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Preface

Dear Readers,

I am very pleased with our recently published Special Issue entitled “Advances in Proctology

and Colorectal Surgery”.

In recent years, we have seen major changes in the treatment and surgical approach to colorectal

pathologies. These changes were driven by technological developments, changes in concepts

regarding treatment options, and the movement towards personalized treatment.

In this Special Issue, we tried to cover some of these ongoing changes in treatment concepts, the

use of advanced technologies, as well as the specific outcomes for different patients.

Ten original articles were included in this Special Issue dealing with colorectal cancer patients’

outcomes, the use of the robotic platform in colorectal surgery, and different aspects of treating and

evaluation ano-rectal pathologies.

This Special Issue included, as well, three comprehensive review papers written by

world-leading surgical groups. Dr Steven Wexner covered the use of Indocyanine Green Fluorescence

in colorectal surgery, Dr Scott Steele’s group reviewed different algorithms used to treat patients with

metastatic colorectal disease, and Dr Rodrigo Oliva Perez together with Dr Angelita Habr-Gamaas

and their group shared their experience with the “Watch and Wait” approach for rectal cancer.

I am sure that this Special Issue will aid surgeons focusing on treating colorectal pathologies.

Lastly, I want to thank Miss Shirley Chen from the JCM Editorial Office who assisted me along

this journey. Last and not least, I want to thank Miss Elektra McDermott who helped me recruit some

of the researchers that agreed to publish in our Special Issue.

Shmuel Avital

Editor
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Watch and Wait Approach for Rectal Cancer
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Abstract: The administration of neoadjuvant chemoradiotherapy (nCRT) followed by total mesorrec-
tal excision (TME) and selective use of adjuvant chemotherapy can still be considered the standard
of care in locally advanced rectal cancer (LARC). However, avoiding sequelae of TME and entering
a narrow follow-up program of watch and wait (W&W), in select cases that achieve a comparable
clinical complete response (cCR) to nCRT, is now very attractive to both patients and clinicians.
Many advances based on well-designed studies and long-term data coming from big multicenter
cohorts have drawn some important conclusions and warnings regarding this strategy. In order to
safely implement W&W, it is important consider proper selection of cases, best treatment options,
surveillance strategy and the attitudes towards near complete responses or even tumor regrowth.
The present review offers a comprehensive overview of W&W strategy from its origins to the most
current literature, from a practical point of view focused on daily clinical practice, without losing
sight of the most important future prospects in this area.

Keywords: rectal cancer; clinical complete response; watch and wait; organ preservation; total neoad-
juvant therapy; immunotherapy; local recurrence; local tumor regrowth; near-complete response

1. Introduction

Management of rectal cancer has considerably changed over the last few decades [1].
While radical surgical resection with total mesorectal excision (TME) remains as one of the
pillars of treatment, introduction of multimodality therapy with radiation and chemother-
apy was fundamental for the development and proposal of organ-preservation strategies [2].
Initially used to improve local disease control, radiation alone or chemoradiation used in
the preoperative (neoadjuvant) period was shown to be more effective than postoperative
(adjuvant) treatment [3]. In addition to improvements in local disease control, preoperative
treatment resulted in variable degrees of primary tumor response [4]. Observation of com-
plete disappearance of the primary tumor (clinical complete response—cCR) led surgeons
to consider avoiding immediate resection in select patients [5]. Since the initial reported out-
comes of this non-operative treatment for patients who achieved a cCR, many changes have
developed in terms of baseline assessment, neoadjuvant treatment regimens, assessment
studies and timing of assessment. In addition, as long-term data become available, there is
more information available regarding the risk of local regrowth of tumors which achieved a
cCR and also regarding the risk of subsequent distant metastases development [6]. Finally,
molecular markers have been able to distinguish a specific subtype of rectal cancer where
a distinct treatment alternative may lead to an opportunity for organ-preservation in a
significant proportion of cases [7].

J. Clin. Med. 2023, 12, 2873. https://doi.org/10.3390/jcm12082873 https://www.mdpi.com/journal/jcm
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2. Rationale

The reason why non-operative treatment of rectal cancer is attractive is related to the
fact that TME surgery is associated with significant morbidity, mortality and functional
consequences [8,9]. Significant disturbances associated with urinary and sexual function
have been reported [10,11]. However, most relevant are the consequences associated with
bowel function after surgery [12]. Depending on the level of the tumor in the rectum, level of
the anastomosis and the requirement for partial or total intersphincteric resection, patients
may experience variable levels of symptoms associated with Low Anterior Resection
syndrome [13–15]. Finally, the requirement of a temporary or definitive stoma may be very
critical to many of these patients and avoiding it remains an important, if not the most
important, patients’ expectation from rectal cancer treatment. Here, it should be considered
that many patients who undergo primary anastomosis for rectal cancer with a temporary
stoma may ultimately develop a failed anastomosis. Reasons for a failed anastomosis may
include leaks, stenosis, recurrence and poor function. Therefore, a number of patients
thought to have received a temporary stoma are ultimately faced with a definitive stoma.
Over time, the rate of definitive stomas may be nearly triple initial estimates [16,17].

Non-operative treatment obviates many of these issues by avoidance of TME and
therefore exposing patients to virtually no morbidity or mortality. However, caution should
be taken as a proportion of patients entering a watch and wait (W&W) protocol will go
on to develop a local regrowth of the primary tumor and therefore will require surgical
resection [18,19]. This means not all patients with a cCR will avoid surgery. Second, even
though functional outcomes among patients undergoing W&W are clearly and far better
than TME or even local excision [20], function may ultimately not be as perfect as one
would expect or hope [21]. Interesting data suggest that functional outcomes of patients
undergoing W&W are not necessarily perfect, possibly due to the effects of radiation
therapy to the rectum and anal sphincters [22]. The few studies that compared bowel
function and quality of life between patients undergoing W&W and TME surgery were
performed in at least 2 retrospective series. Both of them compared patients undergoing
W&W to matched–controls among patients with incomplete clinical/pathological response
followed by TME [20,21]. The results of these studies using different assessment tools
were similar, suggesting superior functional and QoL outcomes for the W&W patients.
However, one of the studies suggested that nearly one-third of patients within the W&W
group reported severe LARS scores, suggesting potential long-term detrimental effects of
RT to bowel function [20]. Altogether, these findings should be interpreted with caution.
In addition to the limitations inherent to the studies’ designs, one must consider that
severe/poor LARS scores have also been reported by healthy individuals [23]. Finally, the
comparison of W&W to TME patients may have compared apples to oranges. Ultimately,
patients undergoing TME for residual disease would otherwise have never been candidates
for W&W. This suggests that the control group may have been inappropriate for such
comparison, with introduction of significant potential selection biases related to tumor
response [24]. These issues should be taken into account when counseling patients for
organ-preservation with W&W.

3. Baseline Features & Selection Criteria

3.1. Primary Reason for Neoadjuvant Therapy

Assessment of baseline features is critical for the selection of patients who are candi-
dates for W&W. The initial experience of patients undergoing this strategy was accumulated
before the availability of accurate staging tools [2,5]. Magnetic resonance imaging (MRI)
was largely unavailable and not standardized. At that time, most patients with rectal cancer
were considered for W&W based on response to therapy. This means that selection of
patients was based on the final result rather than an intended outcome. Ultimately, patients
were undergoing neoadjuvant chemoradiation for oncological purposes—to improve local
disease control—and, by accident or chance, achieved a cCR. This was perhaps the only
selection criterion at that time.
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Progressively, staging modalities evolved over time and MRI interpretation became
standardized, allowing for the stratification of patients and tumors based on risk factors
for local and distant failure [25,26]. This led to a clearer distinction between patients with
high-risk features—requiring nCRT for oncological purposes—and those with low-risk
features—where perhaps the only benefit of nCRT would be the achievement of a cCR
in an attempt to avoid TME surgery [27,28]. Even though these two scenarios have been
referred to as an “accidental” versus an “intentional” organ-preservation approach, one
could argue that W&W is never truly “intentional” as guaranteed achievement of cCR is
not yet possible. Instead, the difference between the 2 scenarios is that the latter relates
to the concept that the sole reason or sole benefit for the use of neoadjuvant therapy is
achievement of cCR.

3.2. Baseline Features

In addition to the primary reason for the use of nCRT among these patients, assessment
of baseline features is relevant for some additional reasons:

First, as findings consistent with cCR are largely subjective, it is highly recommended
that comparable methods are used both at baseline and at the time of reassessment [29]. In
this setting, detailed characterization of clinical, endoscopic and radiological features at
baseline may be critical for the assessment of post-treatment response and identification of
cCR or incomplete response [30].

Second, response to therapy seems to be a time-dependent phenomenon and not all
patients achieve a cCR at the same time [31,32]. There are data to suggest that larger tumors
take longer to respond. In this setting, it becomes relevant to understand the magnitude of
response at each reassessment round. This is only possible when reassessment findings are
comparable to baseline features. Ultimately, despite being largely subjective, quantification
of response is an important piece of information. This is only possible when baseline
assessment provides detailed information using the same tools expected to be used in
reassessment rounds [33].

Finally, an important feature relates to the position of these tumors in the rectum. Since
the beginning, the original description of W&W was restricted for tumors accessible to the
finger during digital rectal examination (DRE), usually at an average of 7 cm from the anal
verge, measured by rigid proctoscopy [5]. The reasons for these selection criteria relate to
the risk-benefit balance. Tumors above/beyond the reach of the finger are probably best
treated by TME surgery with far fewer functional consequences, less morbidity and lower
risk of definitive stomas. Instead, distal tumors are at considerably higher risk for these
negative functional outcomes and stoma requirements [34]. In the setting of risk of local
regrowth and subsequent distant metastases, the authors believe that tumors located above
this 7 cm distance are more likely to have risks that outweigh benefits of avoiding TME.

As MRI became widely available, in addition to being within the reach of DRE, tumors
should be ideally located at the level of or below the insertion of the levator muscles in the
pelvis. Tumors with the distal border located 1 cm above/beyond this anatomical landmark
are in most cases best suited for TME with or without nCRT, indicated for oncological
reasons [34] (Figure 1).

3
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Figure 1. Algorithm for decision management based on risk factors for local recurrence and primary
objective to achieve a cCR. ARR: anorectal ring; MRF: mesorectal fascia; mr: magnetic resonance;
EMVI: extramural venous invasion; TNT: total neoadjuvant therapy; cCR: clinical complete response;
TME: total mesorectal excision. While patients may undergo neoadjuvant therapy for different
reasons, decision to W&W is based on the achievement of a cCR. Patients not achieving a cCR are
usually recommended for surgical resection (most frequently TME).

3.3. Putting It All Together

Ultimately, baseline assessment is critical for the selection of patients that are being con-
sidered for W&W. The following necessary steps may be required before organ-preservation
is even a consideration for these patients:

First, clinical (DRE) and endoscopic assessments should provide clear evidence of
invasive cancer rather than benign polyps or lateral spreading tumors amenable to en-
doscopic/endoluminal resections [35]. The finding of mobile and soft lesions at DRE
combined with clear endoscopic pit pattern classification may provide precise identifi-
cation of patients that are candidates for endoscopic/endoluminal resection instead of
neoadjuvant therapeutic approaches.

Second, once clinical and endoscopic findings of invasive cancer are present—beyond
the scope of endoscopic/endoluminal resection—obtainment of endoscopic biopsies is
mandatory. In addition to confirmation of adenocarcinoma histology, tumors are currently
expected to be routinely tested for microsatellite instability, preferably through immuno-
histochemistry, for the presence/absence of the most frequently affected mismatch repair
protein/genes [7,36].

Third, magnetic resonance is mandatory for proper staging of these patients and
stratification into low-/high-risk categories. While several 2- and 3-tiered categories are
available, our approach has been to clearly distinguish patients at high-risk for local
recurrence based on mesorectal fascia (MRF) status (threatened when tumors are ≤1mm
from the MRF) [28,37]. While tumors with extramural venous invasion (EMVI), lymph
node metastases, tumor deposits and T4a may also be considered as high-risk; it is, as of yet,
unclear whether these features are independently associated with the risk of local recurrence
when there are unthreatened margins [28]. Therefore, MRF+ or positive circunferencial
resection margin (CRM+) are patients where neoadjuvant therapy is clearly necessary
and organ-preservation may be an additional benefit from this approach (in addition to
improved local disease control in the event TME is required). The presence of any high-risk
feature does not necessarily exclude the possibility of W&W once a cCR is achieved. This
includes the presence of adverse pathological features such as high-grade adenocarcinoma
or mucinous tumors (both in pathology and MRI imaging) frequently seen in baseline

4
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assessment. However, there is one exception to this rule: the presence of adverse features
beyond the limits of the radiation field are clearly an exclusion criterion. The presence of
nodal metastases, EMVI or tumor deposits above the cranial limit used for the radiation
field should prompt post-treatment surgical resection in most patients, despite complete
primary tumor response.

Finally, tumor location and distance from anal verge (by DRE and proctoscopy) and
from the insertion of the levator ani (by MRI) are very relevant information to be taken
into account to consider patients for W&W in the event of the achievement of a cCR [34]
(Figure 1).

4. Preferred Treatment Strategy

Once patients have been properly assessed at baseline, one should be able to distin-
guish patients that are undergoing neoadjuvant therapy for sole purpose of achieving a cCR
(distal and low-risk) from those that need therapy due to the high-risk of local recurrence
(distal and threatened MRF) [28,37]. In both situations, maximal response is required to
achieve a cCR and/or R0 resection (if surgery is ultimately required).

Maximal primary tumor response has been investigated in multiple studies, mostly
by complete pathological response (pCR) as a surrogate for cCR [38,39].

Originally, the earliest experiences with cCR and W&W were derived from series using
neoadjuvant chemoradiation (nCRT) with long-course radiation (RT) and concomitant 5FU-
based chemotherapy [5]. While oxaliplatin has been associated with slightly higher pCR
rates when used in combination with 5FU during RT, the significantly higher toxicity
rates have limited its use in clinical practice [40,41]. As mentioned previously, response
to treatment in rectal cancer after nCRT is a time-dependent phenomenon. In this setting,
many systematic reviews and meta-analyses suggested that longer interval periods between
the end of radiation and surgical resection were associated with higher rates of pCR [42,43].
This led to the consideration of the use of short-course RT followed by prolonged intervals
(instead of the classic 1-week interval to TME) as an alternative to achieve similar rates
of pCR as compared to standard nCRT using long-course RT [44]. While this did result
in higher pCR rates, experience with cCR and W&W was largely unavailable using this
particular regimen.

The concept of using longer intervals and additional chemotherapy during the rest-
ing period was investigated and did result in significantly higher rates of pCR and cCR
rates in patients with rectal cancer [45]. The additional cycles of chemotherapy delivered
between RT completion and assessment of tumor response were labelled as consolidation
chemotherapy and were originally designed to improve primary tumor response [45].
Compared to standard nCRT regimens achieving pCR and cCR rates of nearly 15–30%,
nCRT with consolidation chemotherapy initially reported pCR and cCR rates in the range
of 30–50% [46–48].

Shortly thereafter, the concept of using systemic chemotherapy preoperatively was
expanded to address the possibility of treating micrometastasic disease upfront (in addition
to improving primary tumor response) and potentially improving survival of patients [49].
This concept, named as total neoadjuvant therapy, incorporated systemic chemotherapy
being delivered immediately before (induction) or after (consolidation) chemoradiation in
an attempt to improve survival and primary tumor response [50]. Elegantly-designed ran-
domized clinical trials clearly demonstrated that TNT regimens resulted in higher chances
of achieving a pCR when compared to patients undergoing standard nCRT regimens [51].

However, when TNT regimens were compared between them, consolidation chemother-
apy regimens (in the setting of long-course RT) were more likely to result in pCR or even
cCR when compared to induction regimens (also in the setting of long-course RT) [52,53].

There is still a question as to whether short-course or long-course RT TNT regimens
are better in achieving a cCR and leading to organ-preservation. No RCT using short-
course RT used cCR as a primary endpoint for that purpose and there are ongoing trials
comparing these 2 regimens head-to-head in the setting of consolidation chemotherapy
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(ACO/ARO/AIO-18.1 Trial; NCT04246684). Short-course RT would have the potential
benefit of shorter treatment time (convenient for patients and allows more rational use
of resources to deal with the considerable number of patients in need of treatment) [54].
However, little is known about the denominators of patients treated by short-course RT
and consolidation chemotherapy that achieve a cCR and successfully undergo organ-
preservation [55,56]. This contrasts with the recent estimates of nearly 50–60% of patients
with locally advanced disease who avoid surgery in the setting of long-course RT and
consolidation chemotherapy [53].

One important drawback of this treatment strategy using short-course RT has been
recently reported in the setting of an RCT. Even though patients treated in the experimental
arm had similar baseline staging features, underwent similar R0 resections and achieved
a pCR 2× more frequently than the standard nCRT used in the control arm [55], local
recurrence was significantly worse in the experimental arm [57]. One could argue that
when using this approach to achieve a cCR, patients that eventually do not achieve a
cCR may face higher chances of developing local recurrence even in the setting of an
R0 resection.

All these studies have been performed for a population of patients with locally ad-
vanced rectal cancer—implying the oncological need for neoadjuvant therapy. However,
studies have also reported on the outcomes of TNT regimens for cT2N0 disease. Apparently,
patients with cT2N0 receiving TNT with long-course RT and consolidation chemotherapy
have a significantly higher chance of achieving a cCR and avoiding TME [58].

More recently, nCRT regimens incorporating RT dose escalation techniques using
contact radiation/brachytherapy (CxB) have been compared to standard nCRT in ran-
domized trials using organ-preservation as their primary endpoint. Even though patients
with cCR were grouped together with those achieving near-complete clinical response,
organ-preservation rates were significantly higher in the experimental arm using CxB.
While the ≥80% organ-preservation rate within the experimental arm in this study is quite
remarkable, lack of widespread availability of the required CxB machine and expertise may
considerably limit its implementation in clinical practice [59].

5. Assessment of Tumor Response

5.1. Assessment Tools

Assessment of tumor response to nCRT/TNT should be performed using the same
assessment tools used at baseline assessment. Initial experiences with W&W were mainly
derived from experience with clinical and endoscopic assessment tools, as radiological
tools as we have available today were largely unavailable at that time [2,5].

5.2. Three-Pillar Assessment Criteria

Clinical assessment using DRE remains of critical relevance here. Findings consistent
with a cCR include a smooth surface of the rectal wall at the area harboring the initial tumor
and minimal induration of the rectal wall. There should be no ulceration, palpable mass or
stenosis of the rectum [29]. It is the authors’ experience that, sometimes, subtle irregularities
are best felt by DRE than seen on endoscopy or radiological imaging modalities. We strongly
advise surgeons who assessed the primary cancer at baseline to perform reassessment
for tumor response to provide best possible comparison. Clearly, it should be stressed
that tumors beyond the reach of the finger during DRE should perhaps be considered
suboptimal candidates for W&W.

Endoscopic assessment is the second pillar in reassessment of response to nCRT/TNT.
Usually, flexible endoscopy is currently preferred in order to (1) provide documentation
of the endoscopic appearance of the residual scar/tumor; (2) to allow advanced imaging
techniques such as narrow band imaging and (3) to allow retroflexive view of the anal
canal (commonly performed using the gastroscope rather than the colonoscope) and fully
appreciate tumors close to anal canal and dentate line. Endoscopic findings consistent
with a cCR include a white scar, no ulceration of the rectal wall or no irregularities of the
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mucosa. There should be no stenosis of the rectum allowing for a smooth progression of
the colonoscope through the area harboring the primary tumor. While teleangiectasias are
often detected within the area of the original tumor, irregular redness of the mucosa should
be perceived as suspicious and preferably disappear in subsequent reassessments if this is
the only positive finding during endoscopic assessment [29] (Figure 2).

Figure 2. Endoscopic view of a baseline tumor (A) and post-treatment findings consistent with a cCR
using direct view (B), retroflexive view (C) and narrow-band imaging (D). Throughout images (B–D),
one can appreciate the presence of a white scar and significant telangiectasia (arrows). There are no
ulcers or stenosis of the rectum.

The third pillar in reassessment is radiological imaging of the rectum, mesorectum
and lateral pelvic compartment. Originally, imaging following neoadjuvant treatment was
directed to assess almost exclusively the mesorectal and lateral pelvic compartment in the
search for the presence of residual disease within lymph node, vascular structures (extramu-
ral vascular invasion—EMVI) and/or tumor deposits (replacement by tumor tissue within
lymph nodes, blood and lymphatic vessels or nerves). However, as imaging techniques and
interpretation have improved over the years, radiology can provide accurate information
regarding the rectal wall itself. T2-weighted sequences often suffice for assessment of
response without the need for intravenous contrast [60]. A proposed classification system
has been commonly used to grade response (similarly to the pathological grading system;
MRI Tumor regression grade - TRG) according to the presence of low-signal intensity areas.
mrTRG1-2 are usually associated with complete or near-complete tumor response (suggest-
ing a significant replacement by fibrotic tissue) in contrast with mrTRG3-5 [61]. Low-signal
intensity areas may be regular or irregular and comparison with baseline imaging features
may be helpful in assessment of response. While there is still controversy surrounding
the usefulness of diffusion-weighted sequences [30,62–64], areas of restriction during this
sequence may provide functional information and indicate the presence of residual cancer,
adding to interpretation of T2-weighted sequences [65] (Figure 3).
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Figure 3. Radiological assessment using MR showing the baseline tumor (A—arrows) and an area of
low-signal intensity areas consistent with a complete response in T2-weighted images (B—arrows).

PET–CT has been used for the purpose of tumor response assessment in several stud-
ies and may be useful for the identification of appropriate candidates for W&W in this
setting [66–68]. However, as mentioned previously, reassessment by PET–CT preferably re-
quires a baseline assessment using PET–CT. Considering the limitations in image resolution
within this study (inferior to the high-resolution MRI images), considerable costs and the
requirement of radiation associated with PET–CT (contrasting with MRI), the radiological
study of choice has been high-resolution MRI in most cases.

Endoscopic biopsies are not included as one of the pillars for the diagnosis of a cCR.
This means a negative endoscopic biopsy is not required to select patients for a W&W
strategy if a cCR has otherwise been achieved [69]. This must be approached carefully, as
surgeons often consider that an endoscopic biopsy is useless for the assessment of response.
This is clearly not the case and often endoscopic biopsies may aid in the decision process in
individual situations. In general, a negative endoscopic biopsy should not be considered as
diagnostic for a complete response if there is INCOMPLETE clinical response. This is due
to the low negative predictive value of this diagnostic tool in this setting (nearly only 20%).
However, a positive endoscopic biopsy may be informative and useful in such patients
with very significant yet incomplete responses (“near-complete” responses).

5.3. Timing
5.3.1. First Assessment

Tumor response is a time-dependent phenomenon. Still, it appears that response is
not linear over time and majority of response is usually observed early on either during
or immediately after completion of radiation [31]. This means that patients who achieve a
cCR will exhibit the majority of tumor regression early on during or after treatment [32,70].
Tumors with poor response after completion or 6 weeks from RT completion are unlikely to
present major further response after such period [31]. In this setting, we recommend a first
assessment of response between 6–8 weeks to attest significant response taking place early
on as a sign of promising outcomes in achieving a cCR and successful W&W [34]. Because
local regrowth is a risk among these patients, an early initial assessment of response may
be quite useful. Many of these patients may actually present with excellent response at this
very first assessment round and subsequently develop a local regrowth (which remains
very small on the 2nd reassessment round). The fact that a first reassessment has been
performed may allow for the correct identification of a local regrowth [34]. Had a first early
assessment of response not been performed, this small early regrowth could have been
mistaken for a near-complete ongoing response leading to further delay in diagnosis and
subsequent definitive treatment of the regrowth.
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5.3.2. Reassessment Rounds

Even though the majority of response is observed within early time intervals from
RT completion, it may actually take longer intervals for tumors to achieve all strict criteria
for a cCR. One retrospective study indicated that the majority of cCR were only achieved
after 16 weeks from RT completion in patients receiving CRT and consolidation chemother-
apy [33]. Therefore, one has to consider that many of these patients will present with
significant yet incomplete clinical responses in one or more of the reassessment rounds.
It has been suggested that whenever patients achieved a near-complete clinical response,
subsequent reassessment could lead to achievement of cCR in a rather high proportion of
patients [33]. However, the “near-complete” response is a poorly-defined clinical entity
with very little consensus in its definition [71]. Instead of labelling patients to harbor
“near-complete” clinical response, the readership may perhaps consider the presence of
the following features in deciding for subsequent reassessment of response rounds prior to
definitive surgical resection of the primary:

First, tumors should have exhibited significant response in their very first assessment
round. Comparison with baseline assessment information may be helpful in identifying
patients who truly exhibit very significant responses (nearly 75–80% of the tumor volume is
gone by endoscopic assessment and only a minor irregularity is detected) [32]. One should
be careful, as small tumors that remain small may be less responsive when compared to
large baseline tumors that nearly disappear. DRE should be questionable and only minor
irregularities should be accepted. Radiology should be identifying patients with mrTRG1-2
only [61].

Second, there should be ongoing response in between rounds, meaning that there is
no stable incomplete clinical response. Instead, clear subsequent regression needs to be
clearly documented with any of the assessment studies [33].

Third, endoluminal response seems to be the driver of response. This means that
endoscopy and DRE showing complete disappearance of the tumor should be considered
more significant than radiological disappearance of the disease. In other words, if there is
no evidence of cancer during DRE and endoscopy, even if there is suspicious residual cancer
on MRI, we believe a subsequent reassessment may be harmless and offer the opportunity
for achievement of all criteria of cCR (including radiological). However, patients with
mrTRG1 and the presence of ulceration with elevated borders and highly suspicious areas
palpable during DRE should probably undergo resection of the primary disease.

Finally, most cCR are usually achieved within 6 months from RT completion [33].
If incomplete response is still obvious after 24–26 weeks from RT completion, surgical
resection of the primary is perhaps preferred [72].

6. Local Regrowth

6.1. Definition and Salvage

Local regrowth is, by definition, the reappearance of the primary tumors within the
rectal wall, the mesorectum or within the lateral pelvic compartment after the achievement
of a cCR [73]. It seems that nearly 25–30% of patients who achieve a cCR and are managed
non-operatively will eventually develop a local regrowth [74]. This risk is highest within
the 3 years immediately after the achievement of a cCR [6,18,19,74] (Figure 4).
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Figure 4. Endoscopic view of a local regrowth following the achievement of a cCR.

The term regrowth instead of recurrence was originally proposed to distinguish this
clinical entity from local recurrences after TME surgery. The idea was to attempt to avoid
the stigma associated with local recurrences following TME frequently associated with poor
outcomes, often unresectable and frequently associated with debilitating condition [73].
Instead, local regrowth is, in the majority of the cases amenable to salvage resection, possible
through an R0 resection in nearly 90% of the cases [75–78]. In fact, surgical salvage of local
regrowth provides excellent local disease control with subsequent re-recurrence in ≤5% of
the cases. A significant proportion of patients requiring salvage TME at the time of local
regrowth ultimately require an abdominal perineal resection (APR) [79]. In fact, the rates of
APR among regrowth seem to be higher than in patients proceeding straight to TME after
treatment completion and incomplete clinical response [78]. These differences may be due
to distinct features between patients being offered W&W versus those undergoing TME
related to tumor location. Since ideal candidates for W&W are those with tumors located at
the reach of the finger during DRE and located at the level of or below the insertion of the
levator ani muscles, it is not surprising that local regrowth at this level would frequently
require APR [80].

Still, a proportion of these patients may also be salvaged by a second opportunity
for organ-preservation: transanal local excision of the regrowth. This has been recently
reported in two independent series. Curiously, disease-free survival among local regrowth
salvaged by local excision was better than patients undergoing TME for salvage. However,
locally-excised regrowth was more likely to have early-stage disease at baseline. Therefore,
such differences in survival may possibly be reflecting intrinsic differences in baseline
stages rather than the actual type of salvage employed at the time of regrowth [81,82].

6.2. Risk Factors

Risk factors for development of local regrowth after the achievement of a cCR appear
to be related exclusively to baseline T stage [83]. Apparently, there seems to be a 10%
increase in the risk of local regrowth for every increase in T stage category: 20% for cT2,
30% for cT3 and 40% for cT4 [18]. Curiously, baseline N stage has not been associated with
the risk of a local regrowth in these patients [84]. Interestingly, when patients sustain a cCR
longer than 3 years, the risk of local recurrence becomes minimal. In addition, risk factors
such as baseline T stage become irrelevant. This suggests that the main driver in the risk of
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local regrowth is primary response to treatment, overriding risk factors associated with
baseline features or even treatment-related [85].

7. Distant Metastases

The risk of distant metastases among patients who achieve a cCR after treatment is
considerably low [74]. In fact, an early report suggested that this risk was considerably
higher among patients who developed local regrowth compared to those who did not [86].
In fact, subsequent studies examining larger datasets of patients with cCR looked for risk
factors for development of distant metastases after entering a W&W program. Curiously,
the only identifiable risk factor for development of distant metastases in this series was
previous development of local regrowth [75,87]. However, one has to consider that these
patients are biologically intrinsically different: cCR who never develop local regrowth are
true complete responders; whereas local regrowth are necessarily incomplete responders
that were mistaken for a cCR [88]. Therefore, it is not surprising that they have distinct
risks for development of distant metastases.

However, the risk of distant metastases after cCR becomes very low after completion of
5 years of follow-up from the baseline cancer. Instead, local regrowth sustains a considerable
risk for distant metastases until they complete 5 years, not from the baseline cancer but
from the local regrowth [85,87]. This suggests that leaving the incomplete response in situ
for variable periods of time may increase the risk of distant metastases already provided by
the baseline cancer.

In order to address this question, patients with local regrowth managed by salvage
resection at the time of local regrowth have been compared to incomplete responses
managed by straight surgery after completion of treatment. There were no differences in
survival both in retrospective and prospective series [53,79]. Still, such comparison may
also not be fair since local regrowth had excellent initial response to treatment (it was even
mistaken for a cCR). The control group (TME straight after treatment) did not necessarily
have excellent response. Therefore, one could argue that local regrowth that was salvaged
should have had better survival outcomes than all TMEs.

In this setting, an even more recent study compared the outcomes of salvage surgery
for local regrowth to the outcomes of TME straight after treatment in the setting of excellent
tumor response (to balance for response to treatment across groups). In this study, two in-
dependent risk factors were identified: local regrowth and ypT3-4 in the resected specimen.
Combination of both features—local regrowth and ypT3-4—in the resected specimen led to
significantly worse distant-metastases-free survival. This suggests that patients who have
excellent (but incomplete) response managed by TME straight after treatment respond
better than those undergoing salvage TME at the time of local regrowth. (Dis Colon &
Rectum—accepted for publication—in press).

While this is restricted to a very small proportion of patients who achieve a cCR,
patients need to be fully aware of the risks associated with W&W in this setting.

8. Surveillance Strategy

Considering the risk of local regrowth is most frequent within 3 years of follow-up
after the achievement of a cCR, and the risk of subsequent distant metastases among this
subgroup of patients, surveillance has been adapted to attempt to minimize these risks [85].

First, surveillance is more intensive during the first 3 years of follow-up. Usually,
these patients are assessed for their primary tumors every 8 weeks. Second, surveillance is
recommended for life even though the risk of regrowth becomes very low after 3 years being
disease-free. Third, we want to avoid the risk of detecting a local regrowth harboring ypT3-4
disease within the resected specimen. Taking all this information into account, patients
should preferably undergo a DRE, proctoscopy, CEA levels and MRI every 8–12 weeks
during the first 3 years. After these 3 years, follow-up may perhaps be loosened to every
6 months and to include primary tumor response assessment [34]. Metastatic disease
surveillance should follow the usual guidelines [89] and should only be intensified in the
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case of (1) a local regrowth and/or (2) clinical suspicion. After the 5th year, patients can
follow-up yearly.

Ultimately, this surveillance program results in frequent visits required for clinical,
endoscopic and radiological assessment particularly during the first 3 years of follow-up.
Patients should be clearly and fully informed upfront of this recommended follow-up
and understand the potential clinical and oncological consequences of local regrowth.
Failure to comply with appropriate follow-up in a W&W program may constitute a relative
contra-indication for any organ-preservation strategy. Still, surveillance strategies may
differ across different institutions and have changed over time. Therefore, in line with
any surveillance strategy for rectal cancer regardless of definitive surgical or non-surgical
management, patients are not specifically asked to consent to a fixed surveillance program.

9. MSI Rectal Cancer and Watch and Wait

Patients with high-level microsatellite instability (MSI-high) adenocarcinomas were
found to have worse rates of complete response to standard nCRT [36]. The development of
PD1 checkpoint inhibitors led to the observation of significant tumor response in multiple
tumors with MSI status. The idea is that activation of a specific immune response is capable
of eliciting significant anti-tumoral effect of the host immune system, eventually leading to
a significant proportion of complete response in multiple primary solid tumors. One recent
single-arm clinical trial including primary MSI-high rectal adenocarcinoma offered PD-1
checkpoint inhibitors leading to a surprisingly 100% cCR rate among 14 patients, without
the use of radiation or standard chemotherapy [7]. While these exciting and enthusiastic
results await further longer follow-up and increase in the number of patients included,
it creates a clear distinction based on molecular features of rectal cancers dependent on
microsatellite instability and the possibility of treatment with immunotherapy potentially
leading to avoidance of TME in the vast majority (if not all!) patients.

10. Conclusions

In conclusion, Watch & Wait is now considered as an attractive alternative to TME for
patients with distal rectal cancer. Patients who achieve a cCR using strict clinical, endo-
scopic and radiological criteria may benefit from avoiding radical surgery when surgical
alternatives are APR or intersphincteric resections. Functional outcomes after W&W appear
to be superior to TME in this setting. Careful surveillance should be recommended for
early detection of tumor regrowth, which appears to be observed in nearly 30% of patients
entered in a W&W program within 3 years of completion of treatment. Salvage surgery
seems to be safe for local regrowth and provides good long-term local disease control.
The risk of distant metastases is overall low among patients undergoing W&W. However,
the subset of patients who develop local regrowth may be at higher risk for developing
subsequent metastatic disease.
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Abstract: Purpose: Rectal polyps with low-grade dysplasia (LGD) can be removed by local excision
surgery (LE). It is unclear whether these lesions pose a higher risk for recurrence and cancer devel-
opment and might warrant an early repeat rectal endoscopy. This study aims to assess the rectal
cancer rate following local excision of LGD rectal lesions. Methods: A retrospective multicenter study
including all patients that underwent LE for rectal polyps over a period of 11 years was conducted.
Demographic, clinical, and surgical data of patients with LGD werecollected and analyzed. Results:
Out of 274 patients that underwent LE of rectal lesions, 81 (30%) had a pathology of LGD. The mean
patient age was 65 ± 11 years, and 52 (64%) were male. The mean distance from the anal verge
was 7.2 ± 4.3 cm, and the average lesion was 3.2 ± 1.8 cm. Full thickness resection was achieved
in 68 patients (84%), and four (5%) had involved margins for LGD. Nine patients (11%) had local
recurrence and developed rectal cancer in an average time interval of 19.3 ± 14.5 months, with seven
of them (78%) diagnosed less than two years after the initial LE. Seven of the nine patients were
treated with another local excision, whilst one had a low anterior resection, and one was treated with
radiation. The mean follow-up time was 25.3 ± 22.4 months. Conclusions: Locally resected rectal
polyps with LGD may carry a significant risk of recurring and developing cancer within two years.
This data suggests patients should have a closer surveillance protocol in place.

Keywords: low-grade dysplasia; rectal cancer; rectal polyps; local excision; recurrence

1. Introduction

A rectal polyp is considered a precursor for rectal cancer according to the adenoma-
adenocarcinoma sequence. The timely removal of these lesions is considered essential
for preventing advancement to malignancy in up to 90% of cases [1,2]. After successfully
removing a polyp, it is recommended to continue surveillance at certain time intervals
due to the increased risk for recurrence and advancement to malignancy [3]. The time
interval for endoscopic surveillance is extrapolated from multiple studies trying to define
the level of risk by features such as the number of polyps, the size, personal and family
history of colorectal cancer (CRC), and the grade of dysplasia [4–7]. Guidelines for post-
polypectomy surveillance after removing a dysplastic lesion are often ambiguous regarding
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the distinction between rectal and colonic polyps, the implications of resection margins with
dysplasia, depth of resection, and whether the resection was performed endoscopically or
surgically. Some post-polypectomy surveillance guidelines recommend an interval of three
years for repeat colonoscopy after removal of a dysplastic lesion to detect early recurrence
of adenomas or even CRC [8].

To date, most rectal lesions are removed endoscopically. However, distal rectal lesions;
large or suspicious rectal lesions, including polyps larger than 1 cm; sessile adenomas; and
early-stage rectal cancerous masses are better served by surgical removal. LE surgery can be
performed with a standard transanal excision (TAE) or minimally invasive surgery (MIS).
Local excision surgery allows for a full-thickness resection, negative resection margins,
and the ability to close the defect in the rectal wall following resection [9]. The reported
rate of LGD histology in LE rectal lesions varies from 7% to 51% [10,11]. As transanal
MIS platforms became more and more common, the ability to remove larger masses
transanally grew, which in turn led to a much higher number of LGD lesions being excised.
It is unknown whether these LGD rectal lesions pose a higher risk of recurrence and
development of rectal cancer.

This study aimed to assess the rate of rectal malignancy following LE of LGD lesions
in the rectum.

2. Materials and Methods

A multicenter retrospective study following all patients with rectal lesions resected
with a transanal local excision approach was conducted from October 2010 to March 2020
(11 years) in six academic medical centers in Israel. A subsequent analysis of patients
with a final pathology of low-grade dysplasia was conducted. The data collected included
the operative platforms used (a standard transanal excision (TAE), a transanal minimally
invasive surgery (TAMIS), and a transanal endoscopic microsurgery (TEM)); demographics
characteristics (age, gender, body mass index (BMI); co-morbidities; American Society of
Anesthesiology (ASA) score); preoperative studies performed, including endoscopy with
rectal lesion biopsy (rigid proctoscopy, Flexible Sigmoidoscopy, Colonoscopy); abdominal
and pelvic CT; and endorectal ultrasound (ERUS) or pelvic magnetic resonance imaging
(MRI), or both.

Operative and postoperative data were collected, including operative approach, surgi-
cal findings, length of hospital stay, postoperative complications, morbidity, and mortality.
The Clavien-Dindo classification of surgical complications score was used to classify postop-
erative complications [12]. Pathology reports were reviewed for histological characteristics
such as size and resection margins. Out-patient visits and follow-up charts were reviewed
for malignant recurrence and treatment after diagnosis of rectal malignancy. There was no
standardized follow-up protocol, and various surveillance protocols were noted among
the various centers. Polyps with any other pathology except low-grade dysplasia were
excluded from the cohort.

Approval of the institutional review boards of all six participating centers was attained
for the study (IRB 0179-20-MMC). All respective institutional review boards waived the
need for individual informed consent by each patient for this retrospective study.

Statistical analyses were performed using EZR (Version 1.55) and R software (ver-
sion 4.1.2) (Chugai Igakusha: Tokyo, Japan). Continuous data were expressed as mean and
standard deviation when normally distributed or otherwise as the median and interquartile
range (IQR). Student-t test or Mann–Whitney U test was used to analyze continuous vari-
ables. Categorical data were expressed as numbers and proportions and analyzed using
Fisher exact or Chi-Square test. A p-value < 0.05 was considered significant.

