemangioma

Capillary hemangioma, also known as flash-filling or rapidly-filling hemangioma,
represents the second histological subtype of hepatic hemangiomas, accounting for ap-
proximately 16% of all hepatic hemangiomas. This subtype is notably more prevalent in
hemangiomas measuring less than 1 cm in diameter, comprising 42% of such cases [46].
Flash-filling hemangiomas pose a diagnostic challenge due to their similarity with nu-
merous hypervascular tumors; they exhibit rapid, intense, and uniform contrast enhance-
ment during the arterial phase of contrast-enhanced computed tomography (CT) and
T2-weighted magnetic resonance imaging (MRI). A definitive diagnosis can be attained
through delayed-phase CT or MRI, where vascular malformations continue to appear
significantly attenuated or hyperintense, a characteristic not shared by hypervascular
metastases [46]. In contrast to cavernous hemangiomas, capillary hemangiomas present as
hypoechoic on ultrasound examinations due to their rapid blood flow through limited ves-
sels and a fibrous stroma. Additionally, the application of color-coded Doppler ultrasound
facilitates the detection of intralesional blood flow [42], further aiding in the differentiation
of capillary hemangiomas from other vascular abnormalities.

5.3. Sclerosing Hemangioma

Sclerosing hemangioma, occasionally conceptualized as the involutive phase of he-
mangioma development, is alternatively known as thrombosed or hyalinized hemangioma.
This subtype is relatively rare and seldom manifests clinically [46]. The process of hyalin-
ization typically initiates at the lesion’s core, leading to the obliteration of vascular channels.
Such pronounced alterations significantly modify the lesion’s radiological signature, com-
plicating initial diagnostic efforts. Sclerotic transformation tends to produce a heterogenous
imaging appearance, characterized by a central fibrous patch surrounded by cystic, fibrotic,
and hemorrhagic zones [42]. These areas are distinctly visible as hypoechoic zones on
ultrasound and hypodense regions on computed tomography (CT) scans. Furthermore,
sclerosing hemangiomas frequently present with irregular contours, capsular retraction,
and progressive volume reduction.

Contrary to the imaging profiles of other hepatic hemangioma subtypes, which are
marked by pronounced hyperintensity on T2-weighted magnetic resonance (MR) images,
hyalinized hemangiomas only demonstrate mild signal elevation. The absence of early
enhancement and modest peripheral enhancement during late-phase MR imaging further
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delineates hyalinized hemangioma from conventional subtypes. Despite these distinctive
imaging features, the radiological characteristics of sclerosing hemangioma may not suffice
for a conclusive diagnosis, necessitating histopathological evaluation to exclude malignant
entities [43].

6. Atypical Hepatic Hemangiomas in Imaging
6.1. Giant Haemangioma

The designation of a hemangioma as “giant” is subject to slight variations across
medical literature, but it is commonly defined as a lesion measuring 5 cm in diameter or
larger [4,46]. Features such as cystic cavities or central calcifications may be observed, with
internal fibrotic septa being a frequent finding.

In ultrasonography (US), giant hemangiomas present a heterogeneous appearance.
On non-contrast-enhanced computed tomography (CT) scans, they display a heteroge-
neous hypodense profile, which may include hypodense central regions [42—45,47-49].
Magnetic resonance imaging (MRI) reveals giant hepatic hemangiomas as hypointense on
T1-weighted sequences, with potential alteration in the hyperintensity on T2-weighted im-
ages due to hypointense central zones [42-44]. Upon contrast administration, giant hepatic
hemangiomas demonstrate peripheral globular enhancement and progressive centripetal
filling, a hallmark pattern for these lesions. However, it is noteworthy that complete filling
within the lesion is typically not achieved [50].

6.2. Hemangioma with Arterioportal Shunt

The co-occurrence of a hemangioma and an arterioportal shunt has been documented
with an incidence rate of up to 26% [42,46,51,52]. This phenomenon is particularly preva-
lent in small capillary hemangiomas (<2 cm), where the high flow within the compact
vascular spaces likely facilitates shunting through potential connections between the hep-
atic artery and the portal vein [43,52]. Arterioportal shunts are generally diminutive and
frequently present as wedge-shaped or irregularly contoured transient enhancements in
the arterial phase, indicative of a transient hepatic attenuation difference on computed
tomography (CT) or a transient hepatic intensity difference on magnetic resonance imaging
(MRI) [51,53-55]. Early opacification of adjacent portal vein branches post-contrast injection
may signal the existence of an arterioportal shunt [52].

6.3. Hemangiomatosis

Hepatic hemangiomatosis is an uncommon disorder characterized by the prolifer-
ation of numerous hepatic hemangiomas dispersed throughout the liver parenchyma.
Although typically asymptomatic in adults, hemangiomatosis is more commonly observed
in newborns, where it can be associated with congestive heart failure [56,57]. Unlike the
presentation of multiple discrete hepatic hemangiomas, hemangiomatosis features lesions
that are ill-defined, extensive, and confluent, potentially encompassing the majority of the
hepatic parenchyma. On sonography, these lesions may present as hypo- or hyperechoic,
without the distinct peripheral globular enhancement seen in contrast-enhanced computed
tomography (CT) and magnetic resonance imaging (MRI), complicating their differentiation
from adjacent hepatic tissue. However, MRI retains its diagnostic utility in these cases, as
T1- and T2-weighted sequences reveal distinctive signal patterns. Despite heterogeneous
enhancement in the arterial phase, these lesions demonstrate progressive enhancement in
dynamic late phases, maintaining typical signal intensities on T1- and T2-weighted MR
sequences [43,46,56,57].

6.4. Pedunculated Haemangioma

The pedunculated hemangioma represents an exceptionally rare type of lesion that
projects from the liver. It is characterized by a clear, encapsulated form, and is connected
to the liver via a slender pedicle. Nonetheless, this pedicle may not always be discernible
in axial imaging planes, making CT or MRI multiplanar reconstructions beneficial for
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confirming the hepatic origin of the mass. A specific complication associated with pedun-
culated hemangioma (PH) is volvulus, which occurs when the lesion twists around its
pedicle. This can present as an acute abdominal condition, further complicated by necrosis
or hemorrhage [43,58].

6.5. Hepatic Steatosis

Severe hepatic steatosis can influence the apparent enhancement patterns observed
in focal hepatic lesions. Even lesions that are typically hypovascular, such as metastases,
may demonstrate relatively high attenuation on computed tomography (CT), potentially
mimicking hemangiomas with their persistent enhancement pattern. On ultrasound (US),
hepatic hemangiomas generally appear as isoechoic or, more commonly, hypoechoic rela-
tive to the surrounding hyperintense steatotic liver tissue, frequently exhibiting posterior
acoustic enhancement. Additionally, hemangiomas may present with a hypoechoic per-
ilesional halo, a characteristic also observed in malignant tumors within a steatotic liver
context. This atypical presentation often necessitates further evaluation through CT or
magnetic resonance imaging (MRI). Although hemangiomas in a fatty liver might display
a distinct halo on CT or MRI, accurate diagnosis is typically straightforward, facilitated
by the lesions’ characteristic dynamic enhancement pattern. Magnetic resonance imaging
is particularly advantageous for assessing hepatic hemangiomas (HHs) in the context of
fatty liver, as the lesions” hyperintensity on T2-weighted images is not affected by hepatic
steatosis, maintaining its diagnostic utility [59-61].

6.6. Liver Cirrhosis

The detection and characterization of hepatic hemangiomas in the context of liver
cirrhosis can be challenging, as these lesions tend to become more fibrous and decrease
in size [59,62]. The prevalence of hepatic hemangiomas is lower in cirrhotic livers than
in non-cirrhotic ones [63]. While hepatic hemangiomas may retain their characteristic
imaging features, in advanced stages of cirrhosis, they often lose these distinctive traits,
complicating diagnostic efforts [63,64]. Magnetic resonance imaging (MRI) is regarded as
the preferred modality for evaluating hepatic hemangiomas due to its superior contrast
resolution. The diagnostic sensitivity of MRI is further enhanced by T2-weighted sequences.
In ultrasonography (US), both dysplastic nodules and hepatocellular carcinoma may ap-
pear as hyperechoic nodules, which can mimic the sonographic appearance of hepatic
hemangiomas [64].

7. Histology Sampling

Given the vascular nature of hepatic hemangiomas, biopsy procedures involving
histological sampling carry a considerable risk of hemorrhage, especially in the context of
large, subcapsular lesions. Such procedures may result in severe complications, including
mortality [65]. Additionally, the diagnostic yield of biopsy in this context is relatively
low [66] leading to the recommendation that biopsy be reserved for lesions exhibiting
atypical features.

8. Treatment

The vast majority of hepatic hemangiomas are characterized as small, asymptomatic,
and exhibit stable dimensions, with patients generally maintaining normal liver function.
These lesions are often incidentally identified during routine abdominal cross-sectional
imaging studies [9-11]. Conservative management, encompassing periodic observation
and surveillance via imaging at intervals of 6 or 12 months, is typically recommended as a
suitable treatment strategy for these lesions. Notably, no cases of malignant transformation
within hepatic hemangiomas have been documented [67,68]. Individuals presenting with
new-onset pain, showing unresponsiveness to analgesics, undergoing estrogen therapy,
experiencing pregnancy, or possessing large hepatic hemangiomas are advised to undergo
extended observation as a component of their clinical management.
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In instances where patients present with large lesions (exceeding 5 cm in diameter) that
demonstrate progressive enlargement and are associated with symptomatology attributable
to the lesions, specific therapeutic interventions become imperative [69]. It is essential to
exclude all alternative etiologies for the symptoms, such as gastroesophageal reflux disease,
peptic ulcer disease, or cholelithiasis, before contemplating interventional procedures.

Historically, surgical interventions, including resection, lobectomy, or enucleation,
executed via open surgery or laparoscopy, were the preferred modalities for managing
symptomatic cases [70,71]. However, with advancements in minimally invasive inter-
ventional techniques, surgical methods are no longer the first-line treatment for patients
with multiple or extensive lesions. Alternative therapeutic options, such as radiofrequency
ablation, microwave ablation, and arterial embolization, are now available for the treatment
of symptomatic hepatic hemangiomas [72].

8.1. Surgical Approach

Surgical interventions for hepatic hemangiomas encompass segmental resection, lobec-
tomy, or enucleation, with the selection of the technique being contingent upon the heman-
gioma’s size and location, alongside the surgeon’s expertise and preference. Enucleation
is particularly advantageous for hemangiomas that are superficially located with a dis-
cernible plane on the liver surface, a zone characterized by compressed hepatic tissue
with minimal vasculature due to the hemangioma’s expansion. This plane facilitates the
hemangioma’s removal with negligible blood loss by separating the tumor capsule from
the liver parenchyma, thus preserving the majority of the surrounding healthy liver tissue.

Conversely, hemangiomas that are deeply embedded within the liver parenchyma,
lack an accessible surface from the Glisson capsule, or span an entire lobe necessitate
hepatic resection as the optimal treatment strategy [73]. Surgical treatments, however,
carry heightened risks of complications such as hemorrhage, infection, and increased
financial costs, particularly for lesions exceeding 10 cm in diameter [74]. Furthermore, in
instances of multiple hemangiomas or those proximal to the hepatic portal vessels, surgical
resection can lead to less favorable outcomes and a pronounced risk of hemorrhage [75].
The feasibility of surgical intervention may also be limited by the lesion’s substantial size,
its unfavorable positioning, or specific patient-related factors.

8.2. Radiofrequency Ablation

Radiofrequency ablation (RFA) represents a minimally invasive, efficacious modality
for the treatment of both primary and metastatic hepatic neoplasms, with the procedure
being executable via percutaneous or laparoscopic approaches [14,76]. Recent applica-
tions of percutaneous RFA have also demonstrated success in the management of liver
hemangiomas [77-79]. The mechanism of RFA is postulated to entail the induction of
localized thermal damage to the flat endothelial cells lining the extensively dilated, non-
anastomotic vascular spaces characteristic of these tumors. The utility of RFA in this context
is underpinned by the benign and hypervascular nature of liver hemangiomas.

This technique offers several advantages. Primarily, the benign character of the tumor
obviates the need for excising a margin of healthy liver tissue surrounding the lesion.
Additionally, the tumor’s composition, predominantly blood-filled cavities, facilitates the
conspicuous collapse of the tumor tissue adjacent to the ablation zone upon application of
radiofrequency energy. Moreover, the benign nature of any residual tumor post initial treat-
ment negates the urgency for immediate follow-up intervention, given its non-progressive
and non-metastasizing behavior [80].

Conversely, a notable drawback of RFA is the likelihood of hemolysis attributable to the
vascular supply of the tumor. The magnitude and risk of this complication escalate with the
tumor size, potentially culminating in a spectrum of conditions including hemoglobinuria,
hemolytic jaundice, anemia, or renal impairment, contingent on the complication’s severity.
Complication rates for tumors exceeding 10 cm in diameter have been reported between
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34% and 100%, rendering RFA less suitable for managing giant hepatic hemangiomas [81,
82].

8.3. Transarterial Embolization and Chemoembolization

In recent years, transarterial embolization (TAE) has been recognized as an effective
strategy for the management of hepatic hemangiomas, functioning by obstructing the
blood supply to the lesion without the use of chemotherapeutic agents. This technique
is executed via an endovascular route, establishing itself as a cornerstone procedure for
vascular occlusion. Similarly, transcatheter arterial chemoembolization (TACE) also aims
to occlude the blood supply to the target lesion but incorporates an active biological agent
alongside the embolization material. During TACE, various chemotherapeutic agents such
as bleomycin, pingyangmycin, or ethanol, mixed with lipiodol, are utilized.

Despite the growing application of these methods, consensus regarding the efficacy
of TAE in treating hemangiomas and the spectrum of potential complications remains
elusive [74,83-88]. Liu et al. reported that TACE employing pingyangmycin yielded un-
satisfactory outcomes in liver hemangioma treatments, highlighting a considerable risk of
severe complications [85]. In contrast, Torkian et al., through a systematic review and meta-
analysis, posited that TACE, when combined with agents like bleomycin, pingyangmycin,
or ethanol mixed with lipiodol, was both safe and efficacious [74]. The popularity of TACE
as a primary treatment for giant hepatic hemangiomas has surged. Li et al. documented a
multi-center study involving 836 cases, where patients with giant hepatic hemangiomas
underwent TACE using a pingyangmycin-lipiodol emulsion. The study reported no mor-
talities and only two instances of hepatic abscess as severe complications, alongside a
notable decrease in lesion size, with the mean diameter reducing from 9.6 &+ 0.8 cm to
3.6 £ 0.5 cm [6]. Yuan et al. evaluated the medium and long-term outcomes of TACE
with a lipiodol-bleomycin emulsion in 241 patients, observing no mortalities or serious
complications post-procedure. Patients experienced significant symptomatic relief, with no
recurrence of symptoms during follow-up. A satisfactory tumor reduction rate, defined as
a decrease in the lesion’s maximum diameter by more than 50%, was achieved in 88.1% of
cases at the 6-month post-procedure mark [89].

The nature of the blood supply to hemangiomas significantly influences treatment
outcomes and the incidence of complications. Therefore, in formulating treatment plans,
clinicians should prioritize the evaluation of the hemangioma’s blood supply charac-
teristics and dimensions. The current guidelines proposed by Ouyang et al. [90] and
Zeng et al. [91] suggest specific considerations for assessing the blood supply type to
hemangiomas (Table 2), indicating that in instances where the portal vein supplies blood,
no abnormalities are detected in arterial and parenchymal phases, but portal venograms
reveal abnormal blood-filled sinuses.

Table 2. Characteristics of blood supply to hepatic hemangioma.

Type of Blood Supply Artery Characteristics Arterial Phase Parenchymal Phase

Rich Mild to moderate t.hlckemng Abnormal blood sinusoids Dllatatlop of n.lost blood
of the arteries sinusoids

. . . . . . Dilatation of some blood

Moderate Mild thickening of the arteries Abnormal blood sinusoids . .
sinusoids
Poor No thickening of the arteries Very few‘abno.rmal blood No visible (.:l1latafc10n of blood

sinusoids sinusoids

Postembolization syndrome (PES) represents the most frequent complication following
transcatheter arterial chemoembolization (TACE), manifesting as influenza-like symptoms
shortly after the intervention. The syndrome is predominantly characterized by abdominal
pain, fever, nausea, and vomiting [92,93]. Kacata et al. observed PES in 45.7% of patients
post-TACE, with the severity of symptoms varying across cases. In the majority of these
instances, the administration of paracetamol was effective for pain management, and PES
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resolved spontaneously in all cases [93]. Basile et al. have posited that PES should be
considered an expected outcome of TACE [94].

8.4. Liver Transplantation

Liver transplantation has been identified as a feasible therapeutic option for managing
extensive hepatic hemangiomas associated with life-threatening coagulopathies, such
as Kasabach—-Merritt syndrome [95], among other indications [96]. Nevertheless, liver
transplantation is regarded as a treatment of last resort due to its significant risks and the
limited circumstances under which it is deemed appropriate.

9. Future Prospects

With the enhancement of imaging techniques such as MRI, CT, and ultrasound, diag-
nosing and monitoring hepatic hemangiomas will become significantly more straightfor-
ward. These advancements will facilitate the determination of tumor size, location, and
characteristics, thereby guiding treatment decisions. Furthermore, the improvement in
imaging methods is likely to lead to an increase in incidental findings. Although surgical
management was once the preferred method for symptomatic hemangiomas, the rapid
development of minimally invasive treatment options has led to a worldwide shift towards
these alternatives. Future improvements in these techniques are expected to result in safer
and more effective treatments, with lower risks and shorter recovery periods. Additional
research is necessary to deepen our understanding of the natural progression of hepatic
hemangiomas and to identify risk factors linked to their growth or complications. This
knowledge will enable healthcare providers to make more informed decisions about moni-
toring and treatment. In summary, the outlook for patients with hepatic hemangiomas is
optimistic, thanks to progress in diagnostic methods, treatment approaches, and research,
all of which contribute to better patient outcomes for these benign liver tumors.

10. Discussion

Hepatic hemangiomas, representing the predominant benign mesenchymal neoplasms
of the hepatic tissue, frequently manifest as asymptomatic entities, identified serendip-
itously through imaging modalities conducted for unrelated reasons, and seldom com-
promise hepatic functionality. From a histopathological perspective, these neoplasms are
characterized by the presence of cavernous venous spaces, which are delineated by a lining
of vascular endothelial cells and interspersed with connective tissue septa. The hemody-
namics within these lesions are notably impaired, exhibiting a markedly reduced flow rate,
with the hepatic artery serving as the principal source of vascular supply [97].

The lesions frequently exhibit stability in dimensional parameters and do not necessi-
tate intervention beyond conservative management and vigilant observation. The lesions
frequently exhibit stability in dimensional parameters and do not necessitate intervention
beyond conservative management and vigilant observation [9-11]. There are no docu-
mented cases of hepatic hemangiomas undergoing malignant transformation; however,
steroid or estrogen therapy, as well as pregnancy, have been observed to contribute to
an increase in hemangioma size [67,68]. Giant hepatic hemangiomas may manifest with
periodic pain, a sensation of abdominal fullness, or the detection of an upper abdominal
mass, potentially leading to severe complications such as local compression, persistent
pain, and serious conditions like obstructive jaundice, Kasabach-Merritt syndrome, Budd-
Chiari syndrome, or spontaneous rupture resulting in intra-abdominal hemorrhage, with
mortality rates reaching up to 70% [16,98,99]. The incidence of spontaneous rupture in
hepatic hemangiomas ranges from 1% to 4%, with giant subcapsular lesions considered at
higher risk [100-103].

Hepatic hemangiomas are commonly identified incidentally during imaging studies,
yet their diagnosis and management continue to be debated among clinicians. Imaging
techniques such as ultrasound (US), computed tomography (CT), magnetic resonance
imaging (MRI), and angiography are crucial for diagnosing and characterizing hepatic
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hemangiomas. US is often the initial imaging technique employed due to its accessibility
and cost-effectiveness. Despite this, there is no consensus on the definitive standard
for diagnosing hepatic hemangioma. Historically, angiography was considered the gold
standard for this purpose [104]. However, advancements and increased accessibility of
various imaging methods have shifted this paradigm. Some researchers now view MRI as
the gold standard for diagnosing hepatic hemangiomas [105,106], while others advocate
for IV contrast-enhanced abdominal CT scans [69,107]. Furthermore, the role of biopsy
and histopathological examination in evaluating liver lesions, especially atypical ones
that may resemble malignancies, is crucial, despite the associated risks of such invasive
procedures [108,109].

The management strategy for hepatic hemangiomas depends on various factors,
including the size, location, symptoms, and potential complications of the lesion. Asymp-
tomatic and small lesions often do not require intervention and can be monitored conserva-
tively with regular imaging. Symptoms of enlarged hepatic hemangiomas are non-specific
and can overlap with other pathological conditions; thus, alternative causes of abdominal
symptoms such as gallstones, gastroesophageal reflux disease, or peptic ulcer disease
should be excluded before considering interventional procedures. Surgery has traditionally
been the preferred treatment for symptomatic patients or those with significant lesion
growth [70,71]. When symptoms emerge, the lesion grows rapidly, or there is an increased
risk of rupture, alternative therapeutic options become necessary, moving beyond the
simple dichotomy of resection versus observation [98,110-112].

Surgical intervention necessitates careful consideration due to the potential for com-
plications. Despite some evidence supporting surgical approaches, the risk of extended
hospitalization, significant perioperative blood loss, and complications in lesions larger
than 10 cm must be evaluated [74,113]. Alternatives to surgical and conservative treat-
ments, such as radiofrequency ablation (RFA) and microwave ablation (MWA), have been
explored but found lacking in efficacy and associated with complications, especially in
giant lesions [79,81,82,114,115].

Transcatheter arterial chemoembolization (TACE) has recently gained traction as an
effective treatment for hepatic hemangiomas. The efficacy of TACE has been extensively
reviewed [6,88,89,93,116]. Bleomycin is known for its cytotoxic, antiangiogenic, and scle-
rosing properties, leading to DNA degradation and eliciting a generalized inflammatory
response in the vicinity of the lesion and the portal area [117]. When combined with
lipiodol, bleomycin’s embolic effect is enhanced, facilitating improved distribution of the
chemotherapeutic agent to the targeted site.

