Journal of
Personalized
Medicine

Review

Future Perspectives on Radiomics in Acute Liver Injury and

Liver Trauma

Maria Chiara Brunese !, Pasquale Avella

2,3,%(0, Micaela Cappuccio >*, Salvatore Spiezia !, Giulia Pacella ,

Paolo Bianco 3, Sara Greco 4, Luigi Ricciardelli 5, Nicola Maria Lucarelli (7, Corrado Caiazzo ! and

Gianfranco Vallone !

check for
updates

Citation: Brunese, M.C.; Avella, P;
Cappuccio, M.; Spiezia, S.; Pacella, G.;
Bianco, P.; Greco, S.; Ricciardelli, L.;
Lucarelli, N.M.; Caiazzo, C.; et al.
Future Perspectives on Radiomics in
Acute Liver Injury and Liver Trauma.
J. Pers. Med. 2024, 14, 572. https://
doi.org/10.3390/jpm14060572

Academic Editor: Guido Gerken

Received: 2 April 2024
Revised: 2 May 2024
Accepted: 9 May 2024
Published: 27 May 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Medicine and Health Science “V. Tiberio”, University of Molise, 86100 Campobasso, Italy;
mariachiarabrunese@gmail.com (M.C.B.)

Department of Clinical Medicine and Surgery, University of Naples Federico II, 80131 Naples, Italy
Hepatobiliary and Pancreatic Surgery Unit, Pineta Grande Hospital, 81030 Castel Volturno, Italy
Interdisciplinary Department of Medicine, Section of Radiology and Radiation Oncology,

University of Bari “Aldo Moro”, 70124 Bari, Italy

5 AORN dei Colli, 80131 Naples, Italy

*  Correspondence: avella.p@libero.it (P.A.); micaela.cappuccio@unina.it (M.C.)

Abstract: Background: Acute liver injury occurs most frequently due to trauma, but it can also
occur because of sepsis or drug-induced injury. This review aims to analyze artificial intelligence
(Al)’s ability to detect and quantify liver injured areas in adults and pediatric patients. Methods: A
literature analysis was performed on the PubMed Dataset. We selected original articles published
from 2018 to 2023 and cohorts with >10 adults or pediatric patients. Results: Six studies counting
564 patients were collected, including 170 (30%) children and 394 adults. Four (66%) articles reported
Al application after liver trauma, one (17%) after sepsis, and one (17%) due to chemotherapy. In
five (83%) studies, Computed Tomography was performed, while in one (17%), FAST-UltraSound
was performed. The studies reported a high diagnostic performance; in particular, three studies
reported a specificity rate > 80%. Conclusions: Radiomics models seem reliable and applicable to
clinical practice in patients affected by acute liver injury. Further studies are required to achieve
larger validation cohorts.

Keywords: artificial intelligence; liver trauma; acute liver injury; drug-induced liver injury; radiomics;

abdominal trauma

1. Introduction

Acute liver injury is defined as severe acute necrosis of hepatic cells, mostly due to
liver trauma or acute liver failure, but it is also one of the most common complications of
sepsis [1-3]. Approximately 10% of abdominal trauma involves liver parenchyma [4-6]. In-
tegrating clinical and biochemical parameters is mandatory to achieve an accurate diagnosis
and to quantify the parenchymal damage [7,8].

Focused Assessment with Sonography in Trauma UltraSound (FAST-US) is the first-
level exam for traumatized patients, and, whether associated with chest X-ray or pelvis X-
ray, FAST-US has a sensitivity and specificity of 90% and 93%, respectively, to identify major
injuries in patients who experienced trauma [9-11]. Although the latest evidence about
FAST-US is comforting, the choice of avoiding Contrast-Enhanced Computed Tomography
(CE-CT) as a screening exam in an emergency is still controversial [12-14].

At the same time, to better organize the decision making for a traumatized patient, the
pre-hospital phase should employ triage tools [15-18].

Nowadays, in the emergency context, CT is still considered the gold standard of
diagnosis to evaluate and quantify major and minor liver injuries and any associated organ
ruptures or intra-abdominal bleeding [19,20]. CE-CT allows radiologists to assess the
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percentage of parenchymal injuries and then estimate the degree of damage and plan a
surgical or medical approach [21]. Surely, if available, hybrid operating rooms also best
benefit the fast execution of CE-CT of the interventional and surgical procedures [22-26].
CE-CT is also useful for monitoring injured patients after treatment to evaluate infective or
hemorrhagic complications [27].