3. Results

During the study, 274 patients underwent transanal local excision of rectal tumors.
The histological findings in the pathology reports of 81 patients (30%) were polyps with
low-grade dysplasia and are the focus of this study. The other 193 patients had lesions
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with malignancy or high-grade dysplasia (Figure 1). The mean patient age at diagnosis
was 65 ± 11 years, 52 patients (64%) were male, and the mean body mass index (BMI) was
26.6 ± 4.8 kg/m2. Patient demographics and preoperative data are detailed in Table 1. The
mean and SD follow-up time was 25.3 ± 22.4 months.

Figure 1. Flow chart of participation in the study, recurrence with rectal cancer.

Table 1. Baseline demographic and clinical and imaging characteristics of patients.

Characteristic (n = 81)

Number of patients 81
Age at operation (years)—mean ± SD 65 ± 11

Male sex—n (%) 52 (64%)
Body mass index (BMI)—mean ± SD 26.6 ± 4.8

Co-morbidities ≥ 1 − n (%) 54 (67%)
ASA class I—n (%) 6
ASA class II—n (%) 47
ASA class III—n (%) 8
ASA class IV—n (%) 3
Missing data on ASA 17

Preoperative assessment (Endoscopy)
Distance from anal verge (cm)—mean ± SD 7 ± 3.5
Largest diameter of lesion (cm)—mean ± SD 3.3 ± 3.1

Type of polyp
Sessile polyp—n (%) 40 (49%)

Pedunculated polyp—n (%) 13 (16%)
Missing data—n (%) 28 (35%)

Preoperative biopsy report
Low-grade dysplasia (LGD) 49 (60%)
High-grade dysplasia (HGD) 12 (15%)

Well-differentiated adenocarcinoma 3 (4%)
Moderately differentiated adenocarcinoma 2 (2%)

Poorly differentiated adenocarcinoma 0
Missing data 15 (19%)

Preoperative imaging
ERUS was performed—n (%) 37 (46%)

MRI Pelvis was performed—n (%) 8 (10%)
ASA—American Society of Anesthesiology score; ERUS—Endorectal ultrasound; MRI—Magnetic resonance imaging.
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3.1. Preoperative Workup

All 81 patients with final pathology of LGD underwent a colonoscopy for surveillance
or colorectal symptoms that showed a rectal polyp with a mean size of 3.3 ± 3.1 cm, at
an average distance of 7 ± 3.5 cm from the anal verge. Endoscopy reports of the type of
polyps seen were 40 (49%) sessile polyps and 13 (16%) pedunculated polyps, and 28 (35%)
had missing endoscopic data. Although the final pathology was low-grade dysplasia for
all cases, the initial preoperative biopsy reports were low-grade dysplasia for 49 patients
(60%), 12 (15%) high-grade dysplasia, 3 (4%) well-differentiated adenocarcinoma, 2 (2%)
moderately differentiated adenocarcinomas, and 15 (19%) had missing biopsy data. Thirty-
seven of the 81 patients (46%) had imaging with endorectal ultrasound (ERUS), and eight of
81 (10%) had pelvic magnetic resonance imaging (MRI), seven of whom had also undergone
a ERUS (Table 1).

3.2. Surgical Techniques and Operational Findings

The rectal lesions were resected using three main platforms. Twenty of eighty-one
patients (25%) underwent a standard “open” transanal excision, 36 (44%) were operated
on using the TAMIS platform, and 25 (31%) via the TEM platform. The mean distance of
the lesions from the anal verge was 7.2 ± 4.3 cm, with a mean lesion size of 2.8 ± 1.6 cm.
The depth of resection was a full thickness resection in 68 (84%) patients, partial thickness
resection in 6 (7%), mucosal resection in 4 (5%), and a piecemeal resection in 3 (4%)
patients. The rectal wall defect after resection was closed with a running suture in 49 (61%)
cases, with interrupted sutures in 27 (33%), and was left open in 5 (6%). There were no
intraoperative complications, and only one case (1%) had an added laparoscopy that ruled
out intraabdominal penetration.

3.3. Complication and Pathology Reports

The average length of hospital stay was 3.6 ± 1.8 days, and there were 12 (15%) cases
with postoperative complications. Two cases of bleeding, six of wound infection or ab-
scesses, two of cardiac or respiratory complications, and two of transient fecal incontinence.
Only four (5%) cases were regarded as a Clavien-Dindo complication score of 3b or more.
From the pathology reports, the mean diameter of the lesions was 3.2 ± 1.8 cm. Forty-seven
lesions (58%) had a clear margin of over 3 mm; 18 (22%) had clear margins, but were
under 3 mm; four (5%) had involved margins; and margin data was missing in 12 patients
(15%). One patient (1%) with an involved margin underwent a repeat local excision attempt
(Table 2).

3.4. Follow-Up, Recurrence, and Rectal Cancer Rate

Nine (11%) patients with LGD were found to have local intraluminal rectal cancer on
follow-up. The mean follow-up was 25.3 ± 22.4 months. The average time interval from
the first local excision to the diagnosis of the cancerous recurrence was 19.3 ± 14.5 months
(range 5.2–54 months), with seven of nine (78%) of them diagnosed within less than two
years from the initial LE. Reviewing the original reports of these nine cases showed that
they all had an original low-grade dysplasia on the preoperative endoscopic biopsy and on
final postoperative pathology. The average size of the original lesions was 3.5 cm (range
1.4–7 cm). Six patients had a clear margin of over 3 mm, and three had involved margins
with low-grade dysplasia. The original resection depth was full-thickness resection in four
patients, one had a partial thickness resection, one had a mucosal resection, and three had
a piecemeal resection in more than one piece. The treatment modality chosen following
rectal cancer diagnosis was a redo local excision in seven patients, one underwent a low
anterior resection, and one got radiotherapy alone (Table 3).
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Table 2. Surgical techniques, operational findings, complications, and pathology reports.

Characteristic (n = 81)

Operative technique
TAE—n (%) 20 (25%)

TAMIS—n (%) 36 (44%)
TEM—n (%) 25 (31%)

Distance from anal verge (cm)—mean ± SD 7.2 ± 4.3
Largest diameter of lesion (cm)—mean ± SD 2.8 ± 1.6

Predominant rectal wall location
Posterior wall 19 (23%)
Anterior wall 18 (22%)
Lt lateral wall 21 (26%)
Rt lateral wall 13 (16%)

Unknown 10 (13%)
Depth of resection

Full-thickness resection 68 (84%)
Partial-thickness resection 6 (7%)

Mucosal resection 4 (5%)
Piecemeal (in >1 piece) 3 (4%)

Defect closure approach
Running suture 49 (61%)

Interrupted sutures 27 (33%)
Defect left open 5 (6%)

Intra-operative complications 0
Laparoscopy added—no complication found 1 (1%)

LOS—Length of stay (days)—mean ± SD 3.6 ± 1.8
Postoperative complications 12 (15%)

Bleeding 2 (2%)
Wound infection/Abscess 6 (7%)

Cardiac/Respiratory complication 2 (2%)
Transient fecal incontinence 2 (2%)

Clavien-Dindo ≥ 3B 4 (5%)
Final pathology

Largest diameter of lesion (cm)—mean ± SD 3.2 ± 1.8
Margins

Clear margins >3 mm 47 (58%)
Clear margins <3 mm 18 (22%)

Involved margins 4 (5%)
Missing data 12 (15%)

Added treatment after pathology—Redo LE 1 (1%)
TEA—Transanal excision; TAMIS—Transanal minimally invasive surgery; TEM—Transanal endoscopic micro-
surgery; Clavien-Dindo—The Clavien-Dindo classification of surgical complications; LE—Local excision.

Table 3. Characteristics of recurrence cases.

Characteristic (n = 9)

Local recurrence 9
Systemic recurrence 0

Time interval from LE to cancerous recurrence (months)—mean ± SD (range) 19.3 ± 14.5 (5.2–54)
Number of patients that recurred under 24 months 7 (78%)

Original largest diameter of lesion (cm)—mean (range) 3.5 (1.5–7)
Original margins

Clear margins >3 mm 6/9
Clear margins <3 mm 0

Involved margins 3/9
Original depth of resection

Full-thickness resection 4/9
Partial-thickness resection 1/9

Mucosal resection 1/9

23



J. Clin. Med. 2023, 12, 1032

Table 3. Cont.

Characteristic (n = 9)

Piecemeal (in >1 piece) 3/9
Original operative platform used

TAE—p/n 6/9
TAMIS—p/n 1/9
TEM—p/n 2/9

Treatment after recurrence
Re-do local excision 7

LAR 1
Radiotherapy 1

Follow-up time (months)—mean ± SD 25.3 ± 22.4
LE—Local excision; SD—Standard deviation; p—Positive; n—Number; TEA—Transanal excision; TAMIS—
Transanal minimally invasive surgery; TEM—Transanal endoscopic microsurgery; LAR—Low anterior resection.

4. Discussion

This study demonstrates a high risk (11%) for local recurrence and the development
of rectal cancer in patients with low-grade dysplastic adenoma resected transanally from
the rectum. Seven of the nine patients that developed cancer were diagnosed within two
years of the original local excision of the pre-cancerous rectal lesion. Unlike high grade
dysplastic rectal lesions that are suspected of cancer until proven otherwise and those with
an involved dysplastic margin prompting re-excision, low-grade dysplastic lesions are not
considered cancerous and might lead to a less stern approach and follow up. There is little
data in the literature on the risk of these LGD patients and therefore at what intervals they
should be endoscopically or clinically followed up with. Studies focusing on the risk of
developing a possible malignant tumor seen on surveillance colonoscopies after three years
showed that patients that had mild or mild/moderate dysplasia at the index polypectomy
had a 3.5–5.5% risk of developing an advanced adenoma, not necessarily cancer, throughout
the colon and rectum, mainly in the proximal colon [13,14]. It is important to state that
these studies relate to endoscopic polypectomies and not specifically to surgically removed
lesions, which are usually not endoscopically resectable.

A meta-analysis by Saini et al. tried to quantify the risk factors for an advanced
adenoma to be found during a three-year surveillance colonoscopy. He found that patients
with ≥3 adenomas, a large adenoma (≥1 cm), or a high-grade dysplasia at the index
polypectomy are at an increased risk for recurrence of advanced adenomas and therefore
might benefit from close surveillance colonoscopies [15]. Most colonoscopy surveillance
guidelines for patients with a history of resected adenomas stratify patients into low or
high risk for recurrent advanced adenomas and cancer. The allocation to low or high risk is
based mainly on the size, the number of adenomas, and having an advanced adenoma at
the index colonoscopy. However, they do not draw any distinction between colonic and
rectal polyps [5,7].

The definition of an advanced adenoma in the gastroenterology literature is usually an
adenoma that is ≥1 cm, has villous histology, has a high-grade dysplasia feature, or even
colorectal cancer in it [16–18]. Adenomas with low-grade dysplasia are not considered
advanced adenomas and, presumably, do not place the patient in the high-risk group. Often,
LGD adenomas are larger than 1 cm and then are considered high risk. Most guidelines
do not take colonic vs. rectal origin of the polyp, or even positive dysplastic margins, into
account for risk stratification. All patients that developed rectal cancer in this cohort had
original adenomas that were larger than one centimeter and would have been classified
as high risk for recurrence and, according to local recommendations, would have been
advised to return for a repeat colonoscopy in three years. Having said that, the data in this
study showed that almost all patients who developed rectal cancer after resection of the
LGD lesion had done so in under two years from the index LE.

Unlike rectal polyps, large unresectable colonic polyps are usually referred to surgery
for segmental colonic resection. By doing so, we not only gain a proper histological
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diagnosis of the polyp but also employ a preventive measure for recurrence in that segment
of large bowel (as surgical resection also includes lymph node clearance). As transanal
local excision surgeries found their place in treating rectal lesions, especially MIS platforms
such as TEM and TAMIS, it brought about a plethora of new challenges in how to regard
pre-cancerous rectal polyps. Unlike endoscopic polypectomy from the rectum, LE surgery
allows for larger polyps, full-thickness resection, and a higher regard for margins [10,19].
LE of these “unresectable” polyps replaced anterior resection, which would have been a
more oncologically complete surgical treatment. Therefore, as these large rectal polyps can
be removed entirely with the rectum left in place, is the patient at a higher risk, which leads
to the question: should these patients adhere to a different surveillance time interval?

The US Multi-Society Task Force of Colorectal Cancer (MSTF), the American Society
of Colon and Rectal Surgeons (ASCRS), and the National Comprehensive Cancer Network
(NCCN) guidelines all recommend a repeat surveillance colonoscopy after removing a
dysplastic lesion after three years, to detect and prevent CRC with no distinction between
colon and rectum or modus of resection [20–22].

Our data suggest that large rectal polyps (≥1 cm) with LGD should be viewed in a
different light, and it would be prudent to address them as highly suspicious lesions with a
high risk for rectal cancer. Most of the polyps in the cohort were sessile polyps, some had a
high suspicion of adenocarcinoma from the endoscopic biopsy, and most did not undergo
specific pelvic imaging such as ERUS or pelvic MRI. From a technical point of view, not
all lesions had a full-thickness resection, as five out of the nine patients that developed
cancer had a partial thickness or piecemeal resection of the lesions, and six out of the nine
patients that developed cancer had a transanal excision (TEA), a non-MIS technique, which
is less common today. There were some postoperative complications, and not all lesions
had clear dysplastic margins. These factors might account for seeding of free dysplastic
cells or involved margins in the rectum that may explain the development of rectal cancer
later in life.

From a pathology point of view, a lenient approach to non-cancerous lesions is preva-
lent, as they are not regarded as dangerous and, as such, lead to a more cursory pathological
report [23]. The International Collaboration on Cancer Reporting (ICCR) recently pub-
lished recommendations on pathology reporting of colorectal local excision specimens.
There is little emphasis on grading dysplastic lesions and no specific recommendation for
low-grade dysplasia [24]. In contrast to these findings, it is important to state that most of
the diagnosed rectal cancer lesions were found to be early rectal cancer and were treated
with another local excision. One patient underwent a low anterior resection, and one had
radiotherapy. There was no distant disease found and no disease-related deaths.

The study’s limitations revolve around its retrospective nature and its prolonged
eleven-year period, during which time MIS LE has evolved and might have changed
the approach to different lesions, as seen by the fact that more than half of recurrences
occurred after TAE, with a non-full thickness resection and positive dysplastic margins
but representing real-life practices. Although the multicentricity nature of the study is
considered an advantage, it might allow for differences in patient selection and treatment
choice that might have influenced the results. The relatively small sample size did not
allow for a risk factors analysis. Adding to that, there was no active search for patients
that recurred with only an adenoma (LGD or HGD) with no cancer, which might have
augmented our findings’ strengths.

5. Conclusions

Locally resected rectal polyps with low-grade dysplasia may carry a significant risk
of recurring and developing cancer within two years. A more meticulous approach to
the preoperative assessment, a full-thickness resection, the resection margins, and the
didactic pathological report might aid in reducing this occurrence. These data suggest
that these patients should adhere to a closer surveillance protocol. Future studies should
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focus on assessing the optimal surveillance protocols and adherence for early detection
of recurrence.
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Abstract: (1) Background: Colorectal cancer (CRC) is the third most common cancer and the second
leading cause of cancer-related mortality worldwide. Up to 50% of patients with CRC develop
metastatic CRC (mCRC). Surgical and systemic therapy advances can now offer significant survival
advantages. Understanding the evolving treatment options is essential for decreasing mCRC mortality.
We aim to summarize current evidence and guidelines regarding the management of mCRC to
provide utility when making a treatment plan for the heterogenous spectrum of mCRC. (2) Methods:
A comprehensive literature search of PubMed and current guidelines written by major cancer and
surgical societies were reviewed. The references of the included studies were screened to identify
additional studies that were incorporated as appropriate. (3) Results: The standard of care for mCRC
primarily consists of surgical resection and systemic therapy. Complete resection of liver, lung,
and peritoneal metastases is associated with better disease control and survival. Systemic therapy
now includes chemotherapy, targeted therapy, and immunotherapy options that can be tailored by
molecular profiling. Differences between colon and rectal metastasis management exist between
major guidelines. (4) Conclusions: With the advances in surgical and systemic therapy, as well as a
better understanding of tumor biology and the importance of molecular profiling, more patients can
anticipate prolonged survival. We provide a summary of available evidence for the management of
mCRC, highlighting the similarities and presenting the difference in available literature. Ultimately, a
multidisciplinary evaluation of patients with mCRC is crucial to selecting the appropriate pathway.

Keywords: metastatic colorectal cancer; stage IV colon cancer; stage IV rectal cancer; treatment of
stage IV colorectal cancer

1. Introduction

Colorectal cancer (CRC) is the third most common cancer and the second leading
cause of cancer-related mortality worldwide, with an estimated 1.9 million cases and
935,000 deaths annually [1,2]. In the United States, close to 1.37 million people were living
with CRC and it is estimated that there were 52,580 deaths in 2022, making CRC the second
most common cause of cancer-related deaths [3,4]. The average 5-year relative survival
rate for all stages of CRC is 65.1% [3]. However, the cancer stage has a strong influence on
survival. In stage IV CRC (metastatic CRC (mCRC)), defined as cancer spread to distant
sites or organs or peritoneal metastasis, the 5-year survival rate significantly drops to
15.1% [3].

Approximately 22% of CRC cases have metastasis at presentation, and 19% will
develop metachronous metastasis [3–6]. The most common sites of metastasis listed in
order are the liver, lung, and peritoneum [5,7]. The site of metastasis has an impact on
survival. To reflect this, stage IV mCRC is further classified based on metastasis to one site
or organ (IVa), multiple sites or organs (IVb), or whether peritoneal metastasis is present
(IVc). In addition to the site of metastasis, studies have also shown that the timing, number,
and originating location of metastasis may also impact survival [6–8]. The heterogeneity of
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mCRC has demanded continued development in diagnosis and pretreatment testing as
this is crucial in facilitating a multi-disciplinary approach to treatment.

The standard of care for mCRC primarily consists of surgical resection and systemic
therapy. Unlike other stage IV cancers, surgical resection of mCRC can significantly prolong
survival. In some cases, resection of liver and lung mCRC can even be curative [9–11].
A survival advantage has even been shown in peritoneal metastasis versus palliative
care [12,13]. Additionally, the evolution of systemic therapy has improved mCRC sur-
vival or allowed the conversion of unresectable mCRC to resectable [14]. More recent
additions of treatments targeted therapy of specific genetic tumor mutations (e.g., EGFR,
VEGF, KRAS) and immunotherapy agents have also provided survival benefits in certain
mCRC [9,11,15–18]. As the spectrum of treatment options for mCRC has grown, the cost of
treating mCRC has also widened. Studies report the average costs of treatment can range
from $12,000 to almost $300,000 due to the heterogeneity of treatment plans [19].

As research continues to uncover tumor-specific treatment options in mCRC, under-
standing the variety of treatment options is essential for increasing patient survival and
decreasing the healthcare burden. This review summarizes current evidence regarding
the management of mCRC to provide critical aid when making a treatment plan for the
heterogenous spectrum of mCRC.

2. Materials and Methods

A comprehensive literature search of the Cochrane Database of Collected Research,
PubMed, and EMBASE was performed. Our search strategy included different combi-
nations of terms related to ‘stage IV CRC’, ‘colorectal metastases’, ‘diagnosis of stage IV
CRC’, ‘surgery for mCRC’, ‘systemic treatment for mCRC’ in “All fields”, and the related
Mesh terms to identify English-language publications. Current guidelines written by major
cancer societies, including the National Comprehensive Cancer Network (NCCN) [20,21],
the European Society of Medical Oncology (ESMO) [22], the Japanese Society for Cancer of
the Colon and Rectum (JSCCR) [23], the American Society of Colon and Rectal Surgeons
(ASCRS) [24] are also reviewed. The references of the included studies were screened to
identify additional studies that were incorporated as appropriate.

We did not seek Institutional Review Board approval as this type of study, a literature
review does not require approval since no patient data are accessed or analyzed.

3. Diagnosis of Stage IV Colorectal Cancer

Staging has critical implications for the treatment plan and survivability of patients
with mCRC. Diagnostic staging of mCRC mainly consists of laboratory tests and imaging,
with a similar foundation as CRC staging. Adjunct imaging is mostly required to determine
if a patient with mCRC can undergo curative resection.

For suspected or proven synchronous mCRC, guidelines suggest a total colonoscopy
with biopsy be completed. Laboratory tests should include a complete blood count (CBC),
a chemistry panel, and baseline carcinoembryonic antigen (CEA). In recent studies, ele-
vated carbohydrate antigen (CA) 19-9 levels have been reported to be a predictor of poor
survival [25,26]. Nevertheless, obtaining a CA 19-9 is optional per ESMO guidelines and
not required by NCCN guidelines [20–22]. A computed tomography (CT) with intravenous
(IV) and oral contrast of the chest, abdomen, and pelvis has long been the staple imaging
modality for CRC [27]. Magnetic resonance imaging (MRI) with IV contrast of the abdomen
can be helpful in cases where CT is insufficient in evaluating a metastatic lesion, partic-
ularly for the operative evaluation of metastatic liver lesions [28]. A positron emission
tomography (PET)/CT scan is not recommended in routine diagnosis, staging, or surveil-
lance. PET/CT should mainly be reserved for select cases of potentially resectable mCRC
lesions. For example, during the preoperative evaluation of patients with high suspicion of
previously unrecognized, or high extent mCRC that would exclude surgery [20,22]. The
same laboratory testing and imaging recommendations apply to metachronous mCRC.
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Subtle, but essential differences are present between colon and rectal cancer diagnostic
staging. For the evaluation of rectal cancer, a pelvic MRI with contrast is a crucial addition
for diagnosis, treatment, and surveillance due to its superior capability of evaluating tumor
depth and prediction of circumferential resection margin (CRM) [21,29–31]. Furthermore,
MRI detection of involved CRM has been reported to have a significant association with
distant metastatic disease [30]. Endoscopic ultrasound (EUS) can also be used to evaluate
rectal cancer. However, due to its decreased accuracy in staging and operator dependence,
recent guidelines recommend EUS be reserved mainly when MRI is contraindicated [32,33].
A proctoscopy can be considered for the evaluation of rectal cancer. Proctoscopy can help
determine an accurate distance between the anal verge and the primary tumor, which is
important when determining if it is a low colon versus rectal cancer [34].

4. Treatment Strategies for Stage IV Colorectal Cancer

Treatment of mCRC is challenging and involves different modalities such as chemother-
apy, radiotherapy (RT), and surgery. Multidisciplinary evaluation of patients is crucial, as
there is no absolute treatment strategy [24]. Treatment strategies and goals are determined
according to:

Tumor- and disease-related factors (e.g., synchronous or metachronous metastases,
location and resectability of metastases and the primary tumor, presence of primary tumor-
related symptoms, pathology, and molecular profiling).

Patient-related factors (e.g., Eastern Cooperative Oncology Group (ECOG) perfor-
mance status [35], co-morbidities, patient expectations).

Treatment-related factors (e.g., toxicity) [20–23].

4.1. Treatment of Synchronous Metastases

Treatment of synchronous mCRC largely depends on the location and resectability of
metastases. As a general rule, surgical resection combined with systemic treatment achieves
the best cure in patients with resectable metastases. Whereas in the setting of unresectable
disease, management depends on the degree of primary tumor-related symptoms. The
treatment algorithm based on NCCN [20,21] and ASCRS [24] guidelines is summarized
in Figure 1.

Figure 1. Treatment Algorithm for Metastatic Synchronous Adenocarcinoma of the Colon and Rectum.
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4.1.1. Management of the Primary Tumor in the Setting of Unresectable Disease

The most common symptoms associated with CRC are bleeding, obstruction, and per-
foration. Chronic bleeding oftentimes presents itself with anemia, which can be managed
non-operatively. However, acute significant blood loss requires intervention. For proximal
cancers, resection is preferred [24]. Other treatments such as endovascular procedures (e.g.,
embolization, coiling, stents) [36,37] and radiation [38] can provide quick and effective
palliation, with the latter being particularly effective in the rectum.

About 8–30% of patients with CRC present with partial or complete obstruction [24].
Further, up to 6% of patients with unresectable mCRC eventually require urgent surgi-
cal treatment due to obstruction or perforation [39], which is associated with reduced
overall survival (OS) [24,40]. Compared to surgery, treating malignant obstruction with a
colonic stent is associated with faster recovery, fewer complications, and a shorter time to
chemotherapy onset, which is an important predictor of OS [41–43]. However, distal rectal
tumors may not be amenable to stenting. Primary tumors that cause bowel perforation are
associated with a poor prognosis [44], and resection is the preferred treatment.

Resection of the primary asymptomatic tumor in the presence of unresectable mCRC is
not recommended [20,21]. In their review, Cirocchi et al. [39] failed to show an association
between primary tumor resection with OS. Kanemitsu et al. [45] published a randomized
controlled trial (RCT) showing no survival benefit of primary tumor resection in the setting
of unresectable mCRC. It seems like these patients die as a result of their systemic disease
rather than primary tumor-related complications [39].

4.1.2. Liver Metastases

The liver is the most common metastatic site for mCRC. Around 11.8–14.4% of pa-
tients with colon and 9.5–12.5% with rectum cancer has liver metastases at the time of
diagnosis [23,46]. The most common route of dissemination is hematogenous via the portal
system [47].

According to European Colorectal Metastases Treatment Group (ECMTG), colorec-
tal liver metastases (CRLMs) are classified into four groups: M0 (no metastases), M1a
(resectable metastases), M1b (potentially resectable liver metastases), and M1c (liver metas-
tases that are unlikely to ever become resectable) [48]. At the time of diagnosis, 20–25%
of patients with CRLMs have resectable or potentially resectable lesions [24,49]. Surgery
represents the only curative option for resectable CRLM. Current guidelines recommend
performing a CRLM resection when curative resection (R0—resection with microscopically
negative margins) is possible [20–24], there are no uncontrollable extrahepatic metastases,
the function of the remaining liver is adequate, and the patient is capable of tolerating
surgery [20,23]. Alternative to upfront resection, perioperative chemotherapy can be
administered, which may increase progression-free survival (PFS) and OS [50,51]. Five-
year OS rates following surgery are above 30% [52,53], approaching 58% in selected pa-
tients [23,54,55].

In the setting of unresectable synchronous liver metastases, systemic chemotherapy
is recommended, with surgery being reserved for patients with primary tumor-related
symptoms [20,22,24]. Re-evaluation should be performed every two months [20,22], as con-
version from unresectable to resectable disease can be observed in 15–50% of patients [47].
Following conversion chemotherapy, R0 resection of hepatic metastases is associated with
better survival than if resection was not performed [22,56]. Therefore, synchronous or
staged resection of the primary tumor and metastases is recommended if conversion to
resectable disease occurs [20,24]. The treatment algorithm and goals for colorectal liver or
lung metastases are summarized in Figure 1 and Table 1.
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Table 1. Treatment of Colorectal Cancer with Liver/Lung Metastases.

Resectability of Metastases Treatment Goal Treatment Strategy

R0-resectable liver or lung
metastases Cure/No evidence of disease

R0 resection of the primary tumor and all metastases
Possible better long-term outcomes with perioperative ChT

Adjuvant therapy/Observation

Potentially resectable metastatic
disease Cure/No evidence of disease

Doublet/Triplet ChT ± targeted therapy
R0 resection after conversion to resectable disease

Adjuvant therapy/Observation

Unlikely to ever become
resectable disease

Symptom control
Prolonged survival

Better QoL

Doublet/Triplet ChT ± targeted therapy
Surgery in the presence of (or high-risk for) primary

tumor-related symptoms

ChT: Chemotherapy, QoL: Quality of Life. R0 resection: Resection with histologically proven negative margins,
in which no gross or microscopic tumor remains in the primary tumor bed. Conversion: Downstaging from
unresectable to resectable disease.

Ideally, R0 resection of CRLMs should be performed while maintaining adequate
hepatic function. To maintain adequate liver function and prevent post-hepatectomy liver
failure, future liver remnant (FLR) should be more than 20% of the total liver volume
in a healthy, chemotherapy-naïve patient, 30% in a chemotherapy-treated patient, and
40% in patients with any evidence of cirrhosis or fibrosis [9,57]. Increasing emphasis on
preserving the volume of FLR has led to several treatment strategies. Parenchymal-sparing
hepatectomy (PSH), one of these strategies, is a widely-practiced surgical approach aiming
to achieve R0 resection of the tumor while maintaining as much liver parenchyma as
possible. Deng et al. [58] conducted a meta-analysis comparing the outcomes of PSH vs.
non-PSH and reported comparable 3-year and 5-year OS and recurrence-free survival (RFS)
rates. Furthermore, non-PSH was associated with higher postoperative complications and
90-day mortality rates. In their systematic review, Moris et al. [59] also reported comparable
OS rates for PSH vs. anatomic resection. Nevertheless, the decision to proceed with PSH or
non-PSH is made based on multiple factors such as tumor number, size, location [60,61],
and the presence of specific mutations [62]. There is no clear consensus regarding the
resection margin during PSH [20,24,63].

Regarding the timing of the surgery, simultaneous or staged (metachronous) resection
of the primary tumor and metastases can be performed. Traditionally, resection of the
primary tumor followed by systemic chemotherapy and resection of metastases (bowel-
first) has been preferred. The liver-first strategy was proposed to address metastatic disease
first, as it is the primary determinant of OS [64]. Depending on the difficulty of the
colectomy or hepatectomy, the medical condition of the patient, and the surgeon’s expertise,
simultaneous colon and liver resection can safely be performed without compromising
long-term oncological outcomes [65–67]. However, simultaneous resection is avoided
when there is a primary tumor-related complication such as bleeding, obstruction, and
perforation [52].

Dealing with a higher volume of total liver tumors or multiple bilobar liver dis-
ease requires more advanced strategies, as extended hepatectomy might result in post-
hepatectomy liver failure [9]. When hepatic metastases are considered unresectable due to
inadequate FLR, two-stage hepatectomy with or without portal vein embolization (PVE)
can be considered [68]. This technique involves complete resection of metastases from the
FLR (first stage hepatectomy), followed by PVE 2–5 weeks after the first stage hepatectomy,
and second stage hepatectomy [69,70]. Dropout after the first stage is the major drawback
of this operation, which can be seen in up to 35% of the patients [71], majorly due to tumor
progression and sometimes insufficient FLR volume. Nevertheless, a 5-year survival rate
of up to 64% for patients who complete the second stage reinforces the benefit of this
procedure [72].

Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS)
involves portal vein ligation with tumoral clearance of the FLR and in situ splitting of
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the liver parenchyma, followed by a second operation 1–2 weeks later [70]. Compared
to other techniques, ALPPS is associated with the highest growth rate for the FLR [73,74].
With ALPPS, more patients complete the second stage of hepatectomy, and the waiting
interval between the two stages is shorter [74–78]. Although some RCTs and meta-analyses
reported similar outcomes [75,76], the major concern about ALPPS remains to be the high
postoperative morbidity and mortality rates [74,78]. Nevertheless, OS and RFS rates seem
to be similar for two-stage hepatectomy and ALPPS [77,78].

Local ablative treatments (e.g., radiofrequency ablation (RFA), microwave ablation
(MWA)) are commonly used in the treatment of CRLMs to increase resectability and
achieve curative treatment in poor surgical candidates and patients with unresectable
disease due to unfavorable tumor location or multilobar metastases. When combined with
systemic therapy, RFA and MWA offer better disease-free survival and OS compared to
chemotherapy alone [79–81]. These techniques may also be safely used as an adjunct to
surgery in the presence of CRLMs, providing RFS and OS rates similar to surgery alone [82].
Transarterial chemoembolization (TACE) and radioembolization (TARE) are considered
salvage therapies for patients with CRLMs not amenable to surgery or ablation who fail
systemic chemotherapy [24]. Stereotactic body radiation therapy (SBRT) delivers high-dose
radiation to tumoral tissues. It may be considered for the treatment of unresectable CRLMs
and in the setting of oligometastatic disease (OMD), however, limited data exists on the
outcomes of SBRT for CRLMs [83,84].

Liver transplantation has previously been proposed as a treatment option for un-
resectable CRLMs [85]. However, due to the high recurrence rate and poor OS, liver
transplantation for CRLMs was abandoned. Groundbreaking research from Oslo [86] rein-
troduced liver transplantation for CRLMs, with 5-year OS rates reaching 60%. Predictors of
survival in the first study led authors to define the Oslo Score (Table 2) and design the sec-
ond study (SECA-II), which showed that with more strict selection criteria, 5-year OS rates
of 83% can be achieved [87]. Although limited by organ availability, liver transplantation
may offer a promising treatment option for patients with unresectable CRLMs.

Table 2. Oslo Score.

Maximum tumor diameter > 5.5 cm
CEA levels > 80 μg/L
Time from primary cancer surgery to liver transplantation < 2 years
Progression under chemotherapy

Each risk factor is equal to 1 point. An Oslo Score of 0–2 is associated with better overall survival.

4.1.3. Lung Metastases

Lungs are the second most common site for mCRC after the liver. Approximately
10–22% of patients with CRC have lung metastases at the time of diagnosis [24,52,88].
While cancers of the colon and upper rectum drain into the liver via the portal system,
cancers of the middle and lower rectum can metastasize directly to the lungs via the
inferior hemorrhoidal vein and inferior vena cava [89]. Due to this anatomical difference,
pulmonary metastases are seen more frequently in rectal cancer than in colon cancer [52,89].
Pulmonary metastases have slower growth and better survival than other metastases [90].
Following pulmonary metastasectomy, 5-year OS is usually above 50%, reaching up to 68%
in patients with isolated lung metastases [24,52,89–91].

Management of lung metastases is similar to CRLMs (Figure 1 and Table 1) with
surgical resection being the preferred practice in the setting of resectable disease [20,24,92].
However, unlike CRLMs, the literature on the outcomes of pulmonary metastasectomy is
limited to retrospective case series, without a single prospective RCT [24,92]. The goal is to
achieve R0 resection with the preservation of adequate pulmonary function. Usually, the
tumor is amenable to wedge resection or segmental resection. A resection margin of 10 mm
is recommended by several studies [93]. Studies reported no difference in RFS and OS
after video-assisted thoracoscopic surgery (VATS) vs. open thoracotomy. However, lack of
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intraoperative palpation during VATS may preclude the detection of small metastases [94].
Pulmonary lobectomy in the setting of metastatic disease may be associated with poor
prognosis [90]; therefore, is not recommended [93].

Mediastinal and hilar lymph node positivity can be seen in up to 44% of patients with
pulmonary metastases, and it is associated with poor prognosis [89,90,95]. Dissection of
the mediastinal and hilar lymph nodes can be considered; however, this has not improved
survival [90].

Local ablative treatments can be used either alone or in conjunction with surgery for
resectable pulmonary metastases. They can also be considered for OMD, unresectable
metastases, or patients with high operative risk [20,24]. When surgical resection is not
feasible, RFA and MWA are associated with improved survival [96]. For tumors larger than
3 cm, MWA and SBRT seem to be more effective in achieving local tumor control [97]. Data
comparing SBRT to other techniques is scarce, nevertheless, it can be considered in highly
selected cases such as centrally located lesions in the setting of OMD [97].

4.1.4. Peritoneal Metastases

Peritoneal metastases are seen in 5–17% of mCRC patients [9,52,98,99]. Underlying
mechanisms include spontaneous seeding of tumor cells from a T4 CRC, extravasation of
tumor cells as a result of either spontaneous or iatrogenic perforation, and transection of
lymphatics during colon resection [100]. The most frequent signs and symptoms are ascites
and intestinal obstruction [99]. Peritoneal metastasis is a well-known predictor of poor
prognosis in CRC patients [101]. In fact, until recent advances in therapy, the presence of
peritoneal metastases was thought to be representing a terminal disease [9].

According to NCCN guidelines, the primary treatment of peritoneal metastases is
systemic chemotherapy. Surgical resection of the primary tumor should be considered
in the presence of primary tumor-related symptoms, or imminent risk for obstruction
(Figure 1) [20].

More recently, cytoreductive surgery (CRS) with or without hyperthermic intraperi-
toneal chemotherapy (HIPEC) has been performed for the treatment of CRC peritoneal
metastases. CRS involves the removal of all macroscopic tumor tissue, involving peritonec-
tomy, resection of involved organs, and omentectomy. HIPEC comprises intraperitoneal cir-
culation of chemotherapeutics (most commonly oxaliplatin or mitomycin-C (MMC) based)
to eradicate microscopically remnant tumor cells [52,99]. In their RCT, Verwaal et al. [102]
reported increased OS for patients undergoing CRS + HIPEC (MMC-based) + adjuvant
therapy vs. systemic therapy alone. Their study was limited by the inclusion of appen-
diceal carcinomas and patients discontinuing treatment due to toxicity or disease progres-
sion. Cashin et al. [103] designed an RCT comparing outcomes for patients undergoing
CRS + HIPEC vs. systemic chemotherapy. Although terminated prematurely, their study
managed to prove increased OS for patients undergoing CRS + HIPEC. However, it seems
the completeness of cytoreduction is the predictor of OS [102–104]. PRODIGE 7 RCT [105]
evaluated the role of HIPEC by comparing CRS + HIPEC vs. CRS alone. Their results
showed no difference in OS. Additionally, Grade 3+ adverse events at 60 days were higher
in the CRS + HIPEC group. Today, several guidelines recommend CRS plus chemotherapy
for selected patients (Table 3) with peritoneal metastases [9,99,106]. However, HIPEC is not
routinely recommended as an addition to CRS [22,83].

Synchronous colorectal liver and peritoneal metastases (CLPM) can be seen in 8% of
stage IV CRC patients [98]. Studies report OS ranging from 13 to 45.7 months with a combi-
nation of CRS + HIPEC with liver resection (or ablation) for synchronous CLPM [107,108].
Nevertheless, the best strategy for the treatment of CLPM remains unclear [107].
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Table 3. Selection Criteria for CRS ± HIPEC for CRC with Peritoneal Metastases.

ECOG performance status < 2
No major comorbidities (medically fit for surgery)
None-mild symptoms
Stable disease (no tumor progression) under chemotherapy
No extra-abdominal metastases *
Completeness of cytoreduction (CC score 0–1) possible
Peritoneal cancer index < 20
Patient’s motivation and informed consent

CRC: Colorectal Cancer, CRS: Cytoreductive Surgery, ECOG: Eastern Cooperative Oncology Group, HIPEC:
Hyperthermic Intraperitoneal Chemotherapy. * Presence of resectable hepatic metastases is not a contraindication
to CRS and HIPEC.

4.1.5. Other Metastases

Approximately 5–10% of women with CRC develop ovarian metastasis, which is
associated with a median OS of 19–27 months [109]. Ovarian metastasis can reach sig-
nificant sizes without becoming symptomatic. Compared to other sites, ovarian metas-
tasis is disproportionately unresponsive to chemotherapy. Several studies report better
survival outcomes with surgical oophorectomy and cytoreduction, especially when R0
resection is achieved [109,110]. Routine prophylactic oophorectomy can be offered to
postmenopausal women with mCRC, however, is not recommended for premenopausal
women [24]. Recently, a Dutch trial has been proposed, aiming to evaluate the role of
prophylactic oophorectomy in postmenopausal women, but no results have been published
yet [111].

In addition to ovarian metastasis, CRC can metastasize to several other organs, in-
cluding bone, brain, adrenal glands, and retroperitoneal lymph nodes. Bone metastasis
is seen in 6–10.4% of the cases and is associated with poor OS [112]. Palliation of pain is
an important part of treatment in patients with bone metastasis. Brain metastasis is rare
(1–4%). Surgical resection of solitary metastasis is associated with OS of 30–40 weeks [23],
and a local recurrence rate of 50–60% [24]. Stereotactic radiation therapy can achieve an
80–90% local control rate in patients with no more than 3–4 metastases that are <3 cm in
diameter [23,24]. Whole brain radiation therapy (WBRT) can be an option for patients
with multiple brain metastases, however, it is associated with increased side effects, and
no improvement in OS [113]. Although there are controversies regarding the treatment
of retroperitoneal and para-aortic lymph node metastases, a meta-analysis recently has
shown improved OS following the resection of para-aortic lymph nodes, with no increase
in postoperative complication rates [114].