However, it is crucial to recognize the limitations and potential complications inherent
to each therapeutic approach. Interventional procedures, while effective in alleviating
symptoms and reducing the size of hepatic hemangiomas, are associated with risks, in-
cluding post-procedural bleeding, infection, and hepatic dysfunction. Consequently, a
comprehensive evaluation of the risks and benefits of each treatment option is imperative,
taking into account the unique characteristics and preferences of each patient.

In conclusion, the management of hepatic hemangiomas necessitates a multidisci-
plinary strategy, incorporating the expertise of radiologists, hepatologists, and surgeons to
customize treatment plans according to the individual requirements of patients. Ongoing
research efforts to enhance imaging methodologies and therapeutic techniques are essential
to advance the management of hepatic hemangiomas and elevate patient care outcomes.

11. Conclusions

Hepatic cavernous hemangioma is the most prevalent type of benign liver tumor.
When treatment is necessary for liver hemangiomas, surgical approaches like hepatic
resection or enucleation, performed through open, laparoscopic, or robotic methods, have
been historically deemed the first choice. However, in recent years, alternative therapies
such as liver transplantation, radiofrequency ablation, transarterial embolization, and
transarterial chemoembolization have also been gaining in importance. When deciding on
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the best treatment approach, it is essential to conduct a thorough assessment that takes into
account various factors such as symptoms, size, location, and the presence of any coexisting
medical conditions.
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Abstract: Inflammatory bowel disease (IBD), especially Crohn’s disease (CD), characterized by a
chronic inflammatory process and progressive intestinal tissue damage, leads to the unrestrained
proliferation of mesenchymal cells and the development of bowel strictures. Complications induced
by fibrosis are related to high rates of morbidity and mortality and lead to a substantial number
of hospitalizations and surgical procedures, generating high healthcare costs. The development of
easily obtained, reliable fibrogenesis biomarkers is essential to provide an important complementary
tool to existing diagnostic and prognostic methods in IBD management, guiding decisions on the
intensification of pharmacotherapy, proceeding to surgical methods of treatment and monitoring
the efficacy of anti-fibrotic therapy in the future. The most promising potential markers of fibrosis
include cartilage oligomeric matrix protein (COMP), hepatocyte growth factor activator (HGFA), and
fibronectin isoform- extra domain A (ED-A), as well as antibodies against granulocyte macrophage
colony-stimulating factor (GM-CSF Ab), cathelicidin (LL-37), or circulatory miRNAs: miR-19a-3p
and miR-19b-3p. This review summarizes the role of genetic predisposition, and risk factors and
serological markers potentially contributing to the pathophysiology of fibrotic strictures in the course
of IBD.

Keywords: IBD; strictures; fibrosis; biomarkers

1. Introduction

Inflammatory bowel disease (IBD), such as Crohn’s disease (CD) and ulcerative colitis
(UQ), is characterized by a persistent state of inflammation and progressive intestinal
tissue damage, which may lead to uncontrollable mesenchymal cells proliferation and the
accumulation of an excessive amount of extracellular matrix (ECM) ingredients. These pro-
cesses contribute to bowel wall thickening, the development of strictures, and subsequently
obstruction—one of the most common complications in the course of IBD, especially CD.
The behavior and natural course of CD is highly heterogenous, while the location of the
disease remains relatively stable [1-3]. According to the Vienna classification, at the mo-
ment of diagnosis, 77% of CD patients were categorized as having the pure inflammatory
phenotype of the disease, whereas the development of strictures and fistulae was noticed
in 11% and 16% of patients, respectively [3]. This pattern changes dramatically over time,
and 5 years after diagnosis, complication rates in patients with CD were reported to range
between 48 and 52%. Moreover, 10 years after diagnosis, complications occurred in up to
70% of CD patients, with approximately half of them developing strictures [2—4]. The risk
of needing surgical treatment among CD patients is estimated to be between 40 and 71%
in the 10-year period after diagnosis [5,6]. The main indications for surgical proceeding
include strictures, abscesses, and fistulae. Most often, stricturing CD is treated with stric-
tureplasty or surgical resection. However, recrudescence of the disease at an anastomosis
site is frequent, with up to 73% of patients developing recurrent strictures 10 years after
strictureplasty [7].
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The localization with the greatest likelihood of forming de novo strictures is the ileum
and the ileocolonic region. Probably, it is caused by the relatively smaller diameter of this
part of the gastrointestinal (GI) tract. Nevertheless, stenotic complications may appear in
any region of the GI tract affected by CD: the upper part of the GI tract, the colon, or the
rectum. The frequency of stricture formation indicates the most common inflammation
sites in the GI tract, with a number of 40-55% stenotic complications occurring in the
terminal ileum and colon, 15-25% only in the colon, 25-40% in the ileum alone, and up to
10% affecting the upper part of the GI tract [8,9].

UC, the second main type of IBD, is manifested by continuous inflammatory lesions
affecting the inner lining of the large bowel. In the past, UC has not been related to the
process of fibrosis. However, recent studies have shown the presence of submucosal fibrosis
in up to 100% of colectomy samples from UC patients qualified for surgical treatment due
to dysplasia, cancer, or refractory disease [10]. The fibrosis rate is relative to the degree of
chronic, but not active inflammation [10,11]. Compared to CD, strictures in UC are much
less frequent due to the location of the disease being limited to the large bowel and a wide
lumen of the colon. In this form of IBD, stricture formation ranges from 1 to 11.2% of
UC patients [12]. Individuals developing strictures should always undergo oncological
screening, as a significant proportion of these complications may be related to colorectal
cancer. In order to prevent malignant transformation and fibrostenotic complications in
UC patients, it is recommended to introduce early colonoscopy surveillance and active
anti-inflammatory treatment for better control of the course of the disease [13].

Stricture formation among IBD patients leads to a growing number of hospitalizations,
often including surgical treatment, generating high healthcare costs and considerably re-
ducing the quality of life of affected individuals. Easily obtained, reliable biomarkers, such
as blood-based markers, would be an essential, complementary instrument in diagnosis,
therapy, and monitoring the course of IBD.

This paper aims to summarize the risk factors and biomarkers potentially contributing
to the pathophysiology of fibrotic strictures in the course of IBD. The role of genetic
predisposition in the development of stenotic complications will also be discussed.

2. Pathophysiology of Intestinal Fibrosis

Intestinal fibrogenesis is a complex, multifactorial process affected by multiple ele-
ments, such as genetic factors, gut barrier integrity, microbiota, the immune system, or the
regulation of cytokine expression (Figure 1). Two parallel processes are responsible for
fibrogenesis in IBD: the expansion of smooth muscle cells and the extensive accumulation
of ECM in layers of the bowel wall [14]. In the situation of intestinal tissue damage, the
process of mesenchymal cells” accumulation starts in order to secrete ECM components
together with growth factors and repair the defect. Mesenchymal cells, characterized by a
high motility and versatility, may be gained in the process of the proliferation of existing
local mesenchymal cells, cell migration from adherent structures, or differentiation from
other types of intestinal cells, like epithelial or endothelial [15]. Intestinal microorganisms
and their metabolites, together with growth factors, cytokines secreted by immune and
non-immune cells, or even ECM products themselves, are the main factors inducing the
processes of mesenchymal cells” activation and differentiation [16]. One of the potential
targets of several triggering factors, especially microbial components, are toll-like receptors
(TLRs), mainly TLR-4, the activity of which affects epithelial-mesenchymal transition,
collagen production, or myofibroblast function [17]. However, in a situation of chronic,
severe inflammation, like in IBD, mechanisms of tissue self-regeneration become upregu-
lated, resulting in the accumulation of excessive amounts of ECM products, reducing the
intestinal lumen in the place of previous injury, developing stenosis, and subsequently
GI tract obstruction. The chronically stimulated mechanisms of tissue regeneration lead
to an imbalance between the matrix metalloproteinases (MMP) and cathepsins involved
in tissue degradation and the tissue inhibitors of metalloproteinases (TIMPs), impeding
their activity [18,19]. The progression of fibrotic changes in the bowel wall can continue
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independently from the activity of inflammation, which seems to be only a triggering factor
for the onset of fibrosis, proceeding in its next steps in a self-perpetuating manner, activated
by integrin-mediated mechanisms [19,20].
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Figure 1. Pathophysiology of intestinal fibrosis. CTGEF, connective tissue growth factor; ECM,
extracellular matrix; EMT, epithelial-mesenchymal transition; Endo MT, endothelial-mesenchymal
transition; FGF, fibroblast growth factor; GMCSEF, granulocyte-macrophage colony-stimulating factor;
HGE, hepatocyte growth factor; IGF, insulin-like growth factor; IL, interleukin; NLRs, NOD-like
receptors; PDGF, platelet derived growth factor; TGF-f3, transforming growth factor 3; and TNF-«,
tumor necrosis factor «.

One of the latest findings in the field of ileal fibrosis pathogenesis applies to the role
of gut microbiota reactive antigen-specific T helper (Th) 17 cells. The study by Zhao et al.,
performed on a mouse and human model, showed that Th17 cells induce intestinal fi-
brosis via the expression of the epidermal growth factor receptor ligand amphiregulin
(AREG) [21]. The intestinal CD4+ T cells of CD patients presented augmented AREG
expression in fibrotic sites compared with nonfibrotic bowel segments. Hence, AREG
may serve as a new potential biomarker of fibrosis and target for anti-fibrotic treatment in
the future. Furthermore, the study proved that, despite multiple analyses of ileal fibrosis
pathomechanisms, our knowledge about these processes is still deficient.

A more detailed depiction of the mechanisms involved in the process of intestinal
fibrogenesis is beyond the scope of this review and has been raised in other publications.

3. Risk Factors of Fibrogenesis
3.1. Clinical and Environmental Risk Factors

The most commonly studied risk factors of the fibrostenotic CD course include clinical
and endoscopic parameters. Nevertheless, it has to be noted that most of the discussed
factors are not specific predictors of the fibrostenotising phenotype of the disease, but
should be rather considered as parameters showing a tendency towards developing a more
serious IBD course, including stricture formation. The risk of the stricturing CD course
seems to be independent of sex [22,23]. Its clinical parameters, mostly used for predicting a
more complicated phenotype of CD, are: small bowel disease location, perianal disease at
diagnosis, and an initial requirement for steroids use [22,24,25]. Most studies also mention
a young age at diagnosis as being a risk factor for a complicated CD course, generally
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defined as the onset of the disease <40 years of age [22]. However, a retrospective cohort
study conducted on 1936 IBD patients showed contradictory results. The risk of surgery
due to stricturing complications was increased in patients with CD who were 45-59 years
of age at diagnosis (p = 0.0023) compared to those aged 15-29 years at diagnosis [23].
Some studies also reported the need for early azathioprine (AZA) therapy as a predictor of
disease behavior changes in CD patients. A study conducted on a cohort of 340 CD patients
showed that the early use of AZA (p = 0.005), as well as AZA /biological therapy (p = 0.002),
was associated with disease behavior changes from B1 (inflammatory phenotype) to B2
(stricturing phenotype)/B3 (penetrating phenotype) [24].

A history of smoking is an environmental risk factor also considered to be of great
importance for a more complicated CD course and more rapid progression from diagnosis
to the formation of the first stricture. Some previous studies have suggested smoking to
be associated with a greater probability of progression to a complicated phenotype of the
disease, meaning the development of strictures or fistulae [25-28]. According to other
authors, the risk of surgical treatment and further resections during the disease course
tends to be higher among smoking individuals [29]. Cosnes et al. found steroids and im-
munosuppressants requirement to be higher in smokers compared with non-smokers [30].
The mechanisms of the effect of smoking on IBD course are not clear. Most data come from
past studies performed in the 1980s and 1990s. Components of tobacco smoke, like nicotine
or carbon monoxide, lead to an immunosuppressive effect of smoking, influencing both
cellular and humoral immunity. They alter immunoglobulin (Ig) levels, reducing the con-
centration of serum IgG [31]. They may also change the proportion of immunoregulatory
T cells, inducing a reduction in the ratio of T-helper to T-suppressor cells [32]. Smoking
has also been connected with altering mucus secretion and the composition in the bowel
lumen, what may influence the gut barrier integrity [33]. Furthermore, it may enhance the
dysfunction of ileal microvascular perfusion [34].

3.2. Endoscopic Risk Factors

Endoscopy techniques are sensitive methods for the investigation of changes in the
superficial layers of the GI tract. However, these procedures are able only to detect severe
narrowing of the lumen by visualization or an inability to pass the endoscope and are not
appropriate for assessing transmural changes. Endoscopy results can be only partially
related to the prediction of a stricturing phenotype, as they rather reflect the activity of the
disease and show the IBD behavior well after some complications have occurred. However,
some endoscopic findings, such as disease location or mucosal lesions, are considered
as predictors of an aggressive disease course. The risk of surgical intervention tends to
be higher among patients with extensive, deep, and active mucosal ulcerations [35]. A
retrospective study performed by Allez et al. suggested that CD patients with a higher risk
of surgery and penetrating complications have a more aggressive course of the disease,
with severe lesions in the ileocolon being visualized during endoscopy at symptomatic
phases. In a group of 102 patients included in the study, 53 were identified with severe
lesions at index colonoscopy, defined as extensive, deep ulcerations affecting more than
10% of the mucosa of a minimum of one colonic segment. During the median 52 months of
follow-up, 37 individuals underwent colectomy. The authors observed that the colectomy
rate was significantly higher among patients with severe endoscopic lesions compared
with those without severe lesions [36].

Disease site is also associated with a complicated course of CD and the need for
surgery [37]. The small bowel location of inflammatory changes, rather than the colon, has
been defined as being predictive of progression towards stricturing disease and a higher
rate of surgery [25]. According to Louis et al., the ileal location of CD is linked with a
stricturing phenotype, whereas frequent exacerbations are associated with a penetrating
phenotype. The study was performed on a total of 163 CD patients with a non-penetrating,
non-stricturing pattern at diagnosis [25]. These conclusions were confirmed in a study
by Lakatos et al. performed on 344 CD patients. The results suggest that disease location
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in the small intestine (p = 0.001) and the recognition of perianal disease (p < 0.001) are
independent predictors of disease behavior changes in CD patients [24]. It becomes evident
that groupings of the disease, in particular the Montreal classification, merely identify
fibrotic changes after they have become clinically significant. Using this classification to
assess risk factors seems to have substantial limitations [38].

On the contrary to CD, the relative risk of stricture formation in UC is much lower. One
of the known risk factors of fibrostenosis in UC is the duration of the disease [39,40]. In the
study published by Yamagata et al., disease duration was identified as being significantly
longer in UC patients with stricturing disease (15.6 years) compared to those without
strictures (8.6 years). In this cohort, the incidence of benign stenosis was rated 1.5%
over 23 years [40]. Gordon et al. observed a significant association between submucosal
fibrosis and the severity of intestinal inflammation (p < 0.001), as well as histopathological
changes in chronic mucosal injury. No correlation with active inflammation was found.
Furthermore, there were no features found on endoscopic mucosal biopsies able to assess
the size of the underlying fibrosis or the thickness of the muscularis mucosae [10]. A
study conducted on a pediatric population with UC confirmed this hypothesis. In the
pediatric UC patients, colorectal submucosal fibrosis and the thickening of the muscularis
mucosa were correlated with the presence, chronicity, and degree of inflammation of
the mucosa [41]. However, a significant proportion of stenotic complications have been
related to the presence of cancer [12,40]. In the study conducted on 1156 patients with UC,
59 of them had colon stenosis, with 24% of these patients being diagnosed with colorectal
cancer [12]. The risk of developing colorectal cancer was associated with the duration of the
disease (>20 years), location of the disease proximal to the splenic flexure of the colon, and
the symptomatic course of stenosis formation. Additionally, the risk of malignant stenotic
changes is increased in patients with extensive, active inflammation involving a large part
of the intestine, with primary sclerosing cholangitis, or a family history of colorectal cancer
< 50 years of age [13].

3.3. Imaging Techniques in Fibrostenosis Evaluation

Apart from endoscopy techniques, there are several radiological modalities used for
the assessment of IBD complications, including fibrostenosis. In the face of a lack of reliable,
clinically useful laboratory markers, radiological techniques are still crucial in the process
of assessing fibrostenotic changes in the intestinal tract. For many years, the main problem
in using imaging modalities in the diagnosis of fibrostenotic complications referred to a lack
of standardized definitions for GI tract strictures. A group of international IBD experts—the
CrOhN’s disease anti-fibrotic STRICTure therapies (CONSTRICT) group—has provided
some defined radiological criteria for ileal stenosis. Due to consensus, a naive small
bowel stricture may be defined as a combination of three features found in cross-sectional
imaging: localized luminal narrowing (reduction in luminal diameter of at least 50%,
compared to the adjacent normal bowel tract), bowel wall thickening (25% increase in wall
thickness compared to the adjacent healthy bowel loop), and pre-stricture dilation (luminal
diameter more than 3 cm) [42]. All available cross-sectional imaging techniques today, like
Computed Tomography (CT), Magnetic Resonance (MR), and Intestinal Ultrasound (IUS),
have the ability to detect strictures, varying in terms of accuracy, availability, exposure
to radiation, or cost effectiveness. One of the greatest concerns remains distinguishing
between inflammatory-predominant strictures and the fibrotic type of bowel stenosis, as
none of the currently available imaging techniques are able to accurately assess the amount
of accumulated fibrosis.

CT techniques, including CT enterography (CTE), are characterized by a high sensi-
tivity and specificity in bowel stenosis identification, reaching 85-100% and up to 100%,
respectively [43—45]. The main limitation of this type of testing refers to radiation exposure,
which may exclude from its use a significant group of CD patients—the pediatric popula-
tion or young adults, who are especially susceptible to the long-term effects of radiation.
Another limitation includes the questionable clinical usefulness of CTE in distinguishing
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different types of strictures and identifying those associated with fibrostenosis. A retrospec-
tive study conducted on a group of 22 CD patients, who underwent a surgical resection of
a small bowel stricture, showed that CTE was a sensitive tool for identifying inflammatory
changes (p = 0.002), such as mesenteric hypervascularity, mesenteric fat stranding, and
mucosal hyperenhancement; however, it did not predict the presence of tissue fibrosis [46].

MR modalities, especially MR enterography (MRE), have gained popularity in CD
management in the last years. MRE is characterized by being comparable to CTE sensi-
tivity and specificity in stenosis identification, estimated at 75-92% and 90-95%, respec-
tively [47,48]. However, the main advantage of MR modalities is the lack of exposure to
radiation, altogether making MR an optimal technique for the diagnosis of intestinal stric-
tures and assessment of anti-fibrotic therapy response [42]. Limitations of this technique
include restricted availability, a long examination time, and higher costs, in comparison to
CT. MR findings predictive for stenosis include T1 and T2 isointensity or hypointensity,
delayed mural hyperenhancement relative to the normal bowel, and an elevated magneti-
zation transfer ratio [49]. Recently, some novel modalities of MR imaging have been tested,
such as Type I Collagen Targeted MR Imaging Probe. A study held on a rat model showed
a correlation with the severity of bowel fibrosis (p = 0.021), presenting this technique as a
promising method for predicting the progression of fibrotic changes and monitoring the
therapeutic response [50].

There are several ultrasound (US) techniques with high diagnostic potential in CD
management and fibrosis detection: B-Mode IUS (B-IUS), strain elastography (SE), shear
wave elastography (SWE), colour Doppler imaging (CDI) and contrast-enhanced ultra-
sound (CEUS). Markers of fibrostenosis in US include a thickened bowel wall with a lack
of vascularity or contrast enhancement, prestenotic lumen dilation with an increased fluid
content, and the presence of stratification in contrast with a loss of stratification typical for
inflammatory changes with a low degree of fibrosis [49,51].

Due to its high availability, good tolerance among patients, and low costs, IUS with
its modalities seems to be an ideal diagnostic tool for CD patients. However, recently
published data have shown that US’s diagnostic value remains unclear [52]. The main
limitation of IUS may be its high dependence on the skills and experience of the operator,
which leads to significant variability in results. Furthermore, US techniques have a low abil-
ity to obtain some segments of GI tract, like the duodenum and rectum, as well presenting
limited visualization among obese patients. Despite the great potential of these techniques,
more studies are needed to understand the precise significance of each radiological pa-
rameter and assess cut-off values in different US modes. There is a high discrepancy in
evaluating the diagnostic accuracy of US techniques in stenosis detection, with sensitivity
varying from 74% to 100% and specificity ranging from 89% to 91% [53-55]. The detection
of stenosis improves significantly when using a US modality with contrast enhancement.
In a study comparing the accuracy of conventional US and contrast-enhanced techniques
in assessing CD complications, i.a., intestinal stenosis, the sensitivity in stricture detection
was 74% and 89% for conventional and contrast US, respectively [56]. In another study, the
diagnostic value of transabdominal US and contrast US in small bowel lesion detection was
evaluated on a group of 28 CD patients. The sensitivity of at least one stricture detection
was 76% for conventional US and 94% for the contrast-enhanced technique [57].

A great challenge in CD stricture diagnosis rises from distinguishing inflammatory
from fibrostenotic lesions, what may be a matter of great importance in CD management
therapy choice, treatment modification, or shifting to surgical procedures. US techniques,
such as CDI or CEUS, seem to be a promising tool for the differentiation of such lesions,
as they are able to assess the parameters of the bowel wall, appropriate for evaluating
the grade of fibrosis in the thickened wall, vascularity, perfusion, neoangiogenesis, and
the presence of piercing vessels. However, available data on the clinical usefulness of US
modalities in assessing fibrosis in bowel strictures are scarce. A recently published meta-
analysis including 14 studies showed that US techniques were inaccurate in differentiating
inflammatory from fibrotic stenosis [52]. Another US technique—elastography—also seems
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to be a promising tool in assessing fibrostenosis in CD patients. Its clinical usefulness is
based on changes in the mechanical and elastic properties of the bowel wall due to ECM
products’ deposition and smooth muscle proliferation in the process of fibrosis, making
the measurement of ileal tissue stiffness a marker of fibrosis [58]. Elastography includes
two modalities: strain elastography (SE), which measures the bowel stiffness in response to
external tissue compression, and shear wave elastography (SWE), the function of which
is based on the speed of acoustic wave propagation in tissues differing in stiffness. In
the study by Fraquelli et al. conducted on 23 CD patients qualified for terminal ileum
resection, SE strain ratio measurements correlated significantly with the severity of fibrotic
bowel lesions in a histological image analysis (p < 0.0001) [59]. In another study, authors
assessed the use of real-time elastography (RTE) in bowel fibrosis detection. Affected and
unaffected by stenotic changes, the ileal segments of 10 CD patients were examined pre-,
intra-, and postoperatively with different techniques, with a correlation found between RTE,
direct tensiometry, and the histological examination results [60]. Further studies evaluating
the clinical usefulness of elastography are needed due to small study groups, the high
heterogeneity of the used modalities, and no established cut-off values, which hampers
defining the role of these techniques in distinguishing different types of bowel stenosis.