The American Association for the Surgery of Trauma (AAST) injury scoring scales for
liver injury are based on CE-CT, and they are the primary tool used in clinical practice [28]
(Figures 1-3). The scale includes six grades representing the severity of injury: grade I
subcapsular hematoma (<10% of surface area and >1 cm of depth); grade II (10-50% of
surface area, intrahepatic hematoma of 10 cm of axial maximum diameter, 1-3 cm depth);
grade III (>50% of surface area, >10 cm axial maximum diameter, >3 cm of depth), grade IV
(25-75% lobe disruption, active bleeding), and grade V (>75% lobe disruption, cava, and
suprahepatic vein rupture; grade VI liver avulsion) [5,29-31]. The AAST grading system is
also the grading score chosen for the pediatric population [32-34].

Figure 1. Liver trauma due to a penetrating body;: bleeding involved IVb and V hepatic segments.
(A) Arterial phase. (B) Portal phase.

Figure 2. Liver trauma due to a car accident; a grade V injury based on the AAST score has been
detected at the II and III liver segments. (A) Arterial phase. (B,C) Portal phase.

International guidelines have evaluated the therapeutic approach for each grade, even
if the decision-making process remains strictly related to hemodynamic stability and the
availability of vascular radiologists [35-37].
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Figure 3. Manual segmentation of injured area (red) and liver parenchyma (green) excluding vessels.

However, in the emergency scenario, acute liver injury may also not be due to trauma.
One of the most common presentations of acute liver injury is related to septic patients [38],
who are supposed to have a mortality rate of approximately 2-40% [39]. Nowadays, the
evaluation of liver function in septic patients is based on serological markers, but their
correlation with CT imaging improves the diagnostic power [38,39]. CT is mandatory to
quantify the parenchymal damaged volume, the capsule, and the blood vessels’ integrity.

Nowadays, estimating the injured parenchymal volume requires manual segmentation
of the region of interest (ROI), as for the evaluation of the oncological disease [40-45]. Man-
ual ROI defining requires a long work time, and a dedicated operator is often unavailable
in small regions” Hub centers and peripheral centers in an emergency context [45-47].

Artificial intelligence (AI) tools have already been developed in many fields of medicine
to manage different kinds of clinical data [48-52]. In the era of Al, radiomics has been
proposed as a promising non-invasive tool able to translate images into data from radio-
logical features to radiomics features, which can be analyzed using dedicated models [53].
Radiomic features can be extracted from different imaging methodologies, including US,
CT, or MRI [53-60]. The models are built on standard steps: image upload, ROI definition,
feature extraction, feature selection, model building, and testing.

The published literature on acute abdominal injury shows that the prognostic factors
are not yet clear, which influences the outcome for patients treated in an emergency
context [61,62].

Several studies have already investigated the role of Al in the emergency context to
achieve a more accurate diagnosis, a differential diagnosis, or a prognosis or to choose
personalized therapeutic strategies for predicting treatment outcomes [63,64].

This review aims to analyze the Al tools dedicated to acute liver injury to explore their
ability to detect and quantify the injured areas and attribute the right AAST score in adults
and pediatric patients in a short time and with suitable accuracy.

2. Methods

We performed a literature research on the PubMed Dataset (US National Library of
Medicine, http:/ /www.ncbi.nlm.nih.gov/PubMed (accessed on 10 January 2024)), using
the subsequent keywords:

(((artificial intelligence) OR (radiomics) OR (neural networks) OR (machine learning)
OR (deep learning) OR (texture analysis)) AND ((liver OR hepatic) AND (((injury) OR (rup-
ture) OR (damage) AND (related OR induced)) OR (trauma))) AND (“English”[Language]).


http://www.ncbi.nlm.nih.gov/PubMed
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The publication date was set from 2018 to September 2023. Original articles were
included, while editorials, letters, reviews, and case reports were excluded. It was also
decided to include case series with a minimum of 10 patients in the study. Articles were
first included based on the title and abstract, and then a full-text read was performed. All
patients signed an informed consent allowing for the anonymous scientific use of clinical
data and images reported in our study.