4.1.6. Rectal Cancer

Management of stage IV rectal cancer with synchronous lung and/or liver metastases
is different from colon cancer by the addition of RT to the treatment algorithm [21] (Figure 2).
RT can be given either as short-course RT (25 Gy in five daily treatment fractions) or long-
course chemoradiotherapy (CRT) (45–50.4 Gy in 25–28 fractions over 5–6 weeks with
concurrent 5-FU infusion or capecitabine). Perioperative RT combined with surgery results
in better OS [45,115]. Furthermore, preoperative RT is preferred over postoperative RT,
because it is associated with reduced local recurrence risk [116–118]. In some patients, a
complete response of the primary tumor to RT can be seen. In these patients, the watch-
and-wait (W&W) approach can be considered. However, this approach can be associated
with a high local regrowth rate [119]. Moreover, literature regarding the use of the W&W
approach in stage IV rectal cancer is very limited.

Surgery can be performed immediately (within 1 week) or delayed (4–6 weeks) after
RT. The ideal timing of surgery in relation to RT remains controversial. In the Stockholm III
trial [120], patients with stage IV rectal cancer were divided into three groups (short-course
RT (SCRT) with immediate surgery, SCRT with delayed surgery, and long-course RT with
delayed surgery) to address this question. The results of this trial showed no difference
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between the three groups in cumulative incidences of local recurrence, distant metastases,
and OS. In two-arm randomization, postoperative complications were more common in
SCRT with delayed surgery group compared to SCRT with immediate surgery.

Figure 2. Treatment Algorithm for Stage IV Rectal Cancer with Synchronous Liver/Lung Metastases.

Although the timing of surgery is not important according to the Stockholm III
trial [120], delaying hepatic resection until completion of systemic chemotherapy is con-
cerning due to chemotherapy-induced liver changes, which may increase the risk for
post-hepatectomy liver failure. Therefore, the current ASCRS guideline’s recommendation
is to perform immediate surgery following chemotherapy and SCRT if RT is planned after
chemotherapy [24]. Another possible option can be to perform hepatic resection after
2–3 months of neoadjuvant chemotherapy, with an additional 3 months of chemotherapy
followed by RT and then resection of the primary tumor.

4.2. Treatment of Metachronous Metastases

Up to 14–34% of patients with non-metastatic CRC will ultimately develop metachronous
metastases [121]. Like synchronous metastases, the liver and lung are the most common
site for metachronous metastases. The prognosis of CRC with metachronous metastases
is better than CRC with synchronous metastases, with a recent study reporting 49.9% vs.
41.8% 1-year OS, and 13.2% vs. 6.2% 5-year OS in favor of metachronous CRLMs [122].

The treatment algorithm for CRC with metachronous metastases is summarized in
Figure 3. When possible, resection of metastases is preferred. Whereas if the disease is
unresectable, systemic therapy is the main treatment. Patients with an unresectable disease
should be followed every 2 months for conversion to resectable disease. If conversion
to resectable disease occurs, resection followed by observation or systemic therapy is
recommended [20,21].
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Figure 3. Treatment Algorithm for Metastatic Metachronous Adenocarcinoma of the Colon and Rectum.

4.3. Systemic Therapy

Along with surgery, systemic therapy is one of the primary components of mCRC
treatments (Figures 4 and 5). Systemic therapy can offer a curative option or a palliative
treatment. Advances in systemic therapy options and efficacy improved survival from 6
to 12 months to 2 to 3 years [16]. More recently, systemic therapy has played a growing
role in unresectable mCRC, where it is increasingly being used to convert patients with
an unresectable disease into suitable candidates for resection. Even among patients who
initially undergo resection, systemic therapy is used to target occult nodal infiltration and
micro-metastasis. Given the constant evolution and high complexity of systemic therapy,
all patients with mCRC should be evaluated in a center with multidisciplinary specialists
to help them determine the best combination of chemotherapy, targeted therapy, radiation,
and available clinical trials.

Chemotherapy is the mainstay of systemic treatment for mCRC. Chemotherapy regi-
mens will typically consist of a fluoropyrimidine (5-FU or capecitabine) paired in a two-
drug regimen (doublet) with irinotecan or oxaliplatin. Treatment regimens can be 5-FU- or
capecitabine-based and can be either oxaliplatin-based (FOLFOX or CAPEOX) or irinotecan-
based (FOLFIRI or CAPIRI) with no difference in survival [123–126]. With similar efficacy
between combinations, toxicity profiles can distinguish the optimal treatment regimen for
individual patients. It is not uncommon for patients to transition between chemotherapy
combinations due to intolerance of side effects or disease progression.

Bevacizumab, a monoclonal antibody that targets vascular endothelial growth factor
(VEGF), has become a part of mCRC treatment starting in 2004 after an RCT showed
OS advantages when bevacizumab was paired with 5-FU-based chemotherapy [127,128].
Treatment with fluoropyrimidine and bevacizumab has been shown to provide longer PFS
in elderly patients unable to tolerate more aggressive doublet first-line treatments [129,130].
Bevacizumab can also be added to doublet chemotherapy in first-line therapy for select
patients [131–133]. However, bevacizumab is not recommended in the perioperative period
due to the risk of wound healing complications [128]. NCCN guidelines recommend
holding bevacizumab 6 weeks before surgery and 6 to 8 weeks post-surgery after several
studies found no difference in perioperative complications when bevacizumab was held
during this period [20,21,134,135].
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Figure 4. First-line Systemic Treatment for Stage IV CRC with Unresectable Metastases.

Figure 5. First-line Systemic Treatment for Stage IV CRC with Resectable Metastases.

Regimens with a three-drug (triplet) combination, FOLFIRINOX or FOLFOXIRI, are
also available as first-line therapy and are commonly paired with bevacizumab. Major
clinical guidelines recommend triplet therapy in patients that are optimally fit and without
significant comorbidities [20–23]. NCCN recently updated their guidelines to replace the
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higher 5-FU dose in FOLFOXIRI with a lower 5-FU-dosed FOLFIRINOX due to patients in
the USA having greater toxicity with 5-FU [20,21]. A meta-analysis by Cremolini et al. [136]
evaluated unresectable mCRC European-based patients randomly assigned to either FOL-
FOXIRI plus bevacizumab or doublet regimen plus bevacizumab and found a significant
benefit in OS and R0 resection rate in the FOLFOXIRI group. Of note, higher rates of
neutropenia, mucositis, nausea, and diarrhea were observed and 99% of the patients in this
analysis had an ECOG performance status from 0 to 1. However, the randomized phase
III TRIPLETE study recently showed that modified FOLFOXIRI failed to provide benefits
in overall response rate or R0 resection rates when compared to modified FOLFOX, but
significantly increased GI toxicity side effects were seen with triplet therapy [137].

4.3.1. Molecular Profiling

The ability to analyze individual tumors for biomarkers (genes, proteins, or other
molecules) has driven the growth of targeted therapy for mCRC. Currently, aberrations in
microsatellite instability (MSI), mismatch repair (MMR), KRAS, NRAS, BRAF, and HER2
genes have been identified as significant biomarkers impacting therapy response. As
a result, all major guidelines uniformly recommend that mCRC cases undergo molecu-
lar profiling at initial diagnosis to help personalize the most favorable systemic therapy
regimen [20–23].

All major guidelines recommend patients with mCRC undergo testing for MMR defi-
ciency (dMMR) or high MSI (MSI-H) [20–23], a mutation found in up to 5% of mCRC [138].
Universal testing of dMMR/MSI-H can help identify and counsel patients with Lynch syn-
drome, the most common cause of hereditary CRC, and it can also be a predictive marker for
immunotherapy susceptible tumors. Tumors with dMMR/MSI-H evade immune-system
destruction by blocking the PD-1 receptors on host T cells. PD-1 inhibitors (e.g., Nivolumab,
Pembrolizumab) and cytotoxic T-lymphocyte associated protein 4 (CTLA-4) inhibitors (e.g.,
Ipilimumab) are immunotherapy treatments aimed at preventing dMMR/MSI-H tumors
from escaping destruction. Clinical trials have shown that targeting dMMR/MSI-H mCRC
with PD-1 inhibitors and CTLA-4 inhibitors results in a beneficial clinical response and im-
proved survival [139,140]. Based on a recent analysis of the KEYNOTE-177 trial [141], most
guidelines now recommend that pembrolizumab alone can be used as first-line therapy in
dMMR/MSI-H mCRC.

Molecular profiling can also identify mutations that predict ineffective therapies. For
example, mCRC tumors with mutations in the RAS gene (KRAS or NRAS), seen in ap-
proximately 40% of mCRC [142], have shown no treatment benefit from epidermal growth
factor receptor (EGFR) inhibitors (e.g., panitumumab, cetuximab) [143,144]. Therefore,
EGFR inhibitors are not recommended in patients with RAS-mutated mCRC. Moreover,
determining RAS status with primary tumor location has been shown to affect treatment
response. Wild-type RAS mCRC whose primary tumor originated in the right colon (cecum
to hepatic flexure) has shown little benefit when treated with EGFR inhibitors but did
show a favorable response with Bevacizumab [145–147]. Therefore, current guidelines
suggest EGFR inhibitor treatment should only be first-line for wild-type RAS mCRC whose
primary tumor originated from the left colon (splenic flexure to rectum) and bevacizumab
for right-side originating mCRC [20–23,148].

BRAF V600E-variant tumors, found in approximately 6–9% of patients with mCRC [138],
also do not benefit from treatment with EGFR inhibitors [149,150]. As a result, EGFR
inhibitors are no longer included in the first-line treatment of the BRAF variant mCRC.
However, longer survival and improved treatment response rates have been observed
when the BRAF variant mCRC is treated simultaneously with EGFR inhibitors and BRAF
inhibitors (e.g., encorafenib) [151,152]. EGFR inhibitors paired with BRAF inhibitors can
be used as second-line treatment for wild-type RAS and BRAF V600E-variant mCRC.
Additionally, BRAF mutations are a marker of a more aggressive phenotype and poor
prognosis [153]. Multidisciplinary boards should consider the poor prognosis of this
variant when determining therapy or inclusion in clinical trials.
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Most recent ESMO and NCCN guidelines recommend testing wild-type RAS and
wild-type BRAF mCRC patients for human epidermal growth factor receptor 2 (HER2)
amplification, which is found in less than 5% of mCRC [20–22,154,155]. This recommenda-
tion comes as several studies have shown that mCRC tumors without mutations in RAS
or BRAF, but exhibiting HER2 amplification, have favorable responses when treated with
HER2 antagonists (e.g., trastuzumab, pertuzumab) [156,157]. When feasible, guidelines
also recommend testing for NTRK fusions, which are found in less than 1% of CRC [158].
This is supported by multiple studies showing mCRC solid tumors with NTRK fusions
had a favorable response rate when treated with NTRK inhibitors (e.g., larotrectinib and
entrectinib) [159,160].

4.3.2. Maintenance Therapy

Continuation of induction therapy becomes difficult after achieving maximum re-
sponse due to neuropathy and fatigue associated with oxaliplatin-based chemotherapy and
FOLFIRI, respectively [161]. The concept of maintenance therapy includes reducing treat-
ment intensity without compromising disease control [22]. It is used after first-line therapy
for patients with unresectable mCRC until disease progression. Additionally, compared to
a chemotherapy-free interval, maintenance therapy is associated with better PFS [162–167].
Several trials [162–173] including different maintenance strategies have been published
(Table 4). Major guidelines recommend discussing maintenance therapy with patients
and explaining side effect profiles of common options 5-FU/Leucovorin ± bevacizumab,
cetixumab, or panitumumab [20–22].

4.3.3. Second-Line and Subsequent Therapy

Failure of systemic therapy is defined by the progression of metastatic disease. Second-
line therapy describes systemic therapy options available after the failure of the first-line
chemotherapy. Second-line therapy is tailored according to previous therapies (Figure 6).
In general, patients who receive oxaliplatin-based chemotherapy upfront should be treated
with irinotecan-based chemotherapy and vice versa [20–22]. The addition of biolog-
ics based on molecular profiling should be considered, given their association with in-
creased OS [174–176]. Aflibercept and ramucirumab (in combination with FOLFIRI) can
be considered as alternatives to bevacizumab for patients treated with oxaliplatin previ-
ously [175,176].

Figure 6. Second-line Systemic Treatment for Stage IV CRC.
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After progression on second-line therapy, patients with RAS/BRAF wild-type disease
should receive an EGFR inhibitor combined with irinotecan. Alternatively, if they have
HER2 mutation, transtuzumab can be preferred. If patients have BRAF V600E mutation,
the encorafenib-cetuximab regimen should be considered [20,22]. Patients with RAS mu-
tation who progressed under second-line therapy are considered to have the refractory
disease [16]. Treatment with regorafenib or trifluridine and tipiracil is recommended for
patients with refractory disease [16,20,22] as they may provide survival benefits compared
to placebo [177,178].

5. Surveillance

The goal of surveillance in mCRC is to identify potentially resectable mCRC recur-
rences or new metachronous mCRC lesions. Surveillance protocols generally include
follow-up visits with a clinical exam, tumor markers, imaging, and endoscopy. Generally,
these follow-up visits occur up to 5 years after treatment, with more frequent surveil-
lance in the first 2–3 years. This surveillance period is supported by evidence showing
that 80–85% of CRC recurrence happens in the first 3 years, and less than 5% recur after
5 years [23,179,180]. Surveillance of mCRC is further justified by evidence showing surgical
resection of recurrent mCRC can provide survival benefits. Butte et al. reported that
up to 25% of patients that had resection of their mCRC recurrence were disease free at
36 months [181]. Therefore, surveillance can also help identify patients that are potentially
curable of recurrent mCRC. It is important to note that evidence-based surveillance recom-
mendations for mCRC are limited in the literature and the available recommendations are
many times extrapolated from stage III CRC recommendations [182].

NCCN and ESMO have similar surveillance recommendations for history and physical
(H&P) examination and CEA. Per NCCN, an H&P and CEA are recommended every 3
to 6 months (every 3 months per ESMO) for the first 2 years and then every 6 months for
a total of 5 years. The ASCRS released guidelines in 2021, recommending an H&P and
CEA every 3 to 12 months for the first 2 years and then every 6 to 12 months for the next
3 years. CEA surveillance routines are supported by the RCT, CEAwatch, which showed a
significantly higher proportion of recurrence detected by CEA [183].

Most mCRC surveillance protocols recommend CT as the imaging modality of choice
due to its ability to detect liver metastasis and resectable lung lesions [184]. For both colon
and rectal cancer, NCCN and ESMO recommend a contrast-enhanced CT chest, abdomen,
and pelvis every 3 to 6 months (3 months per ESMO) in the first 2 years and then every
6 to 12 months (6 months per ESMO) for up to a total of 5 years [20–22]. ASCRS has a
less intense interval, recommending twice in 5 years or up to annually for 5 years in those
with previously resected mCRC [185]. The variability in imaging frequency can likely be
explained by a study from 2013, which showed that a higher frequency of imaging within
5 years did not result in increased survival in previously resected liver mCRC [186].

NCCN and ASCRS guidelines recommend colonoscopy 1 year after treatment, re-
peated in 3 years, and then every 5 years thereafter. For patients that did not have a
preoperative colonoscopy due to an obstructing lesion, NCCN recommends a colonoscopy
3 to 6 months after surgery (1–6 months per ASCRS). Rectal cancer patients have ad-
ditional surveillance depending on their treatment choice. For patients with transanal
excision, NCCN recommends a rectal MRI or EUS every 3 to 6 months for 2 years, then
every 6 months for a total of 5 years. ASCRS recommends a proctoscopy, possible rectal
EUS, every 6 to 12 months for a total of 3 to 5 years in patients who underwent resection
with anastomosis.

Other adjunct surveillance methods are being explored; however, no current evidence
supports the addition of these to recent guidelines. PET/CT scans for routine surveillance
are not recommended as they have not been shown to decrease mortality or detect resectable
recurrence to justify the increased cost [187]. Additionally, there is insufficient evidence at
the moment to recommend circulating DNA (ctDNA) as a surveillance method.
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6. Future Direction of Stage IV Management

Although ctDNA does not have a role in the management of mCRC according to
current guidelines, a recent large, prospective observational study including stage IV CRC
patients demonstrated that postsurgical ctDNA at 4 weeks was a significant prognostic
biomarker of recurrence. Kotani et al. [188] believe that ctDNA may be incorporated
into staging criteria and predict adjuvant chemotherapy benefits in the future; however,
randomized trials are lacking. Cancer stem cells are also being explored as a target of
mCRC treatment due to their role in tumor growth, therapy resistance, metastasis, and
relapse. However, no current clinical trials targeting CRC stem cells have been able to show
relevant clinical activity in CRC treatment. Several trials were discontinued due to high
toxicity and lack of anticancer activity [189]. Additionally, cancer stem cell biomarkers, like
STAT3, are being explored for prognosis and patient-specific surveillance markers [190].
Tumor-driven changes have been observed in metabolic pathways such as glycolysis, lipid
metabolism, and gut microbiota are also being explored as novel CRC treatment targets, but
like cancer stem cells, pre-clinical research has not translated to promising clinical utility
just yet [191].

7. Conclusions

CRC is the third most common cancer and the second cause of cancer-related mortality
worldwide. Approximately 22% of patients with CRC have metastases at initial diagnosis.
Management of mCRC is challenging, due to variable tumor extent and molecular charac-
teristics. Unlike other stage IV cancers, surgical resection of metastases with curative intent
is strongly recommended. Complete resection of liver, lung, and peritoneal metastases is
associated with better disease control and survival. With the advances in systemic ther-
apy, as well as a better understanding of tumor biology and the importance of molecular
profiling, more patients can anticipate prolonged survival. Ultimately, a multidisciplinary
evaluation of patients with mCRC is crucial to selecting the appropriate pathway.
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Abstract: (1) Background: There is an abundance of literature available on predictors of survival for
patients with colorectal liver metastases (CRLM) but minimal information available on the relationship
between the primary tumor location and CRLM survival. The studies that focus on the primary tumor
location and CRLM survival exhibit a great deal of controversy and inconsistency with regard to their
results (some studies show statistically significant connections between the primary tumor location
and prognosis versus other studies that find no significant relationship between these two factors).
Furthermore, the majority of these studies have been conducted in the West and have studied more
diverse and heterogenous populations, which may be a contributing factor to the conflicting results.
(2) Methods: We included patients who underwent liver resection for CRLM between December
2004 and January 2019 at two university-affiliated medical centers in Israel: Carmel Medical Center
(Haifa) and Rabin Medical Center (Petach Tikvah). Primary tumors located from the cecum up to and
including the splenic flexure were labeled as right-sided primary tumors, whereas tumors located
from the splenic flexure down to the anal verge were labeled as left-sided primary tumors. (3) Results:
We identified a total of 501 patients. Of these patients, 225 had right-sided primary tumors and
276 had left-sided primary tumors. Patients with right-sided tumors were significantly older at the
time of liver surgery compared to those with left-sided tumors (66.1 + 12.7 vs. 62 + 13.1, p = 0.002).
Patients with left-sided tumors had slightly better overall survival rates than those with right-sided
tumors. However, the differences were not statistically significant (57 vs. 50 months, p = 0.37 after
liver surgery). (4) Conclusions: The primary tumor location does not significantly affect patient
survival after liver resection for colorectal liver metastasis in the Mediterranean population.

Keywords: colorectal liver metastasis; survival; colon cancer; tumor side

1. Introduction

Colorectal cancer with liver metastasis (CRLM) is a major health concern worldwide.
CRLM occurs in almost half of all patients with colorectal cancer, with an estimated 20–25%
of newly diagnosed colorectal cancer patients presenting with liver metastases at the time
of diagnosis [1].

According to the Israeli Health Ministry, colorectal cancer has become the second
most prevalent malignancy in Jewish and Arab Israeli women, closely following breast
cancer. It is the second most common malignancy in Arab Israeli men following lung
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cancer, and the third most prevalent malignancy in Jewish Israeli men following prostate
and lung cancers. According to an international comparison, the incidence rate of colorectal
cancer is slightly higher in Israel in comparison to the world average [2]. There are various
factors that influence the prognosis of patients with CRLM. A largely understudied factor
is the relationship between the primary tumor location (right colon versus left colon) and
prognosis in patients with CRLM. The literature available on this association has provided
conflicting and inconsistent results.

A previous study identified seven factors as significant and independent predictors of
poor long-term outcomes. These included a positive margin, extrahepatic disease, node-
positive primary disease, a disease-free interval from primary to metastasis < 12 months, a
number of hepatic tumors > 1, the largest hepatic tumor > 5 cm, and a carcinoembryonic
antigen level > 200 ng/mL. A preoperative scoring system was developed using the last
five criteria, assigning one point for each criterion. The total score was highly predictive of
outcomes (p < 0.0001). No patient with a score of 5 or above was a long-term survivor [3].
Other studies have identified reliable prognostic biomarkers in patients with resectable
CRLM. In a 2013 study, Umeda et al. analyzed genomic DNA obtained from CRLM tissue
from patients undergoing curative hepatic resection. The results showed that KRAS and
BRAF mutations were poor prognostic factors in CRLM and that microsatellite instability
(MSIH) cancer rarely revealed metastatic potential [4].

A 2015 retrospective study investigated the prognostic impact of the primary tumor
location in metastatic colorectal cancer (mCRC) in patients receiving first-line chemother-
apy ± bevacizumab in three independent cohorts: a prospective pharmacogenetic study
(PROVETTA) and two randomized phase III trials, AVF2107g and NO16966. The study
found that patients with left-sided primary tumors had superior OS (p < 0.001) and
progression-free survival (p < 0.001) in comparison to patients with right-sided primary
tumors [5].

Recent studies also found that patients with CRLM with right-sided primary tumors
had a significantly worse prognosis compared to those with left-sided primary tumors [6,7].
Moreover, other studies have suggested that right-sided colon cancers are more likely to
have specific genetic mutations that may contribute to their more aggressive behavior.
One such mutation is the BRAF mutation, which has been found to be more common in
right-sided colon cancers compared to left-sided colon cancers [8].

However, other studies have reported conflicting results. For example, a 2011 study
analyzed the relationship between the colon cancer location (right versus left side) and
tumor stage and their effects on 5-year mortality. The study found that there was no
major difference in mortality between right- and left-sided cancers for all stages. Stage
II right-sided cancers had lower mortality than left-sided cancers, while stage III right-
sided cancers had higher mortality than left-sided tumors [9]. Furthermore, a 2017 study
investigated the impact of the primary tumor location on overall survival (OS), recurrence-
free survival (RFS), and long-term outcomes in patients undergoing potentially curative
resection of colorectal liver metastases (CRLM). The analysis was based on data from a
single-institution database of 907 patients who underwent initial resections for CRLM. The
results showed that patients with left-sided primary tumors had a significantly improved
median OS compared to those with right-sided primaries (5.2 years vs. 3.6 years, p = 0.004).
However, there was no significant difference in median RFS stratified by primary location
(1.3 vs. 1.7 years, p = 0.065) and the association of the primary location with RFS was not
statistically significant in a multivariable analysis (p = 0.105) [10].

It is important to note that most of the current data on the differences between right-
and left-sided colon cancers come from studies conducted in the Western world. There
are limited data available on the differences between these tumors in the Mediterranean
population, and it is unclear whether the same differences exist in this population. The aim
of our study was to investigate, for the first time, this largely understudied association with
a geographically specific population with the aim of improving the interpretability and
validity of this association so that it can be further extrapolated to the population at large.
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By studying this homogenous population, we hoped to gain a better understanding of the
genetic and environmental factors that contribute to the differences in prognosis between
right- and left-sided colon cancers. This may ultimately lead to more personalized and
effective treatments for patients with CRLM.

2. Materials and Methods

Patients who underwent liver resection for CRLM between December 2004 and
January 2019 were identified from the surgical databases at Carmel Medical Center (Haifa,
Israel) and Rabin Medical Center (Petach Tikvah, Israel). Clinical indicators of these pa-
tients’ perioperative courses were retrospectively examined, including their demographics,
detailed surgical history, pathology results, and oncologic follow-up records. The study
was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice
Guidelines and was approved by the institutional review boards (IRBs) of the Carmel and
Rabin Medical Centers. Indications for surgery were determined during a weekly multi-
disciplinary conference. The pre-operative workup included blood tests, tumor markers,
imaging modalities (computed tomography (CT), positron emission CT (PET-CT), and
magnetic resonance imaging (MRI)), and characterization of the specific tumor (number,
location, size, and relation to intrahepatic vascular or biliary structures). All patients
underwent standard evaluation for surgery by an attending anesthesiologist. Patients
were informed in detail about the procedure, including the risks and benefits, and written
consent was obtained before surgery.

Metastasis was defined as the occurrence of a liver tumor, during follow-up or at
diagnosis, in patients with colorectal cancer. Tumors located from the cecum up to and
including the splenic flexure were labeled as right-sided primary tumors. Tumors located
from the splenic flexure down to the anal verge were labeled as left-sided primary tumors.
Based on previous studies, rectal cancer patients were treated as left-sided primary tumors
in our study [5]. Blood loss was estimated using the volume of blood lost from the abdom-
inal cavity during the procedure. Operative time was defined as the time elapsed from
the initial incision until closure. Postoperative hospital stay was defined as the number of
hospitalized days from the day of operation until the day of discharge, inclusive. We used
the Clavien–Dindo grading system to characterize any post-operative complications occur-
ring within 30 days of surgery [11]. Tumor size and resection margins were determined
according to the pathological reports from the permanent sections of tissue samples. R0
was defined as no cancer cells seen microscopically at the resection margin.

After discharge, the patients were followed by our multidisciplinary team during the
first month post-surgery, every 4 months for the first 2 years thereafter, and subsequently
twice a year. Follow-up examinations included blood work (including CBC, chemistries,
liver function tests, and carcinoembryonic antigens) and a spiral CT of the chest–abdomen
or PET-CT as indicated.

Statistical Analysis

All statistical analyses were performed using IBM statistics (SPSS) vs. 24. Continuous
variables were summarized with the mean ± SD or median and IQR, as appropriate.
Categorical variables were presented as numbers and proportions. Disease-free (DFS) and
overall survival (OS) were estimated using Kaplan–Meier curves and compared between
groups by log-rank test. p < 0.05 was considered statistically significant.

3. Results

The data from Tables 1–3 and Figures 1 and 2 provide a detailed analysis of the
differences and similarities between patients who underwent liver surgery for CRLM, as
categorized by the primary tumor location.
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Table 1. Baseline demographic, liver, and colorectal characteristics, and perioperative and histological
outcomes.

Right-Sided Primary
(Total = 225)

n (%)

Left-Sided Primary
(Total = 276)

n (%)
p

Age (liver surgery) 66.1 ± 12.7 62 ± 13.1 0.002

Gender
0.43Male 129 (57.3%) 155 (56.2%)

Female 96 (42.7%) 121 (43.8%)

T

0.19

1 1 (0.4%) 3 (1.1%)
2 7 (3.1%) 14 (5.1%)
3 157 (69.8%) 144 (52.2%)
4 8 (3.6%) 13 (4.7%)

unknown 52 (23.1%) 102 (36.9%)

N

0.20
N0 61(27.1%) 75 (27.2%)
N1 72 (32%) 64 (23.2%)
N2 43 (19.1%) 34 (12.4%)

unknown 49 (21.8) 103 (37.3%)

DFS (liver mets)

0.35
<12 months 126 (56%) 142 (51.4%)
>12 months 89 (39.6%) 110 (38.9%)
unknown 10 (4.4%) 24 (8.7%)

Clinical risk factor

0.31
0–2 156 (69.4%) 154 (55.8%)
3–5 48 (21.3%) 41 (14.9%)

unknown 22 (9.3%) 81 (29.3%)

Size of largest liver
tumor

0.08<5 cm 201 (89.3%) 223 (80.8%)
>5 cm 24 (10.7%) 53 (19.2%)

Number of liver mets
0.241 117 (52%) 152 (55.1%)

>1 108 (48%0 124 (44.9%)

R status
0.16Negative 207 (92%) 245 (88.7%)

Positive 18 (8%) 31 (11.3%)

Peri-operative
chemotherapy

0.27Yes 155 (68.9%) 197 (71.4%)
No 70 (31.1%) 79 (28.6%)

Blood transfusion

0.02
Yes 41 (18.2) 67 (24.3%)
No 176 (78.2%) 178 (64.5%)

unknown 8 (3.6%) 31 (11.2%)

Liver resection
0.37Anatomical 43 (19.1%) 67 (24.4%)

Non-anatomical 182 (80.1%) 208 (75.6%)

Complication
0.053Yes 100 (44.4%) 100 (36.2%)

No 125 (55.6%) 176 (63.8%)

Sequence of resection

0.31
Liver first 9 (3.6%) 19 (6.6%)
Colon first 181(80.7%) 213 (77.2%
Combined 35 (15.7%) 44 (16.2%)
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Table 2. Short- and long-term outcomes after liver surgery.

Right-Sided Primary
(Total = 225)

Left-Sided Primary
(Total = 276)

p

12 months 88.4% 91.6%

24 months 74.9% 76.2%

36 months 62.3% 66.5%

60 months 42.8% 45.8%

120 months 30.6% 29.6%

Median (95% CI) months 50 (41:60) 57 (47:58) 0.37

Table 3. Short- and long-term outcomes after colon surgery.

Right-Sided Primary
(Total = 225)

Left-Sided Primary
(Total = 276)

p

12 months 96.4% 96.7%

24 months 86.8% 87.3%

36 months 74.7% 77.3%

60 months 51.3% 57.8%

120 months 32% 34.2%

Median (95% CI) months 63 (49:77) 76 (63:89) 0.19

Figure 1. Overall survival after liver surgery.

Table 1 shows that patients with right-sided primary tumors were significantly older
(mean age 66.1 ± 12.7 years) than those with left-sided primary tumors (mean age
62 ± 13.1 years) (p = 0.002). The gender distribution was similar between the two groups
(p = 0.43). In terms of T stage, there were no significant differences between the groups
(p = 0.19). The distribution of n stages was also similar between the two groups, with no
major differences observed (p = 0.20). The percentage of patients who had disease-free
survival (DFS) for liver metastases of more than 12 months was not appreciably different
between the two groups (p = 0.35).
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Figure 2. Overall survival after colon surgery.

Clinical risk factors (Fong), the size of the largest liver tumor, and the number of
liver metastases were not significantly different between the two groups (p = 0.31, p = 0.08,
p = 0.24, respectively). There was no noteworthy difference in R status between the two
groups (p = 0.16). The proportion of patients who received perioperative chemotherapy was
not significantly different between the two groups (p = 0.27). However, more patients in
the right-sided group received blood transfusions (p = 0.02) and experienced complications
after surgery (p = 0.053). The distribution of liver resection types (anatomical and non-
anatomical) and the sequence of resection were also not significantly different between the
two groups (p = 0.37 and p = 0.31, respectively).

Table 2 and Figure 1 show the short- and long-term outcomes after liver surgery, com-
paring the survival between the groups at different time points (12, 24, 36, 60, 120 months).
The median survival time for the right-sided group was 50 months (95% CI 41:60), and for
the left-sided group, it was 57 months (95% CI 47:58). There were no major differences in
survival rates between the two groups (p = 0.37).

Table 3 and Figure 2 show the short- and long-term outcomes after colon surgery. Com-
paring the survival between the groups at different time points (12, 24, 36, 60, 120 months),
the median survival time for the right-sided group was 63 months (95% CI 49:77), and for
the left-sided group, it was 76 months (95% CI 63:89). There were no significant differences
in survival rates between the two groups (p = 0.19).

4. Discussion

Our study suggests that the primary tumor location does not significantly affect patient
survival after liver resection for colorectal liver metastasis in the Mediterranean population.

There has been a great deal of controversy with regard to the primary tumor location
and the ultimate prognosis of patients with CRLM available in the literature to date. The
majority of these studies have been conducted in the West and focused on heterogenous
populations, which may be a contributing factor to the conflicting results. The aim of our
study was to investigate, for the first time, this relationship (primary tumor location and
prognosis) in a Mediterranean population. Our goal was to study a more homogenous
population in an attempt to minimize the potential for false-positive or false-negative
results related to genetic confounding.

A 2017 systematic review and meta-analysis aimed to determine the prognostic role of
the primary tumor location in patients with colon cancer. The review included 66 studies
with a total of 1,437,846 patients and concluded that a left-sided primary tumor location
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was associated with a significantly reduced risk of death independently of stage, race,
adjuvant chemotherapy, year of study, number of participants, and quality of included
studies. The study suggested that the colon cancer location should be acknowledged as
a criterion in establishing prognosis at all stages of the disease and should be considered
when deciding on a treatment in metastatic settings [12].

Furthermore, a 2020 review discussed the impact of the primary tumor location on
the prognosis of patients after the local treatment of CRLM. The authors reviewed and
analyzed 10 studies that examined the association between right- and left-sided colorectal
cancer on overall survival (OS) and recurrence-free survival (RFS) after local treatment
(resection and/or ablation) of CRLM. The results showed that patients with right-sided
tumors had a significantly decreased OS (p < 0.001) and RFS (p = 0.03) compared to patients
with left-sided tumors [6].

Another study conducted in 2019 investigated the impact of the location of the primary
tumor on the long-term survival outcomes of colorectal liver metastases following hepatic
resection. The review analyzed 12 studies with 6387 patients and found that primary right-
sided colorectal liver metastases following hepatic resection had significantly worse overall
survival compared to left-sided tumors. However, the analysis did not find a significant
difference in disease-free survival [7].

The role of tumor genetics in relation to the primary tumor location and prognosis
is a potential confounding variable. A study on data from twins in Sweden, Denmark,
and Finland analyzed the role of genetic and environmental factors in the development
of cancer. The study found that genetic factors play a minor role in the development of
most types of cancer and that environmental factors have the primary role in causing
sporadic cancer. However, the study also revealed that genetics play a significant role in
the development and prognosis of prostate and colorectal cancer [13].

Tsilimigras et al. conducted a systematic review of the literature in 2018, which
analyzed the clinical significance and prognostic relevance of genetic mutations of KRAS
for resectable and unresectable CRLM. The review included 78 studies that reported
mutation data for patients with resectable and unresectable CRLM. The review found
that KRAS mutation was a negative prognostic factor for overall and recurrence-free
survival [14] Studies have also shown that the BRAF mutation is associated with worse
prognosis and an increased risk of recurrence in patients with CRLM [8,14,15]. Furthermore,
Yaeger et al. found that BRAF-mutant CRLM cases were associated with a right-sided
location [8]. Interestingly, the BRAF mutation has been found to be more common in
Western populations [16]. Therefore, the lower prevalence of BRAF mutations in the
Mediterranean population may contribute to the lack of significant differences in survival
between right- and left-sided primary tumors in our study.

The reason for these conflicting results Is not entirely clear, but one possible explana-
tion is that the studies used different definitions of the primary tumor location, leading to
inconsistent results. Another possible explanation is that the studies included heterogenous
patient populations with varying characteristics, such as age, gender, and disease stage,
which may have contributed to the differences in the results. In addition, genetic differences
between populations may also contribute to the conflicting results on the impact of the
primary tumor location and the prognosis of patients with CRLM. The Mediterranean pop-
ulation differs from Western populations in many genetic and environmental factors, such
as a high degree of endogamy, climate, and diet, which may play a role in the differences in
tumor biology and clinical outcomes.

The impact of the primary tumor location on the prognosis of patients with colorectal
liver metastasis (CRLM) remains controversial. While several studies have investigated the
relationship between the primary tumor location and patient outcomes, the results have
been inconsistent. In this study, we investigated the effects of the primary tumor location
on the survival of patients who underwent liver resection for CRLM in the Mediterranean
population. Our findings showed no statistically significant differences between patients
who had right-sided and left-sided primary tumors in terms of overall survival after liver
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resection for CRLM. Our results are consistent with previous studies that have reported no
significant differences in long-term survival and recurrence-free survival between right-
and left-sided primary tumors in patients with CRLM.

Our study has several limitations that should be considered when interpreting the
results. Firstly, the retrospective nature of the study may have introduced selection bias,
as only patients who underwent liver resection for CRLM were included in the analysis.
Furthermore, we did not analyze the genetic differences between right and left colon
cancers in our study, which may have contributed to our findings. Additionally, our study
focused on the Mediterranean population, and the results may not be applicable to other
populations. Lastly, another potential confounding variable is age. In our study, patients
with right-sided tumors were significantly older at the time of liver surgery compared to
those with left-sided tumors. Despite these limitations, our study has several strengths,
including the analysis of a homogeneous population of patients from the Mediterranean
region, which reduces the confounding effects of genetic and environmental factors that
may vary across different populations. In addition, our study provides evidence of the
impact of the primary tumor location on the prognosis of patients with CRLM, which is
a topic of ongoing debate in the literature. Lastly, our study adds to the growing body of
literature on the differences between right and left colon cancers, and the implications for
the clinical outcomes of patients with CRLM.

5. Conclusions

Overall, our study suggests that the primary tumor location may not be a significant
predictor of survival in patients who undergo liver resection for CRLM in the Mediterranean
population. However, further research is needed to better understand the genetic and
environmental factors that contribute to the differences in prognosis between right- and
left-sided colon cancers across different populations, and to develop personalized treatment
strategies for patients with CRLM based on their tumor characteristics.
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Abstract: Background: As the population ages emergency surgeries among the elderly population,
including colonic resections, is also increasing. Data regarding the short- and long-term outcomes in
this population is scarce. Methods: A retrospective study was performed to investigate mortality and
mortality risk factors associated with emergent colectomies in older compared to younger patients
in a single university affiliated tertiary hospital. Patients with metastatic disease, colectomy due
to trauma or index colectomy within 30 days prior to emergent surgery were excluded. Results:
Operative outcomes compared among age groups, included 30-day mortality, mortality risk-factors
and long-term survival. 613 eligible patients were included in the cohort. Mean age was 69.4 years,
45.1% were female. Patients were divided into four age groups: 18–59, 60–69, 70–79 and ≥80-years.
Thirty-day mortality rates were 3.2%, 11%, 29.3% and 37.8%, respectively and 22% for the entire cohort.
Risk-factors for perioperative death in the younger group were related to severity of ASA score and
WBC count. In groups 60–69, 70–79, main risk-factors were ADL dependency and ASA score. In the
≥80 group, risk-factors affecting perioperative mortality, included ASA score, pre-operative albumin,
creatinine, WBC levels, cancer etiology, ADL dependency, and dementia. Long-term survival differed
significantly between age groups. Conclusion: Perioperative mortality with emergency colectomy
increases with patients’ age. Patients older than eighty-years undergoing urgent colectomies have
extremely high mortality rates, leading to a huge burden on medical services. Evaluating risk-factors
for mortality and pre-operative discussion with patients and families is important. Screening the
elderly population for colonic pathologies can result in early diagnosis potentially leading to elective
surgeries with decreased mortality.

Keywords: emergent colectomy; elderly; geriatric; mortality; dementia; bedridden

1. Introduction

The elderly population in the western world is growing rapidly. It is estimated that
by 2030, the world is likely to have 1 billion people older than age 65, accounting for 13%
of the world population [1]. In the United States, more than 35 million Americans are
65 years or older, which represents more than 12% of the population [2]. This segment of
the population is expected to increase very quickly in the near future [3]. General surgery,
like many other fields of medicine, is facing a tremendous shift, with accommodations
made to treat patients in this age group. It is estimated that more than half of the operations
performed in the United States involve patients 65 or older [4]; although they comprise only
15% of the population. Many colonic pathologies requiring surgery, including colorectal
cancer, diverticulitis and ischemic colitis, are diseases of aging [5–7]. The number of
abdominal surgeries performed on elderly patients is expected to increase, including
emergent surgeries. Emergent surgery in any population, even more so among the elderly
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and specifically emergent colorectal surgery, all have higher rates of morbidity and mortality
and poorer outcomes [8]. Therefore, it is becoming imperative to investigate modifiable
risk-factors, to improve patient outcomes among the elderly. This study evaluated 30-day
mortality after emergency colorectal surgery in elderly patients to identify risk-factors for
mortality and to evaluate their long-term survival compared to younger patients.