3.4. Biomarkers of Fibrosis in IBD

Multiple studies have tried to identify laboratory parameters and biomarkers which
would be able to estimate the risk of the fibrostenotic course of IBD, detect the initial stages
of fibrosis prior to symptoms, and assess the outcome of a patient’s therapy. Table 1 sum-
marizes the identified potential biomarkers—serologic, genetic, and histologic—associated
with stenotic complications.

Table 1. Potential biomarkers of fibrogenesis in inflammatory bowel disease.

Category Biomarkers
Collagen I
Collagen III
Collagen IV
Extracellular matrix proteins Collagen degradation products (fragments of type I (C1M), III (PRO-C3, C3M), IV

(PRO-C4, C4M, C4G), and VI (C6Ma3))
Fibronectin isoform ED-A
Cartilage oligomeric matrix protein (COMP)

Transforming growth factor 3 (TGF-f3)

Growth factors Hepatocyte growth factor activator (HGFA)

Anti TGF-3 antibodies
Cytokine antibodies Anti interleukin 10 (IL-10) antibodies
Anti granulocyte-macrophage colony-stimulating factor (GM-CSF) antibodies

Anti-Saccharomyces cerevisiae antibody (ASCA)

Anti-zymogen granule membrane glycoprotein 2 (GP2) antibodies
Anti-flagellins: A4-Fla2, anti Fla-X, anti-CBirl

Anti-Escherichia coli outer membrane porin C (anti-OmpC)
Anti-CD associated bacterial sequence (12)

Cathelicidin (LL-37)

Antimicrobial antibodies

Caspase activation recruitment domain (NOD2/CARD15)
L-selectin (CD62L)
Genetic variants Micro-RNA (miR-19a-3p, miR-19b-3p)
Genetic variation of cytokines: IL-12B, IL 10
Tumor necrosis factor (TNF) ligand superfamily member 15

Mast cell density

TGF-{ activated kinase 1 (TAK1)

Ovarian cancer G-protein coupled receptor 1(OGR1) mRNA
Cholesterol 25 hydroxylase (CH25H) mRNA

Histhopathology / Tissue based markers
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Table 1. Cont.

Category Biomarkers
Fecal calprotectin (FC)
Fecal lactoferrin (FL)
Other a2-Heremans-Schmid glycoprotein (AHSG/fetuin A)

Elafin
Mannan-binding lectin (MBL)
C-reactive protein (CRP)

Comparably, little attention has been focused on routinely used and widely available
tests, such as C-reactive protein (CRP) concentration. Multiple studies have evaluated the
use of CRP in IBD, especially in CD, for establishing a diagnosis, monitoring disease activity,
or assessing the response to treatment. The role of CRP as a predictive biomarker in GI tract
stricture formation is unclear and study results remain inconsistent. In a cross-sectional
study using proteomics to identify potential biomarkers of stricturing CD, no significant
correlation with CRP, leukocyte, platelet, and hemoglobin concentration was found [61]. A
newly published study demonstrated that a higher serum erythrocyte sedimentation rate
and platelet counts, but not CRP, were associated with CD patients’ strictures [62].

3.5. Extracellular Matrix Proteins

Using ECM proteins as potential biomarkers of intestinal fibrogenesis intuitively seems
to be an expected proceeding, as an excessive accumulation of ECM products is related to
the process of remodeling and stricture formation in the intestinal wall. The predominant
matrix molecules are collagens, with two major types—collagen I and collagen III—being
involved in fibrogenesis [63]. Several studies have evaluated the circulating metabolites of
connective tissue, but the results were not consistent and collagens and their properties did
not receive the status of being a reliable biomarker of intestinal fibrostenosis [63,64]. More
promising outcomes were achieved in a study based on the measurement of the serum
levels of molecules involved in collagen turnover and degradation (fragments of collagen
type I (C1M), III (PRO-C3, C3M), IV (PRO-C4, C4M, C4G), and VI (C6Ma3)) in a group of
CD patients in comparison to healthy individuals. A high level of degradation of collagen
type L, 11, and IV and excessive formation of collagen type IV were associated with the
stricturing phenotype of CD [65].

Recently, some interesting findings were also reported concerning fibronectin. Fi-
bronectin can occur in up to 20 different isoforms due to the alternative splicing of the
primary transcript, with every isoform having a different function. Splicing variant ED-A is
connected to cell proliferation and the differentiation of fibroblasts into myofibroblasts. Tis-
sue stiffness is one of the known factors which affects the alternative splicing of fibronectin.
In the study by de Bruyn et al., increased expression of fibronectin isoform ED-A was
observed in an immunohistochemical examination of intestinal samples obtained from
CD patients unresponsive to infliximab (IFX) therapy, who underwent ileocecal resection.
According to this study, the tissue of the IFX failure patients was characterized by increased
stiffness because of higher levels of collagen and fibronectin. The thickness of the muscu-
laris mucosa of those individuals was substantially greater than the mucosa of subjects
naive to IFX [66].

Cartilage oligomeric matrix protein (COMP) is a glycoprotein from the thrombospondin
family, which takes part in ECM production and tissue remodeling in response to dam-
age [67]. COMP interacts with other ECM components, including different types of collagen
(L, IL, IX, XII, and XIV), matrillin-3, aggrecan, fibronectin, and proteases (MMP-3,-12,-13),
directly linked to ECM formation [68]. Other roles of COMP include ECM protein export
and the correct integration of ECM. Disorders of these functions cause skeletal dysplasias,
wound healing abnormalities, and fibrosis in multiple organ systems [69,70]. The function
of COMP is highly integrated with transforming growth factor 3 (TGF-), which plays an
important role in regulating myofibroblast activity and ECM characteristics. In the process
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of fibrosis, COMP and TGF-f3 interact mutually, affecting the activity and expression of
each other, in a self-perpetuating cycle [71,72]. A dysregulated expression of COMP has
been found in numerous pathologies connected to cartilage destruction and fibrosis, like
rheumathoid arthritis, idiopathic pulmonary fibrosis, or scleroderma [72-74]. The clinical
potential of COMP as a biomarker is associated with the secretion of high levels of this
protein into the bloodstream, which enables an indication of COMP serum concentra-
tion using conventional methods. In a study conducted by Stidham et al., subjects with
fibrostenotic and inflammation-predominant CD phenotypes underwent a comparison
of their quantitative serum glycoproteome profiles [61]. The COMP serum levels were
elevated in the fibrostenotic vs. inlammatory CD group of patients (p = 0.012). Increased
concentrations of COMP among subjects with fibrostenosis persisted even after the resec-
tion of the affected parts of the intestine. The constantly elevated COMP expression may
exhibit a susceptibility for fibrotic changes in response to tissue damage and inflammation.

3.6. Growth Factors

Another group of interest as potential biomarkers of fibrostenosis are growth factors.
Among these, transforming growth factor 3 (TGF-f) plays a predominant role, regulating
the process of fibrosis in many organs, including the intestine, contributing to disorders
such as diabetic nephropathy, rheumathoid arthritis, radiation-induced fibrosis, or my-
ocarditis [75-79]. TGF-f3 belongs to a large superfamily of activins/bone morphogenetic
proteins. Produced by various types of cells, TGF-§ is characterized by pleiotropic activity,
including the regulation of the immune response, cell proliferation, and oncogenesis. The
association between TGF-f level and intestinal strictures in CD patients was investigated,
and it was proved that the expression of TGF-3 was increased in the intestinal mucosa
covering strictures compared to non-strictured parts of the intestines of patients with fi-
brostenosing CD [80]. An elevated level of expression of TGF-1 and active TGF-1 was
also found in the muscle cells of intestinal strictures, obtained from surgically resected ileal
segments of CD patients [81].

Hepatocyte growth factor activator (HGFA) is a protease secreted into the blood by the
liver in order to activate hepatocyte growth factor (HGF) as a response to tissue damage.
HGEF is a multipotent molecule produced by various types of cells, including fibroblasts,
taking part in crucial processes such as the regeneration and protection of tissues, epithelial
to mesenchymal cell transformation, the apoptosis of myofibroblasts or protection from
chronic inflammation, and fibrosis [82]. HGF has an antagonistic relationship with TGF-
(3, inhibiting fibrotic remodeling [83]. The administration of HGF or HGF gene therapy
contributes to anti-fibrotic effects in lung, liver, renal, cardiac, and brain injuries, which was
confirmed in animal models [84-88]. In the aforementioned study by Stidham et al., HGFA
serum levels were significantly elevated in a fibrostenotic group of CD patients compared
to subjects with the inflammatory phenotype (p = 0.031). Within the group with the fibrosis-
predominant phenotype, HGFA levels significantly declined following the resection of the
fibrostenotic intestine (p = 0.015). Elevated serum HGFA levels in fibrostenotic subjects,
with a significant decline after surgical resection, suggest the usefulness of this enzyme as
a marker of accumulated fibrotic bowel damage [61].

3.7. Cytokine Antibodies

Endogenous autoantibodies to cytokines are able to modulate inflammation by cre-
ating a state of relative immunodeficiency in IBD patients, predisposing them to chronic
inflammatory processes in the intestinal mucosa. In the study by Ebert et al., the concen-
tration of antibodies recognizing TGF-f3 was significantly higher in UC patients (p < 0.01),
compared with normal sera. In the same study, anti-IL-10 antibody levels were found to be
greater in CD (p < 0.05) patients than among healthy individuals [89]. In a subsequent study,
an increased concentration of neutralizing autoantibodies against granulocyte macrophage
colony-stimulating factor (GM-CSF Ab) was observed in a population of adult and pediatric
CD patients, however, GM-CSF Ab level was found to be especially elevated among sub-
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jects with ileal disease involvement and the stricturing CD phenotype (p < 0.001). Another
important finding in this research, performed additionally on an animal model, was the
loss of the barrier function of the intestinal mucosa and the development of transmural
ileitis after exposure to non-steroidal anti-inflammatory drugs (NSAID) in GM-CSF-null
mice and NOD2-null mice, in which GM-CSF was neutralized [90]. Parallel results were
obtained in another study. The authors found that an elevated concentration of GM-CSF
Ab, disease duration greater than 3 years, and ileal location of the disease were independent
risk factors of stricturing/penetrating CD behavior and intestinal resection [91]. GM-CSE,
which is produced by the immune cells of the lamina propria, plays an important role
in regulating intestinal inflammatory processes by supporting epithelial barrier integrity
or stimulating crypt cell proliferation in acute tissue injury. Deficiency of GM-CSF can
contribute to a relative immunodeficiency and disorder in ileal homeostasis [92].

3.8. Antimicrobial Antibodies

Searching for biomarkers associated with the gut microbiota, such as antimicrobial
antibodies or antimicrobial proteins, seems to be promising, as molecules connected to
enteric flora might be unique markers specific for intestinal fibrosis, distinguishing ileal
from other types of organ fibrosis. Dysbiosis is related to IBD in general, and in addition,
changes in enteric microbiota composition may be characteristic for different types of
disease phenotypes [93]. Alterations in the gut microbiota and their metabolites, together
with a loss of ileal barrier integrity, lead to the translocation of microbial antigens to the
bowel mucosa or portal circulation and indirectly stimulate the production of fibrotic agents
by immune and non-immune cells [94]. The process of antigen recognition by immune and
non-immune cells takes place with a contribution from pattern recognition receptors (PRRs),
like Toll-like receptors (TLRs) and nucleotide-binding and oligomerization domain (NOD)-
like receptors (NLRs) [95]. Due to the role of dysregulated intestinal immune response
in the pathogenesis of IBD, multiple studies have been conducted evaluating the clinical
usefulness of antimicrobial antibodies in UC and, in particular, CD management [96].
An association between antimicrobial antibodies level and IBD behavior or phenotype
was the most prominent regarding anti-Saccharomyces cerevisiae antibodies (ASCA). A
prospective cohort study evaluated their prevalence and relationship with IBD. Positive
ASCA was found to occur more frequently in CD patients with stricturing (p = 0.003) or
penetrating (p = 0.012) complications compared to subjects with the pure inflammatory
phenotype of CD at diagnosis. Furthermore, patients with ASCA presence had at least
a twice higher risk of the evolution of their disease course to being more severe during
follow-up (p < 0.001) [97]. This association was confirmed in several other studies [96-98].
In the study by Degenhardt et al., ASCA IgG and IgA were qualitatively and quantitatively
associated with CD, CD complications (fistula and stenosis), and the need for surgical
treatment [98]. This research has also shown link between another antibody type—serum
anti-zymogen granule membrane glycoprotein 2 (GP2) antibodies. GP2 is thought to play
an important role in immunomodulatory processes. The expression of GP2 in human
enterocytes suggests that the pathogenesis of Crohn’s disease is, apart from multiple other
factors, associated with anti-GP2 response [99]. Anti-GP2 IgA and IgG levels were found to
be exclusively connected to the stricturing CD course and the need for surgical intervention,
independently of disease location. No significant association with the fistulizing phenotype
of CD, early disease onset, or disease activity was found [98]. In another study, the results
showed that CD patients with the presence of IgA and/or IgG ASCA antibodies and
anti-GP2 IgG antibodies, compared to seronegative individuals, had an early disease onset
(p < 0.0001) and greater risk of both ileal and colonic disease (p < 0.0001), as well as forming
strictures (p < 0.0001) [100].

Other antibodies which are associated with the fibrostenotic CD phenotype include both
antimicrobial molecules: anti-flagellins A4-Fla2, anti Fla-X, anti-CBirl, and anti- Escherichia
coli outer membrane porin C (anti-OmpC), and those that are nonantimicrobial, such as an-
tineutrophil cytoplasmic antibody (ANCA)/perinuclear ANCA (pANCA) [101-105]. Another
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antimicrobial peptide which gave promising results is cathelicidin (LL-37, also known as
hCAP18). Cathelicidin expression was found in multiple tissues, like the mucosa of the
colon, breast, salivary glands, or some types of immune cells. Cathelicidin in the intestinal
epithelium is responsible for ensuring epithelial barrier integrity or bacterial adhesion. An
increased expression of cathelicidin was found in the mucosa of UC patients [106]. A study
performed by Tran et al. showed that serum cathelicidin levels were inversely correlated
with the activity of the disease (Partial Mayo Score) in UC patients, which is consistent with
its known anti-inflammatory effect. Cathelicidin concentration combined with CRP level
indicated the activity of UC more accurately than using either of these parameters indepen-
dently. The study also demonstrated that low LL-37 levels among CD patients indicated a
higher risk of developing intestinal strictures (p = 0.0485); however, it was not determined
whether LL-37 levels were associated with the development of other complications like
fistulae. The study was performed on two cohorts of IBD patients—80 UC patients and
95 CD patients. The serum levels of LL-37 were assessed using ELISA tests [107].

3.9. Fecal Biomarkers

Fecal calprotectin (FC) and fecal lactoferrin (FL)-neutrophil-derived proteins are
the two most commonly used fecal biomarkers in clinical trials. The role of FC is well-
established, with a significant correlation with intestinal inflammation, serving as a useful
tool in CD evaluation. The use of FL testing has been limited mainly to research, probably
due to the low stability of lactoferrin at room temperature.

Although fecal biomarkers seem to have a great potential to serve as easily obtained,
non-invasive indicators of structuring CD, available data concerning this type of markers
are limited. Only a few studies have evaluated fecal markers in the context of GI tract
strictures. In a recent study, FC and FL levels were assessed to predict disease recurrence in
CD patients with anastomotic strictures who underwent surgical treatment. The patients
included in the study were evaluated by postoperative colonoscopy. Endoscopic balloon
dilation was performed in subjects with strictures at the site of anastomosis, unable to pass
by the colonoscope, regardless of the patients’ symptoms. Stool samples for FC and FL were
collected on the day preceding bowel cleaning. Both FC and FL levels were significantly
associated with the endoscopic recurrence of anastomotic strictures (p < 0.001), with an
optimal cut-off value of 90.85 pg/g for FC and 5.6 ng/g for FL [108]. The use of FC as a
potential biomarker of stricturing CD was also discussed in a recently published article.
The authors assessed the management of stricturing CD in two pregnant patients using
FC levels and intestinal ultrasound, proving that FC can serve as a complementary tool to
ultrasound findings in confirming therapeutic response. Moreover, an increased FC level
during pregnancy is associated with later exacerbation and a higher risk of adverse fetal
and maternal outcomes [109].

3.10. Tissue-Based Biomarkers

Histopathologic analyses of intestinal fibrosis may provide some critical information
about the pathogenesis of stricture formation, leading to the development of antifibrotic
therapies. The most remarkable changes in strictured intestinal tissue include chronic
inflammation, hypertrophia of muscularis propria, and hyperplasia of the smooth muscle
layer in the submucosa. The ‘inflammation-smooth muscle hyperplasia axis” appears to
be the crucial patomechanism of stricture formation in the course of CD [110]. However,
no standardized scoring system to grade the severity of histological fibrosis is currently
available, which hampers further investigations and comparisons of study results [111].
The main limitation to the clinical use of tissue-based biomarkers is their low availability,
requiring endoscopic procedures, which makes them less significant in IBD management
compared to easily obtained serum biomarkers. The second major objection is the limited
value of endoscopic mucosa biopsy samples for diagnosis of intestinal fibrosis, as stricture
formation is a transmural process. This may be the cause of lacking studies confirming
histopathological biomarkers.
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Potential markers include transforming growth factor beta activated kinase 1 (TAKI).
A study conducted on 26 IBD patients evaluated surgical ileal samples obtained from
individuals with the stricturing phenotype of CD. The concentrations of TAK1 and its phos-
phorylated form—pTAK1—were elevated in the ileal specimens of CD patients compared
with healthy subjects and correlated with the level of intestinal fibrosis (p < 0.01) [112]. An-
other study evaluated the expression of fibrosis markers and pH-sensing receptors in ileal
samples from CD patients who had undergone ileocaecal resection because of fibrostenotic
complications. The expression of pH-sensing ovarian cancer G-protein coupled receptor-1
[OGR1/GPR68] was found to be elevated in the ileal samples of fibrostenotic patients
and positively correlated with the expression of pro-fibrotic cytokines and pro-collagens
(p = 0.016) [113]. In a different study, the authors observed a gradual increase in cholesterol
25 hydroxylase (CH25H) expression in samples, comparing, as follows: healthy control ileal
tissue, non-fibrotic ileal tissue of CD patients, and fibrotic ileal tissues from the same CD
patients (p < 0.05). Samples were obtained from subjects who underwent ileocaecal resec-
tion because of stenotic complications. The expression of CH25H was strongly correlated
with the expressions of various fibrosis mediators (COL-1, COL-3, SMA, and TGF-§3) [114].
As all the experiments were conducted on a small group of subjects, further studies are
required to elucidate the exact significance of tissue-based markers.

3.11. Genetic Variants

Genetic variants have also been considered as markers of stricture formation in IBD.
The first gene proven to be linked with CD was the nucleotide binding and oligomeriza-
tion domain, named later the caspase activation recruitment domain (NOD2/CARD15).
Later research proved the association of this gene with susceptibility to the stricturing
phenotype of CD. A meta-analysis including CD patients showed that owners of at least
one high-risk variant of NOD2/CARD]15 had a slightly increased risk of familiar disease,
modestly elevated risk of the stricturing CD phenotype, and significantly higher risk of
small bowel disease [115]. Another study revealed that the presence of a single NOD2
mutation was associated with an 8% increase in the risk of a complicated CD course (stric-
turing or fistulizing) and a 41% increase in the risk among subjects owning two mutations.
Furthermore, individuals with any NOD2 mutation presented a 58% elevated risk of need-
ing surgery, whereas the risk of perianal disease remained unchanged. The authors of
the study assumed that CD patients with two mutations of NOD2/CARD15, due to a
high risk of a complicated course of the disease, may benefit from the early intensification
of therapy [116]. On the contrary, some studies have not confirmed the association of
NOD2/CARD15 variants with the stricturing course of CD [25,101,102]. It is still unclear
whether the observed relationship between NOD2/CARD15 gene variants and stricturing
CD is a real association, or only a reflection of a high proportion of CD patients who
develop complications. A significant limitation of using gene variants as biomarkers is the
fact that this does not take into account the impact of environmental factors on disease
course, such as microbiome or nutrition.

Another group of interest as candidate biomarkers of stricturing CD are circulatory
micro-RNAs (miR)—short noncoding RNA fragments regulating the gene expression in
epigenetic mechanisms. Aberrant miRNA expression is related to the pathogenesis of
fibrosis. Suppression of miR-29 has been linked to liver or renal fibrosis [117,118]. A study
by Lewis et al. identified miR-19-3p to be a potential marker of the stenotic phenotype
of CD. Patients with stricturing CD, compared to control CD patients, presented reduced
serum concentrations of miR-19a-3p and miR-19b-3p (p = 0.007 and p = 0.008, respectively).
The association between miR-19-3p and stenotic CD seemed to be independent of clinical
factors, such as disease duration, disease activity, location, gender, or age. A 4-year patient
follow-up supported this hypothesis [119]. Other variants of miR-19 have been also linked
to fibrotic processes. A lower concentration of miR-19a-5p in the peripheral blood was
found in interstitial lung fibrosis, as well as cardiac and liver fibrosis [120-122]. The
usefulness of miRNA in IBD management was also confirmed in a prospective study
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conducted on 77 IBD patients. The authors stated that miR-320a blood levels were strongly
correlated with the exacerbation of CD and reflected endoscopic and clinical disease activity,
as well as reaching a response to treatment [123]. The limitations to the potential utility of
miRNA as a biomarker include difficulties with isolation and purification.