3. Results

At the end of the literature research, we found 367 studies. Two-hundred and seventy-
six studies were evaluated as pertinent from 2018 to September 2023. After title and abstract
screening, we included 10 studies. At the end of the full-text examination, we included only
6 papers that address the application of radiomics tools on diagnostic imaging concerning
the diagnosis, the prognosis, and the treatment of acute liver injury [64—69] (Table 1).

Table 1. Artificial intelligence applications to acute liver injury after trauma, sepsis, and drug-induced
liver injury.

Author(s) Year Population Pljg .egfs Liver Injury Types Imaging Aims Results
- Injured
- 34liver trauma parenchyma
Farza[r(l)i}ll etal. y0pp Adults 77 43 no liver CT volume Recall 74%
damage Parenchyma
segmentation
Injured
H t al. . ; parenchyma Recall 93%
ua[r(I)%]e ! 2022 Children 170 11?a()ulr>rllgnt fiver CT volume Specificity
Parenchyma 1%
segmentation
Sensitivity
Arterial injury 83%
Dreizin et al. 2021 Adults 73 170 blunt liver CT diagnosis Specificity
[66] trauma Parenchyma 84%
segmentation Global
accuracy 84%
Sensitivity
L 1 FAST: Faly
evy etal. 109 abdominal - Presence/absence Specificity
[67] 2023 Adults 109 trauma us of abdominal 100%
fluid Global
accuracy 95%
50 patients with
non-acute liver
Wang et al. 2022 Adults 92 injury during CT Parenchyma Recall 91%
[68] sepsis segmentation Precision 88%
42 acute liver
injury
Alessandrino 43 5FU Parenchyma
etal. [69] 2019 Adults 43 administration T segmentation NA

Abbreviations: 5FU, 5-Fluorouracil; CT, Computed Tomography; NA, not available.

The included studies analyze the automated detection, segmentation, and quantifi-
cation of liver-injured areas in both adult and pediatric populations and the automatic
detection of major artery injuries.

3.1. Automated Diagnosis of Liver Trauma

CT is considered the gold-standard technique to determine AAST grade by evaluating
the fraction of liver parenchyma injured [70]. The study conducted by Farzaneh et al. [64]
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completely addresses the diagnosis, automated segmentation, and quantification of damage.
In the study, 77 patients were included with an average patient age of 41 years. Among
77 patients, 34 patients had liver injury, and 43 did not have evidence of liver damage.

Even if the standard CT exam provides both an arterial and portal phase, in that
study, the model was built only on the portal phase. The study was divided into liver
segmentation and injury segmentation. As a ground truth, the damaged area and the entire
parenchyma were manually segmented.

The aim was to automatically estimate the percentage of the volume of injured
parenchyma by fractionating this with the whole parenchymal volume. Both of the volume
measurements were performed through automatic segmentation. The proposed methodol-
ogy achieved the best recall on liver injury > 5% of 74%, while, for the entire sample, the
recall was 53%. However, the model correctly classified the 90% of healthy patients [64].

Concerning the pediatric population, S. Huang et al. performed a study on 170 children
affected by blunt liver trauma. Also, the study focused on the automated quantitative
assessment of liver damage and parenchyma segmentation [65].

The model was built as in the precedent study: only portal-phase images and ground-
truth labels were obtained by two radiologists who segmented the entire parenchyma and
the damaged areas. Most liver lesions were classified as AAST II and III. The diagnostic
performance of liver trauma volume was recall of 93.1% and specificity of 91.3%. Both
studies [64,65] achieved a great specificity; therefore, the probability of overdiagnosis of
liver trauma is minimal. Both models [64,65] have the strong limitation of being built on a
retrospective cohort, so their promising results need to be tested in clinical practice on a
prospective cohort. In both studies [64,65], which automatized the segmentation with great
accuracy, the radiologists could check that the model works and focus their attention on
the AAST score.

Concerning the application of radiomics to interventional radiology and treatment
strategy, Dreizin et al. proposed a methodology to predict the major hepatic arterial injury
in a cohort of patients who underwent angiography following a primary CT scan [66].