2. Methods

2.1. Study Design

This retrospective study included all patients ≥18 years of age who underwent an
emergent colectomy at a university-affiliated tertiary medical center from 2005 to 2017.
Patients were identified from the institutional database. Exclusion criteria were patients
who underwent a colostomy as primary surgery, patients with metastatic disease, colonic
injury secondary to trauma or a colectomy performed within 30-days secondary to a
previous operation. Patients with metastatic disease, including oligometastatic disease,
were excluded from this cohort in order to try to investigate the impact of the emergent
surgery disregarding the background of potentially terminal disease and its associated
significant risk factors such as malnourishment, immunologic deficiency and other re-
lated conditions. As we also tried to evaluate long term survival after surgery (up to
12 years) related mainly to the traumatic event of the emergent surgery and not to a
metastatic disease.

2.2. Study Rationale, Variables, and Outcome Measures

First, we analyzed the primary outcome of 30-day mortality to compare overall sur-
vival across the groups, to determine a cut-off value of a meaningful decrease in 30-day
survival. A sharp increase in 30-day mortality was observed in the groups older than
60 years. We than aimed to determine risk-factors for 30-day mortality. The cohort was
subdivided into four age categories 18–59, 60–69, 70–79 and ≥80-years. Factors assessed
for inclusion in the models included gender, body mass index (BMI), etiology for resection,
stoma creation, being bed ridden (ADL dependency) diagnosis of dementia, Charlson
comorbidity index, blood transfusion, hemoglobin level, white blood cell count (WBC),
American Society of Anesthesiologists physical status score (ASA) and creatinine level.
Main outcome measures were 30-day mortality and post-operative complications.

2.3. Statistical Analysis

Descriptive statistical analysis was performed on patient characteristics, including
demographics and operative variables and compared between the various groups using
student t-test for continuous data and chi squared for categorical data. A p-value < 0.05 was
considered significant. Univariate logistic regression was performed to identify predictors
of 30-day mortality in each age group. Factors with p-values < 0.05 were considered
significant and included in a multivariable logistic regression analysis. A p-value < 0.05
was considered significant in multivariable analysis to determine adjusted odds ratios
of risk-factors for 30-day mortality in the four age categories. Statistical analyses were
performed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk,
NY, USA).

3. Results

A total of 784 patients who underwent an emergent colectomy from January 2005 to
December 2017 were initially identified for chart review. Of these, 613 met the inclusion
criteria and were included in the analysis (Figure 1). The cohort included 336 (55%) men
and 277 (45%) women. Operation for cancer as an etiology was performed in 408 (66.5%)
patients. A diversion with an ostomy was performed in 230 (37.5%) patients. The Average
length of stay was 14.4 days (1–107 Days). The median follow-up for the entire cohort was
77 months. The number of emergency operations increased with age, with the largest group
of patients ≥80 years (Figure 2). The two most common surgeries performed were right

66



J. Clin. Med. 2023, 12, 2465

colectomy (n = 178) and Hartmann’s procedure (n = 178). All procedures performed on the
cohort are shown in Table 1. The overall 30-day mortality rate was 22% for the entire cohort.
The 30-day mortality in the four age groups was 3.2%, 11%, 29.3% and 37.8%, respectively
(Figure 3). In the youngest patient group, perioperative mortality was related to illness
status when arriving to surgery, as reflected by ASA scores and WBC counts (Tables 2 and 3).
In the intermediate age groups (69–69, 70–79), there was an incremental increase in mortality
rate that was associated with ASA score and ADL dependency (Tables 2 and 3). The high
mortality rate (37.8%) in patients older than 80 years was associated, in a univariate analysis,
with ASA score and ADL dependency like in the younger age groups. However, many
other risk-factors, including, WBC, creatinine, albumin levels prior to surgery, dementia,
cancer etiology and blood transfusion were found to be associated with perioperative
mortality in this age group (Table 2). Interestingly, these factors did not reach statistical
significance in multivariate analysis. This could be because these factors are much more
prevalent in patients older than 80 in general and their combination together leads to a
substantial increase in perioperative mortality in this specific age group. Long-term overall
survival was also in accordance with the age group (Figure 4). Patients ≥80 years who
survived the operation had a 22% mortality rate one year after surgery.

Figure 1. Flow diagram of patient inclusion.

Figure 2. Surgeries in each age group.
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Table 1. Total procedures performed.

Procedure Total Cohort n = 613

Right colectomy, n (%) 178 (29)
Hartmann’s procedure, n (%) 178 (29)
Left colectomy, n (%) 71 (11.5)
Sub-total colectomy, n (%) 54 (9)
Cecectomy, n (%) 53 (8)
Sigmoidectomy, n (%) 29 (4.7)
Subtotal colectomy with ileostomy, n (%) 25 (4)
Total colectomy, n (%) 15 (2.4)
Anterior resection, n (%) 9 (1.4)
Abdominoperineal resection, n (%) 1 (0.1)

Figure 3. 30-day mortality rates in each age group.

Figure 4. Overall Kaplan-Meier survival curve.
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4. Discussion

The number of emergency colectomies performed increases as the population ages.
As shown in our cohort, these surgeries entail higher mortality rates. This is a growing
healthcare concern and a major economic and social burden that will likely intensify as the
fraction of the aging population continues to increase.

This study evaluated 30-day mortality rates and risk-factors after emergent colectomies
in different age groups. We found an increase in emergent colectomies performed in patients
over the age of 80. We also found a substantial, gradual increase in perioperative mortality
in patients above 60 years old, reaching to almost 40% among patients 80 or older. These
findings are in contrast to younger patient populations where morbidity and mortality
rates are similar between elective colorectal resections and emergency colectomies [3,9]
and also potentially in contrast to elective colorectal surgery in the elderly were 30 days
mortality rates were also lower [10].

The mortality rates in our cohort are slightly higher than those reported in a retrospec-
tive review of emergent colorectal surgeries by McGillicuddy and co-workers [11]. Their
study revealed a 15% in-hospital mortality in an elderly cohort. However, they defined
elderly as patients older than 65. Modini and colleagues reported a 30% mortality rate
among 93 patients over 80 years old [12]. This is comparable to the rates in our cohort. In
addition, in a review of 1245 patients undergoing colorectal resection, Klima et al. reported
a 1.32 times greater likelihood of mortality for each 10 year age increase [13].

The observed high mortality rates after emergency surgery in elderly patients may
be due to pre-existing comorbidities and impairments reflected in our study, with a high
prevalence of as ADL dependency and dementia. This results in poor candidates for
emergency surgery. Furthermore, lower physiological reserve may decrease their ability
to cope with surgical stress and lead to more complications. Frailty scores are often used
to assess surgical risk in the elderly population [14]. 30% of older people with frailty die
within a year after having an emergency surgery compared to older patients who are
not frail [12]. In our study that specifically evaluated perioperative outcomes following
emergency colectomy, the mortality rate one year after surgery in patients ≥80 years who
survived the operation was 22%; much higher than among younger patients.

This study identified several risk-factors for perioperative mortality that varied across
age groups. In the below 60 age group, perioperative mortality was directly associated with
the level of the severity of their condition in which surgery was performed, reflected by the
ASA score and WBC count. In patients up to 79 years, ADL dependency became significant
which is more common in this age group. In the oldest group (≥80 years) additional
risk-factors were identified in univariate analysis, including dementia. However, did not
reach statistical significance in multivariate analysis. This may be because these factors
are generally more prevalent in patients older than 80 and that the combination of all
these factors and not a specific single factor leads to a substantial increase in perioperative
mortality in this age group.

Previous studies in elderly patients undergoing emergent and elective general surgery,
trauma surgery, vascular surgery or orthopedic surgery for hip fractures, have reported
higher mortality rates when dementia was present [15–18]. ASA score, another non-
modifiable risk factor, has been linked to higher mortality after acute surgery in the el-
derly [19,20]. This factor could account for the multiple co-morbidities often seen in the
elderly population.

To the best of our knowledge, this is the first study that specifically examined ADL
dependency as a risk-factor for mortality after colorectal surgery. Other studies have shown
frailty to be associated with mortality, but not specifically ADL dependence [21,22]. ADL
dependence is a risk factor for 30-day mortality probably because these patients are less
physically active, have worse preconditioning and are less likely to adhere to recovery
activities such as early mobilization, and physical and respiratory therapy. This makes them
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potentially more prone to life-threatening complications such as venous thromboembolism,
and pulmonary and urinary tract complications.

Several studies evaluated patients who underwent emergency surgery and identi-
fied sepsis as a risk-factor for 30 day-mortality [23,24]. These findings may imply it is
important to appropriately resuscitate patients prior to surgery with timely antibiotics
and fluids prior to surgery in septic patients. These recommendations are in line with
the Surviving Sepsis campaign, which has outlined the importance of these interventions
and should be generalized to include patients with underlying sepsis requiring emergency
colectomies [25].

The limitations of this study include its retrospective nature and single academic center
setting with general surgeons of varying levels of colorectal surgery training performing
emergency colonic resections. A previous study on emergent colectomies showed lower
rates of postoperative morbidity and mortality when performed by a trained colorectal
surgeon [26]. Thus, these results may not apply to institutions where emergent colonic
resections are performed by dedicated colorectal surgeons.

Furthermore, the retrospective nature of this study precluded calculation of objective
scores such as a frailty score or Katz index of independence in ADL. Calculation of these
scores requires data which is not routinely collected in the medical records of acutely
admitted patients. Despite these limitations, this study confirms high mortality rates after
emergent colonic resections in older patients and identifies potential the risk-factors that
could be applicable to any practice performing emergency colectomies in the elderly. Larger
scale and possibly multi-center studies may further elucidate mortality rates and other
risk-factors for mortality in this growing population.

Our findings may encourage colorectal cancer screening in the elderly population,
which can lead to early diagnosis and treatment with elective surgery and potentially
lower mortality. Furthermore, physicians and healthcare workers caring for this population
should be familiar with the signs and symptoms of large bowel pathologies that can lead to
prompt diagnosis and timely transfer to emergency healthcare facilities.

Surgeons are increasingly consulted on elderly patients with acute surgical pathologies,
often requiring surgery with large bowel resection. When considering the potential risks
of surgery, the surgeon must consider the patient’s age, general status, comorbidities, and
surgical problems, to name a few. This information may be valuable for the surgeon and
critical surgical teams preparing a patient for acute care surgery and when discussing
expectations regarding surgical outcomes with patients and their families.

5. Conclusions

Increasing life expectancy coupled with the high prevalence of colorectal pathologies
have led to a dramatic rise in the number of elderly patients undergoing emergency
colorectal surgery. Perioperative mortality increases gradually from the age of 60, reaching
a high percentage in patients over 80 years old. In this age group, the mortality rate is
extremely high and is believed to be associated with a combination of risk-factors related
to the severity of their presentation and pre-existing conditions typical of the elderly
population. Surgeons treating the older population should be aware of higher mortality
risks and try to address modifiable risk-factors prior to undertaking emergent colorectal
resections, when applicable. Screening of the elderly population for colonic pathologies
can result in early diagnosis that would lead to elective surgeries with decreased mortality.
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24. Mačiulienė, A.; Maleckas, A.; Kriščiukaitis, A.; Mačiulis, V.; Vencius, J.; Macas, A. Predictors of 30-Day In-Hospital Mortality in
Patients Undergoing Urgent Abdominal Surgery Due to Acute Peritonitis Complicated with Sepsis. Med. Sci. Monit. 2019, 25,
6331–6340. [CrossRef] [PubMed]

25. Rhodes, A.; Evans, L.E.; Alhazzani, W.; Levy, M.M.; Antonelli, M.; Ferrer, R.; Kumar, A.; Sevransky, J.E.; Sprung, C.L.;
Nunnally, M.E.; et al. Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock:
2016. Intensive Care Med. 2017, 43, 304–377. [CrossRef]

26. Kulaylat, A.S.; Pappou, E.; Philp, M.M.; Kuritzkes, B.A.; Ortenzi, G.; Hollenbeak, C.S.; Choi, C.; Messaris, E. Emergent Colon
Resections. Dis. Colon. Rectum. 2019, 62, 79–87. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

74



Citation: Hung, C.-Y.; Lin, C.-Y.;

Chen, M.-C.; Chiu, T.-Y.;

Chiang, T.-W.; Chiang, F.-F.

Developing a Robotic Surgical

Platform Is Beneficial to the

Implementation of the ERAS

Program for Colorectal Surgery:

An Outcome and Learning Curve

Analysis. J. Clin. Med. 2023, 12, 2661.

https://doi.org/10.3390/

jcm12072661

Academic Editor: Shmuel Avital

Received: 8 March 2023

Revised: 27 March 2023

Accepted: 1 April 2023

Published: 3 April 2023

Copyright: © 2023 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/).

Journal of

Clinical Medicine

Article

Developing a Robotic Surgical Platform Is Beneficial to the
Implementation of the ERAS Program for Colorectal Surgery:
An Outcome and Learning Curve Analysis

Chun-Yen Hung 1, Chun-Yu Lin 1, Ming-Cheng Chen 1, Teng-Yi Chiu 1, Tzu-Wei Chiang 1 and Feng-Fan Chiang 1,2,*

1 Division of Colorectal Surgery, Department of Surgery, Taichung Veterans General Hospital,
1650 Taiwan Boulevard Sect. 4, Taichung 40705, Taiwan

2 Department of Food and Nutrition, Providence University, Taichung 43301, Taiwan
* Correspondence: hankel.chiang@gmail.com; Tel.: +886-4-2359-2525 or +886-919-710-446;

Fax: +886-4-2359-5046

Abstract: Background: Robotic surgery and ERAS protocol care are both prominent developments
and have each become global trends. However, the effects and learning curves of combining robotic
surgery and ERAS care in colorectal resection have not yet been well validated. This study aimed to
present our real-world experience and establish the learning curves necessary for the implementation
of an ERAS program in minimally-invasive surgery for colorectal resection, while also evaluating the
impact that the development of the robotic technique has on ERAS outcomes. Methods: A total of
155 patients who received elective, minimally-invasive surgery, including laparoscopic and robotic
surgery for colorectal resection, with ERAS care during the period June 2019 to September 2021 were
included in this retrospective analysis. Patients were divided chronologically into five groups (31 cases
per quintile). Patient demographics, tumor characteristics, perioperative data, ERAS compliance, and
surgical outcomes were all compared among the quintiles. Learning curves were evaluated based on
ERAS compliance and optimal recovery, which are composed of an absence of major complications,
postoperative length of stay (LOS) of no more than five days, and no readmission within 30 days.
A multivariable logistic regression model was used to assess factors associated with postoperative
LOS. Results: There were no statistically significant differences seen overall or between the quintile
groups in regards to demographic and tumor characteristic parameters. A total of 79 patients (51%)
received robotic surgery, with the ratio of robotic groups rising chronologically from zero in the first
quintile to 90.3% in the fifth quintile (p < 0.001). The median compliance rate of total ERAS protocol
was 83.3% overall, 72.2% in the first quintile and 83.3% in the 2nd–5th quintiles (p < 0.001). A total of
85 patients underwent optimal recovery after surgery, four patients in the first quintile, 11 patients
in the second quintile, and 21, 24, 25 patients in the 3rd–5th quintiles respectively (p < 0.001). There
were significant improvements from early to later groups upon postoperative LOS (p < 0.001). In
addition, the surgical outcomes including first oral intake within 24 hours after surgery, time to first
stool and early termination of intravenous fluid administration showed significant improvement
among the quintiles. A multivariable logistic regression model demonstrated that robotic surgery
was superior to laparoscopic surgery upon postoperative LOS (odds ratio = 5.029, 95% confidence
interval [CI] = 1.321 to 19.142; p = 0.018). Conclusions: Our experience demonstrated that an effective
implementation of the ERAS program in minimally-invasive colorectal surgery requires 31 patients to
accomplish the higher compliance and requires more cases to reach the maturation phase for optimal
recovery. We believe that developing a robotic platform would have no impact on the learning
curve of ERAS implementation. Moreover, there is a beneficial effect on the postoperative length of
surgery provided through the combination of ERAS care and robotic surgery for patients undergoing
colorectal resection.
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1. Introduction

Enhanced recovery after surgery (ERAS) protocols are multimodal perioperative care
pathways designed to achieve early recovery for patients after surgical procedures through
maintaining preoperative organ function and reducing any profound stress response follow-
ing surgery. In the past two decades, ERAS protocol has been widely accepted worldwide
and has been proved effective in bringing about shorter lengths of hospital stays, decreased
postoperative pain and need for analgesia, decreased complications and readmission rates,
and increased patient satisfaction. However, the effective implementation of ERAS requires
close multidisciplinary teamwork and learning curves in order to best adjust the protocols
into daily practice.

In Taiwan, promotion of the ERAS program has exploded over the past three years.
The Taiwan Chapter, ERAS Society was established in July 2019, with more and more medical
providers developing their tailored ERAS protocols on a diverse array of surgical proce-
dures. In our institution, the implementation of ERAS programs for colorectal surgery
patients began in June 2019. It is worth noting that a growing trend in the adoption of
robotic surgery as a minimally-invasive technique for colorectal surgery has been happen-
ing since 2020 in our institution, while we have also carried out ERAS protocols for robotic
surgery during its early stages of development.

The primary objective of this retrospective study was to present our real-world ex-
perience and establish the learning curves necessary for the implementation of an ERAS
program for patients undergoing minimally-invasive surgery for colorectal resection, while
also evaluating the impact that the development of robotic surgery has on the outcomes
of ERAS.

2. Materials and Method

We collected 176 adult patients who had received elective, minimally-invasive surgery,
including laparoscopic and robotic surgery for colorectal resection with ERAS care dur-
ing the period June 2019 to September 2021. Nineteen patients required conversion to
open surgery due to severe adhesion or anatomic difficulty, while two patients required
immediate postoperative intensive care due to unstable vital signs during surgery, and
in turn were all excluded. Overall, a total of 155 patients were ultimately included in the
retrospective analysis.

All patients had received the same ERAS programs and equivalent forms of treat-
ment from the same multidisciplinary team. Our ERAS protocol was revised according
to the ERAS Society Guidelines [1] and consisted of 18 core elements, including 4 pread-
mission items, 4 preoperative items, 3 intraoperative items and 7 postoperative items, as
summarized in Table 1.

Table 1. Tailored ERAS protocol.

Preadmission

1. Dedicated preoperative counselling
2. Cessation of smoking
3. Screening and treatment of anemia before surgery
4. Nutritional assessment and support as needed

Preoperative

5. Prevention of nausea and vomiting
6. Avoidance of routine sedative medication
7. Antimicrobial prophylaxis and skin preparation
8. Preoperative fasting and carbohydrate treatment

Intraoperative
9. Standard anesthetic protocol
10. Prevention of intraoperative hypothermia
11. Avoidance of intra-abdominal or pelvic drain
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Table 1. Cont.

Postoperative

12. Avoidance of nasogastric intubation
13. Multimodal postoperative analgesia
14. Near-zero fluid balance therapy
15. Early oral intake within 24 h after surgery
16. Termination of intravenous fluid administration by *POD 3
17. Removal of urinary catheter by *POD 3
18. Early mobilization by *POD 3

*POD = Postoperative Day.

Patients were divided into 5 groups chronologically (31 cases per quintile). Patient
demographics, perioperative data, tumor characteristics, surgical outcomes, and ERAS
compliance were all compared among the quintiles. Learning curves of effective ERAS
implementation were evaluated based on ERAS compliance and optimal recovery, which
are composed of an absence of major complications, postoperative LOS of no more than
5 days, and no readmission within 30 days. We compared the outcomes between the
laparoscopic and robotic groups and carried out multivariable logistic regression analysis
to figure out significant direct correlations.

All statistical analyses were performed using PASW Statistics software (SPSS version
22.0). Continuous variables were expressed as mean (SD) or median (Q1–Q3) and were com-
pared among groups using either one-way analysis of variance (ANOVA) or Kruskal–Wallis
test or Mann–Whitney U test. Categorical data were expressed as numbers (percentage)
and were compared using either Pearson’s Chi-square test or Fisher’s exact probability
test or Yates’ Correction for Continuity. A p-value of <0.05 was considered statistically
significant. This retrospective study was approved by the Institutional Review Board of
Taichung Veterans General Hospital (No: CE21319A) and written informed consent was
obtained from each patient.

3. Results

3.1. Patients’ Demographics and Tumor Characteristics

Overall, 155 patients were included in this analysis (Table 2). Among these patients,
85 (54.8%) were male, the mean age was 61.3 years, and the mean BMI was 24.9 kg/m2,
with 117 of the patients (75.5%) having an ASA ≤ 2, and 35 patients (22.6%) citing previous
cigarette use. There were 94 patients (60.6%) diagnosed with any type of comorbidity, in-
cluding hypertension (45.2%), diabetes (25.2%), and cardiovascular events (9.7%), with two
or more having primary cancer (4.5%). Median preoperative hemoglobin was 13.1 gm/dL.
There were 32 patients (20.6%) who had undergone previous abdominopelvic surgery,
and 22 (14.2%) with neoadjuvant CCRT. Among all the above demographic parameters,
there were no statistically significant differences seen between the overall patients and
each quintile group. In total, 29 patients (18.7%) experienced a right-sided colon tumor,
65 (41.9%) had a left-sided colon tumor and 61 (39.4%) had a rectal tumor. There were
136 patients (87.7%) having malignant tumors, of whom 16 experienced a T4 lesion (10.3%).

Table 2. Demographic analysis of patient groups.

Parameters Overall Group 1 Group 2 Group 3 Group 4 Group 5 p Value

Number of patients, n 155 31 31 31 31 31
Males, n (%) 85 (54.8%) 22 (71%) 17 (54.8%) 17 (54.8%) 16 (51.6%) 13 (41.9%) 0.242 P

Mean age, years ± SD 61.3 ± 14.2 61.4 ± 13.6 64.4 ± 16.0 63.8 ± 13.4 60.4 ± 12.8 56.4 ± 14.3 0.176 A

BMI, kg/m2 ± SD 24.9 ± 4.2 25.3 ± 4.0 24.4 ± 5.1 25.3 ± 3.6 24.4 ± 3.2 24.9 ± 4.9 0.577 K

ASA ≤ 2, n (%) 117 (75.5%) 26 (83.9%) 23 (74.2%) 24 (77.4%) 23 (74.2%) 21 (67.7%) 0.681 P

Cigarette use, n (%) 35 (22.6%) 12 (38.7%) 5 (16.1%) 6 (19.4%) 7 (22.6%) 5 (16.1%) 0.180 P

Any comorbidity, n (%) 94 (60.6%) 19 (61.3%) 19 (61.3%) 22 (71.0%) 18 (58.1%) 16 (51.6%) 0.637 P

Hypertension, n (%) 70 (45.2%) 13 (41.9%) 15 (48.4%) 16 (51.6%) 14 (45.2%) 12 (38.7%) 0.861 P

Diabetes, n (%) 39 (25.2%) 7 (22.6%) 5 (16.1%) 9 (29.0%) 9 (29.0%) 9 (29.0%) 0.700 P

Cardiovascular, n (%) 15 (9.7%) 1 (3.2%) 4 (12.9%) 6 (19.4%) 1 (3.2%) 3 (9.7%) 0.156 P

Multiple primary cancers, n (%) 7 (4.5%) 3 (9.7%) 1 (3.2%) 1 (3.2%) 1 (3.2%) 1 (3.2%) 0.664 P

Median preop hemoglobin, gm/dl (IQR) 13.1
(11.8–14.5)

13.4
(11.9–14.8)

13.5
(11.5–14.9)

13.1
(11.9–13.8)

13.5
(12.0–14.5)

13.0
(11.6–14.1) 0.290 A
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Table 2. Cont.

Parameters Overall Group 1 Group 2 Group 3 Group 4 Group 5 p Value

Previous abdominopelvic surgery, n (%) 32 (20.6%) 5 (16.1%) 6 (19.4%) 8 (25.8%) 6 (19.4%) 7 (22.6%) 0.906 P

Neoadjuvant CCRT, n (%) 22 (14.2%) 6 (19.4%) 2 (6.5%) 2 (6.5%) 8 (25.8%) 4 (12.9%) 0.125 P

SD: standard deviation; IQR: interquartile range; CCRT: Concurrent Chemo-radiotherapy. K Kruskal Wallis test.
P chi-squared test. A ANOVA test.

The tumor characteristics, including tumor location, malignancy, tumor stage, safe
margin, and residual tumor after neoadjuvant CCRT, among the quintile groups, were all
comparable (Table 3). Group 5 showed a higher percentage of rectal tumors than Group
1, which may be explained due to the use of robotic surgery on a higher percentage of
patients in Group 5 than in Group 1.

Table 3. Tumor histopathological characteristics.

Parameters
Overall
(n = 155)

Group 1
(n = 31)

Group 2
(n = 31)

Group 3
(n = 31)

Group4
(n = 31)

Group 5
(n = 31)

p Value

Tumor location 0.313 P

Right-sided colon, n (%) 29 (18.7%) 5 (16.1%) 8 (25.8%) 9 (29.0%) 2 (6.5%) 5 (16.1%)
Left-sided colon, n (%) 65 (41.9%) 14 (45.2%) 14 (45.2%) 11 (35.5%) 16 (51.6%) 10 (32.3%)
Rectum, n (%) 61 (39.4%) 12 (38.7%) 9 (29.0%) 11 (35.5%) 13 (41.9%) 16 (51.6%)

Malignant tumor, n (%) 136 (87.7%) 28 (90.3%) 25 (80.6%) 27 (87.1%) 29 (93.5%) 27 (87.1%) 0.620 P

T4 lesion 16 (10.3%) 1 (3.2%) 4 (12.9%) 4 (12.9%) 3 (9.7%) 4 (12.9%) 0.668 P

Stage 0.462 P

* Stage 0 10 (6.5%) 3 (9.7%) 1 (3.2%) 2 (6.5%) 2 (6.5%) 2 (6.5%)
Stage I 26 (16.8%) 6 (19.4%) 1 (3.2%) 5 (16.1%) 5 (16.1%) 9 (29.0%)
Stage II 33 (21.3%) 9 (29.0%) 7 (22.6%) 8 (25.8%) 3 (9.7%) 6 (19.4%)
Stage III 49 (31.6%) 5 (16.1%) 13 (41.9%) 10 (32.3%) 12 (38.7%) 9 (29.0%)
Stage IV 9 (5.8%) 3 (9.7%) 2 (6.5%) 1 (3.2%) 2 (6.5%) 1 (3.2%)
Median length of safe margin, cm (IQR) 2.4 (1.5–4.0) 2.3 (1.9–4.1) 4.0 (1.8–4.5) 2.2 (1.0–4.0) 2.8 (2.0–3.5) 2.0 (1.0–3.0) 0.173 K

No residual tumor after neoadjuvant therapy 28 (18.1%) 5 (16.1%) 7 (22.6%) 5 (16.1%) 7 (22.6%) 4 (12.9%) 0.814 P

* Stage 0 = pTisN0M0, K Kruskal–Wallis test, P chi-squared test.

3.2. Compliance of ERAS Program

The median compliance rate for total ERAS protocol was 83.3% overall, 72.2% in Group
1, and 83.3% in Groups 2, 3, 4 and 5 (Table 4). In subgroup analysis, the median compliance
rate for postoperative items was only 71.4%, while other items were 100%. The compliance
with the ERAS program between the quintile groups demonstrated a statistically significant
difference in total protocol, intraoperative, and postoperative items. The overall compliance
rate for individual ERAS elements is shown in Supplementary Figure S1.

Table 4. ERAS compliance rate.

Parameters
Overall
(n = 155)

Group 1
(n = 31)

Group 2
(n = 31)

Group 3
(n = 31)

Group4
(n = 31)

Group 5
(n = 31)

p Value

Total ERAS protocol, %
(Median, range) 83.3% (50.0–94.4) 72.2% (50.0–88.9) 83.3% (66.7–94.4) 83.3% (72.2–88.9) 83.3% (72.2–94.4) 83.3% (72.2–94.4) <0.001 K

Preadmission items 100% (50.0–100) 75.0% (75.0–100) 100% (50.0–100) 100% (50.0–100) 100% (50.0–100) 100% (50.0–100) 0.486 K

Preoperative items 100% (75.0–100) 100% (75.0–100) 100% (75.0–100) 100% (75.0–100) 100% (75.0–100) 100% (75.0–100) 0.161 K

Intraoperative items 100% (33.3–100) 66.7% (33.3–100) 66.7% (33.3–100) 100% (66.7–100) 100% (66.7–100) 100% (66.7–100) <0.001 K

Postoperative items 71.4% (14.3–100) 57.1% (14.3–85.7) 71.4% (28.6–100) 71.4% (28.6–100) 71.4% (42.9–100) 71.4% (42.9–100) <0.001 K

K Kruskal–Wallis test.

3.3. Perioperative Data and Clinical Outcome Analysis

Perioperative data and clinical outcome analysis of the patient groups are listed in
Table 5. In total, we included 76 patients (49%) in the laparoscopic group and 79 patients
(51%) in the robotic group. It is worth noting that the ratio of robotic groups rises chrono-
logically, with zero being seen in Group 1, 42% in Group 2, 48.4% in Group 3, and 74.2%
and 90.3% in Groups 4 and 5, respectively (p < 0.001). Mean operative time overall was
250.3 minutes, with the later groups having a relatively longer time than the earlier groups,
but with no statistical significance. A total of 85 patients underwent optimal recovery after
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surgery, with four patients in Group 1, 11 patients in Group 2, and 21, 24, 25 patients in
Group 3 to Group 5 respectively (p < 0.001). The median length of stay after surgery was
5 days overall, 8 days in Group 1, 7 days in the Group 2, 5 days in Group 3, and 4 days in
the Group 4 and 5 (p < 0.001). Both absence of major complications and readmission within
30 days showed no statistically significant differences among the quintile group. Bowel
functional outcomes including first oral intake within 24 hours after surgery (p = 0.001),
time to first stool (p < 0.001), and early termination of intravenous fluid administration by
POD-3 (p < 0.001) showed significant advancement among the quintiles.

Table 5. Perioperative data and clinical outcomes analysis of patient groups.

Parameters
Overall
(n = 155)

Group 1
(n = 31)

Group 2
(n = 31)

Group 3
(n = 31)

Group 4
(n = 31)

Group 5
(n = 31)

p Value

Robotic method, n (%) 79 (51%) 0 13 (42%) 15 (48.4%) 23 (74.2%) 28 (90.3%) <0.001 P

Operative time, minutes 0.088 K

Mean (SD) 250.3 (83.3) 229.3 (92.6) 242.7 (96.0) 258.1 (75.3) 262.7 (87.0) 258.9 (61.5)

Median (IQR) 235
(195–297.5)

220
(182.5–232.5) 225 (169–285) 250 (210–310) 242

(195.5–315.5)
255

(207–282.5)
Minimal blood loss, n (%) 129 (83.2%) 22 (71%) 25 (80.6%) 28 (90.3%) 25 (80.6%) 29 (93.5%) 0.130 P

Stoma construction, n (%) 29 (18.7%) 5 (16.1%) 2 (6.5%) 5 (16.1%) 11 (35.5%) 6 (19.4%) 0.059 P

Drainage tube placement, n (%) 73 (47.1%) 29 (93.5%) 28 (90.3%) 5 (16.1%) 5 (16.1%) 6 (19.4%) <0.001 P

Visual analog scale ≤ 3, n (%) 127 (81.9%) 25 (80.6%) 24 (77.4%) 23 (74.2%) 29 (93.5%) 26 (83.9%) 0.329 P

First oral intake within 24 h, n (%) 137 (88.4%) 26 (83.9%) 21 (67.7%) 30 (96.8%) 30 (96.8%) 30 (96.8%) 0.001 P

Mean time to first stool *, day ± SD 2.5 ± 1.8 3.9 ± 1.8 2.8 ± 2.0 2.1 ± 1.2 2.0 ± 2.0 1.6 ± 1.0 <0.001 K

Mean IV amount, ml (SD)
POD-0 1573.4 (810.3) 1145.4 (555.6) 1822.9 (738.4) 1658.1 (929.6) 1511.3 (707.1) 1729.3 (928.7) 0.005 K

POD-1 1478.5 (728.3) 1533.4 (822.1) 1811.8 (1013.4) 1277.6 (638.6) 1312.3 (390.6) 1457.2 (520.3) 0.230 K

POD-2 927.3 (904.8) 1198.1 (905.2) 1448.4 (1104.0) 551.6 (680.1) 782.1 (852.5) 656.5 (613.0) 0.001 K

POD-3 644.3 (945.9) 1034.6 (935.7) 1461.7 (1045.5) 304.0 (640.4) 275.8 (738.6) 145.5 (551.0) <0.001 K

Mean urine amount, ml (SD)
POD-1 1771.5 (884.6) 1714.8 (794.9) 2029.2 (1065.1) 1410.8 (764.1) 1662.7 (739.0) 2046.6 (912.7) 0.029 K

POD-2 2019.9 (902.0) 2253.8 (1069.7) 2109.6 (958.7) 1621.0 (593.9) 2010.7 (852.3) 2115.4 (902.4) 0.139 K

POD-3 2039.5 (879.6) 2178.6 (916.9) 2104.1 (894.5) 1837.9 (672.4) 1978.7 (711.4) 2139.7 (1232.0) 0.663 K

** Optimal recovery, n (%) 85 (54.8%) 4 (12.9%) 11 (35.5%) 21 (67.7%) 24 (77.4%) 25 (80.6%) <0.001 P

$ Any complications, n (%) 24 (15.5%) 9 (29.0%) 7 (22.6%) 4 (12.9%) 1 (3.2%) 3 (9.7%) 0.078 P

Major (grade 3–5) 8 (5.2%) 5 (16.1%) 2 (6.5%) 1 (3.2%) 0 0
Minor (grade 1–2) 16 (10.3%) 4 (12.9%) 5 (16.1%) 3 (9.7%) 1 (3.2%) 3 (9.7%)

Postoperative LOS
Day, median (Q1–Q3) 5 (4–7) 8 (6–9) 7 (5–10) 5 (4–6) 4 (4–5) 4 (4–5) <0.001 K

More than 5 days, n (%) 67 (43.2%) 26 (83.9%) 20 (64.5%) 9 (29%) 7 (22.6%) 5 (16.1%) <0.001 P

Readmission within 30 days, n (%) 7 (4.5%) 3 (9.7%) 2 (6.5%) 1 (3.2%) 0 1 (3.2%) 0.421 P

VAS: Visual Analogue Scale; * Patient with stoma construction were excluded. ** Optimal recovery was defined as
absence of major complications, LOS no more than 5 days and no readmission within 30 days. $ Complications
were graded by Calvin–Dindo classification. K Kruskal–Wallis test, P chi-squared test.

3.4. Comparison of Laparoscopic Surgery and Robotic Surgery

The first case in the laparoscopic group and that in the robotic group were separated
by a period of 12 months. The case numbers in the robotic group equaled those in the
laparoscopic group during the period of 14 months (Figure 1). The median compliance of
total ERAS protocol was 88.9% in the robotic group and 83.3% in the laparoscopic group
(p < 0.001). The median postoperative LOS was 4.1 days in the robotic group and 6 days
in the laparoscopic group (p = 0.016) (Table 6). A multivariable logistic regression model
demonstrated that robotics was superior to laparoscopic surgery upon postoperative LOS
with statistically significant differences after adjustment for confounding variables (odds
ratio = 5.029, 95% confidence interval [CI] = 1.321 to 19.142; p = 0.018) (Table 7).
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Figure 1. Cumulative numbers between Laparoscopic and Robotic group.

Table 6. Comparison of ERAS compliance and LOS between laparoscopic and robotic surgery.

Parameters Overall (N = 155) Laparoscopic (N = 76) Robotic (N = 79) p Value

Total ERAS protocol, % (Median, range) 88.9 (55.6–100.0) 83.3 (55.6–94.4) 88.9 (72.2–100.0) <0.001 m

Preadmission items 100.0 (50.0–100.0) 87.5 (50.00–100.0) 100.0 (50.0–100.0) 0.14 m

Preoperative items 100.0 (75.0–100.0) 100.0 (75.00–100.0) 100.0 (75.0–100.0) 0.100 m

Intraoperative items 100.0 (33.3–100.0) 66.7 (33.33–100.0) 100.0 (33.3–100.0) <0.001 m

Postoperative items 85.7 (28.8–100.0) 71.4 (28.8–100.0) 85.7 (42.9–100.0) <0.001 m

Postoperative LOS
Day, median (Q1–Q3) 5 (4–7) 6 (5–9) 4.1 (3.8–5.0) 0.016 m

More than 5 days, n (%) 67 (43.2%) 48 (63.1%) 19 (24%) <0.001 y

m Mann–Whitney U test, y Yates’ Correction for Continuity.

Table 7. Multivariable logistic regression model of factors associated with postoperative length of
stay no more than 5 days.

LOS ≤ 5d

Factors OR 95% CI p Value

Robotic surgery 5.029 1.321 to 19.412 0.018
Quintile group sequence 1.270 0.779 to 2.070 0.337
Compliance of total ERAS protocol 0.995 0.918 to 1.079 0.910
Male 0.758 0.256 to 2.244 0.617
Age 0.996 0.958 to 1.036 0.849
BMI 1.087 0.961 to 1.229 0.184
ASA ≤ 2 4.560 1.262 to 16.382 0.020
Any comorbidity 0.816 0.288 to 2.311 0.702
Pre-op hemoglobin 1.198 0.930 to 1.542 0.163
Previous abdominopelvic surgery 0.803 0.265 to 2.435 0.698
Multiple primary cancers 0.430 0.036 to 5.185 0.507
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Table 7. Cont.

LOS ≤ 5d

Factors OR 95% CI p Value

Neoadjuvant CCRT 0.336 0.045 to 2.485 0.285
Cigarette use 1.773 0.458 to 6.862 0.407
Malignant disease 0.870 0.218 to 3.471 0.843
T4 lesions 1.205 0.243 to 5.981 0.819
Minimal blood loss 0.688 0.171 to 2.772 0.599
Stoma construction 1.721 0.261 to 11.356 0.573
Drainage tube placement 0.143 0.042 to 0.490 0.002
Operative time 0.989 0.980 to 0.998 0.019

4. Discussion

Many experts have indicated that rather than sticking to complete adherence to ERAS
protocols, implementing a well-tailored ERAS protocol makes it easier to apply to clinical
practice, while also offering equivalent benefits [2,3]. Five basic elements of care, including
preoperative patient information, multimodal analgesia, avoidance of fluid overload and
hypovolemia, no nasogastric tube and early oral feeding, as well as early mobilization, were
demonstrated a long time ago to be the key components for ERAS in colonic surgery [4].
These five elements were also enough to secure enhanced recovery and a length of stay
within 2 to 4 days after open colonic surgery. Toh et al. [5] initiated a questionnaire
survey involving 300 colorectal surgeons in Australia and New Zealand learning that eight
interventions, including preoperative anemia correction, minimally-invasive surgery, early
in-dwelling catheter removal, preoperative smoking cessation, preoperative counselling,
avoidance of drains in colon surgery, avoiding nasogastric tubes and early drain removal
in rectal surgery were all considered relatively important elements towards improving
ERAS programs. Our ERAS protocol adopted five key components and other generally
acknowledged elements of care. On top of that, our ERAS protocol was implemented
by a group of fixed, well-trained members, including surgeons, anesthesiologists, nurse
practitioners (NPs), nutritionists and case managers.