4. Conclusions

Despite the increasing number of studies on the pathogenesis of fibrosis, our under-
standing of the patomechanisms of the stricturing CD phenotype and association between
biomarkers and strictures remains limited. Currently, there is still a lack of clinically
approved biomarkers of intestinal fibrostenosis. High hopes were raised for microbial
biomarkers due to their specificity for gut microbiota and, thus, ileal fibrosis. However,
ASCA antibodies or NOD2/CARD15-related markers seem to show a tendency towards a
more severe CD course rather than being representative of the IBD stricturing phenotype.
Promising results have been achieved according to other types of biomarkers—ECM com-
pounds, such as COMP or growth factors, like HGFA. Despite a high correlation with the
stricturing CD phenotype presented in previous studies and potentially easy obtainment,
the main objection against their clinical usefulness may be a lack of specificity for ileal
fibrosis. Most biomarkers derived from growth factors, cytokines, or ECM compounds
have been already found to be associated with fibrosis in multiple other organs, which may
be misleading in further studies. The development of imaging techniques has enabled GI
tract stricture detection, however, distinguishing between inflammatory and fibrotic types
of ileal stenosis is still ineffective. Non-invasive and easily obtained fecal biomarkers seem
to have great potential, showing an eventual direction for fibrosis marker development. FC
has a well-established position in IBD evaluation, as still no other valuable fecal biomarkers,
specific for ileal fibrosis, have been recently found.

Expansion in drug development has led to better control of inflammation in IBD
course, however, the available anti-inflammatory therapies still have little impact on the
reduction in or reversibility of GI tract fibrosis, remaining a great medical challenge. The
progression of intestinal fibrosis is partially independent of the inflammatory process and
indicates an urgent need for the identification of reliable, noninvasive biomarkers, which
could be useful in the management of IBD patients, especially those with CD. Further
studies on the pathogenesis underlying the stricturing CD phenotype and its associated
biomarkers may contribute to the optimalization of IBD patients’ management and better
long-term outcomes. Advances may be hampered by a lack of validated endpoints, which
would enable scientists to compare the results of clinical trials.
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Abstract: Slow transit constipation (STC) has an estimated prevalence of 2-4% of the general popula-
tion, and although it is the least prevalent of the chronic constipation phenotypes, it more commonly
causes refractory symptoms and is associated with significant psychosocial stress, poor quality of
life, and high healthcare costs. This review provides an overview of the pathophysiology, diagnosis,
and management options in STC. STC occurs due to colonic dysmotility and is thought to be a
neuromuscular disorder of the colon. Several pathophysiologic features have been observed in STC,
including reduced contractions on manometry, delayed emptying on transit studies, reduced num-
bers of interstitial cells of Cajal on histology, and reduced amounts of excitatory neurotransmitters
within myenteric plexuses. The underlying aetiology is uncertain, but autoimmune and hormonal
mechanisms have been hypothesised. Diagnosing STC may be challenging, and there is substantial
overlap with the other clinical constipation phenotypes. Prior to making a diagnosis of STC, other
primary constipation phenotypes and secondary causes of constipation need to be ruled out. An
assessment of colonic transit time is required for the diagnosis and can be performed by a number
of different methods. There are several different management options for constipation, including
lifestyle, dietary, pharmacologic, interventional, and surgical. The effectiveness of the available
therapies in STC differs from that of the other constipation phenotypes, and prokinetics often make
up the mainstay for those who fail standard laxatives. There are few available management options
for patients with medically refractory STC, but patients may respond well to surgical intervention.
STC is a common condition associated with a significant burden of disease. It can present a clinical
challenge, but a structured approach to the diagnosis and management can be of great value to the
clinician. There are many therapeutic options available, with some having more benefits than others.
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1. Introduction

Constipation is the symptom of unsatisfactory defecation and can occur either in
association with identifiable triggers or as a primary chronic condition. Chronic idiopathic
constipation (CIC) is a common condition affecting a significant proportion of adults
worldwide. A 2011 meta-analysis by Suares and Ford found a worldwide prevalence of
14%, with variations geographically [1]. CIC is one of the most common gastrointestinal
complaints and reasons for an ambulatory review, and frequently impacts on quality of
life [2-5]. Several known risk factors for CIC exist, most notably a female gender and an
increased age, particularly age over 65. A higher prevalence of low socioeconomic status
has also been observed [1,4,6].

Disease phenotypes of CIC include impaired evacuation due to dyssynergic defecation
(DD), colonic dysmotility resulting in slow transit constipation (STC), or constipation with-
out evidence of abnormal defecation or delayed colonic transit (normal transit constipation;
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NTC) [3,4,7,8]. Normal transit constipation is the most common phenotype and frequently
overlaps with constipation-predominant irritable bowel syndrome (IBS-C) [7].

STC is the least common of the CIC phenotypes, however, variations in prevalence
occur depending on the setting, and the true population prevalence is difficult to determine
as the majority of patients with NTC are successfully managed in the primary care setting
and many patients with chronic constipation do not require advanced investigation to
define STC [4,7]. The prevalence of patients with STC within a population of patients with
CIC has been reported to range between 15-30% [9], giving an estimated STC prevalence
of 2—4% in the general population, based on the abovementioned worldwide prevalence
of CIC.

STC is sometimes classified as a functional gut disorder, as in the Rome Foundation’s
classification of disorders of gut-brain interaction [10]; however, there is objective evidence
of the disease in these patients based on motility studies and pathologic examination
of colectomy specimens [2,4,7,11,12], and the condition is likely to be a neuromuscular
disease of the colon [7]. Although the aetiology of STC remains unclear, our understanding
is evolving, and hormonal and autoimmune mechanisms have been proposed [7,13,14].
The microbiome may also play a role in the aetiology of some patients, but its overall
contribution to the pathophysiology remains unclear [15].

STC may be challenging to manage and, at its extreme, may require surgical interven-
tion. It frequently results in poor quality of life and significant psychosocial stress, and
also commonly results in high health care burden with frequent presentations to health
care [6]. It can be difficult to distinguish between the phenotypes of constipation clinically,
and although management strategies for each are similar initially, the management of
those who fail standard first-line therapies differs greatly. Therefore, having an algorithmic
approach to the diagnosis and management is of vital importance to the clinician.

This review article summarises the findings of a literature review on the topic of slow
transit constipation in adults, providing readers with an overview of the pathophysiology,
diagnostic modalities, and management options for STC. It also proposes a framework for
approaching the diagnosis and management.

2. Definitions and Classification

Constipation is generally defined as unsatisfactory defecation, characterised by in-
creased stool firmness, reduced frequency of bowel movements, and/or difficult evacu-
ation [3,7,8,16,17]. The term chronic generally refers to abnormalities that are present for
three months or longer, and the development of STC is generally insidious, other than
in certain secondary causes such as spinal cord injury. The aetiologies of constipation
are numerous but can be classified as either primary or secondary. Primary constipation,
often synonymous with idiopathic constipation, relates to intrinsic colonic or anorectal
dysfunction, whereas secondary constipation occurs as a result of structural abnormalities,
systemic disease, or medications [7,17].

The American Gastroenterological Association (AGA) classifies chronic constipation
into three phenotypes: DD; STC; and NTC [3]. DD results in an impaired rectal evacuation
and may or may not have a secondary delayed colonic transit due to rectal outlet obstruction.
NTC is constipation without evidence of DD and with a normal colonic transit time. Some
patients with CIC, particularly those with NTC, have an overlap with IBS-C, which is
predominantly characterised by abdominal pain in addition to bowel disturbances [3,18].

STC occurs due to colonic dysmotility, resulting in delayed colonic transit times
not due to DD. A proportion of these patients have a co-existing upper gastrointestinal
dysmotility, with one study reporting a delayed gastric emptying in 34%, a delayed small
bowel transit in 10%, and both in 8% [8]. The term colonic inertia refers to a state of severely
impaired colonic motility with an absence of post-prandial increased motor activity or a
lack of response to stimulant laxatives [2,7,17,18].

The conditions defined by AGA’s classification appear in the Rome IV criteria as
functional constipation and functional defecation disorders, with IBS again being defined
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separately but may co-exist [10]. However, the Rome IV Criteria are based on symptoms
alone and are not as useful when discussing STC as there is no requirement for colonic
transit studies for the diagnosis in this classification system, and the majority of patients
with functional constipation have normal transit times [4,10].

3. Pathophysiology
3.1. Normal Physiology of the Colon

The primary function of the colon is water reabsorption and waste transportation
towards the rectum where it is excreted as stool via the anus [7,12]. These functions rely on
complex interactions between the endocrine, nervous, and muscular systems.

3.1.1. Control of Colonic Function

The majority of lower gastrointestinal function is under involuntary control; however,
the process of defecation has voluntary and involuntary mechanisms. The colonic function
is maintained primarily by neural and hormonal input [7].

The motor function is coordinated by input from the enteric nervous system, which
contains both sympathetic and parasympathetic nerves. The enteric nervous system inter-
faces with the colonic smooth muscle via the colonic myenteric plexuses and the interstitial
cells of Cajal (ICC) [2,7,12]. The ICCs act as the pace-making cells of the colon, mediating
the signals of the enteric nervous system and the colonic smooth muscle, and are essential
in the generation and propagation of electrical slow waves [4]. Both stimulating (e.g.,
serotonin [5-hydroxytryptamine, 5-HT], and acetylcholine) and inhibitory (e.g., nitric oxide)
neurotransmitters are released by the enteric nerves to produce peristaltic waves [7].

The endocrine system contributes to both the motility and the fluid/electrolyte func-
tion of the colon. Hormones such as cholecystokinin and motilin contribute to the post-
prandial increase in colonic motor activity (the gastrocolic reflex), and hormones, such as
the thyroid hormone, interact with the enteric nervous system to regulate intestinal motility.
Similar to its action in the kidneys, aldosterone also helps to regulate sodium and water
reabsorption in the colon [4,12].

3.1.2. Fluid and Electrolyte Homeostasis

The colon contributes to fluid and electrolyte homeostasis, reabsorbing 1-2 L of fluid
per day [4,7]. The amount of water reabsorbed is a time-dependent process, and hence,
the states that result in a delayed evacuation of faecal material result in harder, smaller
stools [7].

Sodium is actively reabsorbed through multiple active transport channels. Countering
this, chloride, and subsequently sodium, are secreted through chloride channels, though
this function is largely inactive in the normal state, resulting in a net reabsorption of fluid
and electrolytes [7]. Water is passively reabsorbed or secreted in response to osmotic
gradients created by these processes in balance with the osmotic pressure of the intestinal
contents [7].

3.1.3. Motor Function

The normal colonic transit times in adults range from 20-72 h [7]. Multiple different
types of motor patterns occur in the colon and anorectum and can be propagating or non-
propagating [4,12]. Non-propagating motor patterns serve as segmentation and mixing
functions and aid in fluid and electrolyte reabsorption [4,7,12,18]. Non-propagating motor
patterns are low-amplitude and occur as random contractions, as well as short-length
peristaltic contractions, both in the antegrade and retrograde directions. These short
peristaltic contractions are the result of the spontaneous myogenic slow waves created by
ICCs. Retrograde peristaltic contractions act as a normal physiologic brake: in the right
colon, it delays ileocaecal emptying and increases nutrient absorption in the small bowel;
and in the left colon, it increases colonic transit time and subsequently water reabsorption,
as well as assisting with the control of continence [12].
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Propagating motor patterns result in powerful contractions which propel contents
from the right to left colon towards the anus, resulting in mass movements, which are
the main type of propulsive motility of the colon [4,7,12,18]. High-amplitude propagating
contractions (HAPCs) can be seen with high-resolution manometry and are the manometric
description of mass movements [4,12]. HAPCs occur spontaneously a few times each
day, typically in the morning, and can be triggered or augmented by certain triggers,
such as eating (the gastrocolic reflex) [4,7]. Pan-colonic pressurisations are simultaneous
pressure increases across the length of the colon, which occur in unison with internal anal
sphincter relaxation, resulting in the urge to defecate and facilitating the evacuation of
bowel motions [12].

Defecation is the process of the evacuation of stool from the rectum via the anus. The
process begins with rectal filling, followed by the coordination of relaxation of the muscles
of the pelvic floor and anal sphincter and contraction of the abdominal wall and rectum [7].

3.2. Pathophysiology of Constipation

The disruptions of physiologic mechanisms leading to constipation vary greatly be-
tween the different phenotypes. The pathophysiology of NTC is unclear but is likely
multifactorial. DD results from an impaired coordination of the muscles of defecation, lead-
ing to an impaired relaxation or paradoxical contraction of the anus, and/or an inadequate
rectal and abdominal propulsive force. In some patients, DD may result in delayed colon
transit time due to rectal outlet obstruction [4,7].

STC is thought to be a neuromuscular disorder of the colon, and dysmotility can be
demonstrated by various means. Manometric studies have displayed a reduction in the
number or complete absence of HAPCs, an impaired or absent gastrocolic reflex, and an
overall reduced motor activity of both propagating and non-propagating patterns [4,7,12].
Ambulatory 24 h colonic manometry has demonstrated a similar nocturnal colonic pressure
activity in STC compared with the controls but with an attenuation or absence of the normal
increase in motor activity on waking [15]. An increase in retrograde peristaltic contractions
has also been demonstrated during manometry, resulting in an exaggerated colonic break
function [19]. Transit studies have shown delayed emptying, particularly of the proximal
colon, and some patients may also have co-existing dysmotility of the stomach or small
bowel [4,8].

Although the aetiology of STC remains unclear, several pathophysiologic features
have been observed in these patients, and therefore, our understanding is evolving [7,13].
There is a strong female predominance and hormonal contributions to the aetiology have
been hypothesised. Colectomy specimens have demonstrated increased progesterone re-
ceptors, which correlate with alterations to the contractile and inhibitory G-proteins [13].
Autoantibodies have been demonstrated in the pathology specimens of a small propor-
tion of patients with gastrointestinal dysmotility, including STC, suggesting a possible
autoimmune aetiology in some patients [14].

Patients may also have abnormal or reduced numbers of interstitial cells of Ca-
jal [4,7,15,18], and in the majority of cases of patients who have undergone colectomy
for refractory STC, histological examination shows an abnormal or reduced number of
ICCs [11]. Additionally, reduced amounts of excitatory neurotransmitters within myenteric
plexus neurons have been demonstrated [2,7].

Differences in the gut microbiome and metabolites have been observed in patients
with STC, including an increased prevalence of methanogenic flora [15,20]. Although the
overall contribution to the pathophysiology of STC and aetiological mechanisms remain
unclear, methane gas, a product of the fermentation of dietary fibre by intestinal bacteria,
has been shown to delay gastrointestinal transit and impair motility in animal models [15].
An examination of the microbiome may also act as a potential biomarker in the diagnosis
of STC [20].
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4. Diagnosis

Making a confident diagnosis of STC can be challenging, as symptoms overlap sub-
stantially with other phenotypes of CIC and secondary causes of constipation. Therefore,
having an algorithmic approach to the diagnosis and management can be of great use to
the clinician.

4.1. Differential Diagnoses

Prior to making a diagnosis of STC, it is important to consider and exclude the
differential diagnoses of chronic constipation.

4.1.1. Other Phenotypes of Primary Chronic Constipation

As mentioned above, the phenotypes of CIC can be classified as one of DD, STC, or
NTC [3]. A fourth phenotype is sometimes described, where patients have overlapped
DD and STC [8], though these patients would be classified as having DD with delayed
colonic transit in the AGA’s classification system. For most of these patients, their delay in
transit is due to rectal outlet obstruction and can be overcome with management of the DD;
however, some patients may have true colonic dysmotility.

IBS-C is also a differential diagnosis to consider, and if a patient describes abdominal
pain as their predominant symptom, then this may be the more appropriate diagnosis,
particularly if there is no evidence of DD or delayed colonic transit in the investigations.
The phenotypes of CIC can co-exist with a diagnosis of IBS-C, most commonly NTC [18].
Table 1 lists the phenotypes of primary chronic constipation.

Table 1. Phenotypes of primary chronic constipation.

Chronic Idiopathic Constipation

Dyssynergic defecation (with or without delayed colonic transit)
Slow transit constipation
Normal transit constipation *

Constipation predominant irritable bowel syndrome t

* IBS-C and NTC often co-exist.

4.1.2. Secondary Causes of Chronic Constipation

Prior to making a diagnosis of idiopathic STC, secondary causes should be considered,
and the reversible risk factors addressed. The secondary causes of constipation may cause
constipation either by inducing colonic dysmotility or by other pathophysiologic mechanisms.

Because colonic motility occurs through an interaction between hormonal, neuronal,
and muscular systems, most of the secondary causes of STC are metabolic or neuromus-
cular disorders, as well as from medications that interact with these systems. Neurologic
disorders are common secondary causes of STC and may be conditions that affect the cen-
tral nervous system, such as Parkinsons disease, multiple sclerosis, or stroke, the peripheral
nervous system, as in diabetic enteric neuropathy, or a combination of the two, as can occur
in spinal cord injury. Additionally, some neurologic conditions may cause an overlap with
STC and DD; this commonly occurs from spinal cord injury [2—4,7,18,21]. Table 2 lists the
secondary causes of STC.

Other than processes that result in colonic dysmotility, other secondary causes of
constipation should also be considered in the initial assessment. For example, a mechanical
obstruction, such as from malignancy, stricture, or rectocoele, can obstruct the passage
of faeces and cause constipation [3,7,18]. Other conditions associated with constipation,
including psychiatric disorders, such as depression and eating disorders, cognitive im-
pairment, immobility, cardiac disease, and non-coeliac gluten sensitivity, should also be
considered [3,18,22].
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Table 2. Secondary causes of slow transit constipation.

Neurologic Disorders
Parkinson’s disease
Multiple sclerosis
Stroke
Spinal cord injury
Diabetic enteric neuropathy

Myopathies
Systemic sclerosis
Amyloidosis

Metabolic disorders
Hypothyroidism
Hypercalcaemia
Uraemia
Diabetes mellitus

Medications
Opiates
Anticholinergics (e.g., antidepressants, antispasmodics, antipsychotics)
Dopaminergics (e.g., levodopa, dopamine agonists, antipsychotics)
Calcium channel blockers
5-HT3 antagonists

4.2. Clinical Assessment

The purpose of the initial assessment is to exclude secondary causes, elicit any red
flags, and characterise the nature and severity of the patient’s constipation to allow for a
correct classification of their constipation phenotype [3,4,6]. A review of a patient’s medical
history and medication list is an effective way to screen for secondary causes of constipation
and may be addressed to improve symptoms without the need for advanced investigations.
Red flags should be screened for, and if present, should prompt an investigation with a
colonoscopy and/or cross-sectional imaging, primarily to exclude colorectal cancer [3,4].

A characterisation to determine the timing of onset, associated features, frequency of
bowel motions, and description of stool form can be of use. The Bristol Stool Form Scale
(BSES) values < 3 correlate with delayed colonic transit time, whereas the frequency of
defecation may not correlate well with the colonic transit time, particularly if not in the
extreme [3,4,23,24]. In addition to the core features of hard, infrequent, and/or difficult-
to-pass stools, patients with CIC may have a range of symptoms, including a sensation
of an anorectal blockade, a feeling of incomplete evacuation, painful defecation, a need
for digitation, abdominal pain, bloating, nausea, and vomiting [4,8,17]. Patients with STC
typically experience a reduced urge to defecate and may have associated abdominal pain,
nausea, and vomiting; however, it is difficult to distinguish STC from the other phenotypes
of CIC by history alone [6,7]. Additionally, because some patients have extra-colonic gas-
trointestinal dysmotility, some associated symptoms relate more to upper gastrointestinal
conditions, such as gastroparesis [8]. Because STC frequently causes psychosocial stress
and impacts quality of life, it is important to assess the impact that the disease is having on
a patient [6].

A clinical assessment can be useful to exclude DD. Some features of the history are
more suggestive of this phenotype, including a sensation of an anorectal blockade, a feeling
of incomplete evacuation, or a need for digitation [3]. The rectal examination findings of
increased anal tone, impaired anal sphincter relaxation or paradoxical contraction, and/or
decreased perineal descent have been shown to be an effective diagnostic tool for DD, with
a sensitivity and specificity of 75% and 87%, respectively [3,18,25].

4.3. Investigations and Diagnostic Workup

Further investigation may not be required after initial assessment if there are no red
flags present and the patient responds to first line management.
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4.3.1. Investigations to Rule out Secondary Causes

A colonoscopy is frequently performed in patients for the investigation of constipation,
though in the absence of red flag features, a colonoscopy is often of low yield and may not
be required [4]. However, a colonoscopy should be performed to exclude colorectal cancer
if the patient has any red flags, is required as part of a bowel cancer screening program, or
is refractory to medical management and is being considered for surgery [3]. Similarly, an
investigation with cross-sectional imaging, such as an abdominal CT, may be appropriate
if structural causes, such as intra-abdominal malignancy, are suspected from the initial
assessment. Laboratory investigations can add value in a subset of patients, including
screening for hypercalcaemia and hypothyroidism, though these are uncommon causes in
those whose primary complaints are constipation [6].

4.3.2. Investigations for Primary Constipation

Further investigation for suspected idiopathic constipation is generally only required
for those who have failed simple laxative therapy. In this situation, an evaluation for DD
or STC is important as these phenotypes are more commonly difficult to manage [17].
If patients with suspected CIC have not responded adequately to simple laxatives, a
localisation to either the colon or the anorectum allows for the initiation of appropriate
management [7].

If available, an assessment of anorectal function should be performed prior to colon
transit studies to identify if DD is present, particularly if suspicion is high based on
the clinical assessment. High-resolution anorectal manometry is the gold standard for
diagnosing DD [4]. Other available tests of anorectal function include rectal balloon
expulsion test, anal electromyography, and defecography [3,4,8,18].