The patient dataset was composed of 73 stable adult patients who had undergone
CT and then angiography; therefore, unstable patients who underwent laparotomy or
angiography upfront were excluded. In total, 41 patients had been diagnosed with arterial
injury and 40 underwent angiography with arterial embolization. The logistic regression
showed that contrast extravasation and the index of liver damage are significant and inde-
pendent predictors of major hepatic arterial injury. Once the automatic segmentation of
liver damage was performed, the deep-learning model was built. The sensitivity achieved
was 83% and the specificity was 84%, with a global accuracy rate of 84%. The study [66]
demonstrated that precise personalized decisions could improve the diagnostic perfor-
mance of standard protocols, thus improving the missed diagnosis of injury and delayed
surgical or interventional approaches.

In the large field of radiomics, ultrasomics has already been explored in the evaluation
and differential diagnosis of oncological patients, and it has also been applied to FAST-
US exams [67]. Levy et al. [67] proposed a study about the qualitative and quantitative
assessment of abdominal trauma in unstable patients who would not undergo CT scans [67].
As known, FAST-US evaluates the presence of fluid in the right upper quadrant and the
left upper quadrant and in pelvis [9,67].

In the study, the authors focused on the hepatorenal and splenorenal space to evaluate
the presence or absence of fluid through the convolutional neural network. In total, 109
patients were retrospectively reviewed, and 6608 images were analyzed. The results
achieved on the validation cohort were 95% accuracy, 94% sensitivity, and 100% specificity
in the diagnosis of fluid presence [67].

3.2. Sepsis-Induced Liver Injury

Beyond trauma, in an emergency context, sepsis can commonly cause acute liver injury
in about 34% of patients affected due to inadequate liver perfusion [71-73].
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However, few studies are treating the early diagnosis of sepsis-induced liver injury,
and the quantitative evaluation of liver damage is still limited to serological markers
(bilirubin concentration > 2 mg/dL and coagulation INR > 1.5) [74].

Of course, exactly as for accidental liver injuries, as the main cause of liver injury after
sepsis is insufficient liver perfusion, the contrast-enhanced CT scan is the gold standard for
the diagnosis and quantification of parenchymal damage [68].

Wang et al. [68] proposed a study to evaluate the automatic segmentation and to
improve the identification and quantification of liver injury in patients affected by sepsis. In
the study, 92 patients were enrolled, including 50 (54%) patients with non-acute liver injury
and 42 (46%) patients with acute liver injury. FCN (full convolutional neural network)
improved the accuracy of the segmentation of traditional convolutional neural networks,
achieving precision and recall rates of 91% and 88%, respectively [68].

3.3. Drug-Induced Liver Injury

Drug-induced liver injury (DILI) is an uncommon cause of acute liver failure that is
very challenging to detect and treat [75].

The diagnosis of DILI is mostly based on clinical and serological markers; however,
several studies have proposed Machine Learning methods to improve the diagnostic
performance of radiological methodologies to detect DILI early and to differentiate it
from chronic liver diseases [76,77]. Concerning the application of Al on radiological
images, to our knowledge, there are not many CT-radiomics applications on cisplatin or,
generally, chemotherapy-induced liver injury. Alessandrino et al. [69] conducted a study
on CT images to evaluate the prediction of 5-Fluorouracil-induced liver toxicity through
texture analysis.

The results showed different features, such as the mean, entropy, skewness, and SD,
significantly related to the early diagnosis of liver injury. The study is an example of the
ability of radiomics to analyze liver parenchyma on CT images [77].

Other applications of Al to DILI concern antiviral drugs, antibiotics, or nonsteroidal anti-
inflammatory drugs (NSAIDs), but they are not based on radiological images yet [78-81].

4. Discussion

Contrast-enhanced CT (CE-CT) plays a significant role in the management of liver
trauma, as it is mandatory to confirm the diagnosis, to localize the injured segment, and to
exclude any other organ injuries or peritoneal bleeding [82,83].

The 3D reconstructions ensure a reliable quantification of the volume injured and
support the classification of the damage using the AAST scale [84]. A different assessment
of the severity grade impacts the management and the decision of whether a conservative,
interventional, or surgical treatment is required [29,84,85].

A potential negative outcome from a conservative approach may derive from a dis-
agreement between the CT scan and the intraoperative findings [86,87]. However, a CT
scan is also needed to evaluate the response to treatment and to monitor the progression or
resolution of the liver injuries during follow-up [88,89]. Therefore, ensuring the highest
sensitivity is mandatory to avoid misdiagnosis and for treatment planning [90,91].