We included a total of 155 patients and used the data-splitting method [6] by placing
the patients into five consecutive groups of 31 each in order to better evaluate our learning
curves with regards to ERAS care. A prospective review of 380 patients who underwent
elective open colorectal surgery under ERAS protocol from the period 2011–2017 in a
single institution indicated that a minimum of 76 patients are required in order to achieve
a significantly higher rate of ERAS compliance and optimal recovery [7]. Michal, et al.
concluded that introducing the ERAS protocol is a gradual process and its compliance
at the level of 80% or more requires at least 30 patients and a period of approximately
6 months [8]. Having at least 30 cases is required for Phase I of the learning curve and has
been a consensus for robotic colorectal surgery [9]. After analyzing previous studies, a
cutting-off point at 31 cases for our study was deemed reasonable.

The compliance of ERAS protocol still plays a critical role in improving short-term
outcomes [10]. A multicenter, prospective cohort study involving 2084 consecutive adult
patients who had undergone elective colorectal surgery in Spain demonstrated that an
increase in ERAS adherence appeared to be associated with a decrease in postoperative
complications (OR, 0.33; 95% CI, 0.26–0.43; p < 0.001) [11]. Wei et al. [12] confirmed that
an increase in ERAS protocol adherence was associated with a further decrease in hospital
length of stay. The latest ERCOLE study included prospective data from 1,138 patients who
had undergone minimally-invasive colorectal cancer surgery in Italy and has shown that
adherence to the ERAS program of up to 75% could be considered satisfactory in order to
reach the goal of functional recovery [13].

In our experience, the median compliance regarding total ERAS protocol among all
groups was 83.3%, and it underwent significant progress from 72.2% in Group 1 to 83.3% in
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Group 2 while staying relatively constant from Group 3 to Group 5 (p < 0.001). In subgroup
analysis, we discovered a similar trend in median compliance regarding intraoperative and
postoperative ERAS items (p < 0.001). In terms of clinical outcomes, the optimal recovery
showed an increasing trend in the 2nd quintile and started to plateau after the third quintile.
Postoperative LOS and bowel functional outcomes (early oral intake within 24 h, time
to first stool and early termination of intravenous fluid administration by POD-3) had
the similar trends with statistically significant differences between the quintile groups.
Comprehensively, based on these finding we concluded that an effective implementation
of the ERAS program in minimally-invasive colorectal surgery required 31 patients to
accomplish the higher compliance and required more patients to reach the maturation
phase for optimal recovery.

In general, the adherence of preadmission and preoperative items should be inde-
pendent from the surgical technique adopted (open, laparoscopic, robotic methods). We
speculated that robotic surgery might have benefits on adherence of intraoperative and
postoperative items because a robotic surgical platform with proficient technique helps
surgeons achieve a more precise dissecting tissue plane and causes less bleeding dam-
age. For instance, this could convince surgeons of the resultant security caused by the
avoidance of intra-abdominal or pelvic drain. In this study, robotic surgery was corre-
lated with higher compliance with total ERAS protocol, intraoperative, and postoperative
items in univariate analysis. However, the multivariate comparison demonstrated ERAS
compliance significantly correlated to the sequence of quintile groups, rather than the
robotic surgery (Supplementary Table S1). On the other hand, the fact that robotic surgery
was superior to laparoscopic surgery upon postoperative LOS and statistical significance
was demonstrated after adjustment for confounding factors. Consequently, we made a
conservative inference that developing a robotic platform would have no impact on the
learning curve of ERAS implementation and there is a beneficial effect on the postoperative
length of surgery provided through the combination of ERAS care and robotic surgery for
patients undergoing colorectal resection.

Depending upon the future advancements made in robotic surgery, medical personnel
will be able to easily perform more complex surgical procedures such as intersphincteric
resection (ISR), pelvic autonomic nerve preservation and multivisceral resections [14–16].
However, these complex operations would affect a physician’s perspective of ERAS imple-
mentation as they are different from conventional laparoscopic surgery, for instance, the
duration of a urinary catheter or drainage tube placement. The consequence of this limita-
tion is that we should categorize the various types of procedures seen between laparoscopic
and robotic surgery as more cases are taken on, for required study.

5. Conclusions

Robotic surgery and ERAS protocol care have each undergone their own prominent
development and in turn become global trends, with rapid progress being seen in both
safety and efficacy when compared to conventional surgery over the past decade. We
believe that implementing a combination of the robotic surgery and ERAS care will result
in a highly promising method for use in future colorectal surgeries.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12072661/s1, Figure S1: Elements of tailored ERAS protocol
and overall compliance rate; Table S1: Uni- and multivariate logistic regression analysis for ERAS
compliance ≥ 75%.
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Abstract: Introduction: Synchronous robotic colorectal and liver resection for metastatic colorectal
cancer (mCRC) is gaining popularity. This case series describes our initial institutional experience.
Methods: A retrospective study of synchronous robotic colorectal and liver resections for metastatic
colorectal cancer (March 2020 to December 2021). Results: Eight patients underwent synchronous
robotic resections. The median age was 59 (45–72), and the median body mass index was 29 (20–33).
Seven received neoadjuvant chemotherapy, and five rectal cancers received neoadjuvant radiotherapy.
One patient had a low anterior resection with major hepatectomy, two had low anterior resection
with minor hepatectomy, and one had abdominoperineal resection with major hepatectomy. One
patient had a left colectomy with minor hepatectomy, and two had right colectomies with minor
hepatectomy. We used five robotic 8/12 mm ports in all cases. Extraction incisions were Pfannenstiel
in four patients, colostomy site in two patients, one perineal incision, and one supra-umbilical incision.
The median estimated blood loss was 200 mL (25–500), and the median operative time was 448 min
(374–576). There were no intra-operative complications or conversions. Five patients had the liver
resection first, and two of six anastomoses were performed before the liver resection. The Median
length of stay was 4 days (3–14). There were two post-operative complications, prolonged ileus and
DVT, with a Clavien-Dindo complication grade of I and II, respectively. There were no readmissions
or reoperations. All colorectal and liver resection margins were negative. Conclusions: Synchronous
robotic colorectal and liver resection can be performed effectively utilizing one port configuration
with acceptable short-term outcomes and quality of oncologic resection.

Keywords: robotic surgery; metastatic colorectal cancer; colorectal surgery; liver surgery

1. Introduction

Colorectal cancer (CRC) is the third most common cancer worldwide, and the fourth
most common cause of cancer mortality is primarily attributed to CRC metastases
(mCRC) [1]. A quarter of newly diagnosed CRC patients are diagnosed yearly with a
stage IV metastatic disease, mainly metastases to the liver [2,3]. Treatment for stage IV
CRC disease is usually a combination of treatments with systemic chemotherapy, possible
immunotherapy, possible chemoradiation for rectal cancer, and surgery when appropri-
ate [4,5]. The rate of patients with CRC and liver metastasis amenable to surgery has risen
substantially over the last decade, with multiple large epidemiological studies demonstrat-
ing an incidence of 14–17% of patients who present with synchronous liver metastases,
which occur more frequently in male patients [6]. Most often, the surgical plan is based on a
staged approach, either colorectal resection first followed by liver resection at a second stage
or the other way around, most often with systemic or local treatment in between. When
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assessing the liver disease burden, the traditional treatment is resection when there is a
resectable disease with or without perioperative systemic treatment, usually a combination
of chemotherapy and molecular treatment such as Avastin. When there is a non-resectable
liver disease, other forms of localized treatments can be considered, such as ablation or
irradiation. In a select group of patients, a synchronous colorectal resection combined with
partial liver resection is a viable and preferable surgical option. For some patients, the
burden of a combined open surgery can be mitigated by a synchronous minimally invasive
approach [7].

The advantages of a synchronous minimally invasive CRC and liver resection are
reduced blood loss, early mobility, lower rates of surgical site infections, shorter length of
stay, and reduced time interruption of systemic therapy. These peri-operative and oncologic
benefits can be combined with the advantages of robotic surgery, mainly three-dimensional
augmented vision, the flexibility of wristed instruments, tremor suppression, and better
access to the posterosuperior segment’s lesions [8,9]. Robotic colorectal resection has be-
come prevalent in the Western world, yet not many centers perform robotic liver resection,
let alone synchronous robotic colorectal and liver surgery. Although synchronous robotic
colorectal and liver resection for mCRC is gaining popularity, very little was published on
this approach’s feasibility, safety, and manner. This case series describes our initial institu-
tional experience with a synchronous robotic approach and offers some recommendations
regarding how we do it.

2. Materials and Methods

A retrospective study was designed to identify patients that underwent a combined
synchronous robotic colorectal and liver resection for metastatic colorectal cancer at the
Mayo Clinic. This study was conducted in accordance with the ethical principles of the
Declaration of Helsinki (Edinburgh 2000) and the approval of the Institutional Review
Board. A prospectively maintained institutional database was queried for patients that
underwent this procedure from March 2020 to December 2021. Data collected included
demographic information such as age, gender, Body mass index (BMI), type of liver and
colorectal resection, number of robotic ports used, specimen incision extraction site, length
of operation, intraoperative complications, and estimated blood loss, and preoperative
neoadjuvant treatment.

All cases were performed using the da Vinci XI platform. After laparoscopic explo-
ration of the abdomen, all patients had four robotic trocars inserted, three 8 mm trocars
and one 12 mm trocar, and another 8 mm AirSeal assistant trocar. The robotic port arrays
and positions over the abdominal wall were mainly in a horizontal line at the level of
the umbilicus for the rectal and sigmoid cases and with a slight diagonal line from the
left upper quadrant to the right lower quadrant for the cases with a right colon lesion
(Figure 1). Therefore, there was no need for any added ports or repositing of ports for the
liver resection.

In addition, the patient’s post-operative course was monitored for the length of stay,
post-operative complications, and pathological reports, including resection margins. The
procedures were performed by three dedicated colorectal surgeons and three dedicated
hepatobiliary surgeons. The order of resection and timing of anastomosis creation was
decided by each colorectal and hepatobiliary surgeon’s preference. The definition of a
major hepatectomy was defined as a complete resection of three or more continuous liver
segments and a minor hepatectomy was defined as any resection that included less than
the above.
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Figure 1. Diagram of two robotic port placement arrays for combined colorectal and liver resection.
(A) Horizontal line array at the level of the umbilicus for rectal and sigmoid colon resection, red line
marks a Pfannenstiel incision. (B) Diagonal line array from the left upper abdominal quadrant to the
right lower quadrant for right colon resection.

3. Results

During a period of 22 months, eight patients with metastatic colon or rectal cancer
(CRC) with liver metastasis underwent synchronous robotic resections. The patient cohort
comprised four males and four females, with a median age of 59 years with a range of
45–72 and a median body mass index (BMI) of 29 kg/m2 with a range of 20–33 kg/m2.
Five patients were diagnosed with rectal cancer, four in the mid-rectum and one in the low
rectum. One patient was diagnosed with sigmoid colon cancer and two with ascending
colon cancer. All patients had CRC metastases to the liver that were initially diagnosed
as resectable. Five had solitary metastases, one had two bilobar metastases, one had three
unilobar metastases, and one had three bilobar metastases. All liver lesions other than
one were relatively peripheral, which allowed for minor hepatectomies. No metastases
involved the major portal or venous pedicles. Two patients were obstructed and initially
underwent loop colostomy creation before neoadjuvant treatment. Perioperatively, seven
patients (87.5%) received neoadjuvant chemotherapy using a FOLFOX protocol, with three
receiving Bevacizumab. All five rectal cancer patients received neoadjuvant radiotherapy,
four had a short course, and one had a long course of radiotherapy. One patient with an
ascending colon lesion and a solitary 4b/5 liver metastasis went straight to surgery with no
neoadjuvant treatment (Table 1).

3.1. Operative Management

Out of the five patients with rectal cancer, four underwent robotic low anterior re-
section (rLAR), one with a loop colostomy closure. Out of these, one underwent a syn-
chronous robotic left hepatectomy, and the other four had minor hepatectomies with
segmental, subsegmental, or wedge liver resections. All four rLAR patients also had
a diverting loop ileostomy (DLI) created, and two female patients also had a bilateral
salpingo-oophorectomy (BSO), one of them with a total abdominal hysterectomy (TAH)
and a partial upper vaginectomy. One patient underwent a robotic abdominoperineal
resection (APR) and an end colostomy creation, with a minor hepatectomy and segment 2

87



J. Clin. Med. 2023, 12, 3255

and 3 sub-segmentectomy. One patient had a left colectomy for a proximal sigmoid lesion,
loop colostomy closure with a primary anastomosis, and a minor hepatectomy, segment 3
resection. Two patients with ascending colon cancer underwent right colectomies with
primary anastomoses and minor hepatectomies (Table 2).

Table 1. Baseline Demographic, location of lesions, and neoadjuvant treatment.

Characteristic n = 8

Age (years)—median (range) 59 (45–72)

Female sex—n (%) 4 (50%)

Body mass index (BMI) kg/m2—median (range) 29 (20–33)

Location of CRC lesion

Rectal cancer—n 5

Sigmoid colon cancer—n 1

Ascending colon cancer—n 2

Location of metastatic spread in the liver

One metastasis—Right lobe 2

One metastasis—Left lobe 3

Two metastases—Bilobar 1

Three metastases—Left lobe 1

Three metastases—Bilobar 1

Prior loop colostomy creation for colonic obstruction—n 2

Neoadjuvant chemotherapy—n (%) 7 (87.5%)

Added neoadjuvant Bevacizumab—n (%) 3 (37.5%)

Neoadjuvant chemoradiotherapy for rectal cancer—n (%) 5 (100%)

Table 2. Operative management.

Characteristic n = 8

Type of colorectal procedure

Robotic low anterior resection (rLAR) with DLI—n 4

Robotic abdominoperineal resection (APR)—n 1

Robotic left colectomy—n 1

Robotic right colectomy—n 2

Type of liver resection

Major hepatectomy 2

Minor Hepatectomy 6

Robotic ports array over the abdominal wall

Horizontal line at the level of the umbilicus—n 6

Diagonal line from LUQ to RLQ—n 2

Liver resection performed first—n 5

Colorectal resection performed first—n 3

Colorectal anastomoses performed before the hepatic resection 2
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Table 2. Cont.

Characteristic n = 8

Specimens’ extraction site

Pfannenstiel incision—n 4

Colostomy incision—n 2

Perineal incision after APR—n 1

Limited supra-umbilical midline incision—n 1

Intraoperative complications—n 0

Conversion to an open approach—n 0

Estimated blood loss—ml-median (range) 200 (25–500)

Operative time—minutes-median (range) 448 (374–576)

DLI—Diverting loop ileostomy
LUQ—Left upper quadrant
RLQ—Right lower quadrant
ml—Milliliter

The six rectal and sigmoid cases required a two quadrants approach, repositioning the
robotic boom once when transitioning between the rectal and liver resection. The two right
colectomies did not require repositing the robotic boom and utilized a single abdominal
quadrant approach. In the hepatectomy part, there were no hilar dissections or need for the
Pringle maneuver. Parenchymal transection was performed with a combination of unipolar
diathermy, bipolar diathermy, and a vessel sealer.

The liver resection was performed first, followed by the colorectal resection in five
patients (63%). In two rectal resections and one colonic resection, the colorectal resection
was performed first, followed by the liver resection, with the two colorectal anastomoses
performed before the hepatic portion and the ileocolic anastomosis created after the hepatic
portion was completed. Following the completion of both resections and reconstructions,
the specimens were extracted through a Pfannenstiel incision in four patients, a colostomy
site in two patients, a perineal incision in the APR case, and one through a limited supra-
umbilical incision. There were no intraoperative complications, and none needed any
conversion to an open approach. The median estimated blood loss was 200 mL (25–500),
and the median operative time was 448 min (374–576) (Table 3).

Table 3. Patients list with the type of robotic colorectal and liver surgery and operative time.

Raw Age/Gender Colorectal Surgery Liver Surgery
Operative

Time (Hours)

1 56 M Robotic abdominoperineal
resection (APR) Robotic left hepatectomy 6:18

2 45 M Robotic low anterior
resection (LAR)

Robotic partial hepatectomy
(segments 3 + 4b) 9:36

3 72 F Robotic right colectomy Robotic partial hepatectomy
(segments 4b + 5) & cholecystectomy 6:42

4 54 M Robotic low anterior
resection (LAR) Robotic left hepatectomy 6:14

5 62 F Robotic low anterior
resection (LAR)

Robotic partial hepatectomy
(segment 8) & cholecystectomy 8:24

6 63 M Robotic sigmoid colectomy Robotic partial hepatectomy
(segment 3) 7:46

7 55 F Robotic low anterior
resection (LAR)

Robotic partial hepatectomy (segments 2 + 3 + 8)
+ ablation of liver lesion 8:34

8 62 F Robotic right colectomy Robotic partial hepatectomy
(segments 2) + ablation of liver lesion 7:10
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3.2. Post-Operative Period and Outcomes

The median length of stay of patients was 4 days, with a range of 3 to 14 days. Two
of the eight patients (25%) had post-operative complications, with one patient having a
post-operative ileus and one developing deep vein thrombosis (DVT), with a Clavien-
Dindo post-operative complication grade of I and II. There were no cases of readmissions
or reoperations.

Final pathology reports showed negative margins on all colorectal and liver resections,
with six colorectal lesions having a penetration level of T3 and two of T4. Four patients
were found to have positive lymph nodes in the mesentery, and four patients had no
positive nodes found, the number of lymph nodes harvested ranged from 16 to 49. The
average size of the hepatic lesions was 1.9 ± 1.3 cm, with lesions ranging from 0.5 cm to
4.5 cm. No post-operative mortality was reported through an average follow-up time of
29 ± 20 months (Table 4).

Table 4. Post-operative outcome and pathological characteristics.

Characteristic n = 8

Length of post-operative hospital stay (LOS)—days-median (range) 4 (3–14)

Post-operative complications—n (%) 2 (25%)

Ileus 1

Deep vein thrombosis (DVT) 1

Clavien-Dindo postoperative complication grade I/II 2

Readmissions or reoperations—n 0

Positive resection margins—n 0

Level of colorectal tumor penetration

T3—n 6

T4—n 2

Positive mesenteric lymph nodes—n 4

Size of the hepatic lesions—cm—mean ± SD (range) 1.9 ± 1.3 (0.5–4.5)

Post-operative mortality—n 0

Follow-up time—months—mean ± SD 29 ± 20

S.D.—Standard deviation

cm—Centimeter

4. Discussion

In this case series, we report our experience performing combined synchronous robotic
colorectal and liver resections for mCRC. The surgical treatment of stage IV mCRC patients
is still evolving, with no clear answer to the optimal strategy. The burden of systemic
treatment with two major surgeries is challenging for some patients and can sometimes
be mitigated by performing a combined minimally invasive surgical approach [6,10]. Pre-
sumably, the robotic approach allows for more flexibility in combining both CRC surgery
and liver metastasis surgery compared to the laparoscopic approach, with improved visu-
alization in a three-dimensional view, and wristed instruments that allow better reach and
control in the pelvis for rectal lesions and over the liver for “hard to reach” liver lesions, so
that a preferred outcome can be attained [11,12]. These assumptions are the results of small
single-institution series, and the literature to support these assumptions is still lacking.

From a colorectal point of view, there is some difference between a right colon resection,
a left or a sigmoid colon resection, and rectal resection. The difference is mainly in the
added complexity of the rectal resection that requires a pelvic dissection, sometimes after
neoadjuvant pelvic radiation that brings upon a protective diverting loop ileostomy. As
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an institutional practice, all patients with known metastatic rectal disease are generally
referred to a short course of radiation in an effort to shorten treatment duration and
minimize time off of systemic therapy prior to surgery. The duration of radiation is dictated
by the morphology of the primary rectal cancer both at presentation and after neoadjuvant
chemotherapy. For patients with threatened CRM, T4 tumors, and tumors with clinically
positive extra-mesorectal lymph nodes, a long course of radiation is preferred. Another
difference is the robotic ports array, which is more often a personal choice of the CRC and
Liver surgeons. In this series, we used five trocars and positioned them over the abdominal
wall in a horizontal line at the level of the umbilicus for the rectal and sigmoid cases and
with a slight diagonal line from the left upper quadrant to the right lower quadrant for the
cases with a right colon lesion as seen in Figure 1.

While robotic liver resection is gaining popularity, the vast majority of liver resections
worldwide are still being done using an open approach. Given safety issues and the
technical complexity of proper oncologic resections deep in the liver, or in the higher and
posterior segments, most laparoscopic liver resections are being performed for peripheral
lesions in favorable locations. With improved articulation, a robotic approach may offer
better access to otherwise challenging locations such as segments 1, 7, and 8 [13]. Therefore,
many patients with limited liver metastases could be potential candidates for robotic
resections, as seen in the meta-analysis of Rocca et al. with a 131 robotic mCRC liver
resection [14]. There are very few published series of synchronous robotic colorectal
resection combined with liver resection for metastatic colorectal cancer. A recent meta-
analysis by McGuirk et al. collected only 28 patients that underwent this simultaneous
robotic approach. They showed a similar average operative time and a similar low rate of
complications, but a hospital length of stay that was more than double in our cohort [15].

From a technical point of view, in a synchronous right colon and liver resection, the
robotic platform is usually used in a single right upper quadrant orientation, which does not
necessitate changes in the robotic arms array [16]. On the other hand, one of the challenges
in a synchronous rectal and liver resection is the multi-quadrant approach and the need to
“boom around” from a robotic pelvic dissection of the rectum to a right upper quadrant
dissection for the liver and repositioning of the robotic tools. However, in a well-trained
and dedicated robotic surgery team, this change in the robot position does not require more
than a few minutes.

The optimal sequence of resection, colorectal first followed by liver resection or the
other way around, is debatable, with advantages and disadvantages for each approach.
The colorectal resection requires manipulation of the small bowel for exposure. It may
be considered the “contaminated” part of the surgery with bowel resection. In contrast,
the liver resection may necessitate portal vein occlusion (the Pringle maneuver) which
can lead to bowel edema and low central venous pressure which can lead to hypotension
and hypoperfusion. In our series, both sequences were employed based on the patient’s
disease specification, mainly the complexity of the liver resection part and the surgeon’s
preference. In addition, some thoughts were given to the timing of the bowel reconstruction
by reserving the anastomosis creation to the final part of the surgery to avoid challenging
the blood flow to the anastomosis while performing the liver resection.

In minimally invasive surgery and robotic surgery specifically, the specimens’ extrac-
tion site can be chosen in a manner that will avoid a midline incision and a high risk for
post-operative hernia and other wound complications. In this study, most specimens were
taken out through a Pfannenstiel incision, a colostomy site incision, or through the perineal
incision, with only one case needing a limited midline incision. With dedicated CRC and
liver robotic surgeons and teams, the synchronous robotic approach can be performed with
safety and relative ease, with limited intraoperative complications, no need for conversion
to an open approach, and limited blood loss, as seen in this study. In the future, we believe
that the robotic platform may be the platform of choice for more challenging cases like
carcinomatosis management.

91



J. Clin. Med. 2023, 12, 3255

This study’s limitations revolve around its small sample size, the heterogeneous mix
of mCRC cases, and its retrospective nature. It might be challenging to extrapolate from
this series for cases in other centers, yet, due to the limited number of cases published in
the literature, no randomized control studies in the near future, and very few centers in the
world that can perform a synchronous robotic colorectal and liver resection, this series can
lay the groundwork for establishing these capabilities for future cases and show what is
safe and feasible. Further studies should be planned and executed to prove its advantage to
patients with mCRC. Further studies with larger cohorts and longer follow-ups are needed
to assess the long-term outcomes of robotic combined resections.

5. Conclusions

Synchronous robotic colorectal and liver resection of colorectal cancer and liver metas-
tases is a safe and feasible approach for select patients with liver mCRC. This approach
can be performed effectively utilizing one port configuration with acceptable short-term
outcomes and quality of oncologic resection. However, further studies are needed to assess
the benefits of the robotic approach, especially compared to laparoscopy and open surgery.
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Abstract: Background: Indocyanine green (ICG) imaging has been increasingly used for intraop-
erative guidance in colorectal surgery over the past decade. The aim of this study was to review
and organize, according to different type of use, all available literature on ICG guided colorectal
surgery and highlight areas in need of further research and discuss future perspectives. Methods:
PubMed, Scopus, and Google Scholar databases were searched systematically through November
2022 for all available studies on fluorescence-guided surgery in colorectal surgery. Results: Available
studies described ICG use in colorectal surgery for perfusion assessment, ureteral and urethral
assessment, lymphatic mapping, and hepatic and peritoneal metastases assessment. Although the
level of evidence is low, results are promising, especially in the role of ICG in reducing anastomotic
leaks. Conclusions: ICG imaging is a safe and relatively cheap imaging modality in colorectal surgery,
especially for perfusion assessment. Work is underway regarding its use in lymphatic mapping,
ureter identification, and the assessment of intraperitoneal metastatic disease.

Keywords: colon; rectal; colorectal; indocyanine green (ICG); fluorescence; surgery

1. Introduction

Indocyanine green (ICG) is a fluorescent water-soluble dye that binds with plasma
proteins, especially lipoproteins, and demonstrates fluorescent properties in the near-
infrared (NIR) spectrum (750–950 nm). It was developed by Kodak Laboratories in 1955 for
near-infrared photography and received FDA approval for human use in 1959 [1]. Since
then, it has been used as an imaging method in several medical applications, including
vascular, endocrine, hepatopancreaticobiliary, gynecologic, plastic, urologic, and colorectal
surgery [2].

ICG is metabolized solely through the liver and excreted into the bile, and its half-life
depends on liver function (typically 3–4 min) [2]. When it is not directly injected into the
bloodstream, it is drained through the lymphatic network. The time required to reach the
nearest lymph node is approximately 15 min [3]. ICG has been proven safe with dosages
between 0.1–0.5 mg/mL/kg with only the relative contraindications of iodine or shellfish
allergy. Depending on the target structure/organ that needs to be visualized, it can be
administered through various routes, including intravenously, submucosally or into the
ureteral system (Figure 1).

The different ICG applications in colorectal surgery are substantial and still evolving.
ICG has been used in colorectal surgeries for perfusion assessment, intraoperative ureteral
visualization, sentinel node identification, and lymphatic drainage visualization. Another
described use is for the localization and intraoperative assessment of peritoneal and hepatic
metastases. However, the evidence provided by published studies is poor. Therefore, the
aim of this review was to review and organize, according to different type of use, the
available published literature related to ICG-guided colorectal surgery, highlight areas in
need of further research, and discuss future perspectives.
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Figure 1. The basics of indocyanine green (ICG) imaging in colorectal surgery. ICG is injected
(method of administration varies depending on the target). The ICG molecules are excited by the
light source and demonstrate fluorescent properties in the near-infrared spectrum (750–950 nm). This
signal is combined with real time image and transferred on the screen.

2. Methods

PubMed, Scopus, and Google Scholar databases were searched systematically through
November 2022. The terms ‘colorectal’, ‘colon’, ‘rectal’, ‘indocyanine green’, ‘ICG’, and
‘fluorescence’ were used combined with the Boolean operators AND/OR in order to identify
all available studies on fluorescence-guided surgery in colorectal surgery. The reference
lists of retrieved articles were also screened for further eligible studies. After removal of
duplicates, the abstract list generated by the above search was independently screened by
the authors for potentially relevant studies. All English-text available studies involving
humans (either cadaveric models or alive patients) on fluorescent guided colorectal surgery
were retrieved and synthetized in a narrative manner to describe current applications of
this technique as well as its future perspectives.

We did not seek ethics approval as this type of study, a literature review, does not
require approval since no patient data were accessed or analyzed.

3. Current Uses of ICG in Colorectal Surgery

3.1. Perfusion Assessment
3.1.1. Anastomotic and Bowel Perfusion Assessment

Anastomotic leak (AL) remains a major dreaded colorectal surgery complication.
AL rates vary by type of surgery with an incidence of up to 19% [4]. Multiple factors
contribute to AL; nevertheless, a well perfused and tension-free anastomosis is necessary
for an uneventful anastomotic healing process. ICG provides the ability to objectively
intraoperatively assess anastomotic perfusion.

Several case series and cohort studies have demonstrated a reduced AL rate with
the use of intraoperative ICG for the assessment of anastomotic perfusion, although not
always statistically significant [5–9]. The first randomized trial (RCT) was published in
2020 by De Nardi et al. [10] and 252 patients. Although the authors concluded that ICG
was safe and not time-consuming, it failed to show significantly lower AL rates (5% in the
ICG group versus 9% in the control group). At the same time, another single center RCT
was published by Alekseev et al. [11] that showed a significant reduction in AL rates of
low (4–8 cm from the anal verge) stapled colorectal anastomoses (14.5% vs. 25.7%) and
a change in resection margin in 20% of patients. Following these contradictory results,
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another randomized control trial was launched in the USA. Unfortunately, due to the
low recruitment rate it was deemed underpowered and thus terminated early [12]. Two
recent meta-analyses [13,14] concluded that the intraoperative use of ICG for perfusion
assessment was associated with significantly lower odds for AL (OR 0.52, 95% CI 0.304–0.98,
I2 = 0). One of these metanalyses [14] reported that the weighted mean rate of change in
the surgical plan due to ICG imaging was 9.6% (95% CI 7.3–11.8). Currently, another phase
III multicenter randomized controlled trial is being launched (NCT04712032; NL7502) [15]
aiming to provide high quality evidence regarding the role of ICG in the reduction of
clinically relevant ALs. The current literature reports that ICG assessment is a safe and
rapid means of assessing anastomotic perfusion/bowel perfusion (Figure 2) and may result
in reduction of AL. One of the main drawbacks of this method is the fact that assessment is
subjective. Therefore, recent studies [16–19] have tried to address this issue with software
assessing the ICG saturation. One study [16] reported the optimal distance of the camera
from the colon to assess perfusion (5 cm) and the optimal time for assessment (1.5–3.5 min
after intravenous infusion), indicating some progress in this area. Still, more research is
required to identify the optimal software for validated, quantifiable, and reproducible
perfusion assessment. Finally, a recent cost analysis [20] of the routine use of ICG for
anastomotic perfusion assessment, using the assumption that the cost of AL is >USD
5616.29 and the cost of ICG-FA is <USD 634.44 [odds ratio (OR) for AL reduction with ICG
use: 0.46], found that routine use of ICG imaging in colorectal surgery is cost-effective.
Video S1 demonstrates the intraoperative use of ICG for bowel perfusion assessment.

 

Figure 2. Bowel perfusion assessment using ICG. Courtesy of International Society for Fluorescence
Guided Surgery (ISFGS).

3.1.2. Perfusion Assessment in Pedicled Omentoplasty

In 2019, Slooter et al. reported a pilot study for assessing omental perfusion during
omentoplasty in salvage surgery for pelvic sepsis [21]. After establishing the feasibility of
this technique, the same group went on to demonstrate the possible beneficial role in a
subsequent cohort study [22]. They reported a much lower perineal non-healing rate in the
group where ICG was utilized (22%) versus the controls (42%).

3.1.3. Perfusion Assessment in Gracilis Muscle Interposition

Graciloplasty is a technique that can be utilized to treat complex perianal fistulae [23].
Nevertheless, a well-perfused gracilis flap is of utmost importance for the success of this
technique. A recent study by Lobbes et al. [24] reported a software-based approach for
gracilis perfusion assessment, pointing to objective indicators for flap perfusion. This
technique may be further developed and utilized in the future to optimize the outcome of
gracilis muscle interposition.
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3.1.4. Perfusion Assessment in Anal Advancement Flaps

Endorectal advancement flaps are used to treat complex perianal fistula repair; success
depends on the viability of the anal flap to avoid flap dehiscence or recurrent fistula. Turner
et al. [25] published a retrospective case series of six patients undergoing advancement flaps
for perianal fistula. They reported a high rate (71.4%) of change in the surgical plan based
on the results of intraoperative ICG perfusion assessment of the flap. This technology may
be further developed in the future in terms of the quantification of the result to optimize
the outcomes of this technique.

3.1.5. Perfusion Assessment in Ileal Pouch-Anal Anastomosis (IPAA)

Good perfusion is of utmost importance during construction of the anastomosis
for IPAA. In 2021, Joosten et al. [26] published the first technical note on utilizing ICG
technology to enable lengthening maneuvers. Following this, Freund et al. [27] confirmed
the utility of ICG imaging in complex IPAA surgery requiring lengthening maneuvers
in their patient series. Similarly, Slooter et al. [28] demonstrated the use of ICG in IPAA
surgery, focusing on the time needed between ICG infusion and the assessment of pouch
perfusion. They concluded that due to vascular ligation in lengthening maneuvers, a longer
time interval might be needed between ICG infusion and the first signal. However, can
this assessment be quantifiable? How can one assess the ICG signal with certainty and
objectively? Lobbes et al. [29] sought to address this issue using novel software to assess
the ICG signal for pouch perfusion in order to make this assessment quantifiable and
comparable. Although the available literature supports the use of ICG in IPAA surgery, the
level of evidence is still low.

3.2. Vital Structures Assessment
3.2.1. Intraoperative Ureteral Assessment

Ureteral injury is a devastating complication in colorectal surgery. The ureters are
retroperitoneal structures that can be easily damaged during the dissection of the colon or
rectum, especially in complicated surgeries, causing extensive inflammation and the need
for re-operations. There are reports in the literature regarding ICG imaging utilization for
intraoperative ureteral identification [30–36]. This method involves cystoscopic ureteral
stenting and the injection of ICG dye through the stent into each ureter. Although the exact
quantity of ICG instilled varies, the majority of studies report using 5 mL of 2.5 mg/mL ICG
solution in each ureter. This dosage allows the ureters to glow green intraoperatively and
are thus easier to identify throughout the surgery, especially in minimally invasive surgery
where haptic feedback is unavailable. A recent systematic review of this technique [37]
concluded that ICG ureter visualization (Figure 3) is safe and effective in minimally invasive
colorectal surgery, with one caveat: this technique still entails ureteral stenting and its
potential complications. The authors noted that current research is focusing on experimental
dyes that could potentially combine imaging properties with renal excretion to minimize
the adverse effects of ureteral stenting. In this scope, experimental novel fluorescent
dyes are currently under development, similar to those reported by Dip et al. [38] and
Mahalingam et al. [39], which could be systematically injected and excreted by the renal
system, thus enabling intraoperative ureteral identification without the need for ureteral
stenting. However, both reports concern in animal studies, and they have not yet been
tested in humans.
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Figure 3. Ureter identification during pelvic dissection. Steven D. Wexner personal archive.

3.2.2. Intraoperative Urethral Assessment

With the progress made in transanal surgery and especially transanal total mesorectal
(TaTME) excision, one of the main complications reported is urethral injury. The reported
rates of urethral injury in TaTME range from 1% [40] to 6.7% [41]. First, Barnes et al.
described the successful use of ICG mixed with Instillagel® (CliniMed, Buckinghamshire,
UK) to visualize the male urethra in eight cadavers [42]. In another cadaver study, the
same group demonstrated successful visualization of the male urethra with an ICG-silicone
coated Foley catheter [43]. The authors also tested a new dye (IRDye800BK) in this same
study, which has greater depth of penetration than ICG. Barberio et al. [44] demonstrated
the efficacy of ICG/Instillagel® coated Foleys in cadaveric models [43]. Nitta et al. [45]
successfully utilized the IRIS U kit (Stryker, Kalamazoo, MI, USA), an infrared lighted
ureteral stent, for urethral visualization in a TaTME case report [45]. Although it seems
reasonable that the ICG infusion used for ureteral visualization should also aid in visualiz-
ing the urethra, currently there are no available literature reports regarding the use of this
technique for urethral visualization during transanal surgery.

3.2.3. Intraoperative Nerve Assessment

Intraoperative nerve identification is essential, especially in pelvic dissection, as it
could potentially allow the surgeon to recognize and spare these anatomical structures from
adverse urogenital and anorectal sequelae. Recently Jin et al. [46] reported a pilot trial in
which ICG was used to guide intraoperative nerve identification in colorectal surgery. They
injected 4.5 mg/kg ICG intravenously 24 h before surgery in seven patients. Using this
technique, the authors confirmed the intraoperative identification of the inferior mesenteric
artery plexus and sacral plexus. Their trial was the first to report ICG use for identifying
pelvic nerves in colorectal surgery. However, further studies are needed to define the
optimal dosage and administration time of ICG.

3.3. Tumor Assessment

Tumor visualization and localization can be beneficial in many scenarios of colorectal
surgery. There can be discrepancies in tumor location between endoscopic assessment and
intraoperative findings; this sometimes results in a different surgical strategy to the one
originally planned. In addition, tumor visualization may sometimes allow the surgeon
to better delineate the resection margins. The first report of intraoperative fluorescent
tumor localization was published in 2016 by Handgraaf et al. [47], although the main
focus was sentinel lymph node identification using ICG. There are several reports in the
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literature [48–52] regarding the feasibility of ICG imaging in primary tumor visualization
and real-time navigation. Atallah et al. [53] reported a case wherein fluorescence-guided
surgery along with a robotic-assisted stereotactic navigational system were successfully
utilized for complex locally advanced rectal cancer surgery. More recently, Satoyoshi
et al. [54] reported a case series wherein ICG was injected near the tumor in the submucosal
layer of the bowel preoperatively using endoscopy. The tumor detection rate was 100%
within six days of preoperative marking, and the ICG did not cause any inflammatory
phenomena (compared to conventional preoperative tattooing) [54]. A similar later study
by Ahn et al. [55] confirmed this finding but further focused on better lymph node visu-
alization and retrieval using ICG. Another novel fluorescent adjunct for intraoperative
tumor localization was presented by Narihiro et al. [56]. They reported the use of a novel
fluorescent clip (ZEOCLIP FS, Zeon Medical Co, Tokyo, Japan), which was placed a few
days prior to the surgery and was easily detected from the serosal side intraoperatively.
Similar clips were more recently reported by Lee et al. [57] and Ryu et al. [58].

3.4. Lymphatic Mapping

Colorectal cancer spreads through the lumen to the submucosa, where it can start
spreading through the lymph nodes. Thus, lymph node yield is critical, and the removal of
all potential tumor involved lymph nodes is mandatory. Nishigori et al. [59] performed
perioperative, peritumoral, and submucosal ICG injection in 21 patients. They noted that
lymph flow was intraoperatively visible in 18/21 patients. Most importantly, they reported
a change in the extent of mesenteric resection and vessel ligation in 23.5% of patients.
Similar results are reported in later studies [54,60–62]. Along with the feasibility of the
intraoperative ICG imaging of lymphovascular drainage in colorectal cancer, a later study
by Chand et al. [63] also showed that the success of lymphatic imaging was affected by
the quantity of ICG injected into the bowel wall and that India ink tattooing that could
potentially block lymph drainage and cause inflammatory phenomena. Another study by
Goo et al. [64] that included 1079 patients reported that the intraoperative ICG imaging of
lymph drainage, although useful in adequate lymph node yield in early colorectal cancers,
did not yield the same results for more advanced stages. This result may be explained by
the later study of Kakizoe et al. [65]. The authors performed a histopathologic study on
splenic flexure cancer specimens to compare the association of fluorescence and cancer
spread. They reported that the lymph nodes with cancer did not show any fluorescence,
while 80% of the non-occupied lymph nodes were visible with ICG imaging. This could
be a downside to the surgery’s lymphatic mapping and strategic planning since tumor
metastasis might ‘silence’ the lymph nodes and lymphatic drainage that need to be included
in the resected specimen. Similar results by Ushijima et al. [66] indicated that the ICG
imaging of lymph flow was effective in early and not advanced colorectal cancer in their
series of patients.