Assessment of Colonic Motility

After excluding a rectal outlet obstruction and reversible secondary causes of consti-
pation, an assessment of colonic transit is the next step in the workup of suspected STC
and is essential to make the diagnosis [6,18]. In order to perform the testing of colonic
motility, medications that alter transit times should be ceased prior in order to assess the
true intrinsic colonic motility [3]. There are a number of methods of assessing colonic
motility available in clinical practice, as well as those which are generally only performed
in a research setting.

The radio-opaque marker test is often the standard diagnostic test used, which is
widely available and simple to perform [3,4,7]. In this test, a capsule containing 20 radio-
opaque markers is swallowed, and a plain film abdominal radiograph is taken 5 days
later, with retention of 5 or more markers indicating slow transit. Some capsules contain
a different number of markers, so a cut-off of 20% of the original number of markers is
generally used. Although this test performs well in identifying STC, the number of retained
markers does not correlate well with the severity or quality of life [4]. The Metcalf method
is an alternative method for performing the radio-opaque marker test, which is able to
approximate the total and segmental colonic transit times, which involves taking capsules
on consecutive days. The number of retained markers on an X-ray the day after, both totally
and segmentally, are counted [18].

Colonic scintigraphy is an alternative method that provides the total and segmental
colonic transit times but is frequently less available than the radio-opaque marker test
in clinical practice [3,4,7]. For this test, the patients consume a radio-isotope-labelled
meal, and the transit time is calculated by making timed measurements of the residual
radioactivity [4]. The scintigraphic images at 24 and 48 h are able to define the delayed
colonic transit, and the results are given as a percentage of the radioactivity remaining in
each colonic segment. By 48 h, a separation between patients with and without STC can
be demonstrated, with the upper limit of normal being defined as the mean +/— 2 SD in
the healthy controls [26]. Whole gut scintigraphy can also be used to assess for co-existing
extra-colonic dysmotility.
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In clinical practice, wireless motility capsules are the third most commonly used but
are generally only available in limited settings, such as research centres. These capsules
measure the chemical properties of the intestinal contents along the gastrointestinal tract
to determine the transit time. They are able to provide information on transit through
the stomach and small bowel as well but are unable to provide information on segmental
colonic transit [3,4,7].

These three techniques used to measure colonic transit times are comparable in accu-
racy and have correlated well when performed on patients with constipation [3]. High-
resolution colonic manometry is generally only performed in a research setting for clinical
trials and studies on physiology but provides additional detail about the motor function of
the colon [27].

Figure 1 provides an approach to the diagnosis of STC and the other constipation
phenotypes.

Chronic constipation

Present

A4

Secondary cause of constipation

Assess for secondary causes

Not present

Suspected primary constipation t

v

Abnormal

Assess anorectal function

Dyssynergic defecation

Normal

Normal

Assess colonic transit time 11 Normal transit constipation

Delayed

A

Slow transit constipation

Figure 1. Diagnostic algorithm for slow transit constipation. t+ Simple laxatives should be trialled,
and further investigations only performed in those who do not respond. tt If anorectal function
testing is not available, it may be reasonable to proceed with colonic transit studies if suspicion of DD
is not high based on clinical assessment, but testing should be pursued if there is persisting difficulty
with management.

5. Management

There are several different management options for constipation, including dietary,
pharmacologic, interventional, and surgical. A large proportion of people with constipation
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are managed by simple measures, such as fibre supplementation and standard laxatives,
and these treatments should precede the use of the advanced investigations of anorectal
and colonic functions listed above.

There is much overlap between the constipation phenotypes in the treatments avail-
able, with the exception of DD, which is best managed non-pharmacologically. If DD
is identified by the testing of anorectal function, anorectal biofeedback, and pelvic floor
physiotherapy are the most effective treatment, and these patients are commonly refractory
to pharmacologic therapy [4,7].

One of the challenges in managing patients with STC is a lack of evidence specific to
those with confirmed delayed colonic transit times, particularly for the pharmacologic trials.
The inclusion criteria for most of the trials do not require an assessment of colonic transit;
instead, patients are defined as having either functional constipation or CIC, and thus the
trials would include patients with different constipation phenotypes. Given that patients
with STC are more likely to be refractory to therapy compared to those with NTC, it is likely
that the trials for more advanced therapies, such as prokinetics, do include a significant
proportion of patients with STC, and the trials that have performed an assessment of transit
time reflect this. However, it may be unclear how effective the therapies are in those with
confirmed STC.

Each of the different management options, including their effectiveness in STC, will
be discussed.

5.1. Lifestyle, Dietary and Fibre Supplementation

Increasing oral hydration is often recommended, but in the absence of dehydration,
this has not been beneficial [3,4]; however, many fibre supplements and laxatives are
recommended alongside increased oral hydration. Exercise has been shown to improve
gastrointestinal symptoms and the quality of life in patients with IBS [3,4], but studies have
shown mixed results regarding the effects of exercise on colonic transit time, and there
is limited data on its effect in those with STC. However, increasing physical activity, and
particularly addressing inactivity, may increase gut transit times [4,28-31].

Fibre supplementation may alter the water content and consistency of the stools, as
well as affect the gastrointestinal microbiota by their prebiotic effect. Although soluble fibre
supplements can be an effective treatment for many patients with CIC [3,4,32], they may
have a limited benefit in slow transit constipation and may worsen the patient’s symptoms,
such as bloating and abdominal pain [18]. This lack of efficacy is demonstrated by delayed
transit times in the colon transit studies which define STC, a method that requires the
consumption of a high volume of fibre to perform [33].

Probiotics can be recommended; however, the role of probiotics in the management of
CIC is unclear [4]. The proposed mechanisms of benefit in constipation include the restora-
tion of non-pathogenic gastrointestinal microbiota and the increased bacterial production of
lactate and short-chain fatty acids. For STC, their effectiveness is similarly unclear, though
a 2014 meta-analysis by Dimidi et al., investigating the effects of probiotics in patients
with functional constipation, showed a significantly improved whole gut transit time, stool
frequency, and stool consistency; however, there was significant heterogeneity between
the studies and the high risk of bias, and the outcomes in patients with STC were not
observed [34].

5.2. Pharmacologic

There are multiple pharmacologic targets for the treatment of constipation, including
gut motility, secretory function of the colon, and faecal fluid composition [4,7].

5.2.1. Osmotic Laxatives

Osmotic laxatives passively draw water into the intestinal lumen by osmotic gradients,
which increases stool water content and facilitates colon propulsion [3,7,18]. Polyethylene
glycol (PEG) containing osmotic laxatives is commonly used as first-line pharmacotherapy
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for CIC [4,35]. Lactulose, a non-absorbable carbohydrate, is also commonly used; however,
PEG was shown to be more effective than lactulose for CIC in a 2010 meta-analysis by
Lee-Robichaud et al., and its use may be limited by its common side effects of bloating
and flatulence [35,36]. Magnesium oxide is an alternative that has been shown to improve
the frequency of bowel movements and quality of life when compared with the placebo,
but patients should be monitored for hypermagnesaemia, particularly those with renal
impairment [18,35,37]. The goal of osmotic laxative therapy is to produce soft but not
liquid stools, with doses being titrated to achieve this [3]. Patients with STC may or may
not respond to osmotic laxatives, but these should be trialled in all patients with CIC,
preferably prior to undertaking advanced investigations.

5.2.2. Stimulant Laxatives

Stimulant laxatives are irritant substances that directly stimulate the afferent nerves
or the gastrointestinal smooth muscle to induce gut motility, including colonic HAPCs [7].
Several stimulant laxatives, including bisocodyl, sodium picosulfate, and senna, were
shown to improve constipation and quality of life in CIC [4,35-39]. The side effects com-
monly experienced include abdominal pain and cramping, and diarrhoea [35]. Similarly,
stimulant suppositories, such as bisacodyl and glycerin, can be used to improve stool
consistency and the ease of defecation in chronic constipation [3].

The long-term safety of stimulant laxatives is commonly questioned in clinical practice.
However, there is no evidence that long-term use has any negative impact on colonic
motility or that it induces physiologic dependence [3,4,33,40,41].

Although effective in other forms of constipation, this class may have limited effective-
ness in those with STC, as studies have demonstrated a reduced colonic motor response
to these agents, and colonic inertia is defined by a lack of response to these agents [33].
However, a trial of stimulant laxatives, typically in combination with other classes such as
osmotic laxatives, should be attempted.

5.2.3. Stool Softeners

Stool softeners are surfactants that reduce the surface tension of faecal material and
promote water retention within the stool. The common agents in this class are docusate
and liquid paraffin. They may provide some benefit to patients with constipation but often
provide little improvement to patients with CIC when used in isolation and are shown to
be inferior to psyllium in improving stool frequency. Their effectiveness in treating STC is
unclear [3,18].

5.2.4. Secretagogues

Secretagogues target the chloride channels and induce electrolyte and fluid secretion,
thereby increasing the faecal water content [4,7,35]. The increase in fluid content both accel-
erates colonic transit and improves the ease of defecation [3]. Lubiprostone, linaclotide,
and plecanatide are the available agents in this class and can be effective in CIC, though
their availability varies between regions, and their use may be limited by the side effects,
particularly diarrhoea [16,35]. A 2023 meta-analysis by Chang et al., comparing lubipros-
tone to a placebo in patients with CIC, demonstrated an increased number of spontaneous
bowel movements by 2/week. However, there was no subgroup analysis performed on the
patients with STC. Although the increased intestinal fluid content induced by secretagogues
may accelerate gastrointestinal transit times [35], their effectiveness in the management of
STC have not been studied in depth.

5.2.5. Bile Acid Transporter Inhibitors

Elobixibat is a new treatment currently under development. It is an inhibitor of ileal
bile acid transport, which induces a state of bile acid malabsorption, increasing colonic fluid
secretion and promoting colonic motility [4]. It has shown promise in patients with CIC,
and a 2019 post-hoc analysis of two phase-three trials by Nakajima et al. showed efficacy in
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patients with severe constipation and implied a benefit in those with STC. Using the criteria
of <2 bowel movements per week and BSFS <3, which can be independent predictors for
STC, suggested it is effective in those with both STC and NTC [42,43]. However, further
studies are required to better define its effectiveness in those with STC.

5.2.6. Prokinetics

Prokinetics stimulate gastrointestinal motility, inducing intestinal peristalsis and aug-
menting propagating contractions [7], and are generally the most effective medical therapies
for patients with STC. There are several different classes of prokinetic agents in use.

5-HT4 receptor agonists facilitate acetylcholine release from enteric neurons and
include multiple agents in the class, such as prucalopride, cisapride, tegaserod, mosapride,
and itopride [3,4,7,16,35]. Prucalopride has a potent colonic prokinetic effect and has the
strongest evidence to support its use in STC. It is also the most commonly used of the
5-HT4 agonists for CIC in clinical practice. Unlike cisapride, tegaserod, and itopride,
prucalopride has not shown any relevant electrocardiographic changes, nor has it been
associated with adverse cardiovascular effects [16,18,44,45]. A 2011 meta-analysis by
Ford and Suares reviewed the efficacy of prucalopride in CIC, analysing seven RCTs that
compared prucalopride with a placebo in 2639 participants with CIC. This meta-analysis
showed a clinical response of 28.3% vs. 13.3% in those treated with prucalopride vs. a
placebo, respectively, corresponding to a NNT of six [46]. One 2002 RCT by Emmanuel
et al., which was included in the above meta-analysis, performed whole-gut transit studies
using the radio-opaque marker test on all the participants before and after the treatment
period and also performed sub-group analyses on those with STC vs. NTC. Of the total
74 participants, a majority (58%) were classified as STC. Prucalopride at a dose of 1 mg
daily reduced the number of retained markers in all the patients when compared with a
placebo. A significant reduction in the number of retained markers in those with STC, but
not those with NTC, was also demonstrated. 22% of the prucalopride-treated patients with
delayed transit at the baseline improved to normal transit times, compared with only 5% in
the placebo group [47].

Other 5-HT4 receptor agonists have also been used in STC. Cisapride has both cholin-
ergic and serotonergic effects. It has a pan-gastrointestinal prokinetic effect, with more of
an effect on upper gastrointestinal motility than colonic, and may have a greater role in
patients with co-existing gastroparesis [48]. Mosapride has shown effectiveness in patients
with secondary causes of STC, such as parkinsonism and diabetes [49,50]. Tegaserod was
previously used for the management of constipation but has been removed from the market
and is no longer available [51]. Velusetrag and naronapride are also 5-HT4 receptor agonists
which are currently undergoing clinical trials [4].

Colchicine is an anti-inflammatory medication commonly used for the treatment of
gout, which has a dose-dependent side effect of inducing diarrhoea and can be used in the
management of CIC. The exact mechanism by which it results in diarrhoea is unclear, but it
ultimately induces intestinal secretions and colonic motility [33,52]. A 2010 RCT by Taghavi
et al. compared colchicine 1 mg daily to a placebo in patients with confirmed STC and
showed significantly improved symptom scores and increased frequency of spontaneous
bowel movements in the treatment group, with 26/30 participants treated with colchicine
having an acceptable symptomatic response [52].

Misoprostol is a synthetic prostaglandin-E; analogue used to treat and prevent non-
steroidal anti-inflammatory drug-related peptic ulcers that has the common side effect
of diarrhoea. In addition to its effect on gastric acid production, it also increases gas-
trointestinal fluid production and motility [33,53]. A 1997 open-label trial by Roarty et al.
observed the effect of oral misoprostol at a starting dose of 200 pug TDS in 18 patients with
refractory constipation. An intolerance to the medication due to abdominal discomfort
was common; 6/18 patients dropped out prior to the completion of the study period, but
10/12 participants who tolerated the medication had an improved frequency of bowel
movements [53].

220



Medicina 2024, 60, 108

The motilin receptor agonist erythromycin has prokinetic properties, which are more
pronounced in the upper gastrointestinal tract, but can also stimulate distal colonic motility
in a patient with reduced plasma motilin [6]. However, a 1998 trial by Bassotti et al.,
investigating the effect of intravenous erythromycin on colonic motility in 18 participants
with STC, concluded that it had little prokinetic effects in the colon, although some increased
activity in the distal colon was demonstrated at a low dose [54]. Anecdotally, some experts
have seen the benefit of erythromycin in STC, and a trial may be reasonable in patients,
particularly those with co-existing upper gastrointestinal involvement [6].

Cholinesterase inhibitors stimulate upper and lower gastrointestinal motility, with par-
enteral neostigmine commonly used in the treatment of acute intestinal pseudo-obstructions
and oral pyridostigmine having shown a benefit in the management of chronic and recur-
rent intestinal pseudo-obstruction [55-57]. Pyridostigmine reduces colonic transit times
and improves the symptoms in patients with chronic constipation and those with secondary
causes of slow transit constipation [58-62]. However, studies on those with idiopathic
STC are lacking. A 2010 study by O’Dea et al. investigated the efficacy of pyridostigmine
in patients with severe constipation or recurrent pseudo-obstruction, which included six
patients with STC. This study showed a benefit in only one patient, with the remaining
five ceasing the medication, four of which ultimately required colectomy for refractory
STC [57]. Its use may be limited because of the cholinergic side effects, but serious adverse
events are rare [57,60]. Although larger randomised trials are required to better assess its
effectiveness in patients with idiopathic STC, based on its efficacy in similar conditions,
physiologic plausibility, and safety profile, it may be reasonable to trial pyridostigmine for
patients with idiopathic STC who have failed other prokinetic medications.

Some prokinetic agents that have an effect on the upper gut, like metoclopramide and
domperidone, have no effect on colonic motility and are not useful in STC.

Table 3 summarises the above advanced pharmacological therapies used in STC,
including the recommended doses and regimens.

Table 3. Summary of advanced pharmacotherapies used in slow transit constipation.

Medication Mechanism Recommended Regimen Comments
Prokinetics
. E . 1-2 mg daily, oral Typical first line prokinetic
Prucalopride 5-HT4 agonist Maximum 4 me/day in STC.
Cisapride Cholinergic; 5-HT4 agonist 10 mg QID, oral May be preferred in patients
P 81C & & ! with co-existing gastroparesis.
Evidence for use in secondary
Mosapride 5-HT4 agonist 5 mg TDS, oral causes of STC but limited in
idiopathic STC.
Limited evidence in STC, but
Colchicine Uncertain 1 mg daily, oral available evidence
suggests benefit.
. . 200 pg TDS, oral May be' hmlt?d by
Misoprostol Prostaglandin analogue Maximum 2400 ug/da abdominal discomfort.
He/day Limited evidence in STC.
. . . 40 mg TDS, oral or IV Conflicting data for benefit
Erythromycin Motilin receptor agonist Maximum 2 g/day in STC.
Physiologically plausible and
60 mg TDS, oral beneficial in similar conditions
Pyridostigmine Cholinesterase inhibitor Maximum 720 mg/day (pseudo-obstruction and

secondary STC), but limited
evidence in idiopathic STC.
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Table 3. Cont.

Medication Mechanism Recommended Regimen Comments
Bile acid transporter inhibitors
. . Limited evidence in STC, but
.. Bile acid . . .
Elobixibat . 5-15 mg daily, oral available evidence
transporter antagonist .
suggests benefit.
Secretagogues
. . . Limited evidence in STC, but
Lubiorostone Chloride channel agonist 24 pg BD, oral offective in severe CIC.
. . . 72-145 nug daily, oral Limited evidence in STC, but
Linaclotide CFIR agonist Maximum 290 pug/day effective in severe CIC.
Plecanatide CFTR agonist 3 mg daily, oral Limited evidence in STC, but

effective in severe CIC.

5.3. Interventional and Surgical

There are a number of interventional and surgical methods that have been used for
the treatment of medically refractory STC, and the choice depends on a patient’s profile,
disease phenotype, and severity.

5.3.1. Faecal Microbiota Transplant

Faecal microbiota transplantation (FMT) involves the delivery of donor faecal matter
to the recipient’s gastrointestinal lumen and has been beneficial for a number of different
gastrointestinal conditions. FMT can be delivered by a number of different techniques,
including a nasointestinal tube, a colonoscopy, or an enema. A 2017 RCT by Tian et al.
investigated the use of FMT in patients with STC who showed significantly improved
symptoms with FMT compared with conventional treatment, with a clinical cure rate of
36.7% and 13.3% [63], respectively. Unfortunately, the 2018 long-term follow-up study of
this cohort showed a loss of efficacy over time in some patients [64].

5.3.2. Electrical Stimulation

Sacral nerve stimulation has been used for the treatment of STC to induce colonic
propagating contractions. Earlier uncontrolled studies suggested a benefit in the patients
with STC; however, subsequent higher-quality studies have shown that it was not associated
with improved symptoms of constipation or an increase in colonic transit times, as well
as high rates of patient dissatisfaction and risks of complications, such as infection, and
haematoma [65-68].

Transcutaneous electrical stimulation has been used to improve the symptoms associ-
ated with STC, with more experience in the paediatric population than in adults. A 2016
Cochrane Review on its use in children with STC was unable to draw any conclusions due
to the low quality of evidence and the high risk of bias in the included studies [69]. There
are a few studies in the adult population; however, a 2017 RCT by Yang et al. compared
transcutaneous electrical stimulation to sham intervention in 28 women with STC which
showed a significant improvement in the symptoms and defecation frequency [70]. Overall,
the effectiveness of transcutaneous electrical stimulation in the treatment of STC remains
unclear, but it may be beneficial to some patients and is a safe therapy with no serious
adverse effects.

Colonic pacing with intramuscular electrode placement is an experimental treatment
for STC, which has shown some promise in animal models and a limited number of humans,
but more research is required before its use can be recommended [71].
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5.3.3. Acupuncture

Acupuncture can be a safe treatment option in the management of CIC and can
improve symptoms of constipation, however there is a high degree of heterogeneity in the
studies investigating its use [72]. There is limited evidence in its use in patients with STC;
however, a 2013 RCT by Peng et al. showed significant improvement in stool frequency
with deep puncture acupuncture therapy when compared with shallow puncture and
western medication groups at the six month follow up visit, but the outcomes at the earlier
assessments were not significantly different [73].

5.3.4. Transanal Irrigation

Transanal irrigation can be beneficial to patients with CIC, as well as those with sec-
ondary constipation, including from a spinal cord injury. A 2015 meta-analysis by Emmett
et al. investigated the effectiveness of transanal irrigation in patients with functional con-
stipation and demonstrated a 50.4% response rate across the seven uncontrolled studies
(254 participants), although substantial heterogeneity was present [74]. Despite not being
well-investigated in patients with idiopathic STC, it is a safe and well-tolerated adjunct and
may be reasonable to trial in agreeable patients.

5.3.5. Antegrade Colonic Enemas

The creation of cecostomy or appendicostomy, either through percutaneous endo-
scopic cecostomy or appendiceal conduits, respectively, allows for the use of antegrade
colonic enemas to promote colonic emptying [3,17,18]. The choice between these two
modalities depends on the patient’s profile and the surgeon’s preference, but appendiceal
conduits are generally preferred in the paediatric population [33]. These interventions
are less invasive than colectomy, particularly endoscopic cecostomy, which can be per-
formed under local anaesthetic and conscious sedation and can improve symptoms of
constipation in the majority of patients [18]. There is a larger pool of evidence in the
paediatric population than in adults, but two uncontrolled cohort studies in adults have
demonstrated a benefit. A 2004 retrospective study by Lees et al. reported on 32 patients
with refractory constipation caused by STC, DD, or mixed STC/DD who underwent cecos-
tomy/appendicostomy conduit creation, with satisfactory function achieved in 47% [75]. A
2001 prospective study by Rongen et al. observed 12 patients with medically refractory STC
who underwent cecostomy/appendicostomy conduit creation and showed an improved
median defecation frequency from 1/week to 1/day; there were no major complications,
but 4/12 ultimately required colectomy due to persisting constipation [76]. Although there
is limited evidence available in adults, the results of the above studies suggest a benefit
in a population of patients who may otherwise require colectomy, and the creation of
cecostomy /appendicostomy does not appear to affect their suitability for further surgeries.

A number of different irrigation solutions are used for antegrade colonic enemas,
including tap water, saline, PEG, glycerin, and mineral oil [77].