The included studies in our review have three main results.

First, the model proposed by Huang et al. [65] demonstrates a good liver trauma
segmentation performance, with an overall sensitivity of 79.5%. The performance pro-
portionally increases among the AAST grades. In particular, the lowest recall (sensitivity)
belongs to grade I (50%), while the highest recall (sensitivity) belongs to grade V (85%).
This difference is also due to the small number of patients enrolled with a grade I injury. It
can be speculated that the achieved accuracy is comparable to the one of the radiologists or
clinicians, but underlying liver disease, such as liver steatosis or cirrhosis, may significantly
impact the attenuation of liver parenchyma in CE-CT.

Second, all of the included studies performed an automatic segmentation of the entire
liver parenchyma to measure the volume injured correctly. Automatic segmentation gives
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the possibility to clinicians to obtain an answer from the model in the shortest time. The
segmentation was also built to perform a 3D quantitative analysis [64—66]. Given this, the
models are ready for external validation in a real prospective cohort.

Third, the feasibility of one model to detect the injured lesion is verified even in
trauma patients and in non-trauma patients, because it can assess liver injury and its
severity quickly [65].

A preoperative CT scan is also needed in cases of high-grade injuries to evaluate the
future liver remnant after resection to personalize the treatment strategy [92,93]. It is also
important to underline that in general surgical procedures in an emergency context, an
inefficient diagnosis may require an urgent laparoscopy [94,95].

Moreover, during the monitoring, the radiologists” experience must also concern per-
sistent bleeding, haemobilia, and biliary fistula [96-101]. Consequently, these complications
must be treated to avoid cole-peritoneum and sepsis, which can also worsen the volume
injured [97-105].

Considering that the most common site of injury is the right liver and that the complica-
tions may require significant experience in hepato-biliary (HB) surgery, the first diagnostic
exam can also be mandatory to transfer stable patients to a Liver Unit to ensure the best
treatment [106-108].

Furthermore, especially in post-depacking bleeding, the surgical approach may consist
of major hepatic resection and portal vein ligation if the interventional approach did not
work [109-113].

This surgical technique requires an important learning curve because it is a prerogative
of HB surgeons trained in oncological resections or liver transplantations [114-119]. To
reduce healthcare migration and enhance the patient survival rate, it could organize the
Hub&Spoke learning program, similarly to other general surgery procedures [120-129].
However, in the era of minimally invasive surgery [130,131], referral centres should also
employ robotic or laparoscopic approaches in liver trauma [132-141]. In order to create
a personalized treatment for different patients, a study treated liver trauma affecting the
pediatric population [65].

However, to our knowledge, there are not already available radiomics models to
ensure personalized treatment strategies in an emergency context in the elderly population.
As known, geriatric surgery is based on different therapeutic algorithms from general
surgery, and the huge variability among this population is strictly related to the different
performance and ASA scores [142-148].

In the literature, no studies are reported on radiomics applied to the management
of or response to conservative, interventional, or surgical therapies. For this reason, fu-
ture further analyses are also required that consider the different surgical approaches
available [149-151].

Concerning the application of radiomics in sepsis-induced liver injury, it is surely
more challenging, because it also requires a differential diagnosis between liver lesions,
often in oncological patients. Patients who develop acute liver injury are more likely to
have a history of drinking, as chronic alcohol consumption causes liver steatohepatitis
and then cirrhosis and consequent liver dysfunction [152]. At the moment of developing a
septic state, the ability of the liver to compensate for the stress is reduced in patients with
an underlying chronic liver disease [153]. Therefore, ulterior damage caused by inefficient
perfusion is not well-tolerated [154].

The diagnostic power of CT is also reduced by the attenuation of liver parenchyma
at CT due to steatosis or cirrhosis, so the diagnosis is more challenging [155,156]. As a
delayed diagnosis can be significant for patients’ survival, a radiomic model is one of the
solutions to the problem [157-160].

Furthermore, a delayed diagnosis can cause delayed treatment and more severe
damage, and, consequently, a longer stay in the Intensive Care Unit (ICU) [161-163].
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5. Conclusions

The radiomics model proposed in both liver trauma and sepsis-related liver injury has
the great value of being built on automatic segmentation. Their methodology is reliable
and applicable in clinical practice, but prospective multicenter validation is still required.
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