The idea of the better visualization of the lymphatic flow led to the utilization of
intraoperative ICG imaging to perform CME and right hemicolectomies with D3 lym-
phadenectomy [67–70]. A recent matched control study by Park et al. involving patient
with right-sided T3 and T4 colon cancer, showed that although ICG-guided lymphadenec-
tomy resulted in a significantly higher lymph node yield (39 vs. 30, p = 0.003), the number
of metastatic lymph nodes was not significantly different between the two groups [71].

More recently, the interim analysis of the GREENLIGHT trial, [72] a prospective non-
randomized trial of ICG lymphatic mapping, showed that the extent of the lymphadenec-
tomy was modified based on the results of imaging in 50% of the study population (35/70).
What was more interesting is that they demonstrated that lymph node metastasis was not
correlated with a paucity in ICG signal, as was shown in previous studies. In fact, one third
of the fluorescent resected D3 lymph nodes were positive for malignancy.
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3.5. Sentinel Lymph Node Assessment

An early systematic review and meta-analysis [73] that included 52 studies (n = 3767 patients)
concluded that the sentinel node biopsy was sensitive regardless of tumor location and
T stage The role of the sentinel node in lymph node metastasis detection was initiated
by Gould et al. in 1960 [74]. Although it is well established in plastic, breast, and ENT
surgery, there is no such consensus in colorectal surgery. Additional studies [75–83] have
since been published on the matter, specifically related to techniques of detecting sentinel
lymph nodes in colorectal cancer, such as ICG (Figure 4). Since then, even more systematic
reviews and metanalyses on this subject have been published [84,85]. The most recent was
published in 2021 [86] and the reported pooled detection and accuracy rates were 90% and
77%, respectively, for the T3–T34 and 91% and 98%, respectively, for the T1–T2 group using
the ICG technique for sentinel lymph node assessment. Sensitivity and accuracy were
2.31 [CI: 1.15–4.67] and 1.25 [CI 1.05–1.47] times higher in the T1–T2 group than the T3–T4
group. A more recent study by Picchetto et al. [87] examined the use of ex vivo sentinel
lymph node assessment, reporting promising and reliable results in 22 patients.

 

Figure 4. Sentinel lymph node identification using white light (left) and indocyanine green imaging
(right). Courtesy of the International Society for Fluorescence Guided Surgery (ISFGS).

3.6. Lateral Pelvic Lymph Node Assessment

The role of lateral pelvic node dissection (LPND) in locally advanced rectal cancer
is still controversial, with results from recent meta-analyses stating that it does not affect
disease-free or overall survival but may reduce local recurrence risk [88,89]. Nevertheless,
this procedure is associated with longer operative times, higher morbidity rates than
TME [88,89], and poor visualization due to complex anatomy. In this context, there have
been some recent reports [90–97] on the utilization of ICG for intraoperative visualization
during lateral lymph node dissection for locally advanced rectal cancer. Zhou et al. [90]
compared two patient cohorts undergoing LPND, one under ICG-guidance and a standard
one and showed that using ICG led to significantly lower blood loss and higher lymph
node yield. In a propensity score-matched analysis, Dai et al. [92] confirmed the previous
results that ICG-guided LPND leads to significantly higher lymph node yield and lower
intraoperative blood loss. This group also reported shorter hospital stays and lower
rates of residual disease/recurrence in the ICG group. Another study by Yasui et al. [93]
reported using ICG to identify the SNL in LPND. All 21 patients included in the study
underwent SNL identification before laparoscopic LPND. All patients with negative SNL
had no disease in the remaining lymph nodes retrieved [93]. The same concept had been
previously supported by Noura et al. [82]. Another more recent propensity match analysis
involving 172 patients showed that using ICG in LPND results in a significantly higher
lymph node yield than the conventional method (14 vs. 9 lymph nodes), with no significant
differences in short-term complications [94]. The use of ICG for LPND needs to be fully
established, since there is still no solid evidence of the clear benefit of this procedure in
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terms of survival [95]. Finally, in 2020, Kim et al. [96] reported a new method combining
ICG lateral pelvic lymph node identification with 3D reconstruction images using the
results of preoperative CT scans. More research is needed to elucidate any potential value
of LPDN for locally advanced rectal cancer. The results and perspectives of ICG-guidance,
given the complexity and morbidity associated with LPDN, are promising.

3.7. Distant Disease Assessment
3.7.1. Peritoneal Metastases Assessment

The intraoperative detection of peritoneal metastases, even those not visible to the
naked eye, is a great tool not only for diagnosis but also for treatment in select patients
undergoing cytoreduction and intraperitoneal hyperthermic chemotherapy. First, Liberale
et al. [97] reported the feasibility of ICG imaging in non-mucinous colorectal peritoneal
metastases. They also reported a change in the surgery plan in 1/3 of the study population
as ICG made visible peritoneal lesions that could not be seen with the naked eye [97]. A
relevant metanalysis [98] published in 2020 included three studies and a total of 28 patients
on the ICG imaging of colorectal cancer peritoneal metastases [97,99,100]. In all patients,
ICG was intravenously administered between 0–24 h before surgery. The sensitivity of the
method varied between 72.4% and 96.9%, while the specificity varied between 60% and
100%. Following this, in 2022, González-Abós et al. [101] reported preliminary results of
the ICCP study, a prospective single center trial aiming to assess the diagnostic accuracy
of the quantitative ICG imaging of non-mucinous colorectal peritoneal metastases. The
authors reported that ICG uptake <100 units may suggest benign pathology while >181
units is suggestive of malignancy (sensitivity 89% and specificity 85%). The jury is still
out as to whether this modality could be the standard of care in diagnosing/treating this
specific category of patients with peritoneal metastases.

3.7.2. Liver Metastases Assessment

Colorectal liver metastases are treatable with resection. However, the indications for
the hepatic metastasectomy of colorectal origin are still evolving. Nevertheless, up to 1/3
of patients undergoing the curative resection of colorectal hepatic metastases will have R1
resections (<1 mm resection margin) or residual disease due to the inability to properly
detect intraoperatively [102]. This can severely impact disease-free survival and overall
survival. The intraoperative imaging of the metastases is mostly performed using visual
and haptic feedback and intraoperative ultrasound. There have been several reports on
the use of ICG for intraoperatively localizing colorectal liver metastasis. The most recent
review was by Picollo et al. [102] in 2022 and included 13 studies (literature search through
April 2021). The authors reported a wide variation in the timing of ICG administration
(1 to 14 days preoperatively) as well an average detection rate of metastases with ICG
of 79.03% (range: 57.6–100) compared to 95.97% (range: 93.3–100%) with intraoperative
ultrasound. Since then, four more studies have been published on this issue. In 2021,
Picollo et al. [103] reported the advantage and the possible replacement of tactile feedback
with ICG imaging, a potentially important feature, especially during minimally invasive
surgery. Nevertheless, this study also included patients with hepatocellular carcinoma and
cholangiocarcinoma, therefore, the results cannot be generalized. A prospective single-
center UK study published in 2022 [104] included 15 patients undergoing ICG-assisted
liver metastasectomy. The authors reported that ICG altered the operative plan in almost
half of the patients (43%), despite the concurrent use of intraoperative ultrasound. Finally,
a randomized control trial by He et al. [105] involving 64 patients undergoing hepatic
metastasectomy for colorectal cancer showed that the mean number of intraoperatively
identified colorectal metastases was significantly higher (3.03, SD:1.58) in the ICG imaging
group compared to the non-ICG group (2.28 SD:1.35). The authors also noted that the
1-year recurrence rate was significantly lower in the ICG group, while postoperative
complications were comparable between the two groups. Nevertheless, imaging with ICG,
despite minimizing the need for tactile feedback, can be non-specific, especially regarding
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the resection margins. In this scope, Nishino et al. [106] recently published an animal study
on the ICG-guided resection of colorectal metastases in mice previously injected with a
carcinoembryonic antigen antibody conjugated with a fluorophore. At three weeks after
surgery, tumor weight was significantly lower in the ICG imaging group compared to
the control group. The authors concluded that this technique might potentially improve
hepatic metastasectomy [106].

4. Discussions and Future Perspectives

ICG in colorectal surgery can be beneficial in multiple ways (Table 1). Although it has
been FDA-approved since 1959, [1] the use of ICG has become more prominent in colorectal
surgery over the past ten years. Still, it is still not routinely adopted by colorectal surgeons
as some question its real benefit due to the lack of high-level evidence. In addition, some
have also raised the issue of additional costs of ICG without a scientifically proven benefit.
Nevertheless, a recent cost analysis [20] on the routine use of ICG imaging for anastomotic
perfusion assessment reported that it is cost effective. Based on the assumption that the cost
of AL is more than USD 5616.29 and the cost of ICG-FA is <USD 634.44, and that the given
odds ratio for AL reduction with ICG-use (based on a literature review) is 0.46, the authors
showed that routine use of ICG for anastomotic assessment can reduce the financial burden
of AL.

Table 1. Reported applications of indocyanine green (ICG) imaging in colorectal surgery in literature.

ICG Applications in Colorectal Surgery

Perfusion Assessment

• Bowel Perfusion [5–20]

• Anastomotic Perfusion [5–20,26–29]

• Gracilis Muscle Perfusion [24]

• Anal Advancement Flap Perfusion [25]

• Pedicled Omentoplasty [21,22]
Anatomic Visualization
• Ureteral Visualization [31–36,38,39]

• Urethral Visualization [42–45]

• Nerve assessment [46]
Tumor Localization [47–58]
Lymphatic Mapping [59–72]
Sentinel Lymph Node Identification [75–85]
Lateral pelvic node dissection [88–95]
Distant Metastases Assessment
• Peritoneal Metastases [96–101]

• Liver Metastases [101–107]

ICG is a safe and relatively inexpensive method of perfusion assessment; current
data show its beneficial role in reducing AL. Nevertheless, this is yet to be proven in
well-conducted and powered randomized control trials. Hopefully, the results of the
AVOID study will provide the evidence needed to dissolve any ensuing skepticism on
this modality [15]. A recently published Delphi consensus of international experts on
the use of ICG further supported the use of ICG for anastomotic perfusion assessment
(100% consensus reached), as well as issues such as timing and dosage of ICG for perfusion
assessment during colorectal surgery [108,109]. The other ICG applications for perfusion
assessment, including for gracilis and advancement flaps, although promising, require
further research in order to be routinely implemented into daily practice.

The available studies show promising results with potential practice-changing applica-
tions of this technique including lymph node evaluation. The prematurity and contradictive
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nature of the available data is also reflected in the recent Delphi survey: while experts
agreed that ICG lymphangiography might increase the lymph node yield, they debated
whether the routine use of ICG is needed in cancer surgery for lymph node evaluation or
whether it will impact the resection plan [108,109]. Furthermore, the use of ICG for the in-
traoperative visualization of colorectal peritoneal and liver metastases seems revolutionary,
yet more research is needed for the quantification of ICG signal as well as safely defining
the boundary where fluorescence ceases and healthy tissue ensues. Finally, intraoperative
ICG ureteral visualization, although helpful especially in complicated cases, still lacks the
necessary evidence for routinely implementing this technique in everyday practice. The
parameters listed in Table 2 need to be considered when ICG is utilized for bowel perfusion
assessment and lymph node evaluation.

Table 2. Important parameters during evaluation of blood flow and lymphatic mapping using ICG.

Important Parameters during Evaluation of Blood Flow and Lymphatic Mapping Using ICG

Dosage of ICG
Concentration of ICG
Route of administration
Assessment time (time from ICG injection until assessment)
Quantification of the result

The future may be a combination of ICG applications optimized by artificial intelli-
gence (AI) programs. In 2020, Park et al. [110] reported on an AI/ICG based real-time micro
perfusion application that was more accurate and consistent than conventional ICG imag-
ing. A similar hybrid model was reported by Seeliger et al. [111] The authors performed
a quantitative mucosal and serosal perfusion analysis in porcine ischemic colons using
ICG and computer assisted FLER analysis. They suggested that serosal ICG assessment
might be less indicative of the actual extent of ischemia than the mucosal ICG assessment.
These are only some examples of the evolving AI technology in ICG imaging studies with
potential applications in better quantifying ICG signal and delineating tumor location and
resection margins for colorectal metastases.

5. Conclusions

ICG imaging is undoubtedly a helpful adjunct. ICG perfusion assessment seems to
reduce AL. Its use in ureteric identification, lymphatic mapping and assessing liver and
peritoneal metastases remain developmental. To date, these are the reported applications
of ICG in colorectal surgery. Evidence is low for the majority of these applications.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12020494/s1, Video S1: demonstrates the intraoperative use of
ICG for bowel perfusion assessment.
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Abstract: Antibiotic therapy following surgical perianal abscess drainage is debated, but may be
necessary for high-risk patients. Frailty has been shown to increase the risk of unfavorable outcomes
in elderly surgical patients. This study aims to identify high-risk patients by retrospectively analyzing
a single-center cohort and using a pretherapeutic score to predict the need for postoperative antibiotics
and extended nursing care following perianal abscess drainage surgery. The perianal sepsis risk score
was developed through univariable and multivariable analysis. Internal validation was assessed
using the area under receiver-operating characteristic curve. Elderly, especially frail patients exhibited
more severe perianal disease, higher frequency of antibiotic therapy, longer hospitalization, poorer
clinical outcomes. Multivariable analysis revealed that scores in the 5-item modified frailty index,
severity of local infection, and preoperative laboratory markers of infection independently predicted
the need for prolonged hospitalization and anti-infective therapy after abscess drainage surgery.
These factors were combined into the perianal sepsis risk score, which demonstrated better predictive
accuracy for prolonged hospitalization and antibiotic therapy compared with chronological age or
frailty status alone. Geriatric assessments are becoming increasingly important in clinical practice.
The perianal sepsis risk score identifies high-risk patients before surgery, enabling early initiation of
antibiotic therapy and allocation of additional nursing resources.

Keywords: perianal abscess; sepsis; microbiome; elderly; frailty; fistula; emergency surgery; hospital
resources

1. Introduction

Perianal abscesses are common diseases in general surgery that require urgent ther-
apy [1]. While simple skin abscesses are usually caused by Staphylococci or Strepto-
cocci [2–4], the bacteriology, etiology and treatment principles of perianal abscesses are
more complex [1]. Perianal abscesses are frequently complicated by fistula-in-ano due
to their cryptoglandular origin, which depends on their location [5–9]. Hence, the treat-
ment principles of perianal abscesses are drainage of purulence followed by exploration
of potential fistula-in-ano with the consecutive drainage of the fistula, if present, in the
emergency setting [6–9]. The microbiome present in purulence from perianal abscesses is
diverse, but specific types of microbiota may indicate certain conditions. For example, the
enteric microbiome is predominantly found in abscesses accompanied by fistula-in-ano [1].
Furthermore, certain pre-existing conditions in patients like chronic inflammatory bowel
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diseases or diabetes can be expected to result in distinct bacteriology [1,10–12]. As we have
recently shown, the complexity and severity of perianal abscesses including the severity of
perineal sepsis are mainly determined by two important factors: the microbial pattern and
their acquired drug resistances [1]. While it is still a matter of debate, if antibiotic therapy
should be necessary routinely after surgical abscess drainage, it is generally considered
appropriate for patients at high risk of extensive perianal infection and consequently poor
outcomes [1,13–16]. Nevertheless, the criteria for postoperative antimicrobial therapy have
not been adequately defined.

It is known from other formally trivial diseases in general surgery, that elderly patients
are at higher risk for experiencing a more severe and complicated course [17]. However, it
is less the chronologic age than the multidimensional frailty syndrome, which dramatically
increases the risk for poor outcome and consecutively for additional resource utilization
after various elective and urgent surgical interventions [17–22]. This is currently unknown
for patients with perianal abscesses, thus further research is needed to investigate this
relevant issue in more detail. Frailty can simply be measured by the multidimensional
modified frailty index (mFi), which shows high predictive values for poor outcome after
emergency surgery in elderly patients [17].

The aim of this study was to identify high-risk patients with perianal abscesses who
urgently required prolonged nursing resources and additional anti-infective therapy fol-
lowing surgical drainage. Therefore, the study analyzed the relevant risk factors for worse
patient outcome and focused on the impact of either older age or frailty on the outcomes of
patients with perianal abscesses. This enabled the development of a scoring system which
can identify these high-risk patients on admission to the emergency department. With a
reliable assessment, the score predicts the need for perioperative antibiotic therapy and
additional nursing resources after surgery.

2. Materials and Methods

This exploratory, retrospective single-center cohort study was performed in accordance
with the latest version of the Declaration of Helsinki and was approved by the local ethics
committee of the medical faculty of the University of Giessen (approval No. 66/19). All
patients were treated according to the institutional standard-of-care.

From January 2008 to December 2019, all patients (≥12 y of age), who underwent
surgical treatment at the University Hospital of Giessen for perianal abscess (i.e., surgical
abscess drainage or local abscess excision both with exploration for an accompanying
perianal fistula-in-ano and, if present, primary excision or drainage of the fistula) as well as
for extended surgical tissue excision for advanced perianal/perineal soft tissue infection
originated from perianal abscesses were included in this study.

Patient data were obtained from the prospectively maintained institutional database.
Retrospective availability of presented data was >97%. The present work focused on
the preoperative frailty status of patients who underwent surgery for perianal abscess.
Frailty was assessed independently by two authors of the study in patients ≥60 y of age by
using the 5-item and 11-item modified frailty index (mFi-5, mFi-11) [23,24]. Discrepancies
were resolved by a third party. Two or more points in mFi-5 and/or ≥3 points in mFi-11
indicated frailty.

C-reactive protein (CRP) values and white blood cell counts (WBC) in peripheral blood
were obtained from clinical routine data to assess the extent of systemic inflammation due
to perineal infection or sepsis in patients with perianal abscesses. The rates of antibiotic
therapy and re-do surgery after the index operation were used to assess the complexity of
the disease. Length of hospital stay after index abscess drainage surgery as well as duration
until definitive fistula repair or lost in follow-up rate were used as the surrogate parameters
for short- as well as long-term outcome, respectively.

Two experienced microbiologists independently reviewed the results of the bacterial
cultures and susceptibility tests of swabs obtained from the purulence of perianal ab-
scesses during surgery. The review included assessment of drug resistance of the identified
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microorganisms based on EUCAST (The European Committee on Antimicrobial Suscepti-
bility Testing) breakpoint tables for interpretation of minimum inhibitory concentrations
and zone diameters, v11.0, 2021, as well as intrinsic resistance and unusual phenotypes,
v3.2, 2020 (http://www.eucast.org), with focus on acquired drug resistances as described
previously [1]. Furthermore, detected isolates were classified according to the ESKAPE
definition, which includes highly virulent and frequently drug-resistant pathogens [25].

2.1. Surgery and Perioperative Care

The institutional treatment strategies adhere to the German guidelines for anal abscess
and cryptoglandular fistula [9]. The standard treatments include emergency surgical
drainage or excision of the abscess, followed by careful exploration of the fistula during
the index surgery. Primary fistulectomy is typically performed during index surgery for
superficial fistulas. In cases of unclear findings or complex fistulas, a temporary loose
seton is placed during the index surgery for drainage of the fistula. Fistula repair is then
performed after 4–6 weeks, once the infectious situation has been resolved. Surgeons have
the discretion to obtain swabs from purulence during abscess-drainage surgery. Thus,
swabs are routinely taken from purulence and infected tissue in cases of more severe and
complicated perianal disease with extended soft tissue involvement. However, in cases of
milder and uncomplicated disease, swabs are not routinely obtained.

Antibiotic therapy is not routinely administered after surgery. Indications for post-
operative antibiotic therapy include complicated perianal infection and situations with
perianal as well as perineal sepsis with locally advanced phlegmonous or gangrenous soft
tissue infection. Postoperatively, patients self-rinse the perianal wounds and are discharged
as soon as possible on postoperative day one or two.

2.2. Statistical Analyses

The patient cohort was divided into two groups according to age at time of surgery:
<60 y and ≥60 y. Subsequently, patients with an age of ≥60 y were subdivided regarding
their frailty status to assess the impact of frailty on perioperative patient outcome.

Statistical analyses were performed using GraphPad Prism (Version 9 for Windows,
GraphPad Software, San Diego, CA, USA; www.graphpad.com). Two-group comparisons
were performed using Fisher’s exact test for categorical data and unpaired, two-tailed
Student’s t-test for continuous variables. Data are given in n (%) or mean ± standard
deviation, respectively. If applicable, odds ratios (OR) were calculated using the Baptista–
Pike method.

In cases of fistula-in-ano found during index surgery, the duration until definitive
fistula repair was calculated by Kaplan–Meier estimation. Patients with an initial drainage
of the fistula during index surgery, but were lost in follow-up were censored from this
analysis upon the last contact. This is indicated in the Kaplan–Meier curves by vertical
ticks. Log rank test was used for Kaplan–Meier curve comparisons.

Spearman’s rho rank correlation was used to determine statistical dependencies be-
tween age, frailty, bacteriology and outcome. Results are given as the Spearman’s rank
correlation coefficient (rSP) and respective significances. Heatmaps display correlation
coefficients between the variables.

p-Values ≤ 0.05 indicate statistical significance. Because of the exploratory character
of the study, no adjustments of p-values were performed.

Simple linear regression and multiple linear regression were used for univariable
and multivariable analyses, respectively, to evaluate relevant parameters that impact on
the outcomes “postoperative antibiotic therapy” and “prolonged length of postoperative
hospital stay”. Variables with p-values ≤ 0.01 in univariable regression were included in
the multivariable analysis. Variables with significance in multiple regression analysis, were
included in the perianal sepsis risk score. Areas under the receiver-operating characteristic
(ROC) curves were used to estimate the ability of the score, age or frailty alone in predicting
the need for postoperative antibiotic therapy or prolonged postoperative hospitalization.
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To define prolonged hospitalization, we used a threshold of ≥4 d, which exceeded the mean
postoperative length of stay of the entire patient cohort (i.e., 3.2 d). To obtain comparability
of the ROC curves, areas under the curves (AUC) were directly compared by the method
described by Hanley and McNeil [26].

3. Results

3.1. Patient Characteristics

Overall, 817 patients underwent surgical drainage procedure for perianal abscess
during the study period and were included in the data analysis. Of the patients, 693 were
younger than 60 y and 124 patients were ≥60 y of age. Older patients suffered more
frequently from chronic cardio-pulmonary and metabolic diseases. However, perianal
abscesses were rarely associated with chronic inflammatory bowel diseases in the elderly.
Although no differences were seen in the rate of fistula-in-ano, perianal disease was more
complex in elderly patients, reflected by higher preoperative CRP values, longer operation
times as well as higher odds for local severe (gangrenous) tissue infection (OR: 4.281, 95%CI:
1.455–12.680), need for postoperative antibiotic therapy (OR: 1.832, 95%CI: 1.217–2.731)
and re-do surgery during short-term follow-up (OR: 2.629, 95%CI: 1.374–4.915). More indi-
viduals from the elderly cohort were transferred to the intensive care unit postoperatively
and, accordingly, postoperative hospitalization was much longer (Table 1). In this regard,
regression analyses reveal discrete linear correlations between patient age, CRP elevation
and duration of postoperative hospitalization (Supplementary Figure S1). Nevertheless, no
differences were seen in duration until fistula repair nor in overall recurrence rates between
younger and older patients (Table 1, Figure 1).

Table 1. Characteristics of patients stratified by age.

Variable
Age < 60 Years
n = 693

Age ≥ 60 Years
n = 124

p-Value

Female sex, n (%) 190 (27.4%) 20 (16.1%) 0.0074

Age, years ± SD 38.9 ± 11.7 67.8 ± 6.1 -

Body mass index, kg/m2 ± SD 27.7 ± 7.0 29.2 ± 6.4 0.0246

Diabetes mellitus, n (%) 32 (4.6%) 31 (25.0%) <0.0001

Active smoking, n (%) 261 (37.7%) 20 (16.2%) <0.0001

Chronic pulmonary disease, n (%) 43 (6.2%) 19 (15.3%) 0.0013

Coronary artery disease, n (%) 12 (1.7%) 18 (14.5%) <0.0001

CIBD, n (%) 73 (10.5%) 5 (4.0%) 0.0201

Systemic immunosuppression #, n (%) 32 (4.6%) 10 (8.1%) 0.1211

Duration of surgery, min ± SD 17.33 ± 13.80 22.17 ± 17.81 0.0006

Preoperative laboratory parameters
White blood cell count, giga/L ± SD
C-reactive protein, mg/L ± SD

11.4 ± 6.1
45.0 ± 61.2

12.1 ± 7.5
77.5 ± 84.4

0.2929
<0.0001

Supralevatoric or pararectal abscess, n (%) 25 (3.6%) 4 (3.2%) 1

Gangrenous infection of surrounding tissue, n (%) 8 (1.2%) 6 (4.8%) 0.0123

Detection of fistula during index surgery, n (%) 426 (61.5%) 80 (64.5%) 0.5481

Primary fistula drainage, n (%)
Primary fistulectomy, n (%)

323 (75.8%)
103 (24.2%)

55 (68.8%)
25 (31.3%) 0.2069

Failure to fistula repair in long-term follow-up, n (%) 75 (17.6%) 15 (18.8%) 0.8734

Stool deviation/stoma rate, n (%) 9 (1.3%) 8 (6.5%) 0.0017

114



J. Clin. Med. 2023, 12, 5219

Table 1. Cont.

Variable
Age < 60 Years
n = 693

Age ≥ 60 Years
n = 124

p-Value

Postoperative antibiotic therapy, n (%)
Change in antibiotic therapies, n (%)

160 (23.1%)
10 (1.4%)

44 (35.5%)
2 (1.6%)

0.0047
1

Re-do surgery (short-term follow-up), n (%) 32 (4.6%) 14 (11.3%) 0.0057

Overall recurrency §, n (%) 138 (19.9%) 19 (15.3%) 0.2661

Postoperative stay at intensive or intermediate care unit, n (%) 12 (1.7%) 9 (7.2%) 0.0019

Duration of postoperative in-hospital stay, d ± SD 2.9 ± 6.6 5.4 ± 10.0 0.0003

30 day mortality, n (%) 1 (0.001%) 1 (0.01%) 0.5889

n patients without intraoperative abscess swab
n patients with intraoperative abscess swab
n patients without germ detection
n patients with germ detection

389 (56.1%)
304 (43.9%)
24 (7.9%)
280 (92.1%)

67 (54.0%)
57 (46.0%)
2 (3.5%)
55 (96.5%)

0.6950

0.3996

n patients with polybacterial culture & 112 (36.8%) 34 (59.6%) 0.0018

n patients with ESKAPE $ bacteria
n patients with > 1 ESKAPE bacteria

202 (66.4%)
31 (10.2%)

42 (73.7%)
8 (14.0%)

0.3550
0.3608

n patients with (acquired) drug-resistant germ(s) 177 (58.2%) 43 (75.4%) 0.0175
# Including chemotherapy within eight weeks before abscess surgery. § Including patients with recurrent perianal
abscess in long-term follow-up after index surgery or perianal abscess in the patient’s history. & Excluding fungi.
$ Although not intended to classify community-acquired infections, the ESKAPE (Enterococcus faecium, Staphylo-
coccus aureus, Klebsiella pneumoniae, Acinetobacter baumanii, Pseudomonas aeruginosa, Enterobacter sp.) definition was
used. SD = standard deviation. CIBD = chronic inflammatory bowel disease. CRP = C-reactive protein.

Figure 1. Kaplan–Meier estimation of duration from index surgery to definitive fistula repair. The
total patient cohort (A) was stratified by age (<60 y versus ≥60 y of age); (B) the elderly patient cohort
(i.e., patients with an age ≥ 60 y) was subdivided regarding their frailty status (frail versus non-frail).

3.2. Impact of Frailty on Patient Outcome

From the older patient cohort, 63 patients were classified as being non-frail and 61 as
frail. Group comparisons demonstrated that not chronological age alone but rather frailty
impacted perioperative outcome. Frail patients suffered from more complex and severe
diseases, indicated by higher preoperative CRP and—by tendency—WBC, longer operation
times, higher rates of postoperative antibiotic therapy (OR: 4.690, 95%CI: 2.139–10.19), re-do
surgery (OR: 7.469, 95%CI: 1.702–34.33) and stool deviation (OR: 8.037, 95%CI: 1.352–91.80)
compared with elderly but non-frail patients. Frailty was accompanied with higher odds for
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postoperative intensive care (OR: 9.358; 95%CI: 1.327–105.4) and prolonged postoperative
hospitalization (Table 2). In this regard, especially, the indices from mFi-5 correlated with
preoperative markers of systemic inflammation and length of postoperative hospitalization
in linear regression analyses (Supplementary Figure S1).

Table 2. Characteristics of aged patients stratified by frailty status.

Variable
Age ≥ 60 Years
Non-Frail
n = 63

Age ≥ 60 Years
Frail
n = 61

p-Value

Female sex, n (%) 13 (20.6%) 7 (11.5%) 0.2230

mFi-5, score ± SD
mFi-11, score ± SD

0.5 ± 0.5
0.7 ± 0.7

2.4 ± 0.8
3.1 ± 1.2

-
-

Duration of surgery, min ± SD 18.4 ± 12.0 26.6 ± 21.8 0.0123

Preoperative laboratory parameters
White blood cell count, giga/L ± SD
C-reactive protein, mg/L ± SD

10.9 ± 3.9
58.3 ± 69.6

13.4 ± 9.9
97.9 ± 94.1

0.0625
0.0090

Supralevatoric or pararectal abscess, n (%) 2 (3.2%) 2 (3.3%) 1

Gangrenous infection of surrounding tissue, n (%) 0 6 (9.8%) 0.0124

Detection of fistula during index surgery, n (%) 39 (61.9%) 41 (67.2%) 0.5770

Primary fistula drainage, n (%)
Primary fistulectomy, n (%)

23 (59.0%)
16 (41.0%)

32 (78.0%)
9 (22.0%) 0.0915

Failure to fistula repair in long-term follow-up, n (%) 4 (6.3%) 11 (18.0%) 0.0852

Stool deviation/stoma rate, n (%) 1 (1.6%) 7 (11.5%) 0.0312

Postoperative antibiotic therapy, n (%)
Change in antibiotic therapies, n (%)

12 (19.0%)
0

32 (52.5%)
2 (3.3%)

0.0001
0.2400

Re-do surgery (short-term follow-up), n (%) 2 (3.2%) 12 (19.7%) 0.0042

Overall recurrency §, n (%) 7 (11.1%) 12 (19.7%) 0.2185

Postoperative stay at intensive or intermediate care unit, n (%) 1 (1.6%) 8 (13.1%) 0.0160

Duration of postoperative in-hospital stay, d ± SD 2.6 ± 2.9 8.4 ± 13.3 0.0009

30 day mortality, n (%) 1 (1.6%) 0 1

n patients without intraoperative abscess swab
n patients with intraoperative abscess swab
n patients without germ detection
n patients with germ detection

41 (65.1%)
22 (34.9%)
0
22 (100%)

26 (42.6%)
35 (57.4%)
2 (5.7%)
33 (94.3%)

0.0188

0.5175

n patients with polybacterial culture & 14 (63.6%) 20 (57.1%) 0.2287

n patients with ESKAPE $ bacteria
n patients with >1 ESKAPE bacteria

19 (86.4%)
4 (6.3%)

23 (65.7%)
4 (6.6%)

0.1242
0.6975

n patients with (acquired) drug-resistant germ(s) 16 (72.7%) 27 (77.1%) 0.7584

Two points or more in mFi-5 and/or ≥3 points in mFi-11 indicate frailty. § Including patients with recurrent
perianal abscess in long-term follow-up after index surgery or perianal abscess in the patient’s history. & Excluding
fungi. $ Although not intended to classify community-acquired infections, the ESKAPE (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanii, Pseudomonas aeruginosa, Enterobacter sp.) defini-
tion was used. CIBD = chronic inflammatory bowel disease. CRP = C-reactive protein.

Although advanced age was not, frailty was a potential risk factor for patients to be lost
in follow-up for fistula repair by tendency (OR: 3.208, 95%CI: 0.9410–9.808). Furthermore,
the duration until fistula repair was significantly longer in frail patients (Table 2, Figure 1).

3.3. Bacteriology and Correlation Analyses

Correlation analyses basically confirmed the results of the two-group comparisons.
Especially the scores in mFi-5 correlated with relevant outcome data including elevation
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of preoperative CRP (mFi-5: rSP = 0.211, p = 0.020; frailty: rSP = 0.247, p = 0.006, age:
rSP = 0.110, p = 0.002), rates of gangrenous tissue infection (mFi-5: rSP = 0.315, p = 0.002;
frailty: rSP = 0.232, p = 0.010; age: rSP = 0.100, p = 0.004), postoperative antibiotic therapy
(mFi-5: rSP = 0.355, p < 0.0001; frailty: rSP = 0.354, p < 0.0001; age: rSP = 0.122, p = 0.001),
stool deviation (mFi-5: rSP = 0.276, p = 0.002; frailty: rSP = 0.205, p = 0.019; age: rSP = 0.126,
p < 0.0001.), re-do surgery (mFi-5: rSP = 0.266, p = 0.003; frailty: rSP = 0.265, p = 0.003;
age: rSP = 0.065, p = 0.063), intensive care (mFi-5: rSP = 0.254, p = 0.004; frailty: rSP = 0.222,
p = 0.013; age: rSP = 0.150, p < 0.0001), duration of postoperative hospital stay (mFi-5:
rSP = 0.442, p < 0.0001; frailty: rSP = 0.431, p < 0.0001; age: rSP = 0.174, p < 0.0001) and the
rate of patients who were lost in follow-up for fistula repair (mFi-5: rSP = 0.225, p = 0.045;
frailty: rSP = 0.212, p = 0.059; age: rSP = −0.080, p = 0.071).

According to the clinical standard [1], overall, 44.2% of the patients received intraop-
erative swabs from abscesses with a consequent detection of germs in 41.0%. Older age
alone but not frailty was associated with higher risk for polybacterial culture. Furthermore,
the rate of acquired drug resistances of the detected germs according to EUCAST guide-
lines was higher in the elderly population. Correlation analyses revealed the detection
rate of Streptococcus sp. was higher in elderly patients (mFi-5: rSP = 0.083, p = 0.540;
frailty: rSP = −0.004, p = 0.976; age: rSP = 0.117, p = 0.027). The detection rate of E. coli
was markedly lower in frail patients; however, age itself did not play a role in that finding
(mFi-5: rSP = -0.315, p = 0.017; frailty: rSP = −0.285, p = 0.032; age: rSP = −0.030, p = 0.566).
Furthermore, mFi scores but not chronological age correlated by tendency with the finding
of Prevotella in perianal abscess swabs (mFi-5: rSP = 0.246, p = 0.068; mFi-11: rSP = 0.237,
p = 0.069; age: rSP = 0.002, p = 0.977). No other significant and clinically relevant influences
of age or frailty on the specific bacteriology to be expected in perianal abscesses were found
in the correlation analyses (Tables 1 and 2, Figure 2).

Figure 2. Correlation analysis of chronological age, scores in modified frailty indices or frailty
status with relevant perianal disease characteristics. As shown in the legend, the colors code for the
Spearman’s rank correlation coefficient (rSP). Redder colors indicate the more positive correlation,
bluer colors the more negative correlation. mFi-5 = 5-item modified frailty index. mFi-11 = 11-item
modified frailty index. PRE = preoperative. WBC = white blood cell count. CRP = C-reactive protein.
PO = postoperative. ICU = Intensive Care Unit (including the stay at the intermediate care unit).
E. = Escherichia. Sp. = species.
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3.4. Score Development and Validation

Data analysis shows that preoperative scores in mFi-5, CRP, WBC and signs of se-
vere local tissue infection are important factors to consider for postoperative antibiotic
therapy and longer hospital stay, i.e., a prolonged need for professional nursing resources
(Tables 3 and 4).

Table 3. Perioperative determinants for the need for postoperative antibiotic therapy.

Variable

Univariable Analysis Multivariable Analysis
Included
in Scorer2 p Value

Coefficients
t p Value

B Std. Error 95% CI

Postoperative antibiotic therapy

Age [years] 0.016 0.0003 0.003 0.007 −0.010–0.017 0.489 0.6260

mFi-5 [score] 0.125 <0.0001 0.094 0.038 0.018–0.170 2.461 0.0154 Yes

BMI [kg/m2] 0.000 0.5257 - - - - -

WBC [giga/L] 0.015 0.0005 0.001 0.006 -0.010–0.012 0.142 0.8872

CRP [mg/L] 0.176 <0.0001 0.002 0.001 0.001–0.004 4.216 <0.0001 Yes

Complex abscess # 0.000 0.7036 - - - - -

Fistula-in-ano −0.000 0.8681 - - - - -

Fistual seton inserted 0.001 0.3714 - - - - -

Gangrenous infection § 0.043 <0.0001 0.065 0.205 −0.340–0.471 0.318 0.7507

CIBD 0.003 0.1308 - - - - -

Immunosuppression 0.016 0.0004 −0.095 0.138 −0.368–0.177 0.6926 0.4900

Acquired drug resistances 0.005 0.1845 - - - - -

ESKAPE & 0.002 0.4234 - - - - -

Perioperative variables that have a significant influence on the need for additional anti-infective therapy in
univariable analysis were included in the multivariable regression model. Variables that pass significance in
multivariable analysis were included in the new perianal sepsis risk score. # i.e., Pararectal or supralevatoric
abscess. § Gangrenous infection of surrounding tissue. & Although not intended to classify community-acquired
infections, the ESKAPE (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanii,
Pseudomonas aeruginosa, Enterobacter sp.) definition was used. mFi-5 = (preoperative) 5-item modified frailty index.
BMI = body mass index. WBC = (preoperative) white blood cell count in peripheral blood. CRP = (preoperative)
C-reactive protein value. CIBD = chronic inflammatory bowel disease.

Table 4. Perioperative determinants for prolonged hospital stay, i.e., need for prolonged professional
nursing resources.

Variable

Univariable Analysis Multivariable Analysis
Included
in Scorer2 p Value

Coefficients
t p Value

B Std. Error 95% CI

Length of postoperative in-hospital stay

Age [years] 0.014 0.0008 −0.292 0.191 −0.675–0.091 1.534 0.1317

mFi-5 [score] 0.144 <0.0001 2.714 1.244 0.213–5.216 2.182 0.0341 Yes

BMI [kg/m2] 0.006 0.0238 - - - - -

WBC [giga/L] 0.022 <0.0001 0.780 0.267 0.243–1.316 2.923 0.0053 Yes

CRP [mg/L] 0.123 <0.0001 0.032 0.016 −0.001–0.064 1.944 0.0577 Yes

Complex abscess # −0.001 0.5172 - - - - -
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Table 4. Cont.

Variable

Univariable Analysis Multivariable Analysis
Included
in Scorer2 p Value

Coefficients
t p Value

B Std. Error 95% CI

Fistula-in-ano −0.015 0.0005 0.151 2.566 −5.008–5.310 0.059 0.9533

Fistual seton inserted −0.005 0.0424 - - - - -

Gangrenous infection § 0.318 <0.0001 17.460 5.281 6.839–28.080 3.306 0.0018 Yes

CIBD 0.000 0.9412 - - - - -

Immunosuppression 0.003 0.1411 - - - - -

Acquired drug resistances 0.023 0.0037 3.594 2.860 −2.157–9.345 1.256 0.2150

ESKAPE & −0.007 0.1277 - - - - -

Perioperative variables that have a significant influence on the length of postoperative in-hospital stay in univari-
able analysis were included in the multivariable regression model. Variables that pass significance in multivariable
analysis were included in the new perianal sepsis risk score. # i.e., Pararectal or supralevatoric abscess. § Gan-
grenous infection of surrounding tissue. & Although not intended to classify community-acquired infections, the
ESKAPE (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanii, Pseudomonas
aeruginosa, Enterobacter sp.) definition was used. mFi-5 = (preoperative) 5-item modified frailty index. BMI = body
mass index. WBC = (preoperative) white blood cell count in peripheral blood. CRP = (preoperative) C-reactive
protein value. CIBD = chronic inflammatory bowel disease.