5.3.6. Surgery

Various forms of surgery have been used for medically refractory STC, but the most
common and most effective is a total colectomy, either with ileorectal anastomosis or
ileostomy formation [4,7,78]. lleostomy without colectomy can be considered in patients
who are at high operative risk [2]. Segmental colectomy has been used for treatment but
may be ineffective if the remaining colon is also disordered and does not perform better
than ileorectal anastomosis in trials, and so total colectomy is generally the preferred
surgery [2,18].

Surgical intervention is rarely indicated in patients with constipation because the
optimal patient selection is of vital importance, but in the correct circumstances, outcomes
can be good, and the patients’ symptoms may respond well [4,7]. Prior to the consideration
of surgery, reversible secondary causes need to be excluded, and the patients should have
medically refractory STC and have exhausted pharmacologic options. A 2017 systematic
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review by Knowles et al. found an 86% average satisfaction rate, with rates from individual
studies ranging from 81-89% [78]. However, the adverse event rate is not insignificant,
with a total complication rate of 24%, comprising a mortality of 0.4%, a re-operation rate
of 13%, and a small bowel obstruction rate of 15%. Additionally, patients commonly have
long-term symptoms following surgery, including abdominal pain in 30-50%, bloating in
10-40%, recurrence of constipation in 10-30%, and diarrhoea in 5-15% [2,78].

Colectomy is only suitable for patients with proven STC and is not suitable for those
with NTC [3,4]. Surgery is rarely indicated in patients whose phenotype is DD unless
their symptoms are refractory to biofeedback and pelvic floor physiotherapy. When DD
and STC co-exist, DD should be treated prior to the consideration of surgery. If surgery
is to be considered despite addressing DD, an ileostomy is preferred over an ileorectal
anastomosis [4,33].

For patients with both STC and extra-colonic gastrointestinal dysmotility, it can be hy-
pothesised that a patient’s upper gastrointestinal dysmotility may improve with colectomy
for the management of STC; however, a 2001 cohort study by Mollen et al., investigating the
effects of colectomy on gastric emptying in patients with STC, showed no difference before
and after surgery on the gastric emptying time [79]. Therefore, the use of colectomy should
undergo careful consideration in those with both colonic and extra-colonic dysmotility,
as these patients have lower satisfaction rates [18]. Similarly, patients with isolated STC,
whose predominant symptoms are abdominal pain or bloating, are more likely to have
persisting symptoms. In both of these circumstances, a trial with a loop ileostomy may be
performed to determine the suitability to proceed with colectomy [18].

Figure 2 provides an algorithm for the management of patients with STC, and Table 4
summarises the therapeutic trials which have reported on patients with confirmed STC.

Table 4. Summary of therapeutic trials reporting on slow transit constipation.

Author, Year,

Article Type Outcomes

Treatment Population Study Characteristics

Prucalopride reduced the
number of retained

Emmanuel et al. [47]
2002

Prucalopride 1 mg

Females aged over 18
with functional
constipation.

Whole gut transit was
performed on all

74 (all female)
participants,

43 classified with STC.

Overall, 37 treatment,

markers in all patients
when compared with
placebo by 11.2 vs. 1.1
(p < 0.05), respectively.
Prucalopride

g, 37 placebo. significantly reduced the
RCT Sill;tlig;anz;;ln (:is on Of those with STC, number of retained
thosge wil’:c)h ST g 22 treatment, markers in those with
was performed 21 placebo. STC by 17.3 (p < 0.05),
p ’ but the change in
baseline by 1.6 in NTC
was not significant.
Colchicine significantly
improved symptom
scores and increased
Taghavi et al. [52] fg:;?ts Wlth chronic 60 participants frequency of
.. . pation who had (47 female). spontaneous bowel
2010 Colchicine 1 mg daily . .
RCT STC confirmed with 30 treatment, movements.
colon transit time. 30 placebo. 26/30 participants

treated with colchicine
had an acceptable
symptomatic response.
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Table 4. Cont.

Aut_hor, Year, Treatment Population Study Characteristics Outcomes
Article Type
Intolerance to
misoprostol due to
abdominal discomfort
was common, with
6/18 patients dropping
Misoprostol 200 ug Adults with chronic out prior to Completion
TDS. constipation refractor of the study period.
Roarty et al. [53] Dose titration based to ava}ijlable medical Y o1 participants 10/12 participants who
1997 on response and (15 females). tolerated misoprostol

tolerance was
allowed, with a range
of 400-2400ug/ day.

Open-label trial

therapy, who had STC
confirmed with colonic
transit time.

All received treatment.

had improved frequency
of bowel movements.

Of the patients who
tolerated the medication,
mean bowel movement
frequency improved
from 11.25 to 4.8 days

(p = 0.0004).

Females with severe
constipation with

Erythromycin had little

' confirmed STC with 18 participants prokinetic effects in the
Bassotti et al. [54] . . (all female). colon, although some
Erythromycin 50, 200, colonoscopically . . o
1998 . . Allreceived placebo increased activity in the
and 500 mg IV positioned manometric . . .
Open-label infusion followed distal colon was
probe, and effects of
o by treatment. demonstrated at a
treatment on motility
low dose.
were assessed.
. . . 30 patients (22 female) S1gn1f}cantly ’mcreased
. L Diabetic patients . colonic transit overall
Pyridostigmine . 16 received treatment,
L with CIC. . (p <0.01), as well as
60 mg TDS initially. . and 14 received :
All patients had improved stool frequency
Bharucha et al. [60] Increased every three L placebo. -
. scintigraphy to .. and consistency (p = 0.04).
2013 days to a maximum . . Of the 13 participants . -
determine colonic . 7/8 vs. 2/5 patients with
RCT of 120 mg TDS, based L with STC, L
transit time, and . . STC had normalisation of
on effect eight received

and tolerance.

13/30 participants had
confirmed slow transit.

pyridostigmine and
five placebo.

colonic transit times with
pyridostigmine vs.
placebo, respectively.

O’Dea et al. [57]
2010
Open-label

Pyridostigmine 10
mg BD initially,
increased if required.

Adults with refractory
STC or recurrent
pseudo-obstruction
who were being
considered for

13 overall, six with STC.

All patients
received treatment.

Of those with STC,
1/6 participants had
improved symptoms.
4/5 who had no
benefit ultimately

colectomy. underwent colectomy.
FMT plus conventional
therapy resulted in a
clinical cure rate of 36.7%
FMT 100 mL by vs. 13.3% (p = 0.04)
nasointestinal tube 60 participants zgnmvl:; fgjn‘:ll th
Tian et al. [63] daily for six days, in (40 female). therapy alone
) addition to Adults with 30 received FMT plus Py ’
2017 . - Treatment compared
RCT conventional therapy. refractory STC. conventional therapy, with control was also
Compared unblinded 30 received associated with an
to conventional conventional therapy. .
therapy alone. increased number of

CSBMs per week (3.2 vs.
2.1, p =0.001) and colonic
transit time (58.5 vs.

73.6 h, p <0.00001).
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Table 4. Cont.

Author, Year, . .
Article Type Treatment Population Study Characteristics Outcomes
Of 59 participants who
underwent peripheral
nerve evaluation to
assess for suitability for There was no significant
permanent SNS, di O
. . . ifference with either
L Adults with medically 55 participants
Dinning et al. [65] supraseonsory or
refractory STC (51 females) proceeded . .
2015 SNS . . subsensory stimulation
confirmed by with permanent SNS .
RCT - . . compared with sham
scintigraphy. insertion and . L
. stimulations in any of the
were included. outcome measures
All patients received '
both actual and sham
stimulations in a
cross-over design.
Adults with medically ~ Of 36 participants
refractory CIC. (34 female) who
All patients underwent  underwent peripheral
assessment of colonic nerve evaluation to
transit times using assess for suitability for ~There was no significant
Zerbib et al. [67] radio-opaque permanent SNS, difference between on-
2017 SNS marker test. 20 responded and and off- periods of
RCT 28/36 of the initial received a permanent stimulation in any of the
participants, and SNS and were included. outcomes measured.
16/20 of those who All patients received
progressed to both actual and sham
permanent SNS, were stimulations in a
classified as STC. cross-over design.
Of the 45 participants
(43 female) who There was no significant
underwent peripheral  difference between on-
Adults with medically nerve evalua.t1or.1 jco ar}d off- .per1.0d5 of
assess for suitability for ~ stimulation in any of the
refractory CIC.
All patients underwent permanent SNS, outcomes measured.
Yiannakou et al. [68] assessment of colonic 29 were responders, Additionally, there was
2019 SNS transit Hmes 2/29 did not proceed, no difference between
RCT o and 27 ultimately those who were
30/45 of initial . L
articipants were received a permanent discriminate and
Izlassifie d as STC SNS and were included. indiscriminate
’ All patients received responders during
both actual and sham the peripheral
stimulations in a nerve evaluation.
cross-over design.
TES was associated with
10 studies reporting on  a significantly reduced
a single RCT cohort of ~ colonic transit time
42 children (18 girls) compared with sham
. . aged 8-18 years, with stimulation (mean
Ng et al. [69] Children with STC i .
2016 TES confirmed by additional data from difference 1.05,
. . - their subsequent 95%CI 0.36-1.74).
Systematic review scintigraphy.

long-term studies.
21 received TES,
21 received sham
stimulation.

There was no statistical
difference between TES
and sham stimulation in
terms of CSBM /week,
soiling or QOL.
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Table 4. Cont.

Author, Year, . .
Article Type Treatment Population Study Characteristics Outcomes
28 participants TES improved symptoms
Yang et al. [70] (all female). scores and frequency of
2017 TES Women with STC. 14 received TES, SBMs compared with
RCT 14 received sham sham stimulation
stimulation. (p <0.05).
Number of SBM/week
T . improved from 0.3 to 3.5
wo participants in one patient, and 0.5 to
Martellucci and Valeri. (both female). ne p ’ ’
. . 2.5 in the other. Both
[71] . . Adults with medically ~ Both underwent .
Colonic pacing . patients were able to
2013 refractory STC. intramuscular electrode
X subsequently cease all
Pilot study placement for -
colonic pacing conventional therapy for
' constipation and there
were no complications.
Defecation frequency
improved from 1.8 to
3.9 SBMs/week with
deep puncture
acupuncture but did not
128 participants. meet statistical
Peng et al. [73] 64 received deep significance (p > 0.05).
2013 Acupuncture puncture, 33 shallow Deep puncture
RCT puncture, and acupuncture was
31 western medication.  significantly associated
with improved
defecation frequency to
3.5 SBMs/week at the six
month follow up visit
(p < 0.05).
28/32 required further
conduit procedure
(19/32 reversed).
. . Satisfactory ACE
Lees et al. [75] Medically r.efraictory 32 participants function achieved in 47%.
CIC (combination of (26 female) .
2004 ACE . . 12 ultimately went on
Cohort STC, DD, mixed Median age 35. o surgery
STC/DD patients) All received ACE. .
(colectomy/ileostomy).
Further surgical
interventions not affected
by prior caecostomy.
Median defecation
frequency improved
12 participants from 1/week to 1/day.
Rongen et al. [76] Medically refractory (8 female) 4/12 ultimately required
2001 ACE
Cohort STC Mean age 43. colectomy.
All received ACE. Further surgery not

compromised by
preceding caecostomy.
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Table 4. Cont.

Author, Year,
Article Type

Treatment Population

Study Characteristics

Outcomes

Knowles et al. [78]
2017
Systematic review

Patients undergoing
colectomy for
medically refractory
STC.

Surgery

40 studies including
2045 participants.
All patients
received surgery.

Colectomy resulted in a
global satisfaction rate of
86% (range 81-89%).
Peri-operative
complications occurred
in 24.4% (range
17.8-31.7%), with a
mortality rate of 0.4%.
Abdominal pain and
bloating present in
20-50%.

Persistent constipation
present in 10-30%.
Diarrhoea and/or
incontinence in 5-15%.

Lifestyle and dietary:
Exercise
Soluble fibre t

Simple laxatives:
Osmotic laxatives

Stimulant laxatives +

Prokinetics (firstline):

Prucalopride t1

Other pharmacologic:

Other prokinetics (colchicine, misoprostol, erythromycin, pyridostigmine®)

Secretagogues (if available) *
Bile acid transporter inhibitors *

l

Medically refractory STC: **

Management should be individualised, but options include:

Faecal microbiota transplantation *
Acupuncture*
Transcutaneous electrical stimulation *

Transanalirrigation *

Antegrade colonic enemas (via caecostomy or appendicostomy)

Colectomy

Figure 2. Management algorithm for slow transit constipation. t If there is no improvement with

these therapies, then they should not be emphasised and discontinuation should be considered due

to minimal benefit in STC. t1 If there is no response to prucalopride, the other 5-HT4 agonists may be

trialled, but may be similarly ineffective. The use of prokinetic agents of other classes may have more

benefit in this circumstance. * Limited evidence in STC to guide management but may be beneficial

in some patients. ** Assure that DD has been excluded and STC confirmed.
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5.4. Future Directions

Future studies should continue to investigate the pathophysiology and therapeutic
options for patients affected by STC. Continued advancements in our understanding of
the underlying pathophysiology leading to STC will help to guide future studies, with the
ultimate aim of identifying therapeutic targets. These areas include the neuromuscular
function of the colon, as well as the microbiome.

Given the relative paucity of evidence for pharmacotherapy in patients with con-
firmed STC, it would be beneficial if future trials could be performed to address this, with
inclusion/exclusion criteria designed to exclude the other constipation phenotypes.

Pharmacologic agents currently under investigation include the 5-HT4 receptor ag-
onists velusetrag and naropride, which are currently undergoing clinical trials for use
in CIC [4]. It would be beneficial if the available secretagogues, including lubiprostone,
linaclotide, and plecanatide, underwent further studies into their effectiveness in the man-
agement of patients with STC, given their benefit in patients with severe CIC. Similarly, the
bile acid transporter class shows promise with elobixibat, but further research is required
to evaluate its efficacy in patients with STC.

Although sacral nerve stimulation appears to provide no benefit, transcutaneous
electrical stimulation may hold some promise in patients with STC but requires further
evaluation with larger randomized controlled trials. Additionally, although colonic pacing
with intramuscular electrodes is currently experimental, its use may prove to be a useful
therapy to avoid surgery in otherwise refractory cases but requires further evaluation.

6. Conclusions

STC is a significant condition that has an estimated prevalence of 2—4% in the general
population. It frequently impacts quality of life and is associated with significant psy-
chosocial stress and high healthcare costs. Our understanding of the pathophysiology is
evolving, but it is likely to be a neuromuscular disorder of the colon. Observed abnormali-
ties include reduced motor activity on manometry; delayed emptying on transit studies;
hormonal changes, abnormal neurotransmitter activity, and reduced ICCs on histology;
and alterations of the microbiome. The underlying aetiology is uncertain, but autoimmune
and hormonal mechanisms have been hypothesised. It can be a challenging condition
to manage, but a structured approach to the diagnosis and management can be of great
value to the clinician. Therapeutic options include lifestyle and dietary changes, laxatives,
pharmacotherapy, and interventional therapies, with prokinetic agents generally providing
the most effective medical therapy for these patients. Though it is rarely required, medically
refractory STC may respond well to colectomy.
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Abstract: Cirrhotic cardiomyopathy (CCM) is a diagnostic entity defined as cardiac dys-
function (diastolic and/or systolic) in patients with liver cirrhosis, in the absence of overt
cardiac disorder. Pathogenically, CCM stems from a combination of systemic and local
hepatic factors that, through hemodynamic and neurohormonal changes, affect the balance
of cardiac function and lead to its remodeling. Vascular changes in cirrhosis, mostly driven
by portal hypertension, splanchnic vasodilatation, and increased cardiac output alongside
maladaptively upregulated feedback systems, lead to fluid accumulation, venostasis, and
cardiac dysfunction. Autocrine and endocrine proinflammatory cytokines (TNF-alpha,
IL-6), as well as systemic endotoxemia stemming from impaired intestinal permeability,
contribute to myocardial remodeling and fibrosis, which further compromise the con-
tractility and relaxation of the heart. Additionally, relative adrenal insufficiency is often
present in cirrhosis, further potentiating cardiac dysfunction, ultimately leading to the
development of CCM. Considering its subclinical course, CCM diagnosis remains chal-
lenging. It relies mostly on stress echocardiography or advanced imaging techniques
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such as speckle-tracking echocardiography. Currently, there is no specific treatment for
CCM, as it vastly overlaps with the treatment of heart failure. Diuretics play a central
role. The role of non-selective beta-blockers in treating portal hypertension is established;
however, their role in CCM remains somewhat controversial as their effect on prognosis
is unclear. However, our group still advocates them as essential tools in optimizing the
neurohumoral pathologic axis that perpetuates CCM. Other targeted therapies with direct
anti-inflammatory and antioxidative effects still lack sufficient evidence for wide approval.
This is not only a review but also a comprehensive distillation of the insights from practic-
ing clinical hepatologists and other specialties engaged in advanced approaches to treating
liver disease and its sequelae.

Keywords: cirrhotic cardiomyopathy; cirrhosis; pathogenesis; treatment

1. Introduction

Chronic liver disease (CLD) is a progressive loss of liver function as well as destruction
of liver tissue, resulting in cirrhosis as its final manifestation [1]. Cardiac dysfunction is
a well-known complication of cirrhosis. It includes structural and functional changes in
the heart muscle, collectively referred to as cirrhotic cardiomyopathy (CCM). CCM is a
significant yet often underdiagnosed complication in patients with advanced liver disease.
Its epidemiology, though less studied than other cirrhotic complications, reveals a growing
concern as cirrhosis-related mortality rises globally [2]. Therefore, it is imperative that we
address this issue with an approach that accounts for the complex pathodynamics at play.

2. Definition and Epidemiology

CCM is a diagnostic entity defined as cardiac dysfunction in patients with cirrhosis
in the absence of other known cardiac disorders. CCM is typified by impaired contractile
responsiveness to physiological stress and altered diastolic relaxation, with electrophysio-
logical abnormalities, in the absence of other known cardiac disorders [3,4]. Clinically, it is
characterized by suboptimal ventricular response of the heart muscle to stress, which leads
to the inadequate perfusion of organs. Considering its usual subclinical nature, currently
there is no universally accepted and clinically implemented diagnostic criteria regarding
CCM, despite modern imaging techniques [5]. Available epidemiological data is very
heterogeneous: studies indicate that the prevalence of CCM in cirrhotic patients ranges
from 40% to 70%, varying depending on diagnostic criteria and population studied [2].
In 2005, an initial diagnostic criteria for CCM was proposed at the World Congress of
Gastroenterology following a consensus conference [6]. This has recently been super-
seded by the criteria proposed by the Cirrhotic Cardiomyopathy Consortium based on
echocardiographic imaging parameters (Table 1) [2].

Table 1. Direct comparison of diagnostic criteria: Montreal Consortium and Cirrhotic Cardiomyopa-
thy Consortium.

Criteria Montreal Consortium Cirrhotic Cardiomyopathy Consortium
(2005) (2019)
Absence of Clinically Significant Cardiac Disease
. . LVEEF (resting) < 55%; LVEEF (resting) < 50%;
Systolic dysfunction Abnormal systolic contractile response to stress Absolute GLS < —18%

234



Medicina 2025, 61, 46

Table 1. Cont.

Criteria Montreal Consortium Cirrhotic Cardiomyopathy Consortium
(2005) (2019)
E/A ratio < 1; Septal E \jeloglty <7cm/s;
. . . E/E’ ratio > 15;
Diastolic dysfunction TDE > 200 ms; 2
IVRT > 80 ms LAVI > 34 mL/m?;
TR velocity > 2.8 m/s
Diastolic dysfunction grading—modified
ECG: prolonged QT interval; ASE crite?ia . o
ECHO: chronotropic incompetence to stress; Indeterminate grade—additional criteria:
Supportive criteria electromechanical uncoupling/dyssynchrony; left 1. IVRT
atrial enlargement; left ventricular hypertrophy; 2. PV
Biochemical: elevated BNP, NT-proBNP, troponin 3. Valsalva

4. atrial strain

LVEF—Ileft ventricular ejection fraction; GLS—global longitudinal strain; E/ A—peak early velocity/peak atrial
velocity; TDE—tissue Doppler velocity; IVRT—isovolumetric relaxation time; LAVI—left atrial volume index;
TR—tricuspid regurgitation; Septal E'—early diastolic mitral annulus velocity; E/E’—diastolic LV filling pressure;
PV—pulmonary valve.

3. Pathogenesis

Pathogenetically, CCM appears to stem from a combination of systemic and local hep-
atic factors that collectively affect the balance of cardiac function and lead to its remodeling,
as presented in Figure 1.
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Figure 1. CCM pathogenesis. RAAS—renin-angiotensin-aldosterone system; SNS—sympathetic
nervous system; NO—nitric oxide.
3.1. Hyperdynamic Changes

Cirrhosis is a condition characterized by systemic vasodilation, which is a prerequisite
for the occurrence of various hemodynamic disorders in the body. Due to the hyperdynamic
response of the cardiovascular system in the state of cirrhosis, mostly driven by portal
hypertension, splanchnic vasodilation, and increased cardiac output, there are changes in
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the heart muscle function. This results in ventricular hypertrophy and eventually, systolic
and diastolic dysfunction, as well as other compensatory abnormalities in the heart muscle
that arise from maladaptive homeostatic mechanisms [7].

Mechanisms of cirrhosis that contribute to heart failure are based primarily upon fail-
ure of the synthetic function of the liver [8]. As fibrosis progresses, the synthetic production
decreases. Pertinent to heart failure and the propagation of CCM is the drop in oncotic
pressure and the intimate relationship this has with the kidneys. A drop in intravascular
oncotic pressure yields intravascular volume depletion and thus activation of the renin-
angiotensin—aldosterone system (RAAS) [9]. This is regulated by renal perfusion pressure,
sodium levels in the ultrafiltrate of the distal convoluted tubule, intrinsic sympathetic
nervous system (SNS) activity, and the negative feedback of angiotensin II (All) on the
juxtaglomerular cells [9]. In order to compensate for the decrease in vascular resistance,
SNS activation occurs, i.e., heart muscle contractility increases, but water and sodium are
retained through the RAAS. In cirrhosis, these feedback systems become maladaptively
upregulated, culminating in increased sodium retention (causing further exacerbation of
hypervolemia) and increased total peripheral resistance (further increasing afterload) [5,9].
This is especially evident during exertion and stress. Accumulation of fluid outside the
intravascular and intracellular spaces (third-spacing), venostasis, and low arterial pressure
upregulates the SNS primarily through augmenting the release of catecholamines. This in
turn acts on cardiomyocytes and leads to a decrease in the expression of beta-adrenergic
receptors, a hallmark of CCM [10]. Additionally, an increased production of nitric oxide
(NO) by the failing liver, in the presence of circulating endotoxins and cytokines, and
a relative state of adrenal insufficiency have further depressive effects on inotropy and
chronotropy [8,10].

3.2. Inflammation

Cirrhosis with impaired liver function leads to the accumulation of toxins, which
can have a direct effect on the cardiac muscle cells, leading to functional and structural
changes [8]. Chronic low-grade inflammation is associated with compensated cirrhosis.
Chronic exposure to elevated levels of circulating cytokines, such as tumor necrosis factor-
alpha (TNF-o) and interleukin-6 (IL-6), plays a pivotal role in the inflammatory milieu
that characterizes cirrhosis [11]. Decompensated cirrhosis further potentiates the systemic
inflammation. These cytokines contribute to myocardial remodeling and fibrosis, which
further compromise the contractility and relaxation of the heart due to altered cardiac
metabolism as a result of impaired energy production and utilization [11]. It has been
proven that myocardial fibrosis and the increase in myocardial mass that occurs during
cirrhosis causes a decrease in compliance of the myocardial wall with subsequent impair-
ment of ventricular filling [12]. Additionally, due to venous congestion, third-spacing, and
intestinal dysmotility, there is an increased intestinal permeability, with bacteria and endo-
toxins translocating into the systemic circulation. This subsequently increases vasodilation
and thus worsens the burden on the heart and the course of the disease [13]. Therefore,
these patients experience the cardinal symptoms of heart failure, predominantly in the
form of lethargy, dyspnea, fluid retention, and a diminished exercise tolerance. In addition,
these patients also have an increased susceptibility to infections.

3.3. Hormonal Alterations

As a consequence of cirrhosis, various hemodynamic abnormalities develop, such as
hyperdynamic vascular insufficiency, reduced peripheral vascular resistance, reduced arte-
rial pressure, increased cardiac output, hyporesponsiveness to vasopressors, increased lev-
els of proinflammatory cytokines, and accordingly, studies have established that endocrine
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insufficiency is a common cause. Adrenal insufficiency (Al) is a common comorbidity in
cirrhosis [14]. It can also play a significant role in the pathogenesis and progression of CCM.
Research has proven that pituitary dysfunction can be a consequence of cirrhosis [15]. More
recent research has shown that liver transplantation removes these abnormalities, which
supports previous studies and attests to the liver’s role in maintaining normal endocrine
function. The prevalence of adrenal insufficiency in cirrhotic patients ranges from 30%
to 60%, depending on the diagnostic criteria and severity of liver disease [14,15]. In this
context, adrenal insufficiency is often relative, meaning that the adrenal glands fail to
produce adequate levels of cortisol in response to the increased physiological demands
imposed by cirrhosis [14]. This condition, known as relative adrenal insufficiency (RAI), has
profound effects on cardiovascular function, including reduced myocardial contractility,
hypotension, and increased susceptibility to shock.

Cortisol is the main glucocorticoid secreted by the adrenal cortex under the control
of adrenocorticotropic hormone (ACTH) released from the pituitary gland. Among the
factors of diurnal cortisol secretion, stress plays the greatest role [16]. During stress and
serious illnesses, the activation of the hypothalamic—pituitary—adrenal axis by the action
of cytokines and other factors leads to an increased secretion of corticotropin, which
stimulates the production of ACTH and consequently increases the release of cortisol into
the circulatory system [16]. Cortisol is a major component of cellular adaptation to stress,
so an adequate level of cortisol is necessary to increase cardiac output and vascular tone
and to reduce the release of proinflammatory cytokines [16].

The mechanism of adrenal insufficiency may include impaired function of total choles-
terol, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL),
and increased levels of proinflammatory cytokines and circulating endotoxins [16]. Since
the adrenal gland does not store cortisol, it must be synthesized from its precursor, choles-
terol, under conditions of stress. In liver failure there is a low level of cholesterol for cortisol
synthesis, thus favoring adrenal insufficiency under stress conditions [14].

Animal and human studies show that liver disease is associated with a decrease in
cortisol levels and an increase in circulating glucocorticoids. In situations where the func-
tion of the pituitary gland is disturbed, and therefore the secretion of cortisol, a disturbed
response of the cardiovascular system to stress results is observed [14,15]. Additionally,
cortisol elimination is also impaired in cirrhosis.

4. Diagnosis

The clinical diagnosis of CCM remains challenging, primarily due to the lack of
universally accepted diagnostic criteria and the subtle nature of its manifestations.

According to the Montreal Criteria, introduced in 2005 at the World Congress of Gas-
troenterology, CCM was characterized by the presence of systolic or diastolic dysfunction,
along with additional indicators such as increased left ventricular mass, electrophysiologi-
cal disturbances (most notably prolonged QT intervals), elevated natriuretic peptide values,
and an abnormal response to stress [17].

Systolic dysfunction, in general, refers to the left ventricular relaxation impairment,
described by decreased ejection fraction, usually as a result of hampered myocardial
contractility [18,19]. Systolic function in patients with cirrhosis is normal or increased at
rest, as a result of hyperdynamic circulation that masks the true state of the heart muscle and
left ventricle. Damage to beta-adrenergic receptors and the presence of cardio-depressant
substances are listed as some of the factors causing systolic dysfunction.

The characteristic of this clinical condition is impaired electrical conduction, which is
reflected in electrocardiographic abnormalities, the most noticeable of which is a prolonged
QT interval, which corresponds to ventricular depolarization and repolarization of the
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heart muscle. This finding is present in 30-50% of patients with cirrhosis, regardless of the
underlying etiology and its prevalence parallels the severity of cirrhosis as assessed by the
Child-Pugh scoring system [20]. Biomarkers such as B-type natriuretic peptide (BNP) and
troponins have shown promise in identifying subclinical cardiac involvement; however,
given their relatively low specificity due to the large number of confounding factors that
can contribute to troponin or BNP elevation, their role in CCM diagnosis is still limited [21].

Considering that cardiac dysfunction may not be visible during the resting state,
exercise or pharmacologic stress echocardiography is a critical tool in this regard, as it
can reveal the inadequate increase in cardiac output that is characteristic of CCM [22].
Additionally, the role of advanced imaging modalities, such as cardiac magnetic resonance
imaging (MRI), speckle-tracking echocardiography, and nuclear myocardial perfusion
scanning, is increasingly recognized for their ability to detect early myocardial changes,
including subtle fibrosis and impaired strain patterns [21].

In that sense, a revised criteria for CCM diagnosis were proposed in 2019. According
to the 2019 Cirrhotic Cardiomyopathy Consortium Criteria, CCM is diagnosed when either
systolic or diastolic dysfunction is detected in an echocardiography study at rest [23].
Systolic dysfunction is defined as a left ventricular ejection fraction (LVEF) < 50% or an
absolute global longitudinal strain (GLS) value below 18%. The initial criteria included
patients with GLS higher than 22%, but this was later withdrawn. Diastolic dysfunction
criteria have been modified for patients with cirrhosis.

5. Treatment

When it comes to therapy, to date there is no strict treatment for CCM. When CCM
progresses and produces symptoms of heart failure, patients are treated as those diagnosed
with a form of heart failure (Figure 2). The heart, liver, and kidneys share an inextricable
relationship with regards to the autoregulation of cardiac output. Dysfunction in any of
these organs will propagate as a cycle. Considering this from the perspective of CCM,
we can better understand the targeted therapies. Perturbation of the RAAS is a likely
key driver in the etiology of CCM and probably underpins the morbidity and mortality
benefits conferred by therapies such as angiotensin-converting enzyme inhibitors (ACE-I),

angiotensin receptor blockers (ARBs), beta-blockers, and mineralocorticoid antagonists
(MRAS) [24].

MRA
pros: RAAS inhibition, anti-fibrotic effect
cons: Hyperkalemia

- J

N ( ™\
ACE-i

Heart failure treatment | pros: prevention of cardiac  remodelling

optimisation cons: systemic vasodilatation
J \_ J
CCM treatment
e ~

Beta blockers

Liver transplantation pros: decrease of HR, QT prolongation,
splanchnic vasocontriction, systemic anti-
inflammation effect

\cons: dependant on cirrhosis spectrum

Figure 2. Current recommendations for CCM treatment. MRA—mineralocorticoid receptor antago-
nist; ACE-I—angiotensin-converting enzyme inhibitor; HR—heart rate.
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5.1. Heart Failure Treatment Optimisation

Treatment choice relies heavily on the stage of heart failure and systolic dysfunction.
MRAs are indicated in patients with severe heart failure and decrease associated morbidity
and mortality [25]. This is particularly pertinent considering the other advantages that
these medications confer in cirrhotic patients. Hyperdynamic changes, RAAS activation,
and sodium and water retention are strongly mitigated by MRAs. Additionally, it is well
established that angiotensin II exerts intrahepatic vasoconstrictive and profibrotic effects;
thus, the antifibrotic effect of novel MRAs can further contribute to the prevention of
cirrhosis progression and decompensation [26]. Our group has found the use of eplerenone
helpful due to its higher avidity with fewer adverse effects when compared to other drugs
in this class.

The implementation of ACE-I remains controversial. If initiated during the early stages
of CCM, they can prevent and delay cardiac remodeling. However, due to its subclinical
nature, the diagnosis of CCM is usually delayed and only identified towards the latter
stages. This greatly limits the usefulness of ACE-I within the physician’s armamentarium,
as traditionally, ACE-Is are avoided in the decompensated cirrhotic patient due to the risk
of hepatorenal syndrome and hypotension [26].

The beneficial role of beta-blockers in the treatment of CCM is multifactorial. Non-
selective beta-blockers (NSBBs) reduce heart rate and cardiac output via 1-adrenergic
receptor blockage, while via (2-adrenergic blockage they exert splanchnic vasocon-
striction [26]. Further to this, NSBBs downregulate the RAAS by antagonizing beta-
adrenoreceptors that are expressed at the juxtaglomerular apparatus. Additionally, due to
the unopposed adrenergic tone, NSBBs cause a mild increase in peripheral resistance [26,27].
NSBBs have been shown to reduce the prolonged QT interval and the hyperdynamic load
in patients with cirrhosis, but whether the correction of the QT interval has a positive effect
on prognosis is doubtful [28]. Current guidelines indicate the use of NSBBs in primary
and secondary prevention of variceal bleeding, considering their effect is predominantly
exerted through the decrease in portal hypertension [27]. Our group feels that in certain
settings, when QT interval responds to beta-blockade, the use of selective or semi-selective
beta-blockers (e.g., carvedilol) may be of benefit. Carvedilol acts by blocking 1 adrenergic
receptors and lowers intrahepatic vascular resistance. An additional beneficial effect of
beta-blockers is mirrored in their ability to, via 32 receptor blockage, stimulate intesti-
nal motility, improve gut dysbiosis, and prevent systemic bacteriemia and endotoxemia,
thus ultimately exerting a systemic anti-inflammatory effect [27]. Additionally, effective
beta-blockade requires appropriate dosing because of receptor upregulation and adapta-
tion, and it is crucial to emphasize the importance of personalized dosing strategies. The
“windows” of the longstanding, somewhat controversial “window theory” regarding the
timing of beta-blocker implementation have now been opened to patients with compen-
sated cirrhosis and those with small varices and uncomplicated ascites. This “expansion”
allows for the broader beta-blocker implementation in preventing and treating portal
hypertension-related complications, including CCM [27].

The implementation of glucocorticoid therapy in treating CCM remains controversial
since large studies evaluating its effect on CCM are lacking. A limited number of small-
scale studies have mostly included patients with decompensated cirrhosis in whom CCM
has not been previously diagnosed. Empirical glucocorticoid therapy in asymptomatic
patients is not recommended. However, temporary glucocorticoid therapy in the state of
RAI has been shown to reduce hypotension and improve vital signs, ultimately leading to
a better prognosis [29]. We feel that the use of glucocorticoids is particularly helpful when
liver deterioration is precipitated by infection and would suggest considering using them
when heart failure in cirrhosis is coupled with sepsis.
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5.2. Liver Transplantation

Liver transplantation remains the cornerstone treatment for cirrhotic patients. It has
been shown that successful liver transplantation improves all complications and organ-
related hemodynamic dysfunctions, including CCM [6]. Normalization of cardiac structure
and function, as well as normalization of QT prolongation, was observed as early as one
year following transplantation. However, cardiac dysfunction remains a major risk factor
for perioperative management as well as post-transplantation clinical course. In that sense,
preoperative clinical assessment, monitoring of the cardiovascular system during and after
the operation, and proper postoperative management are mandatory in order to improve
post-transplantation outcome [6].

6. Current Controversies and Future Perspective

Considering the multifaceted mechanisms of cardiac dysfunction in CCM and other
non-cirrhotic heart disease, therapeutic possibilities are vastly limited and may not be
applicable in CCM. In that sense, understanding the pathophysiological mechanism behind
CCM may lead to more targeted therapies, such as antioxidants, anti-inflammatory, and
anti-apoptotic agents [30,31]. We reviewed the literature for potential anti-renin therapies,
specifically aliskiren, but found no positive results. Currently, research in this field is mostly
limited to animal studies, rendering the therapeutic progress in this area rather slow [32,33].
The role of statins in treating CCM remains controversial, considering that, due to its
subclinical nature, CCM usually becomes evident in the state of cirrhotic decompensation.
However, it has been shown that atorvastatin exhibits not only lipid-lowering capabilities
but also has an effect on the reduction in the inflammatory cytokines in plasma, such as
TNF-« and IL-6 [34]. It also decreases the cardiac dysfunction marker N-terminal pro-brain
natriuretic peptide (BNP) concentration, and it seemingly decreased cardiac chronotropic
hyperresponsiveness in animal models [31,35]. Given its acceptable safety profile, it may
be a good option in patients with cirrhosis except those with severely decompensated liver
function. We feel statins are an attractive approach and have used them as a continued
therapy for cirrhotic patients at high cardiovascular risk. Atorvastatin, being one of the
most potent statins, is a primary choice for us; however, we also consider alternatives such
as lovastatin, pravastatin, and rosuvastatin. In our experience, low-dose long-term statin
therapy may stop the deleterious mechanisms in CCM formation. However, well-designed
clinical studies are needed to fully clarify the potential benefits of the pleiotropic effects
of statins.

7. Conclusions

In conclusion, the diagnosis of CCM, though challenging, is of paramount impor-
tance in the management of cirrhotic patients. Advances in diagnostic modalities and a
deeper understanding of their clinical implications are essential steps toward improving
outcomes in this population. As research progresses, CCM may transition from being a
largely unrecognized complication to a central focus in the care of patients with advanced
liver disease.
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Abstract: Background and Objectives: Inflammatory bowel disease (IBD) is a condition characterized
by chronic intestinal inflammation. We can identify two major forms: Crohn’s disease (CD) and
ulcerative colitis (UC). One of the extraintestinal manifestations of IBD is nonalcoholic fatty liver
disease (NAFLD). IBD and NAFLD share common pathogenetic mechanisms. Ultrasound (US)
examination is the most commonly used imaging method for the diagnosis of NAFLD. This cross-
sectional observational retrospective study aimed to evaluate the US prevalence of NAFLD in IBD
patients and their clinical features. Materials and Methods: A total of 143 patients with IBD underwent
hepatic US and were divided into two different groups according to the presence or absence of
NAFLD. Subsequently, new exclusion criteria for dysmetabolic comorbidities (defined as plus) were
applied. Results: The US prevalence of NAFLD was 23% (21% in CD and 24% in UC, respectively).
Most IBD-NAFLD patients were male and older and showed significantly higher values for body
mass index, waist circumference, disease duration, and age at onset than those without NAFLD. IBD-
NAFLD patients showed a significantly higher percentage of stenosing phenotype and left-side colitis.
Regarding metabolic features, IBD-NAFLD patients showed a significantly higher percentage of
hypertension and IBD plus dysmetabolic criteria. Also, higher values of alanine aminotransferase and
triglycerides and lower levels of high-density lipoproteins are reported in these patients. Conclusions:
We suggest performing liver US screening in subjects affected by IBD to detect NAFLD earlier.
Also, patients with NAFLD present several metabolic comorbidities that would fall within the new
definition of metabolic-associated fatty liver disease. Finally, we encourage larger longitudinal
studies, including healthy controls, to provide further confirmation of our preliminary data.

Keywords: Crohn’s disease; ulcerative colitis; liver steatosis; hepatic ultrasound; metabolism

1. Introduction
1.1. Crosstalk between IBD and NAFLD

Inflammatory bowel disease (IBD) is an inflammatory condition encompassing two
major forms: Crohn’s disease (CD) and ulcerative colitis (UC). They are characterized
by an unregulated and abnormal immune response induced by environmental stimuli
in genetically predisposed subjects [1]. In about 5-50% of patients with IBD, there are
several extraintestinal manifestations such as musculoskeletal, ocular, cutaneous, and
hepatobiliary. Hepatobiliary manifestations include primary sclerosing cholangitis, au-
toimmune/granulomatous hepatitis, and in particular, nonalcoholic fatty liver disease
(NAFLD) [2,3]. NAFLD is currently the main cause of chronic liver disease in the general

Medicina 2023, 59, 1935. https:/ /doi.org/10.3390 /medicina59111935 243 https://www.mdpi.com/journal /medicina



Medicina 2023, 59, 1935

population worldwide and ranges from simple fatty liver to steatohepatitis to advanced fi-
brosis and finally cirrhosis [4,5]. It can be considered a manifestation of metabolic syndrome
often associated with obesity, insulin resistance, dyslipidemia, and hypertension [6-8]. The
prevalence of NAFLD in IBD patients is broadly variable due to different diagnostic method-
ologies and ranges from 20-30% of patients identified using hepatic ultrasound (US) to
24% of individuals diagnosed by magnetic resonance enterography to 71% of cases with
transient elastography [9-11]. The overall prevalence is approximately 32% and, thus, con-
siderably higher than the general population rate (25.2%) [12]. Despite a large number of
studies, the pathogenetic mechanisms related to the onset of steatosis and the development
of liver damage in patients with IBD are not entirely understood. Also, other risk factors
can be involved in this association, such as chronic inflammation, drug-induced liver
injury, prolonged steroid exposure, malnutrition, and gut dysbiosis [13,14]. In the genetic
field, a previous study has shown how patients with IBD carrying the p.1148M missense
variant in the patatin-like phospholipase domain-containing protein 3 (PNPLA3) gene, an
important common genetic determinant of liver fat content and progression to chronic
liver disease, have higher susceptibility to hepatic steatosis and liver damage [15]. A more
recent cross-sectional study by Rodriguez-Duque et al. on 838 IBD patients compared with
1718 controls showed that these patients are at higher risk of developing fatty liver, not
only for their weight or the presence of hypertension, diabetes, or high cholesterol but also
for variables related to intestinal disease, such as IBD duration, activity, and prior surgery,
that can be considered major predictors of incident NAFLD [16-19].

1.2. Diagnostic Approaches in NAFLD

Liver involvement associated with NAFLD in IBD patients complicates therapeutic
management and increases the risk of hospitalization and mortality [20]. Thus, it is essen-
tial to adopt an appropriate diagnostic approach aimed at identifying and staging early
NAFLD in IBD patients. Specifically, Hamaguchi’s score operates with an abdominal US
scoring system to provide accurate indications of hepatic steatosis, visceral obesity, and
metabolic syndrome [21]. The diagnosis of NAFLD requires hepatic fat assessment by
imaging techniques or histology, excluding other causes of secondary fat accumulation
(e.g., use of alcohol or steatogenic drugs) [22]. The gold standard in the diagnosis of
NAFLD is liver biopsy, but it is an invasive and not very reproducible as well as expensive
technique [23]. At the same time, the use of transient elastography makes it possible to
determine liver stiffness and quantify steatosis using controlled attenuation parameters
with high accuracy, but it is not accessible worldwide. Furthermore, it requires technical
expertise and is unreliable in patients with severe obesity and ascites [24,25]. Therefore, US
examination is the most common item performed in clinical practice for the diagnosis of
NAFLD [26]. However, although US is an easily reproducible and inexpensive technique, it
has high interindividual variability [27]. Currently, US data on NAFLD in IBD patients are
quite heterogeneous. A recent meta-analysis showed a prevalence with different imaging
techniques of 30% and that the risk of NAFLD was two times higher in IBD patients versus
healthy subjects [28]. Another study showed the US prevalence of NAFLD in IBD patients
treated with biological therapy at 54% [29]. Similar results were obtained by Shintaku
et al., with a US prevalence of NAFLD of 45% among 71 enrolled IBD patients [30]. In
addition, due to the newly proposed nomenclature of metabolic-associated fatty liver
disease (MAFLD), there is a need for continuous evaluation of the clinical features of these
patients, especially from a metabolic perspective [7].

1.3. Aims

This cross-sectional study aimed to evaluate the US prevalence of NAFLD in patients
with IBD and to evaluate their clinical features.
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2. Materials and Methods
2.1. Patients

We retrospectively enrolled 143 patients with clinical, endoscopic, and radiologi-
cal diagnoses of IBD [1]. According to specific inclusion criteria: (i) patients of age >18,
(ii) patients subjected to hepatic US at hospital admission; and exclusion criteria:
(i) patients with a history of alcohol or drug abuse, (ii) patients with previous or cur-
rent viral hepatitis infection, (iii) patients with autoimmune liver disease, (iv) cirrhotic
patients, (v) patients with malignancies, (vi) pregnant and/or lactating women. From each
patient were collected (i) demographic and anthropometric data, (ii) disease characteris-
tics, (iii) disease location and phenotype, (iv) dysmetabolic comorbidities, (v) laboratory
parameters, and (vi) medications.