As a result, mFi-5 score, elevated CRP, abnormal WBC and signs of severe local tissue
infection were included in the proposed perianal sepsis risk score (Table 5) for perianal abscesses.

Table 5. Perianal sepsis risk score.

Perianal Sepsis Risk Score [0–9 points]

Variable Value Score

Preoperative mFi-5 [score] 0
1–5

0
1–5

Preoperative C-reactive protein [mg/L]
0–49
≥50
≥100

0
1
2

Preoperative white blood cell count [giga/L]
≤4
4–10.9
≥11

1
0
1

Local severe surrounding tissue reaction * No
Yes

0
1

* phlegmonous or gangrenous, surrounding the perianal abscess, assessed preoperatively or intraoperatively.

The preoperative CRP mean value of the entire patient cohort (49.97 mg/l) was used
as the cutoff for a positive score, and each doubling of the value was given an extra
point. The sepsis guidelines recommended a preoperative WBC threshold of <4 giga/l and
≥11 giga/L [27].

The score was internally validated using ROC analysis in the retrospective patient
cohort, demonstrating a significant predictive power for the need for postoperative antibi-
otic therapy and prolonged in-hospital stay for perianal sepsis following surgical abscess
drainage. This was observed in both the total patient cohort and the elderly patient sub-
group (all: p < 0.0001).

In the direct comparison of AUC by the Hanley and McNeil method [26], the score
demonstrated significantly higher predictive values in elderly patients with perianal
abscesses compared to the overall patient cohort for both postoperative antibiotic ther-
apy (all patients: AUC = 0.7149 ± 0.0221; 95%CI: 0.6717–0.7582 versus elderly patients:
AUC = 0.8518 ± 0.0334; 95%CI: 0.7864–0.9173; p < 0.0001) as well as prolonged in-hospital

119



J. Clin. Med. 2023, 12, 5219

stay (all patients: AUC = 0.7845 ± 0.0246; 95%CI: 0.7364–0.8327 versus elderly patients:
AUC = 0.8220 ± 0.0399; 95%CI: 0.7438–0.9001; p = 0.0095). Specifically, the predictive value
of the score was superior to either age or frailty assessment alone (Figure 3).

Figure 3. Areas under the receiver-operating characteristic curves of the new perianal sepsis risk
score or chronological age and native frailty status alone in predicting the need for postoperative
antibiotic therapy (A,C) or prolonged postoperative hospitalization (B,D): either in the total patient
cohort (A,B) or in the elderly patient cohort (≥60 y of age; C,D). Areas under the receiver-operating
characteristic curve are given with their respective p-values. Asterisks indicate p-values obtained
from direct comparisons of the areas under the receiver-operating characteristic curves between
the new perianal sepsis risk score with native frailty and chronological age alone: * ≤0.1; ** ≤0.05;
*** <0.01; **** <0.0001. Four days or more was defined as a prolonged postoperative hospitalization.
PO = postoperative. LOS = length of (postoperative) hospital stay. AUC = area under the receiver-
operating characteristic curve. Score = new perianal sepsis risk score.

In patients with a score of two or higher, there was a higher occurrence of antibiotic
therapy and longer hospital stays after surgery. The score was especially effective in elderly
patients, with excellent sensitivity at a score of two or higher. The specificity improved
either by increasing the score or by adding points from different domains of the score
(Table 6).
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4. Discussion

Our data suggest that the etiology and bacteriology of perianal abscesses in elderly pa-
tients differ from the disease in younger patients. However, as is known from other surgical
interventions [17–22], our data also reveal that the frailty status of aged people—and not
their chronological age—mainly determines the outcome in both the short as well as longer
term after surgery for perianal abscesses. These findings are the expression of the mul-
tidimensional frailty syndrome, which involves physiological and psychological aspects
and results in loss of functional reserve and increased vulnerability upon surgery, as stated
recently by Cappe et al. [18]. However, not only is the postsurgical situation precarious,
because frail patients in our study suffered from more severe and complex diseases (higher
rates of severe surrounding tissue infection, higher preoperative CRP values), they also, as
a consequence, needed stool deviation, re-do surgery and postoperative antibiotic therapy
more frequently.

Routine antibiotic treatment for controlling perianal infection initiated primarily either
perioperatively or immediately after surgical abscess drainage with or without approaching
fistula-in-ano is disputed in the current literature and certainly not generally necessary
for every patient [13–16,28]. However, our data show that there are patients in whom the
well-known principles of abscess therapy “ubi pus, ibi evacua” do not seem to be sufficient
alone. Thus, antibiotic therapy in addition to abscess drainage would be beneficial. In this
regard, the univariable and multivariable analyses presented here reveal that not only the
clinical signs of severe local tissue infection and the laboratory signs of severe systemic
inflammatory response but also the frailty status of (aged) patients increase the odds for
anti-infective treatment in addition to surgical drainage of perianal abscesses. Furthermore,
the sum of these parameters additionally predicts the need for prolonged hospitalization
in terms of more intensive treatment and nursing, as well, in these patients. For the sake
of simplicity, these parameters either derive preoperatively from clinical routine or can
be easily and time-sparingly determined at initial presentation in the emergency room,
as is the case for mFi-5 [17]. The parameters were included in the novel perianal sepsis
risk score. Thereby, ≥2 points in elderly patients (i.e., ≥60 years of age), best obtained
from different domains of the score, were investigated as being highly predictive of the
need for both antibiotic therapy and prolonged hospitalization already at the time of first
presentation in the emergency room. Hence, the score provides important new insights
into treatment modalities of a putative old disease whose therapy is currently debated
in an outpatient setting. The score identifies sensitively those patients with high risk for
perianal sepsis, poor outcome and situations in which surgery alone is not sufficient for
the treatment of perianal abscesses. The perianal sepsis risk score consequently indicates
with high sensitivity the need for additional antibiotic therapy and the prolonged need
for professional (nursing) care. This correlation analysis presented here as well as the
bacteriology and resistance heatmap from the former work by Bender et al. [1] may guide
the most effective antibiotic therapy. However, local differences in the resistances profile
should be carefully considered.

Our study has impressively shown that frailty status is associated with more complex
and severe disease, poorer short-term and long-term outcomes. Despite the high predictive
power of the scoring system developed here for the need for antibiotic therapy and pro-
longed professional (nursing) care in elderly patients with perianal abscesses and perianal
sepsis, our study has relevant limitations. The perianal sepsis risk score has been developed
and internally validated based on clinical signs of local severe soft tissue infection, labora-
tory signs of systemic inflammatory response and the frailty status of our cohort of over 800
patients. However, the external validation of the score and thus the evidence to introduce
the perianal sepsis risk score into clinical routine is currently pending. This must now be
carried out in a future prospective study, so that the score can prove its clinical applicability
with its time-efficient calculation as well as diagnostic accuracy. In this prospective setting,
it is essential to assess the clinical effectiveness of perioperative antibiotic therapy following
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abscess drainage, particularly concerning its impact on the outcomes especially of older
and frail patients.

5. Conclusions

In summary, outpatient care is not favorable for the patients concerned, and the
perianal sepsis risk score allows the appropriate measures to be initiated—antibiotic therapy,
additional resource calculation and organized ambulatory nursing care—already at the time
of initial presentation in the emergency department. The score identifies these high-risk
patients, who should be given further optimal access to ambulatory long-term follow-up
after acute care.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12165219/s1, Figure S1: Linear relationships between chrono-
logical age and modified frailty indices with preoperative markers of systemic inflammation and
length of postoperative hospitalization as surrogate parameters for disease severity and short-term
outcome, respectively.
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Abstract: Hemorrhoidal disease (HD) is a chronic multifactorial disease. Increased abdominal pres-
sure, along with hyperperfusion, neovascularization, overexpression of inflammatory mediators, and
dysbiosis, contributes to the development of HD. The deterioration of the anchoring connective tissue
with reduced collagen content and altered collagen ratios, dilatation of blood vessels and thrombosis,
muscle injury, and inflammation gradually lead to clinically manifesting prolapse and bleeding from
hemorrhoids. The associations of the ABO blood types with a disease have been investigated for the
upper gastrointestinal tract only. This study aimed to evaluate HD clinical manifestations, surgeries
carried out, and the status of prolapsed anorectal tissues by exploring the associations with the
patients’ ABO blood groups. Clinical and various morphological methods, combined with extensive
bioinformatics, were used. The blood type 0, grade III and IV HD individuals constituted the largest
group in a moderately-sized cohort of equally represented males and females studied and submitted
to surgical treatment of hemorrhoids. There were significantly more complaints reported by HD
females compared to males (p = 0.0094). The Longo technique appeared mostly used, and there
were proportionally more surgeries performed below the dentate line for HD individuals with blood
type 0 compared to other blood type patients (24% vs. 11%). HD males were found to present with
significantly more often inflamed rectal mucosa (p < 0.05). Loosening and weakening of collagenous
components of the rectal wall combined with vascular dilation and hemorrhage was found to differ
in 0 blood type HD individuals compared to other types. HD males were demonstrated to develop
the ruptures of vascular beds significantly more often when compared to HD females (p = 0.0165).
Furthermore, 0 blood type HD males were significantly more often affected by a disease manifested
with tissue hemorrhage compared to the 0 blood type HD females (p = 0.0081). Collectively, the local
status of chronically injured anorectal tissue should be considered when applying surgical techniques.
Future studies could include patients with HD grades I and II to gain a comprehensive understanding
of the disease progression, allowing for a comparison of tissue changes at different disease stages.

Keywords: hemorrhoidal disease; clinical manifestations; surgery; prolapsed anorectal tissue; ABO
blood groups; morphology

1. Introduction

Hemorrhoidal disease (HD) is one of the most common anorectal diseases, affecting
13–36% of the general population [1–8]. The prevalence of HD is estimated as high as 88%,
depending on the definition used [9,10]. About 50% of people over the age of 50 years have
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complaints due to HD [1,4,11,12]. Identical in both genders, the disease commonly affects
individuals aged 45 to 65 [1,4,11–18], while external thrombosed hemorrhoids are reported
at a younger age (<45) and are more pronounced in women [12,19].

The most studied and generally accepted risk factors for HD are chronic constipation
and slow bowel movements [4,11,12,15,20,21]. However, several additional risk factors—
aging, obesity, straining, pregnancy, lifestyle, spicy food, alcohol, sedentary lifestyle, and
physical activity are mentioned [7,15,20,22,23]. Low fiber intake (<12 g/day) and insuf-
ficient hydration (<2 L/day) are reported to increase the risk of HD development [22].
Reversely, sufficient use of a fiber-rich diet is demonstrated to reduce HD symptoms and
bleeding by 50% [24]. Advancing age and strenuous lifting, straining with defecation,
and prolonged sitting are believed to contribute sufficiently to the abnormal downward
displacement of the anal cushions causing venous dilatation in HD [1,3,4,25]. Pathophysio-
logical studies highlight increased abdominal pressure as a significant factor [2,11,25,26],
along with hyperperfusion, neovascularization [7,27], overexpression of inflammatory
mediators [21], and dysbiosis [28]. Histopathological changes include the deterioration
of anchoring connective tissue with reduced collagen content and altered collagen ra-
tios [24,29–31]. All these factors collectively weaken the perivascular connective tissue and
lead to the dilation of blood vessels, resulting in the formation of hemorrhoids.

HD has very different symptoms and manifestations—itching, swelling, anal dis-
charge, hygienic problems, bleeding, and pain [2]. A total of 40% of individuals with HD
are asymptomatic [1,3,4,14,32]. For internal hemorrhoids, the most commonly reported
symptom is bleeding and the sensation of tissue prolapse [1,6], whereas the most frequently
reported patient complaints are dyschezia, constipation, and diarrhea [2,6,13–15,21].

Surgery is recommended for high-graded internal hemorrhoids, failed non-operative
approaches, or HD complications [1,2,4,11–14,26,33]. Commonly, only 5 to 10% of patients
require surgical hemorrhoidectomy [2–4,11–13,34]. Minimally invasive procedures, such as
LigaSure hemorrhoidectomy, Doppler-guided hemorrhoidal artery ligation, and stapled
hemorrhoidopexy have been introduced as alternatives to excisional hemorrhoidectomy.
However, it is still used for patients presented with complications [1,4,11,21,25,26,35].
Both the conventional Milligan–Morgan (MM) and closed Ferguson and Parks hemor-
rhoidectomy techniques have similar complications: tissue trauma, pain, bleeding, mucosal
discharge, prolonged local care, and anal stricture [13,25,26]. The Ferguson technique shows
better results in terms of wound healing, postoperative pain, and bleeding [8,16,19,36]. The
Longo technique preserves hemorrhoidal tissue by relocating and anchoring prolapsed
internal hemorrhoids and anoderm [1,4,11,13,14,25]. Therefore, the use of stapled hem-
orrhoidopexy has some rationale behind it [9,37]. Stapled hemorrhoidopexy addresses
mucosal prolapse, but traditional stapled hemorrhoidopexy may cause unnecessary tissue
damage [6,38]. A higher hemorrhoidopexy staple line is shown to demonstrate better
functional results, with a lower risk of incorporating part of the internal sphincter and the
anal transitional zone [39–41].

A link between the ABO blood group system and disease has been
demonstrated [32,42–45]. The ABO blood group system, consisting of three main alle-
les, is controlled by a single gene located on chromosome 9. The association between ABO
blood type and bleeding risk and thromboembolic diseases is influenced primarily by the
plasma levels and biologic activity of the Von Willebrand factor (VWF) and glycosyltrans-
ferase activity [8,23,24,46–48]. In the case of VWF, glycosylation is essential for its proper
folding, multimerization, and stability in circulation. In turn, alterations in glycosylation
can lead to structural and functional changes in VWF, affecting its ability to mediate platelet
adhesion and clot formation. On the other hand, the ABO blood group system is reported
to affect some specific aspects of platelet function as well [12] found that blood group
0 is a potential genetic risk factor for bleeding, while [29] found that blood group 0 is
associated with increased bleeding severity in patients with bleeding of unknown cause.
Moreover, blood group 0 has been associated with an increased risk of severe hemorrhages
and lower hemostatic potency observed in upper gastrointestinal bleeding [23,28–30]. For
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the upper gastrointestinal tract, oral mucosal bleeding, peptic ulcer disease, erosive disease,
and cirrhosis-associated gastroesophageal variceal bleeding are recognized as the most
common causes of bleeding [31]. Although some evidence suggests an association between
ABO blood type and bleeding from hemorrhoids, most often confirmed in patients with
blood group 0 and the least common in B and AB blood group individuals [44,49], current
understanding of the relationship between the development of hemorrhoids and different
ABO blood groups is incomplete. Therefore, several research questions appeared to be
addressed in the given study, as follows: (i) what are the clinical manifestations of HD in
patients of different ABO blood groups? (ii) How does the local status of chronically injured
anorectal tissue influence the choice and success of surgical techniques for HD? (iii) Are
there significant differences in reported complaints between male and female HD patients,
particularly related to ABO blood types? (iv) How do the composition and condition of
collagenous components of the rectal wall and anal canal differ in HD patients with blood
type 0 compared to other blood types? (v) Are there any gender differences among HD
patients with blood type 0 experiencing hemorrhage? (vi) Are there differences in the
presence of chronically injured anorectal tissue and inflamed rectal mucosa between male
and female HD patients? To address the aforementioned issues, we conducted this study
to evaluate HD clinical manifestations, surgeries carried out, and the status of prolapsed
anorectal tissues by exploring the associations with patients’ ABO blood groups. In pursuit
of this goal, we also attempted the assessment of possible differences between HD in
younger and older male and female patients.

2. Materials and Methods

2.1. Patients’ Characteristics

In this observational study, the study population was chosen from the database of
316 patients who were treated surgically from September 2020 to June 2021 at Pauls Stradins
Clinical University Hospital, Riga, Latvia. The database used for patient selection was
comprehensive and included HD patients from regional medical centers, thus enhancing
the representativeness of the study population. Sixty adult, equally distributed male
and female patients clinically presented with HD grades III and IV were found eligible
for inclusion in the study. The recruited participants were representative of the target
population, ensuring external validity. Inclusion criteria were defined as follows: age over
18 years, HD grades III and IV, refractory to conservative measures, and persistent clinical
manifestation for the last year. Exclusion criteria were concomitant anorectal inflammatory
disease (fistula, abscess, inflammatory bowel disease), colon or anal cancer, history of
colon or anorectal operation, additional or multiple surgeries required, and active use of
immunosuppressants. Patients underwent a thorough anamnesis and physical examination,
including inspection, digital-rectal examination, and ano/rectoscopy. The hemorrhoidal
disease was defined as symptomatic according to the Goligher classification. All patients
underwent hemorrhoidectomy or hemorrhoidopexy surgery. Post-interventional follow-up
included clinical examination and ano/rectoscopy after four weeks. Medical records and
anorectal tissues of these patients were used in this retrospective study. The certified
proctologist collected the data, thus ensuring accuracy and consistency. The information
on gender, age, blood group, complaints, type of operation, complications, and data from
the histopathological examination was extracted from the record and assessed for each
patient. Only standardized data collection protocols and measurement tools were used
to minimize observer bias and ensure objectivity and consistency in data gathering. The
sum of reported complaints was scored as follows: 1—one complaint recorded; 2—two
complaints recorded; 3—three complaints recorded; and 4—four different complaints
recorded. The study was approved by the Ethical Committee of Riga Stradins University
(Decision No. 22-2/264/2021) and conducted according to the Declaration of Helsinki. Any
sensitive information was excluded, and the necessity for informed consent was waived
due to the retrospective design of the study.
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2.2. Histopathological and Histochemical Investigation of Anorectal Tissues

Sixty surgically obtained formalin-fixed and paraffin-embedded (FFPE) anorectal
tissue samples were sectioned and mounted on SuperFrost Plus slides (Gerhard Menzel
GmbH, Braunschweig, Germany). Routine histopathological staining with hematoxylin
and eosin was performed to confirm the diagnosis of HD and accurately detect the site either
above or below the dentate (pectinate) line and surfaced by simple columnar or stratified
squamous epithelium, accordingly. Van Gieson’s and Picro Sirius red staining were used for
the assessment of collagen. The sections stained in Picro Sirius red were further observed
under interference and polarized light that improves the visualization and assessment
of collagen fibers using a Biolar microscope (BIOLAR, Warsaw, Poland) [30,31,49]. The
density of connective tissue fibers appearing in Van Gieson’s and Picro Sirius red staining
was graded semiquantitatively from 0 to 4, where: 0—loose, 1—minimally dense, 2—
moderately dense, 3—markedly dense, and 4—very dense. Furthermore, in each of the
slides, the presence of inflammatory cells, various blood vessels, and hemorrhage was
assessed. The structures were estimated in 5 properly oriented microscopic fields for each
region of interest. The sections were examined by a Leitz light microscope (LEICA, LEITZ
DMRB, Wetzlar, Germany) using a digital camera DC 300F, whereas the images of interest
were captured using a Glissando Slide Scanner (Objective Imaging Ltd., Cambridge, UK).

2.3. Immunohistochemical Investigation of Anorectal Tissues

The expression of vascular type V collagen and CD34 was assessed immunohistochem-
ically. For this purpose, 4–5 μm-thick FFPE sections mounted on SuperFrost Plus slides
(Gerhard Menzel GmbH, Braunschweig, Germany) were used. The IHC protocol recom-
mended by the manufacturer was applied. Briefly, deparaffinized sections were incubated
overnight with the primary mouse monoclonal anti-collagen type V antibody (Abcam,
Cambridge, UK, 1:300 dilution, ab201980) and mouse monoclonal anti-CD34 antibody
(Invitrogen, Camarillo, CA, USA, 1:200 dilution, BI-3C5) at 4 ◦C. A HiDef Detection HRP
Polymer system and a diaminobenzidine tetrahydrochloride substrate kit (Cell Marque,
Rocklin, CA, USA) were used to visualize the products of IHC reactions. Cell nuclei were
counterstained with Mayer’s hematoxylin. Primary antibodies were omitted in the negative
controls of IHC reactions. The reaction results were assessed by two independent observers
blind to the clinical data.

2.4. Statistical Data Analysis

Statistical data analysis, as well as graphing, were performed using Prism 9 software
for macOS (GraphPad Software, LLC, San Diego, CA, USA) and JMP 16 (SAS, Cary, NC,
USA). To improve the comparability of patient groups and increase the reliability of associ-
ations between ABO blood groups and clinical manifestations, a propensity score matching
(PSM) test was performed using the XLSTAT 2023.1.6 (1410) package for Mac as a prelimi-
nary analysis. Clinical parameters were presented as medians with an interquartile range
(IQR). The histopathology and histochemistry data and immunostaining values within the
group were analyzed using the Wilcoxon signed ranks. The Chi-squared test was applied
to compare the distribution of variables used to characterize the extent of inflammation in
HD tissue samples of males and females. Spearman’s rank correlation analysis was applied
to detect the possible correlation between patients’ complaints and histopathology data, as
well as the relation between sex, age, type of surgery, and ABO blood type. A hierarchical
clustering method was used to explore the similarities and differences of data, and to see a
pattern of data obtained, whereas alluvial plots were constructed to show how associations
across categorical dimensions of variables are allocated. The difference between variables
was considered significant at p < 0.05.
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3. Results

3.1. General Clinical Information

During the study time span, 60 subjects were diagnosed with HD stage III and IV and
further submitted to hemorrhoidectomy surgery and anorectal tissue retrieval. The patients’
age, sex, HD staging, complaints, comorbidities, and stratification into four blood groups
are summarized in Figures 1–3. Among all recruited patients, 13 (21.67%) female patients
and 14 (23.33%) male patients were diagnosed with HD stage III, whereas 17 (28.33%)
female patients and 16 (26.67%) male patients were diagnosed with HD stage IV (Figure 2).
In the present study, a major portion of patients presented by blood group 0. There were
55.56, 22.22, 14.81, and 7.41% of HD grade III patients presented by blood groups 0, A, B,
and AB, respectively. Simultaneously, there were 57.58, 21.21, and 21.21% of HD grade IV
patients presented by blood groups 0, A, and B, respectively. Among HD grade IV patients,
no one presented by blood group AB. Two HD grade III males presented by blood group
AB (Figure 2). There were no significant differences found between males and females
presented by different blood groups. Equal numbers of females were presented in a group
of patients aged from 28 to 50 years and in a group of patients aged from 51 to 82 years.
In turn, 19 (31.67%) males constituted a group of patients aged under 50 years, whereas
11 (18.33%) males constituted a group of patients aged above 51 years (Figure 1). There
were no significant differences found between males and females under and above 50 years,
as well as males and females diagnosed with HD stage III and stage IV (Figure 2).

 

Figure 1. A summary of patients’ characteristics related to age, sex, HD staging, complaints,
and comorbidities.
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Figure 2. Distribution of female and male patients of different ages presented with HD grade III and
IV according to their blood group data. The distribution of blood groups according to diagnosis (A).
Distribution of patients with respective diagnosis by blood group (B). Percentage of patient diagnosis
by blood group (C). Diagnosis vs. sex and age and blood groups (D).

 

Figure 3. A spectrum and distribution of complaints reported in HD patients with different blood
groups. Distribution of blood groups according to the complaints level (A–C). Distribution of
complaints level vs. sex and age and blood groups (D).
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3.2. Comorbidities, HD Patients’ Complaints, and Types of Surgery Used

There were seventeen females and seven males presented with comorbidities, whereas
13 (21.67%) females and 22 (36.67%) males did not reveal any comorbidity. Nearly the same
number of female and male subjects reported patient complaints. Hemorrhoidal bleeding,
anal and perianal discomfort, and ODS were the most common complaints reported. In
this study, nine males and eight females reported pain, whereas four males and ten females
reported the presence of bulky external hemorrhoids (Figure 1). Specifically, all individuals
with blood group A reported only one complaint. In this study, blood group 0 individuals
reported several complaints most often. Males had two or three complaints, whereas
females had two, three, or more complaints. There were significantly more complaints
reported by HD females compared to males (p = 0.0094). Simultaneously, no differences
were found between males and females in different age groups (Figure 3D). The Longo
technique appeared mostly used for HD individuals with blood type 0 compared to other
blood type patients (24% vs. 11%) (Figure 4).

 

Figure 4. Type of surgery carried out on patients of grade III and IV HD with different blood groups.

3.3. Histopathological Stratification and Assessment of Tissue Samples Localized above and below
the Dentate Line

Sixty surgically obtained tissue samples of grade III and IV HD cases were used in this
study. Histopathologically, the tissues were stratified into those showing either a simple
columnar or stratified squamous epithelium as a lining of a mucous membrane and those
that included both types joined by the transition zone, and, therefore, reflecting the tissues
of internal and external hemorrhoids, respectively (Figure 5). Differently shaped crypts
were embedded in the loose connective tissue of the lamina propria mucosae (Figure 5E,F),
whereas a stratified squamous epithelium was found to be resting on more tightly packed
connective tissue bundles that supported the basement membrane (Figure 5G,H). The HD
0 blood group individuals constituted a larger group of patients whose surgical samples
were obtained above the dentate line, followed by A, B, and AB blood group individuals—
55.32, 25.53. 14.89, and 4.26%, respectively. In turn, the presence of stratified squamous
epithelium was confirmed in 72.73, 0.00, 27.27, and 0.00% of 0, A, B, and AB blood group
individuals, respectively (Figure 5A). Finally, the surgical samples across the transition zone
with both types of epithelia accounted for 50% of A and B blood group individuals only
(Figure 5A–C). Females presented with surgical samples below the dentate line more often
than males. In turn, two males only presented with tissue samples across the transitional
zone (Figure 5D).
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Figure 5. This figure demonstrates a pattern of the histopathological stratification of tissue samples
localized above and below the dentate line in HD males and females presented with different blood
types (A–D). Elongated and paralleled crypts that are embedded in the loose connective tissue can
be viewed in a polarized light (E) and a differential interference mode (F). A stratified squamous
epithelium that rests on the basement membrane is followed by tightly packed collagenous bundles
supporting the basement membrane and is assessed using a polarized light (G) and a differential
interference mode (H). When observed under polarized light, the lamina propria mucosae reveals
type I and type III collagen fibers stained in yellow-red and green, respectively. Picro Sirius red
staining (E–H). Scale bars: 20 μm.

3.4. Assessment of Chronic Anorectal Tissue Injury in Hemorrhoidal Disease Patients

Chronic mucosal injury of the rectum, including the presence of inflammatory cells,
follicular lymphoid hyperplasia, crypt distortion, and crypt shortfall, was evidenced in the
tissue samples obtained from HD patients (Figure 6A,B). In this study, anorectal tissues
obtained in males were significantly more often inflamed (96.7% vs. 3.3%) than those in
HD females (Figure 6C). In addition, for a better exploration of chronic mucosal lesions
in HD, immunostaining was performed to specify the involvement of vascular and im-
mune cells. Specifically, CD34 immunohistochemistry was applied to track the mucosa
coat vascularity and the presence and distribution of immune cells contributing to crypt
distortion. Endothelial cells of small mucosal blood vessels were positively stained with
the anti-CD34 antibody and, therefore, easily tracked and analyzed. As a surface molecule,
CD34 was found decorating immunocompetent cells infiltrating mucosa (Figure 7E,F). The
mucosa crypt status was assessed extensively, and a degree of crypt damage was scored
(Figure 7A–D). Severely lesioned and inflamed mucosa was found in 47.62, 28.57, 14.29,
and 9.52% of 0, A, B, and AB blood group individuals, respectively (Figure 7D). Both
females and males of 0, A, and B blood groups and males of AB blood type presented with
severely lesioned rectal mucosa. The significant differences between females and males
and different age groups of HD patients when estimating chronic mucosal lesions were not
found. The estimation of anorectal tissues was extended to the submucosa, and the integrity
and density of collagen fibers, including perivascular fibers, were explored by the use of
special stainings—Van Gieson’s and Picro Sirius’s red stainings (Figure 8E–J) and scored
(Figure 8A–C). Loosening of connective tissue collagen was confirmed in HD tissue samples.
The presence of loosened collagen arrangement in the tissue samples was confirmed and
further assessed proportionally to the representative number of HD subjects studied. It
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was determined in a large proportion of HD individuals of 0 blood type—42.86%, followed
by HD individuals of A and B blood types—28.57 and 28.57%, respectively. No significant
differences were found when assessing collagen density in HD males’ and females’ samples
and different age groups (Figure 8D). Immunohistochemistry was applied to target the
expression and distribution of vascular type V collagen and explore its contribution to the
integrity of the vascular wall. The results were assessed using Picro Sirius red staining
and type V collagen immunohistochemistry in all anorectal tissue samples (Figure 9E–H).
The presence of dilated and ruptured submucosal veins was confirmed in 72.73, 13.64,
13.64, and 0%, and 51.35, 27.03, 18.92, and 2.70% of HD individuals of 0, A, B, and AB
blood types, respectively (Figure 9A–C). There were significant differences found when
assessing the vascular integrity in HD males’ and females’ samples but not the age groups
(Figure 9D). In this study, HD males were demonstrated to develop the ruptures of vascular
beds significantly more often when compared to HD females (p = 0.0165). Furthermore,
0 blood type HD males were significantly more often affected by a disease manifested with
tissue hemorrhage compared to the 0 blood type HD females (p = 0.0081).

 

Figure 6. A representative image that depicts the histopathological features of mucosa and submucosa
in HD in the absence (A) and presence (B) of inflammation. (C) The extent of inflammation in the
anorectal samples obtained from males is significantly higher than that in females. (A) The rectal
mucosa reveals paralleled crypts; however, the glands do not rest on the muscular mucosae; the
submucosa houses thin- and thick-walled vessels. (B) The culprit bleeding vessels are visualized
in the rectal mucosa. Inflammatory infiltrate brings to the reduction and distortion of crypts and
produces insertions toward the haphazardly patterned muscular mucosae. Van Gieson’s staining
(A,B). Scale bars: 50 μm.

3.5. Hierarchical Clustering Used for the Exploration of Data Similarities and Visualization Using
Alluvial Plotting

A hierarchical clustering method was used to assess the similarity and differences in
the levels of studied factors. Data for patients in the HD 0 blood group were analyzed
separately from data of HD subjects of A, B, and AB blood types (Figure 10). There were four
different clusters recognized for patients in the group HD 0. A small, orange-colored cluster
was distinguished in the HD 0 blood group only. However, some similarities have emerged
regarding patient complaints and comorbidities, but not the site of surgery, with a blue
cluster representing HD subjects with blood type A, B, and AB. Green cluster consisting only
of HD 0 blood group males undergoing Longo surgery presented with an inflamed mucosa,
heavily deformed crypts, and ruptured blood vessels revealing hemorrhage. In a red-
colored cluster consisting of HD patients of A, B, and AB blood types submitted to Longo
surgery, the levels of certain studied factors, specifically, the presence of inflammation,
deformation of crypts, and damage of blood vessels, were recognized to resemble those
determined for HD 0 blood type individuals. Additionally, alluvial diagrams were plotted
to show how associations across categorical dimensions of variables are allocated. This
type of data representation was used to better visualize an individual spectrum of the
variables studied (HD patients of 0 blood type vs. HD patients of A, B, and AB blood
types, and HD patients submitted to Longo surgery vs. HD patients submitted to other
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types of surgical treatments) and the relationship between variables such as sex, age, HD
grade, comorbidity, complaints, submission to Longo surgery, and anorectal tissue-related
characteristics (Figure 11).

 

Figure 7. The histopathological assessment of chronic mucosal lesions in HD males and females
presented with different blood groups. The schematic presentation of the structural appearance of
crypts in HD patients of 0, A, B, and AB blood types (A–C). The status of mucosal glands is graded
and estimated in HD males and females of different age groups (D). A representative image that
depicts the histopathological features of inflamed mucosa HD (E,F). CD34 immunohistochemistry
(A,B). Scale bars: 50 μm (A), 20 μm (B).

3.6. Multivariate Analysis of Hemorrhoidal Disease Contributing Factors

Multivariate analysis was used to better recognize a pattern of data obtained and to
investigate the dependence between multiple variables at the same time. A correlation
matrix, as plotted and demonstrated in Figure 12, indicates that in this study, females
reported complaints slightly more often than males (r = −0.30). Elderly persons with HD
were more likely to develop inflammation than younger patients with HD (r = 0.24). As
predicted, one patient’s complaints were positively associated with comorbidities (r = 0.35).
The application of the Longo technique appeared to be more beneficial for patients pre-
sented with a simple columnar epithelium in their tissue samples when compared to those
presented with a stratified squamous epithelium or the transitional zone (r = −0.52). This
technique was applied to patients who presented with crypt distortion (r = 0.46), hemor-
rhage (r = 0.45), and inflammation (r = 0.39). Inflammatory infiltrate that surrounded a
crypt was determined more frequently when compared to the stratified squamous epithe-
lium (r = −0.63), and hemorrhage was confirmed more often in the mucosa coat covered
by a simple columnar epithelium (r = −0.62). A decrease in the density of connective
tissue was associated with hemorrhage (r = −0.34) and larger inflammatory infiltrates
(r = −0.34). Severely distorted crypts were strongly associated with ruptured blood vessels,
hemorrhage, and the presence of larger infiltrates (r = 0.74). Finally, the occurrence of
ruptured blood vessels with hemorrhage was confirmed to be moderately associated with
tissue inflammation (r = 0.59).
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Figure 8. The histochemical assessment of connective tissue collagen fibers in HD males and females
presented with different blood groups (A–D). Loosely (E) or more densely (F) structured submucosa
houses thick and thin-walled congested blood vessels, Van Gieson’s staining (E,F). Scale bars: 50 μm.
Perivascular collagen is assessed in thick (G,H) and thin-walled (I,J) vessels using a differential
interference (G,I) and a polarized light mode (H,J). When observed under polarized light, type I and
type III collagen fibers are stained in yellow-red and green, respectively. Picro Sirius red staining
(H,J). Scale bars: 20 μm.

Finally, a comparative analysis of the proportion of main categorical variables ex-
plored in this study for HD patients of blood type 0 and other blood types was performed
(Figure 13). There were proportionally more surgeries performed below the dentate line
for HD individuals of blood type 0 compared to other blood type patients (24% vs. 11%).
Furthermore, the 0 blood type individuals presented more often with normally appearing
mucosal glands compared to other blood type patients (24% vs. 11%). Proportions for mini-
mally and markedly densely arranged connective tissue collagen fibers were differently
presented in HD individuals of blood type 0 compared to other blood type patients, as it
appears in a pie chart. Notably, dilated submucosal veins were two times more common
(38% vs. 16%) in the samples of HD individuals with blood type 0 when compared to other
blood types. Simultaneously, anorectal tissues obtained from the 0 blood type individuals
were less inflamed (29% vs. 15%) when compared to other blood types. Finally, Longo
surgery was equally applied in all HD patients.
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Figure 9. This figure illustrates the architectural peculiarities of collagen and its contribution to the
maintenance of vascular integrity. Distribution of blood groups according to the patients blood vessel
status (A). Distribution of blood vessels status by patients blood group (B). Distribution of blood
vessel status by patients blood group in percentage (C). Blood vessel status vs. sex and age and
blood group (D). Small arterioles are embedded in a collagenous matrix that reveals a haphazard
orientation of fibers partly inserted into the hemorrhage area (E). Congested and markedly enlarged
submucosal vessels (F). Inflamed mucosa with crypt distortion and thickened muscular mucosa;
small mucosal and submucosal vessels are labeled with the anti-collagen type V antibody (G). Small
dilated submucosal vessels labeled with the anti-collagen type V antibody are surrounded by a large
hemorrhage (H). Picro Sirius red staining (E,F). Collagen type V immunohistochemistry (G,H). Scale
bars: 50 μm (E–G), 20 μm (H).

 

Figure 10. Hierarchical clustering shows the similarities of data points related to the studied system.
The clades and leaves of a tree included data on the histopathological evaluations of a variety of
anorectal tissue parameters in 60 subjects with grade III and IV HD submitted to surgical treatment,
information about a patient’s age and sex, complaints, and comorbidities.
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Figure 11. Alluvial diagrams represent flows among nodes. In these diagrams, individual observa-
tions are presented as rows, while characteristics are presented as columns. The width of each line
and the flow path that stems from it are determined by the proportional fraction of the category total.
The left panel illustrates how many patients of 0 blood type/patients of A, B, and AB blood types
were males/females aged below or over 50 years, presented with HD grade III/IV, had comorbidities,
and reported one or more complaints. The right panel shows how a high proportion of HD females
and males have undergone Longo surgery or other types of surgical treatments, had 0 or A, B, and
AB blood types, and presented with inflammation, damaged blood vessels and mucosal glands, and
a certain density of connective tissue in their samples.

 

Figure 12. A correlogram of the studied variables. In this graph, correlation coefficients are colored
according to the value. Positive correlations are displayed in blue, whereas negative correlations are
shown in red. Color intensity is proportional to the correlation coefficients. Colored circles indicate
associations with a significance level of p < 0.05.
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Figure 13. Comparison of the proportion of categorical variables studied for HD individuals of
0 blood type and other blood types.

4. Discussion

In this study, HD clinical manifestations, surgeries carried out, and the status of
prolapsed anorectal tissues by exploring the associations with patients’ ABO blood groups
were analyzed. Younger and older male and female HD patients were investigated to
target the possible differences between the aforementioned groups of subjects. To reach
the goal, various histopathological methods, microscopies, and extensive bioinformatics
tools were used. The given study also has some features of novelty. Firstly, the novelty
of this study lies in exploring clinical manifestations and reported complaints among HD
patients, particularly concerning their ABO blood types, which adds a novel perspective
to understanding the disease’s clinical presentation. Secondly, the association between
ABO blood groups and the status of prolapsed anorectal tissues in HD patients has been
investigated, thus contributing to a comprehensive understanding of the disease and its
potential underlying mechanisms. Thirdly, the novelty lies in investigating the potential
gender-specific differences in the presence of inflamed rectal mucosa among HD patients
and the predisposition to tissue hemorrhage in HD patients, particularly in relation to
blood type 0. Finally, the assessment of the integrity and density of collagen, a bulk of
anorectal tissue, and its loosening, contributing to the development of HD, provides a
better understanding of the disease’s pathophysiology.

Hemorrhoids are vascular submucosal cushions that prevent stool leakage from the
rectum [2,3,13,14,20]. They are classified based on their position relative to the dentate line:
internal hemorrhoids above the line, covered by simple columnar epithelium, and external
hemorrhoids below the line, covered by stratified squamous epithelium [1,2,21]. Studies
have linked various factors, such as aging, genetics, intestinal issues, and dysbiosis, to the
development of hemorrhoids [25,28,50]. Among other HD development promoting factors,
abnormal connective tissue morphology and dysregulated blood flow in the affected anal
cushions have been mentioned [1,2,7,15,18,37]. However, the complex analysis of tissue
stratified by the location of the lesion and associated HD surgery has not yet been fully
performed. Additionally, no prior research has explored potential connections between
clinical symptoms, surgical treatments, and different ABO blood types in individuals with
hemorrhoids, making this study novel.