2.2. NAFLD Diagnosis

All patients underwent liver evaluation by US, according to a previous study by
Mancina et al. [15]. Briefly, abdominal US was performed by the same experienced operator
with a grayscale scanner device (LOGIQ S8 XDclear 2.0+, GE HealthCare, Milan, Italy)
using a 3.5-MHz convex transducer with B-mode image evaluation. Individuals were
fasting at least 4 h before the procedure. Before the procedure, the subjects followed a fiber-
free diet and took 80 mg of simethicone thrice daily for 3 days. Hepatic steatosis was graded
as mild (steatosis grade 1 or S1), moderate (steatosis grade 2 or S2), or severe (steatosis
grade 3 or S3). Mild liver steatosis (S1) features were defined as a slight increase in liver
echogenicity with a slight exaggeration of liver and kidney echo discrepancy. Moderate
liver steatosis (S2) features were defined as an increase in liver echogenicity and loss of
echoes from the wall of the portal vein with a greater posterior beam attenuation and
greater discrepancy between hepatic and renal echoes. The features of severe liver steatosis
(S3) were defined as a greater reduction in beam penetration, loss of echoes from most of
the portal vein wall, and an even larger discrepancy between hepatic and renal echoes.
Hepatic steatosis was defined as a steatosis grade of >S1 [27,31,32].

Anamnestic, laboratory, and endoscopic data were also collected. If laboratory and
endoscopic data were not available, data resulting from investigations carried out on
another date, ranging from 15 days before or after the date of the hepatic US, were used.

2.3. Study Design

Patients were stratified according to the presence or absence of hepatic fat accumula-
tion at US examination. We chose to adopt additional exclusion criteria (self-defined plus)
to identify which patients had liver steatosis not attributable to dysmetabolic comorbidities:
obesity, high waist circumference, insulin resistance, type 2 diabetes mellitus (T2DM),
hypertension, and dyslipidemia. Application of these criteria allows the evaluation of
hepatic steatosis independently from factors attributable to metabolic syndrome. This
approach was similarly applied in a previous study by Angelico et al. [33].

2.4. Statistical Analysis

We reported quantitative variables as mean =+ standard deviation (SD) and nominal
variables as percentages and absolute numbers. Comparisons of continuous variables
were performed by the Student’s t-test or the Mann—Whitney U test, considering each
quantitative trait after testing it for normality using the Shapiro-Wilk test. Differences
between categorical variables were assessed by the chi-square (x?) test. A p-value < 0.05
was considered statistically significant. The data were analyzed using SPSS 26.0 software
(IBM Corp., Armonk, NY, USA).

2.5. Ethics

This study was approved by the local ethics committee of Magna Graecia University
(protocol number 2014 /49). This study was conducted in compliance with the principles
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outlined in the Declaration of Helsinki. Informed written consent was obtained from each
participating patient.

3. Results
3.1. Characteristics of the Patients Enrolled

All 143 IBD patients were subjected to hepatic US to assess the presence of steatosis.
Among them, 33 patients (11 with CD and 22 with UC, respectively) showed hepatic
steatosis, while 110 patients (41 with CD and 69 with UC, respectively) did not show
hepatic steatosis. Subsequently, self-defined plus exclusion criteria were applied, obtaining
81 IBD patients, divided into 35 patients with CD and 46 with UC (Figure 1).

IBD PATIENTS SUBJECTED TO
HEPATIC US (N=143)

T

IBD-NAFLD PATIENTS (N=33) IBD NON NAFLD PATIENTS (N=110)
CD-NAFLD (N=11) +  CD NON NAFLD (N=41)
UC-NAFLD (N=22) *  UC NON NAFLD (N=69)

INTRODUCTION OF PLUS
EXCLUSION CRITERIA

+ IBD PLUS (N=81)
CD PLUS (N=35)
UC PLUS (N=46)

Figure 1. Workflow of study design. Patients were enrolled in the study and divided into different groups.

3.2. Comparison between IBD Patients

The main clinical and laboratory features of the subjects enrolled in our study are
summarized in Table 1. Most IBD patients under investigation were males (n = 82, 57%),
with a mean age of 45 + 16 years and a body mass index (BMI) and waist circumference
of 25 + 4 kg/m? and 91 + 12 cm, respectively. Most UC patients showed mild or severe
liver steatosis (n = 18, 20% and n = 2, 2%, respectively). On the other hand, CD showed a
higher percentage of moderate liver steatosis (1 = 4, 8%). Ninety-one (63%) patients had
UC, and most of them (1 = 48, 54%) extended to the entire colon. Fifty-two (37%) had CD,
and most of them with an ileal and ileocolonic extension: 41% and 42%, respectively. About
40% of CD patients (n = 21) had a stenosing disease phenotype. Twenty-four (17%) had
previously undergone surgery. UC patients showed more dysmetabolic comorbidities than
CD patients but similar levels on laboratory parameters. IBD patients were treated with
salicylate (n = 75, 52%), azathioprine (n = 47, 33%), and biological therapy (n = 86, 60%).

3.3. US Prevalence of NAFLD among IBD Patients

The US prevalence of NAFLD was 23%, considering the unified sample (IBD): 21%
and 24% in CD and UC, respectively (Figure 2).
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Table 1. Clinical and laboratory features of patients.

IBD (N =143) CD (N =52) UC(N =91
Demographic and Anthropometric
Age (years) 45+ 16 44 +17 45+ 15
Male gender, 1 (%) 82 (57) 31 (60) 51 (56)
Active smoker, 1 (%) 4(3) 3(6) 1(1)
BMI (kg/m?) 2544 2444 2545
Waist circumference (cm) 91 +12 89 + 11 91+ 13
Disease characteristic
Disease duration (years) 12+9 13+9 11+10
Age at onset (years) 33 £15 34 +13 32+ 14
CD (Harvey-Bradshaw index) - 7+3 -
UC (full Mayo Score) - - 2+07
Relapse/year 1.3+0.7 1.3+09 1.2+07
Active disease, 1 (%) 47 (33) 27 (52) 20 (22)
Extraintestinal manifestations, n (%) 26 (18) 13 (25) 13 (14)
NAFLD, 1 (%) 33 (23) 11 (21) 22 (24)
Mild steatosis, 1 (%) 24 (17) 6 (11) 18 (20)
Moderate steatosis, 1 (%) 6(4) 4(8) 2(2)
Severe steatosis, 1 (%) 3(2) 1(2) 2(2)
Surgery, 1 (%) 24 (17) 17 (33) 7 (8)
CD disease location and phenotype, 1 (%)
Tleal - 21 (41) -

Colonic - 8 (15) -

Ileo—colonic - 22 (42) -

Upper GI - 1(2) -

Inflammatory - 16 (31) -

Fistulizing - 15 (29) -

Stenosing - 21 (40) -

UC disease location, n (%)
Proctitis - - 8(8)
Proctosigmoiditis - - 19 (21)
Left side - - 16 (17)
Pancolitis - - 48 (54)
Dysmetabolic comorbidities, 1 (%)

T2DM 11 (8) 1(2) 10 (11)
Hypertension 24 (17) 8 (15) 16 (18)
Dyslipidemia 18 (13) 5(10) 13 (14)

IBD plus dysmetabolic criteria 81 (57) 35 (67) 46 (50)
Laboratory parameters
ALT (UI/L) 19+ 10 18+9 20+ 11
AST (UI/L) 20+9 2249 21+10
Total cholesterol (mg/dL) 168 4= 42 167 + 41 168 £ 43
LDL (mg/dL) 104 + 35 103 + 34 105 + 35
HDL (mg/dL) 56 + 17 55+ 17 56 + 16
Triglycerides (mg/dL) 99 + 48 99 £+ 49 100 £ 48
Fasting blood glucose (mg/dL) 88 £20 87 +19 89 +21
Fasting insulinemia (mg/dL) 10+7 10+ 8 9+8
HOMA-IR 2+£2 241 2+3
Fecal calprotectin (mcg/gr) 501 + 797 492 + 802 509 + 804
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Table 1. Cont.

IBD (N =143) CD (N =52) UC (N =91)
Medication, 7 (%)

Salicylates, 11 (%) 75 (52) 24 (46) 51 (56)
Azathioprine, 1 (%) 47 (33) 16 (31) 31 (34)
>3 cycles of steroids, 1 (%) 34 (24) 9(17) 25 (27)
Biological therapy, n (%) 86 (60) 33 (63) 53 (58)
Anti-TNF-«, n (%) 61 (71) 25 (76) 36 (68)
Vedolizumab, 1 (%) 16 (19) 2 (6) 14 (26)
Ustekinumab, 7 (%) 9 (10) 6 (18) 3(6)
>1 Biological drug, n (%) 23 (16) 4(8) 19 (21)
Current biological therapy duration (years) 3+2 4+2 2+2
Total biological therapy duration (years) 5+4 4+£3 4+2

Legend: IBD, inflammatory bowel disease; CD, Crohn'’s disease; UC, ulcerative Colitis; BMI, body mass index;
NAFLD, nonalcoholic fatty liver disease; T2DM, type 2 diabetes mellitus; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HOMA-IR, homeostasis
model assessment of insulin resistance; TNF-«, tumor necrosis factor-alfa.

(4]

IBD

.

uc

I = NAFLD = NON NAFLD l

Figure 2. (A) US prevalence of NAFLD in IBD patients; (B) US prevalence of NAFLD in patients with
CD; (C) US prevalence of NAFLD in patients with UC.

= NAFLD = NON NAFLD = NAFLD = NON NAFLD

3.4. Comparison between IBD Patients with and without NAFLD

As shown in Table 2, subjects with IBD were stratified according to the ultrasono-
graphic of NAFLD.

Most IBD-NAFLD patients were males (1 = 24 (73%) vs. n = 58 (53%), p = 0.047) and
showed significantly higher values than IBD non-NAFLD patients for age (53 + 13 vs.
43 £ 17 years, p = 0.03), BMI (27 4 5 vs. 24 4 4 kg/m?, p < 0.001), and waist circumference
(100 £ 11 vs. 88 £ 11 cm, p < 0.001). None of the IBD-NAFLD patients was an active
smoker (n =0 vs. n =4 (4%), p = 0.266). Furthermore, a significantly higher percentage of
IBD-NAFLD patients reported hypertension (n = 13 (39%) vs. n =11 (10%), p < 0.001) and
IBD plus dysmetabolic criteria (n = 26 (78%) vs. n = 36 (33%), p < 0.001). No significant
differences between the two groups for type 2 diabetes mellitus (T2DM; n = 4 (12%) vs.
n =7 (7%), p = 0.278) and dyslipidemia (n =5 (15%) vs. n = 13 (12%), p = 0.564) were found.
Regarding laboratory parameters, IBD-NAFLD patients showed significantly higher values
of alanine aminotransferase (ALT; 22 £ 10 vs. 18 £ 9 UI/L, p = 0.034) and triglycerides
(123 £ 63 vs. 93 £ 40 mg/dL, p = 0.002) but significantly lower values of high-density
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lipoproteins (HDL; 48 + 16 vs. 58 & 17 mg/dL, p = 0.005). No significant differences were
found between the two groups for the other laboratory parameters. IBD-NAFLD patients
showed a higher disease duration (15 £ 10 vs. 11 & 9 years, p = 0.044) and age at onset
(38 £ 16 vs. 32 &+ 15 years, p = 0.047) than IBD non-NAFLD patients. Most IBD-NAFLD
patients had UC (n = 22 (66%) vs. n = 69 (63%), p = 0.830), while in the other group, there
was a higher percentage of CD patients (n = 41 (37%) vs. n = 11 (33%), p = 0.837). Among
IBD patients, there was a significant difference between groups for the stenosing phenotype
(n =7 (64%) vs. n =12 (29%), p = 0.035) and left-side colitis (n =7 (32%) vs. n =9 (13%),
p =0.044). There was no significant difference between groups for the other disease locations
and phenotypes. Otherwise, IBD non-NAFLD patients showed a higher Harvey—Bradshaw
Index (7 £ 3 vs. 5 £ 2, p = 0.033) than IBD patients with NAFLD. In addition, none of
IBD patients treated with vedolizumab showed NAFLD (n =0 vs. n = 16 (23%), p = 0.023),
while most IBD-NAFLD patients were treated with antitumor necrosis factor-alfa (TNF-c;
n =15 (88%) vs. n = 46 (67%), p = 0.841) and ustekinumab (1 = 2 (12%) vs. n =7 (10%),
p = 1.000) but with no statistically significant difference between the two groups. Finally,
regarding the other medications, most IBD-NAFLD patients were treated with salicylate
(n =20 (61%) vs. n =55 (50%), p = 0.324), azathioprine (n = 10 (30%) vs. n = 37 (33%),
p = 0.834), or were undergoing surgery (1 = 7 (21%) vs. n = 17 (15%), p = 0.435), with no
significant differences between groups.

Table 2. Comparison between IBD patients stratified for NAFLD and non-NAFLD.

IBD-NAFLD (N = 33) IBD Non-NAFLD (N = 110) p-Value
Demographic and Anthropometric
Age (years) 53 £13 43 £ 17 0.03
Male gender, 1 (%) 24 (73) 58 (53) 0.047
Active smoker, 11 (%) 0 4(4) 0.266
BMI (kg/m?) 27+5 24 +4 <0.001
Waist circumference (cm) 100 + 11 88 + 11 <0.001
Disease characteristic
Disease duration (years) 15+ 10 11+9 0.044
Age at onset (years) 38+16 32+15 0.047
CD, n (%) 11 (33) 41 (37) 0.837
UC, n (%) 22 (66) 69 (63) 0.830
CD (Harvey-Bradshaw index) 5+2 7+3 0.033
UC (full Mayo Score) 2+06 2+£08 0.612
Relapse/year 1.3+£0.7 1.3+08 1.000
Active disease, 1 (%) 12 (36) 35(32) 0.675
Extraintestinal manifestations, n (%) 7 (21) 19 (17) 0.612
Surgery, 1 (%) 7 (21) 17 (15) 0.435
CD disease location and phenotype, 1 (%)
Tleal * 3(27) 18 (44) 0.30
Colonic * 109 7 (17) 0.51
Tleo—colonic * 7 (64) 15 (37) 0.106
Upper GI * 0 1(2) 0.60
Inflammatory * 109) 16 (39) 0.06
Fistulizing * 3(27) 13 (32) 0.70
Stenosing * 7 (64) 12 (29) 0.035
UC disease location, 1 (%)
Proctitis * 0 8 (12) 0.09
Proctosigmoiditis * 29) 17 (25) 0.11
Left side * 7 (32) 9 (13) 0.044
Pancolitis * 13 (59) 35 (50) 0.42
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Table 2. Cont.

IBD-NAFLD (N = 33) IBD Non-NAFLD (N = 110) p-Value
Dysmetabolic comorbidities, 1 (%)

T2DM 4(12) 7(7) 0.278
Hypertension 13 (39) 11 (10) <0.001
Dyslipidemia 5(15) 13 (12) 0.564

IBD plus dysmetabolic criteria 26 (78) 36 (33) <0.001
Laboratory parameter

ALT (UI/L) 22 +10 18+9 0.034

AST (UI/L) 22+10 20+9 0.187

Total cholesterol (mg/dL) 168 + 47 167 £+ 40 0.994

LDL (mg/dL) 107 + 38 103 £+ 33 0.591

HDL (mg/dL) 48 + 16 58 £17 0.005

Triglycerides (mg/dL) 123 + 63 93 £+ 40 0.002

Fasting blood glucose (mg/dL) 92 £25 87 £18 0.156

Fasting insulinemia (mg/dL) 10+£8 10+£7 0.106

HOMA-IR 3+2 242 0.078

Fecal calprotectin (mcg/gr) 439 +£911 519 £ 764 0.613

Medication, 1 (%)

Salicylates, 1 (%) 20 (61) 55 (50) 0.324

Azathioprine, n (%) 10 (30) 37 (33) 0.834

>3 cycles of steroids, 1 (%) 9 (27) 25 (23) 0.643

Biological therapy, n (%) 17 (51) 69 (63) 0.311

Anti-TNF-a, 1 (%) 15 (88) 46 (67) 0.841

Vedolizumab, 1 (%) 0 16 (23) 0.023

Ustekinumab, n (%) 2 (12) 7 (10) 1.000

>1 Biological drug, 1 (%) 5 (15) 18 (16) 1.000

Current biological therapy duration (years) 4+£3 3+2 0.188

Total biological therapy duration (years) 5+3 4+3 0.251

Legend: IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; BMI, body mass index;
NAFLD, nonalcoholic fatty liver disease; T2DM, type 2 diabetes mellitus; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HOMA-IR, homeostasis
model assessment of insulin resistance; TNF-o, tumor necrosis factor-alfa. * The p-value was evaluated with
regard to CD and UC patients, respectively.

4. Discussion

NAFLD is frequently associated with IBD: both metabolic features and intestinal
inflammation are involved in the pathogenesis of IBD-associated NAFLD. In this con-
text, our study showed a US prevalence of NAFLD of 23% in IBD patients. These data
are in line with recent epidemiological investigations that showed a US prevalence of
20-50% [12,29,30,34]. Given that IBD is a risk factor for NAFLD, this result underlines the
importance of performing hepatic US in at-risk patients. Moreover, this approach should
be applied in clinical practice not only to patients with IBD but also to other risk categories.
In addition, due to its low cost, it should be used to follow disease progress over time [8].
In this complex interplay between genetic, metabolic, inflammatory, and pharmacological
factors, the existing causative relationship and the underlying pathogenic mechanisms
that might recognize the gut microbiota as a key link remain unclear [10]. Most IBD-
NAFLD patients were male with an older age and age at onset than IBD patients without
NAFLD. These data are explained by longer disease duration in patients with liver steatosis
and were confirmed by Sourianarayanane et al., who described NAFLD patients as older
(46.0 £ 13.3 vs. 42.0 £ 14.1 years; p = 0.018) and with a later onset of IBD compared with the
control group (37.2 &+ 15.3 vs. 28.7 £ 23.8 years; p = 0.002) [35]. These data were confirmed
by Glassner et al., who showed that IBD-NAFLD patients had significantly longer disease
duration than IBD-only patients (20 = 12.2 vs. 10 & 7.7 years, p = 0.004) [6]. Longer disease
duration may lead to several risk factors for NAFLD, such as chronic inflammation and
dysbiosis of the gut microbiota. It is plausible that gut dysbiosis may play a pivotal role
in the biochemical and metabolic pathways that correlate with the onset and progression
of IBD-associated NAFLD [5]. No significant difference was found for the number of
relapses, extraintestinal manifestations, and active disease, according to Scrivo et al. [36].
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At the same time, the IBD-NAFLD patients of our cohort showed a significantly higher
BMI and waist circumference and a significantly higher percentage of hypertension than
IBD non-NAFLD patients. These findings, along with the significantly lower HDL and
higher triglycerides levels in patients with liver steatosis, support the use of new MAFLD
nomenclature, which includes in the definition of NAFLD the additional dysmetabolic
comorbidities we investigated in this study and additional risk factors, such as genetics
and environmental factors and gut dysbiosis [7,37]. Our data are in agreement with the
study by Magri et al. on a cohort of patients with characteristics similar to the present
investigation. Indeed, NAFLD patients showed higher BMI and waist circumference vs.
non-NAFLD patients. Furthermore, additional parameters such as visceral and body fat
were evaluated. In this regard, the percentage of visceral fat was higher in NAFLD pa-
tients [38]. Hoffmann et al. also confirmed this evidence in their monocentric retrospective
study performed on 153 IBD patients [39]. In addition, confirming this evidence, Saroli
Palumbo et al. indicated how extrahepatic diseases such as chronic kidney disease and
cardiovascular diseases are more common among IBD-NAFLD patients [40]. As expected,
ALT levels were significantly higher in IBD-NAFLD patients than in the IBD non-NAFLD
group. Indeed, liver enzyme levels and BMI are robust predictors of the risk of NAFLD
in IBD [9]. Among IBD patients, the percentage of left-side colitis in UC was significantly
higher in patients with liver steatosis vs. the non-NAFLD group. This finding is consistent
with a previous study showing that a more extensive disease and a higher number of
annual relapses and surgeries correlate with more severe steatosis [41]. On the other hand,
the stenosing phenotype percentage in CD patients was significantly higher in NAFLD
patients than in non-NAFLD. The possible reason is that our cohort is characterized by
patients with long-term disease, who are thus more likely to have a more severe phenotype
and, consequently, a greater susceptibility to liver steatosis [42]. Furthermore, recent studies
have investigated whether CD is a stronger risk factor for developing NAFLD than UC.
However, this hypothesis remains to be investigated because of the many genetic, environ-
mental, and metabolic factors that play a major role in the establishment of hepatic steatosis
in IBD patients [43]. Regarding biological therapy, vedolizumab was the only biological
drug with a significant statistical difference between IBD-NAFLD patients and IBD non-
NAFLD patients. In the literature, an antihepatic steatosis effect of anti-TNF-o treatments
has been suggested [6], while there is no evidence of this effect for vedolizumab [44,45].
However, given the cross-sectional nature of this study, investigation of the mechanistic
role of biological therapy in IBD-NAFLD patients falls beyond the purpose of our aims.
Finally, 78% of the IBD population showed NAFLD without additional metabolic features
(IBD plus dysmetabolic criteria). This high number is now first described, considering
that the “multiple-hit hypothesis” of NAFLD includes as risk factors several comorbidities
analyzed in this study, namely, obesity, insulin resistance, T2DM, and dyslipidemia [46].
Our data provide an analysis of the prevalence and clinical features of NAFLD in IBD
patients admitted to a real-life hospital setting. This is one of the few observational studies
in the literature that describes the clinical features of liver steatosis in IBD patients with
and without dysmetabolic comorbidities.

The main limitations of our study are the small number of patients involved and the
absence of a healthy control group. The latter is an interesting point as 25-30% of healthy
people can have liver steatosis findings at screening abdominal US [6]. Thus, controlled
trials in this field are needed to confirm these results.

5. Conclusions

Our data suggest the importance of performing US examinations in patients with IBD
to detect NAFLD as early as possible. This clinical strategy can be central in improving
the management of subjects affected by both these conditions. In addition, patients with
NAFLD present several metabolic comorbidities that would fall within the new definition
of MAFLD. Our preliminary results invite further confirmation on larger longitudinal
studies including healthy controls.
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