Various surgical methods for hemorrhoid therapy have distinct benefits, indica-
tions, contraindications, and complications. However, no gold standard exists. Con-
ventional excisional hemorrhoidectomy is commonly used for grade III and grade IV
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HD treatment, with energy devices helping to reduce postoperative pain and bleed-
ing [51]. The MM technique involves leaving wounds open for 3–5 weeks for healing.
On the other hand, the Longo technique is considered safe and effective for grade II and
III HD [2,4,11,13,14,26,27,32], showing excellent short-term results [2,8,16,18,19]. However,
its efficacy for larger and more complicated HD treatments, as well as long-term follow-up,
remains debated [8,13,19]. Other authors have found that conventional hemorrhoidectomy
had more complications and a higher recurrence rate compared to stapled hemorrhoidopexy
(Longo) within one year [1,4,32]. Long-term results of the Longo procedure with a 12-year
follow-up were also evaluated [1,4,32]. Several systematic reviews suggested that stapled
hemorrhoidopexy was less effective than conventional hemorrhoidectomy [1]. In Europe,
particularly in France, Italy, and the United Kingdom, the MM-modified technique is widely
used [51]. Modified techniques utilizing LigaSure tissue-sealing devices allow for faster
operations with reduced bleeding and tissue damage, especially with increasing surgical
experience [52]. In our study, stapled hemorrhoidopexy appeared as a surgical technique
used most often and with fewer postoperative complications.

Numerous postoperative complications have been reported, including bleeding, re-
lapses, surgical site hematoma, thrombosis, urine retention, incontinence, stenosis, and
recto-vaginal fistula in female patients [42,53–56]. However, the frequency of complica-
tions has decreased since 2015 [36]. Postoperative pain after stapled hemorrhoidopexy is
associated with various factors such as incorrect technique, anal wounds, inflammation in
the stapled ring, age, or pelvic floor nerve stimulation [38,44,54,56–58]. Pain after the MM
application is linked to bleeding and inflammation, often leading to acute reoperations
to stop postoperative bleeding [6]. Delayed post-hemorrhoidectomy bleeding (DPHB) is
an important complication that can occur between the fourth and eighteenth days after
the procedure [26]. Risk factors for DPHB include the use of the LigaSure device by the
surgeon and constipation, with an incidence of 0.9–49% [6]. On the contrary, other studies
reported the early period hemorrhage—within three days [25]. In our study, DPHB was
established on days 4, 5, 7, and 8 postoperatively when applying the Longo technique,
and only once bleeding was demonstrated after LigaSure hemorrhoidectomy. Rates of
postoperative bleeding have been reported as 2.4% and 5.7% in patients who underwent
stapled procedures and hemorrhoidectomy, respectively [59]. Secondary bleeding after
hemorrhoid surgery occurs in 0.6–2.4% of cases, with the highest probability on the sixth
to ninth postoperative day [34]. Severe postoperative bleeding is recognized in 0.7% of
patients only [60].

Previously, a reduction in the amount of connective tissue collagen was shown in HD.
Other authors have reported a decrease in the ratio of type I to III collagen leading to the im-
paired mechanical stability of the perivascular tissue in HD patients [30,31,49,61]. However,
approval of whether changes in collagen formation in HD are caused by external factors
and metabolic changes or are influenced by genetic factors remains unsolved. Recently,
connective tissue dysfunction was proven in HD-predisposed individuals conducting
genome-wide analysis [23]. In the aforementioned study, prioritized genes encoding macro-
molecules, including collagens highly expressed in hemorrhoidal tissue, were identified.
Furthermore, COL5A2, which encodes for type V collagen, was found to be implicated in
the development of HD. Type V collagen is widely recognized as an essential molecule
for major collagen types I and III fibril formation. The results of the collagen assessment
obtained in the given study are in line with these observations. In this study, a decrease
in the density of connective tissue was accompanied by gradual dilation of submucosal
veins and hemorrhage. Furthermore, loosening and weakening of collagenous components
of the rectal wall combined with vascular dilation and hemorrhage was found to differ
in 0 blood type HD individuals compared to other types. HD males were demonstrated
to develop the ruptures of vascular beds significantly more often when compared to HD
females, and 0 blood type HD males were significantly more often presented with tissue
hemorrhage compared to females. Other authors suggested that venous dilation and
ruptures are the sources of bleeding. Furthermore, vascular malformations may become
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susceptible to injuries during defecation, and hemostatic failure may gradually develop in
HD [47]. The exploration of the vascular supply and blood flow to the hemorrhoidal tissues
is of value when developing advanced HD treatment techniques, including hemorrhoidal
de-arterialization procedures [46,48,62]. Stapled hemorrhoidopexy lifts the hemorrhoidal
cushions back up into their normal anatomical position and interrupts the mucosal and
submucosal internal hemorrhoidal vascular pedicles, thus reducing the arterial flow.

HD is characterized by severe vasodilatation, which causes inflammation of the sur-
rounding tissues and leads to extravasation in the interstitial space, increased permeability
of blood vessels, fragility, and migration of inflammatory cells [24,63,64]. An increase in
vascular permeability in chronically injured and inflamed tissue was shown to occur along
with the elevation of the expression of CD34 and other adhesion molecules on the surface
of vascular endothelial and immune cells [65].

In this study, we investigated the mucosa coat vascularity and the presence and
distribution of immune cells contributing to crypt distortion using CD34 immunohisto-
chemistry. Even rather small mucosal blood vessels were positively stained with the
anti-CD34 antibody and easily tracked. The immunocompetent cells infiltrating mucosa
were scored, and the contribution of larger inflammatory infiltrates to crypt distortion
was estimated. HD males were found to present with significantly more often inflamed
rectal mucosa. Elderly patients with HD were reported to develop inflammation more
likely than younger patients in connection with the duration of the pathology, ischemia,
vasculitis, toxins, medications, chronic tissue injury, diet (citrus, coffee, cola, beer, garlic,
spices, and sauces), and smoking [64]. The presence of inflammation in the anorectal pas-
sage before the operation can be considered reliable when using preparations containing
flavonoids, which are anti-inflammatory, antibacterial, vasoconstrictive, bleeding-reducing,
and wound-healing [24,50,63]. Notably, some flavonoids were shown to inhibit gene
expression and some pro-inflammatory cytokines [57].

The associations between ABO blood type and disease have been studied since the
early 1900s when researchers determined that blood plasma antibodies and antigens on the
surface of red blood cells are inherited [30,42,51,66]. The ABO blood group system consists
of three main alleles and is controlled by a single gene located on the terminal portion of
the long arm of chromosome 9 (9q34. 2) [32,42,43,52]. The link between the ABO blood type
and thromboembolic diseases and bleeding risk is intervened by the glycosyltransferase ac-
tivity and plasma levels, and the biologic activity of Von Willebrand factor, a carrier protein
for coagulation factor VII which is low in the blood group 0 [24,27,47,52–54]. Previously, an
ABO blood group 0 was demonstrated to have an important role in upper gastrointestinal
bleeding [30]. The blood group 0 was shown to be associated with an increased risk of
developing more severe hemorrhages and lower hemostatic potency [29,42,44,52,55]. Fur-
thermore, blood group 0 was shown to be prevalent in patients with bleeding for unknown
reasons compared to the normal population and to be associated with increased bleeding
severity similar to bleeding from esophageal, gastric, and duodenal ulcers [29,44,66]. How-
ever, the difference was not confirmed when studying the associations between postpartum
hemorrhage and blood type [23,53]. Simultaneously, the subjects other than the blood group
0 were reported to have an increased risk of developing coronary heart disease and venous
thrombosis compared with 0 blood group individuals [12,44,52]. Therefore, the presence of
non-0 blood type somehow may be assumed to be predisposing for thromboses [32,54,56].
Simultaneously, patients with blood group AB were shown to have a significantly higher
90-day survival compared with other blood groups [29,55]. In turn, this investigation
proved that individuals with 0 blood type who have hemorrhoids (HD) show differences
in the rectal wall’s collagenous components, vascular dilation, and hemorrhage compared
to individuals with other blood types. Additionally, HD males with 0 blood type are
more prone to developing ruptures of vascular beds and experiencing tissue hemorrhage
compared to HD females with 0 blood type.

The results of this study must be viewed in light of some limitations. The relatively
small sample size is one of the limitations of the given study. It was performed on a small-
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sized HD patient cohort. This limitation may affect the generalizability of the findings to
a larger population. The authors acknowledge that certain characteristics were assessed
mainly through categorical variables. This might limit the depth of analysis and under-
standing of complex relationships between variables. The study aimed at the anorectal
tissue assessment, and the resected tissues were obtained from advanced HD grade III
and IV patients. Therefore, the authors did not explore the plausible tissue changes to
occur earlier in HD grade I-II patients. Next, due to the retrospective character of the
study, some clinical data remained not specified and analyzed in the present study, which
might bring some new results and interpretations. Finally, realizing that the 0 blood group
individuals constitute the majority worldwide, we created a non-0 group representatives’
group by combining A, B, and AB blood group patients. This grouping might not account
for potential differences between individual blood groups. However, a combined group
of patients with blood groups A, B, and AB and a group of the 0 blood group individuals
contrasting them were equalized, and the proportions of characteristics were assessed.

5. Conclusions

This retrospective study provides valuable insights into a spectrum of clinical manifes-
tations and surgical treatments applied to treat prolapsing HD, as well as the assessment
of anorectal tissue changes associated with the disease. The observed mucosal inflam-
mation, connective tissue loosening, and vascular wall ruptures leading to hemorrhage
are symptoms of prolapsing HD across all blood types—additionally, the presence of
multiple complaints increases in patients with comorbidities. The study demonstrates
the effectiveness of the most commonly used surgical therapy for curing HD and offers
important information on the origin of patients’ complaints, the applied therapy, and
the localization of tissue lesions subjected to further resection. There was a higher level
of tissue inflammation observed in men. However, further investigation is needed to
understand its potential impact on the presentation of local symptoms in the context of
edema. Notably, anorectal tissues obtained from HD individuals with blood type 0 showed
relatively lower levels of inflammation compared to other blood types, while congested
and markedly dilated submucosal veins were more frequently found in HD individuals
with blood type 0. Given the relatively small cohort size, future studies should aim for a
larger sample to enhance the generalizability of the findings and improve the statistical
power for detecting significant associations. To gain a comprehensive understanding of
the disease progression, future studies, when possible, should include patients with HD
grades I and II, allowing for a comparison of tissue changes at different disease stages.
Future studies should carefully account for confounding variables, such as age, gender,
and comorbidities, to obtain more robust and reliable findings. Finally, collaborating with
multiple medical centers can increase the diversity of the patient population and improve
the external validity of the findings.

Author Contributions: Conceptualization, I.F. and V.G.; methodology, I.F., V.G. and Š.S.; formal
analysis, I.F. and V.G.; investigation, I.F., V.G. and E.S.; data curation, I.F. and Š.S.; writing—original
draft preparation, I.F. and V.G.; writing—review and editing, I.F. and V.G.; visualization, I.F., V.G.
and Š.S.; bioinformatics—Š.S.; supervision, V.G. and A.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received funding (Nr. 6-DN-20/2/2023) from Riga Stradin, š University Depart-
ment of Doctoral Studies for the purchase of reagents and coverage of the article processing charge.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Ethics Committee of Riga Stradin, š University
(decision No. 22-2/264/2021).

Informed Consent Statement: Patient consent was waived due to the analysis of retrospective
anonymous patient data.

141



J. Clin. Med. 2023, 12, 5119

Data Availability Statement: A publicly available bibliographic database, PubMed.gov, was used
in this study (accessed from May 2020 till July 2023). The complete search query is specified in
Section 2 of the article. The full bibliographic reference list is available upon request from the
corresponding author.

Acknowledgments: The authors would like to acknowledge the Riga Stradin, š University Department
of Doctoral Studies for support in acquiring the reagents. We would also like to thank Elza Rate for
additional support during the collection of some tumor specimens.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Migaly, J.; Sun, Z. Review of Hemorrhoid Disease: Presentation and Management. Clin. Colon Rectal Surg. 2016, 29, 22–29.
[CrossRef]

2. Lohsiriwat, V. Treatment of hemorrhoids: A coloproctologist’s view. World J. Gastroenterol. 2015, 21, 9245–9252. [CrossRef]
3. Kibret, A.A.; Oumer, M.; Moges, A.M. Prevalence and associated factors of hemorrhoids among adult patients visiting the surgical

outpatient department in the University of Gondar Comprehensive Specialized Hospital, Northwest Ethiopia. PLoS ONE 2021,
16, e0249736. [CrossRef] [PubMed]

4. Mott, T.; Latimer, K.; Edwards, C. Hemorrhoids: Diagnosis and Treatment Options. Am. Fam. Physician 2018, 97, 172–179.
Available online: http://www.ncbi.nlm.nih.gov/pubmed/29431977 (accessed on 3 January 2021). [PubMed]

5. Rubbini, M.; Ascanelli, S. Classification and guidelines of hemorrhoidal disease: Present and future. World J. Gastrointest. Surg.
2019, 11, 117–121. [CrossRef]

6. Gallo, G.; Martellucci, J.; Sturiale, A.; Clerico, G.; Milito, G.; Marino, F.; Cocorullo, G.; Giordano, P.; Mistrangelo, M.; Trompetto,
M. Consensus statement of the Italian society of colorectal surgery (SICCR): Management and treatment of hemorrhoidal disease.
Tech. Coloproctol. 2020, 24, 145–164. [CrossRef] [PubMed]

7. De Marco, S.; Tiso, D. Lifestyle and Risk Factors in Hemorrhoidal Disease. Front. Surg. 2021, 8, 729166. [CrossRef]
8. Pata, F.; Gallo, G.; Pellino, G.; Vigorita, V.; Podda, M.; Di Saverio, S.; D’Ambrosio, G.; Sammarco, G. Evolution of Surgical

Management of Hemorrhoidal Disease: An Historical Overview. Front. Surg. 2021, 8, 727059. [CrossRef]
9. Jayaswal, M.K.; Maurya, O.K. Retrospective Assessment of the Outcome of the Stapled Haemor-rhoidopexy for Haemorrhoids

against Conventional Open Technique. Int. J. Pharm. Clin. Res. Orig. Res. Artic. 2022, 14, 705–711. Available online: www.ijpcr.com
(accessed on 3 January 2021).

10. Hong, Y.S.; Jung, K.U.; Rampal, S.; Zhao, D.; Guallar, E.; Ryu, S.; Chang, Y.; Kim, H.O.; Kim, H.; Chun, H.-K.; et al. Risk factors for
hemorrhoidal disease among healthy young and middle-aged Korean adults. Sci. Rep. 2022, 12, 129. [CrossRef]

11. Mir Mohammad, P.; Sadeghi, P.M.M.; Rabiee, M.; Darestani, N.G.; Alesaheb, F.; Zeinalkhani, F. Short term results of stapled
versus conventional hemorrhoidectomy within 1 year follow-up. Int. J. Burn. Trauma 2021, 11, 69–74.

12. Sahin, M.; Emektar, E.; Kılıç, N.A.; Ozturk, D.; Bulus, H. The role of platelet parameters in thrombosed hemorrhoids. J. Coloproctol.
2020, 40, 362–367. [CrossRef]

13. Percalli, L.; Passalia, L.; Pricolo, R.; Riccò, M. Pre-operative assessment of internal mucosal rectal prolapse in internal hemorrhoids:
Technical details and results from a single institution. Acta Bio Medica Atenei Parm. 2019, 90, 308–315. [CrossRef]

14. Salgueiro, P.; Caetano, A.C.; Oliveira, A.M.; Rosa, B.; Mascarenhas-Saraiva, M.; Ministro, P.; Amaro, P.; Godinho, R.; Coelho, R.;
Gaio, R.; et al. Portuguese Society of Gastroenterology Consensus on the Diagnosis and Management of Hemorrhoidal Disease.
GE-Port. J. Gastroenterol. 2020, 27, 90–102. [CrossRef] [PubMed]

15. Aigner, F.; Gruber, H.; Conrad, F.; Eder, J.; Wedel, T.; Zelger, B.; Engelhardt, V.; Lametschwandtner, A.; Wienert, V.; Böhler, U.; et al.
Revised morphology and hemodynamics of the anorectal vascular plexus: Impact on the course of hemorrhoidal disease. Int. J.
Color. Dis. 2009, 24, 105–113. [CrossRef]

16. Watson, A.J.; Cook, J.; Hudson, J.; Kilonzo, M.; Wood, J.; Bruhn, H.; Brown, S.; Buckley, B.; Curran, F.; Jayne, D.; et al. A
pragmatic multicentre randomised controlled trial comparing stapled haemorrhoidopexy with traditional excisional surgery for
haemorrhoidal disease: The eTHoS study. Health Technol. Assess. 2017, 21, 1–223. [CrossRef]

17. Roervik, H.D.; Styr, K.; Ilum, L.; McKinstry, G.L.; Dragesund, T.; Campos, A.H.; Brandstrup, B.; Olaison, G. Hemorrhoidal
Disease Symptom Score and Short Health ScaleHD: New Tools to Evaluate Symptoms and Health-Related Quality of Life in
Hemorrhoidal Disease. Dis. Colon Rectum 2019, 62, 333–342. [CrossRef]

18. Davis, B.R.; Lee-Kong, S.A.; Migaly, J.; Feingold, D.L.; Steele, S.R. The American Society of Colon and Rectal Surgeons Clinical
Practice Guidelines for the Management of Hemorrhoids. Dis. Colon Rectum 2018, 61, 284–292. [CrossRef]

19. Maternini, M.; Guttadauro, A.; Chiarelli, M.; Bianco, G.L.; Pecora, N.; Gabrielli, F. Pervenuto in Redazione Dicembre 2018. Ann.
Ital. Chir. 2018, 89, 101–106, pii:S0003469X1802818X.

20. Alonso-Burgos, A. Interventional Radiology Should be Competitive—If Haemorrhoids are Arteriovenous Connections, It is Now
the Time for Liquids? Commentary on “Superior Rectal Artery Embolisation for Haemorrhoids: What do We Know so Far?”.
Cardiovasc. Interv. Radiol. 2021, 44, 686–688. [CrossRef]

142



J. Clin. Med. 2023, 12, 5119

21. Serra, R.; Gallelli, L.; Grande, R.; Amato, B.; De Caridi, G.; Sammarco, G.; Ferrari, F.; Butrico, L.; Gallo, G.; Rizzuto, A.; et al.
Hemorrhoids and matrix metalloproteinases: A multicenter study on the predictive role of biomarkers. Surgery 2015, 159, 487–494.
[CrossRef] [PubMed]

22. Labidi, A.; Maamouri, F.; Letaief-Ksontini, F.; Maghrebi, H.; Serghini, M.; Boubaker, J. Dietary habits asso-ciated with internal
hemorrhoidal disease: A case-control study. Tunis Med. 2019, 97, 572–578. [PubMed]

23. Zheng, T.; Ellinghaus, D.; Juzenas, S.; Cossais, F.; Burmeister, G.; Mayr, G.; Jørgensen, I.F.; Teder-Laving, M.; Skogholt, A.H.; Chen,
S.; et al. Genome-wide analysis of 944 133 individuals provides insights into the etiology of haemorrhoidal disease. Gut 2021, 70,
1538–1549. [CrossRef] [PubMed]

24. Said, O.; Khamaysi, I.; Kmail, A.; Sadiq, O.; Saied, B.; Fulder, S.; Abofarekh, B.; Masalha, M.; Amin, R.; Saad, B. Anti-Inflammatory,
Antimicrobial, and Vasoconstriction Activities of an Anti-Hemorrhoidal Mixture of Alchemilla vulgaris, Conyza bonariensis, and
Nigella sativa: In Vitro and Clinical Evaluations. Immuno 2022, 2, 132–150. [CrossRef]

25. Lee, K.-C.; Liu, C.-C.; Hu, W.-H.; Lu, C.-C.; Lin, S.-E.; Chen, H.-H. Risk of delayed bleeding after hemorrhoidectomy. Int. J. Color.
Dis. 2019, 34, 247–253. [CrossRef]

26. Ng, K.-S.; Holzgang, M.; Young, C. Still a Case of “No Pain, No Gain”? An Updated and Critical Review of the Pathogenesis,
Diagnosis, and Management Options for Hemorrhoids in 2020. Ann. Coloproctol. 2020, 36, 133–147. [CrossRef]

27. Willis, S.; Junge, K.; Ebrahimi, R.; Prescher, A.; Schumpelick, V. Haemorrhoids—A collagen disease? Color. Dis. 2010, 12,
1249–1253. [CrossRef] [PubMed]

28. Palumbo, V.D.; Tutino, R.; Messina, M.; Santarelli, M.; Nigro, C.; Lo Secco, G.; Piceni, C.; Montanari, E.; Barletta, G.; Venturelli,
P.; et al. Altered Gut Microbic Flora and Haemorrhoids: Could They Have a Possible Relationship? J. Clin. Med. 2023, 12, 2198.
[CrossRef]

29. Mehic, D.; Hofer, S.; Jungbauer, C.; Kaider, A.; Haslacher, H.; Eigenbauer, E.; Rejtő, J.; Schwartz, D.; Jilma, B.; Ay, C.; et al.
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Abstract: Avoiding the extensive damage of pelvic structures during ventral rectopexy could minimize
secondary disfunctions. The objective of our observational study is to assess the safety and functional
efficacy of a modified ventral rectopexy. In the modified ventral rectopexy, a retroperitoneal tunnel
was created along the right side of rectum, connecting two peritoneal mini-incisions at the Douglas
pouch and sacral promontory. The proximal edge of a polypropylene mesh, sutured over the ventral
rectum, was pulled up through the retroperitoneal tunnel and fixed to the sacral promontory. In all
patients, radiopaque clips were placed on the mesh, making it radiographically “visible”. Before
surgery and at follow up visits, Altomare, Longo, CCSS, PAC-SYM, and CCFI scores were collected.
From March 2010 to September 2021, 117 patients underwent VR. Modified ventral rectopexy was
performed in 65 patients, while the standard ventral rectopexy was performed in 52 patients. The open
approach was used in 97 cases (55 and 42 patients in modified and standard VR, respectively), while
MI surgery was used in 20 cases (10 and 10 patients in modified and standard VR, respectively). A
slightly shorter operative time and hospital stay were observed following modified ventral rectopexy
(though this was not statistically significant). Similar overall complication rates were registered in
the modified vs. standard ventral rectopexies (4.6% vs. 5.8%, p = 0.779). At follow-up, the Longo
score (14.0 ± 8.6 vs. 11.0 ± 8.2, p = 0.042) and “delta” values of Altomare (9.2 ± 6.1 vs. 5.9 ± 6.3,
p = 0.008) and CCSS (8.4 ± 6.3 vs. 6.1 ± 6.1, p = 0.037) scores were significantly improved in the
modified ventral rectopexy group. A similar occurrence of symptoms recurrence was diagnosed in
the two groups. Radiopaque clips helped to accurately diagnose mesh detachment/dislocation. The
proposed modified VR seems to be feasible and safe. Marking the mesh intraoperatively seems useful.

Keywords: ventral rectopexy; rectal prolapse; obstructed defecation syndrome; fecal incontinence;
pelvic disorders

1. Introduction

Ventral rectopexy (VR) is an effective surgical option for the treatment of obstructed
defecation syndrome (ODS) due to internal rectal prolapse (IRP), enterocele and rectocele,
or external rectal prolapse (ERP). D’Hoore et al. [1] first described the VR procedure in
patients with ERP, with VR progressively emerging as the procedure of choice for ERP [2–4].
To reduce the rectal-prolapse recurrence, several modifications of “standard” VR have
been proposed, mainly concerning the mesh placement [5–8]. However, no superiority has
been demonstrated. Since 2014, our group has modified the standard VR by introducing
retroperitoneal tunneling of the mesh (preserving both lateral and utero-sacral ligaments)
and marking the mesh with radiopaque clips (although radiopaque meshes are already
provided), making it “radiologically visible” when mesh detachment or prolapse recurrence
should be investigated. The aim of this study was to assess the feasibility and safety of the
modified VR and to evaluate its long-term functional outcomes. The results observed in
modified VR patients were compared with data from a control group of patients treated
with standard VR.
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2. Materials and Methods

2.1. Study Design

The study is reported according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement [9]. All patients gave their written, in-
formed consent for data analysis. The study was approved by the ethical committee of
the Institution Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome, Italy
(ID 2574).

Surgery was performed after a complete work-up that included the patient’s his-
tory, validated questionnaires administration, a physical examination, and a radiological
evaluation (dynamic evacuation proctography or MRI defecography) of the pelvic floor.
All patients were discussed by a multidisciplinary pelvic team including proctologists,
urogynecologists, and radiologists. All operations were performed by the same expert
colorectal surgeon (C.R.).

Demographic data, operation time, hospital stay, and perioperative complications
were collected retrospectively and gathered into a database. The recurrence of prolapse,
rectocele and/or enterocele, and the functional results were assessed prospectively during
the patients’ follow-up visits at 1, 6, and 12 months and then annually.

2.2. Patients’ Assessment

Patients’ histories were accurately collected, specifically regarding defecation and
urinary disorders, sexual activity impairments, and anatomic abnormalities of pelvic
organs. Physical examinations were meticulously performed.

The severity of ODS was assessed by the following validated scoring systems, adminis-
tered in a face-to-face interview: Altomare score (range: 0–32; no symptoms = 0) [10]; Longo
score (range: 0–40; no symptoms = 0) [11]; Cleveland Clinic Constipation Scoring System or
CCSS (range: 0–30; no symptoms = 0) [12]; Patient Assessment of Constipation-Symptoms
questionnaire or PAC-SYM (including the assessment of twelve items assigned to three
subscales, i.e., abdominal, stool, and rectal symptoms; scoring range for each item: 0–4;
no symptoms = 0) [13]; and Fecal incontinence (FI) was assessed by the Cleveland Clinic
Fecal Incontinence or CCFI score (range: 0–36, perfect continence = 0) [14].

Following the first visit, all patients underwent either a dynamic evacuation proctog-
raphy or MRI defecography (using intra-rectal, intravaginal, and small bowel contrast,
allowing their classification according to the Oxford rectal prolapse grading system) [15],
an endoanal ultrasound and anorectal manometry. Colorectal screening was conducted
in all cases with a colonoscopy. Indications for surgery were discussed by the multidisci-
plinary team.

2.3. Surgical Technique

Before 2014 (when the proposed new approach with the tunnelling of the mesh was
introduced), the traditional technique using the inverted-J-shaped peritoneal incision was
used; thereafter, the tunnelling of mesh was used in all patients. Similarly, when the MI
approach was introduced in our experience (September 2018), the traditional technique
of VR was used along the first period, and then the tunnelling of mesh was performed in
all patients.

Preoperatively, bowel preparation (two enemas) and a single dose of broad-spectrum
antibiotic were administrated.

Despite using either an open (LT, Pfannenstiel or umbilico-pubic incision) or minimally
invasive (MI, robotic, or laparoscopic) approach to the pelvis, the bowel was retracted to
the middle-upper abdomen to expose both the pouch of Douglas and the sacral promontory
with the patient in the Trendelenburg position.

2.4. Modified VR: The Study Group

The modified VR approach provided a 5 cm peritoneal incision at the pouch of Douglas.
Rectovaginal space was dissected up to the pelvic floor. The ventral rectum was fully
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exposed; in case of rectocele, particular attention was paid to the rectovaginal dissection to
safely reach the perineum. A combined anorectal–vaginal digital examination confirmed
the complete dissection. Any redundant pouch of Douglas was excised so that a longer tract
of anterior rectum was available for mesh placement. A strip of polypropylene (Ethicon,
Johnson & Johnson, Brussels, Belgium), trimmed to 10–14 cm, was introduced into the
abdominal cavity; two radiopaque clips were previously placed on its distal edge. The
mesh was sutured over the ventral rectum with a total of six 3-0 PDS sutures arranged. The
two most proximal sutures were preserved for further fixation at the proximal vagina. The
other two radiopaque clips were placed on mesh sides at the level of its proximal fixation
over the rectum.

Thereafter, a small (2–3 cm) peritoneal incision was performed at the level of sacral
promontory and the periosteum was freed, avoiding damages to the autonomic nerve fibers
(Figure 1). A retroperitoneal tunnel from the promontory incision to the pelvic incision was
accurately performed, avoiding damages to lateral and utero-sacral ligaments (Figure 2).
The proximal mesh was then pulled up, reaching the sacral promontory. Under a gentle
tension (in order to prevent future rectal intussusception and the persistence of rectocele),
the mesh was fixed at the sacral promontory with two stitches of 2-0 PDS. Two clips were
placed on the mesh and another one was placed on the sacral periosteum to allow for a
further radiographic check of the mesh position at follow-up (Figure 3). The redundant
mesh was trimmed. To prevent further enterocele, the posterior proximal vagina was
approximated to the mesh using the two most proximal sutures left in place before. A full
thickness passage with the needle through the posterior vaginal wall should be avoided.
The peritoneal incisions were closed with V-loc sutures or absorbable running sutures. A
video vignette of the modified VR using robotic approach is available. [16]

Figure 1. Peritoneal incisions were performed at the pouch of Douglas (a,b) and sacral promontory
(c,d) in open and robotic surgery.
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Figure 2. A retroperitoneal tunnel was created in open (a) and robotic (b) surgery.

Figure 3. The mesh was sutured over the ventral rectum with three couples of 3-0 PDS stitches in
open (a) and robotic (b) surgery. Two radiopaque clips were positioned at the distal edge of the
mesh (circles).

2.5. Standard VR: The Control Group

A group of patients was treated with the “standard VR,” provided an inverted-J-
shaped incision of the pelvic peritoneum [1] and served as the control group. The recto-
vaginal dissection, mesh conformation, placement, and fixation at the sacral promontory
were all executed similarly to the modified VR.

2.6. Postoperative Management

Postoperatively, analgesics drugs were administered. A fiber-enriched diet was
generally prescribed and resumed on the second postoperative day. Straining efforts
were discouraged.

2.7. Data Collection

The mean duration of surgical procedure, intraoperative and postoperative complica-
tions (classified with Clavien–Dindo grade system) [17] and their management, conversion
rate, postoperative hospital stay, and early reoperations (within 7 days) were analyzed.
Follow-ups were scheduled at 1, 6, 12 months, and once a year thereafter. Postoperative
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symptoms were recorded, as in our daily clinical practice. Altomare, Longo, CCSS, PAC-
SYM, and CCFI scores were completed under the supervision of a surgeon at each visit.
Functional scores have usually been used in our clinical practice to evaluate and standard-
ize the clinical approach to obstructed defecation syndrome. It is very useful during the
first visit, when discussing the clinical case in the multidisciplinary team meeting and
to evaluate the results after the treatment. In case of persistent constipation symptoms,
patients were deeply investigated using a bowel transit study with radiopaque markers
and dynamic evacuation proctography or MRI defecography. If a mesh detachment was
suspected, a pelvic X-ray assessment (with antero-posterior, latero-lateral and oblique
projections) was performed in order to check the position of the radiopaque clips placed at
the operation.

2.8. Statistical Analysis

Continuous data were described as means with standard deviations and analyzed
by the Wilcoxon and Mann–Whitney tests for paired and unpaired data, respectively.
Categorical data were reported as frequencies and percentages and analyzed with a
chi-squared test. Clinical scores in modified VR and standard VR patients were com-
pared calculating the differences between preoperative and follow up values (delta-Δ).
A p-value < 0.05 was considered to be significant. Data were analyzed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp, Armonk, NY, USA).

3. Results

3.1. Demographic Data

From March 2010 to September 2021, 117 patients (116 females) underwent a VR,
38 (32.5%) and 79 (67.5%) for ERP and IRP, respectively. The mean age at the time of
operation was 60.8 ± 12.8 years (range: 16 to 94 years). The modified VR was performed in
65 patients (19 patients with ERP, 46 patients with IRP) and the standard VR was performed
in 52 patients (19 patients with ERP, 33 patients with IRP).

Further details concerning the clinico-pathological features of patients are reported
in Table 1. Concerning patients’ history, 85 patients (73.3%) had at least one vaginal
delivery, 66 of them (56.9%) received an episiotomy and 26 (22.4%) reported an obstetric
anal sphincter injury; 37 patients (31.9%) were submitted to a hysterectomy. Twenty-
three patients (19.7%) were previously submitted to surgery for pelvic floor dysfunctions
(Standard VR: 1 Orr-Loygue, 5 STARR, 3 Delorme, 1 Altemeier; Modified VR: 1 Orr-Loygue,
8 STARR, 4 Delorme), with poor outcomes. No difference was detected comparing the
two groups.

Regarding clinical features (Table 1), 109 patients (93.2%) had significant impairment
of physiologic defecation (including prolonged straining, unsuccessful attempts to defecate,
self-digitation for defecation, incomplete evacuation or sensation of anorectal obstruc-
tion/blockage, and stool frequency >3 times/week); 72 patients (61.5%) referred symptoms
of FI; and 64 patients (54.7%) suffered from both conditions. No statistically significant
differences in preoperative clinical scores were reported between the two groups. Urinary
incontinence was reported by 69 patients (59.0%), similarly across the two groups.

Patients’ distribution according to the Oxford criteria provided: 11 (9.4%) high recto-
rectal intussusceptions (grade 1); 17 (14.5%) low recto-rectal intussusceptions (grade 2);
31 (26.5%) recto-anal intussusceptions onto the anal canal (grade 3), 20 (17.1%) recto-anal
intussusceptions into the anal canal (grade 4); and 38 (32.5%) ERPs (grade 5). If stratified
in the two groups, this distribution revealed no statistical difference. Interestingly, FI was
more frequent in patients with higher Oxford grades (65.2% in grades 4 and 5) in both the
modified and standard VR groups (62.2% and 68.6%, respectively; p = 0.582).
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Table 1. Baseline characteristics of patients who underwent modified and standard ventral rectopexy.

Modified VR—n◦ (%) Standard VR—n◦ (%) p
Patients 65 52
Female 65 (100.0) 51 (98.1) 0.262
Age (years) * 60.9 ± 12.0 60.7 ± 13.9 0.251
Previous abdominal surgery 39 (60.0) 32 (61.5) 0.866

Previous hysterectomy 19 (29.2) 18 (35.3) 0.487
Previous abdominal surgery for RP 1 (1.5) 1 (1.9) 0.873

Previous perineal surgery 26 (40.0) 21 (40.4) 0.966
Previous perineal surgery for RP 12 (18.5) 9 (17.3) 0.645

Vaginal delivery 45 (69.2) 40 (78.4) 0.266
Episiotomy 35 (53.8) 31 (60.8) 0.454
Obstetric anal sphincter injury 9 (13.8) 17 (33.3) 0.188
Forceps/vacuum 1 (1.5) 6 (11.8) 0.402

Caesarean delivery 13 (20.0) 10 (19.6) 0.958
Preoperative ODS 61 (93.8) 48 (92.3) 0.743
Preoperative FI 37 (56.9) 35 (67.3) 0.251
Preoperative ODS + FI 33 (50.8) 31 (59.6) 0.339
Preoperative UI 39 (60.0) 30 (57.7) 0.801
Oxford classification for RP

0.508

Grade I 7 (10.8) 4 (7.7)
Grade II 12 (18.5) 5 (9.6)
Grade III 18 (27.7) 13 (25.0)
Grade IV 9 (13.8) 11 (21.2)
Grade V 19 (29.2) 19 (36.5)

Rectocele 51 (78.5) 30 (57.7) 0.174
Enterocele 35 (53.8) 35 (67.3) 0.677

* Data are shown as mean ± standard deviation. VR = ventral rectopexy; RP = rectal prolapse; ODS = obstructed
defecation syndrome; FI = fecal incontinence; UI = urinary incontinence.

3.2. Operation Data

The modified procedure was introduced in 2014 and it was performed in all patients
who gave their written, informed consent. A standard rectopexy was performed in the
first period of the study and when the patients denied the consent to the modified procedure.

The open approach was used in 97 cases (55 and 42 patients in modified and standard
VR, respectively) while MI surgery was used in 20 cases (10 and 10 patients in modified
and standard VR, respectively).

In the modified VR group, six patients (9.2%) needed a conversion to a conventional,
inverted-J-shape peritoneal incision; among them, in four LT patients the decision was
due to fibrotic tissue secondary to a previous pelvic surgery that made the retroperitoneal
tunnelling technically difficult and at risk of damages to the right lateral ligament of the
rectum; in two MI cases the conversion was due to bleeding from pelvic varicocele (safely
managed intraoperatively) and pelvic adhesions, respectively (Supplementary Material,
Table S1). During the modified VR, four patients (6.2%) underwent additional surgical pro-
cedures: two hemorrhoidectomies, one cystopexy, and one pelvic biopsy. In standard VRs,
give patients (9.6%) were submitted to additional procedures: three hemorrhoidectomies,
one colposacropexy and one pelvic biopsy.

Although shorter, no differences in the operative time (92.3 ± 26.8 vs. 94.7 ± 28.9 min,
p = 0.572, and 133.5 ± 30.7 vs. 145.3 ± 27.2 min, p = 0.657, in patients who underwent LT
and MI surgery, respectively) and hospital stay (3.1 ± 0.9 vs. 3.3 ± 1.0 days, p = 0.114)
were observed between the modified and standard VR. An intraoperative complication
(bleeding from a pelvic varicocele, controlled by bipolar forceps) was registered in one
modified VR patient (0.9%). Five patients (4.3%) experienced postoperative complications:
three hematomas, one seroma, one urinary infection (Clavien–Dindo grade ≤ 3). No
mesh erosion was recorded. Comparing two groups, the overall complication rates were
4.6% (three patients) in the modified VR group and 5.8% (three patients) in the standard
VR group (p = 0.779). There were neither re-operations during the primary admission nor
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perioperative mortalities. No chronic pelvic pain or major morbidities were reported in
both VR groups.

3.3. Clinical Outcomes

The mean overall follow-up was 40.6 ± 33.1 months (24.3 ± 14.8 and 61.0 ± 38.2 in
modified and standard VR, respectively). Following both modified and standard VR, all
scores showed a significant reduction compared to baseline (Figure 4).

Figure 4. Comparison between postoperative values of clinical scores in patients who underwent
standard vs. modified ventral rectopexy (Mann–Whitney U test). Altomare = Altomare score;
Longo = Longo score; CCSS = Cleveland Clinic Constipation Scoring System; PACSYM = Patient As-
sessment of Constipation-Symptoms questionnaire; CCFI = Cleveland Clinic Fecal Incontinence score.

When comparing the long-term functional scores, the Longo score results were sig-
nificantly improved after modified VR (p = 0.042). The decrease of the mean score from
the preoperative to follow-up values (Δ) was always higher in the modified VR than in
standard VR patients (Δ-Altomare score: 9.2 ± 6.1 vs. 5.9 ± 6.3, p = 0.008; Δ-Longo score:
11.5 ± 8.6 vs. 9.3 ± 9.0, p = 0.127; Δ-CCSS: 8.4 ± 6.3 vs. 6.1 ± 6.1, p = 0.037; Δ-PAC-SYM:
9.0 ± 9.4 vs. 6.7 ± 7.5, p = 0.059; Δ-CCFI score: 2.0 ± 3.6 vs. 1.7 ± 4.2, p = 0.900).

The comparison between pre- and postoperative values of clinical scores in patients
with external rectal prolapse and internal rectal prolapse who underwent standard vs. mod-
ified ventral rectopexy is shown in Tables 2 and 3.

At the last follow up, 20 patients (17.1%) referred persistent constipation symptoms
(12 modified VR patients, 18.5%; 8 standard VR patients, 15.4%; p = 0.660). All were
re-evaluated by clinical and radiological examinations. In 13 cases (11.1%), slow-transit con-
stipation was detected with a satisfying correction of preoperative pelvic organs prolapse;
in 5 patients (4.3%), rectocele results were not completely corrected (2 modified VRs and
3 standard VRs). After evaluating the position of radiopaque clips placed intraoperatively
with radiological imaging of the pelvis, a mesh detachment from the sacral promontory
was diagnosed in 2 patients (1.7%, all standard VRs), probably due to severe and pro-
longed straining after surgery. These patients underwent surgical mesh re-fixation. Finally,
4 patients (3.4%) had new onset of FI. Preoperative urinary incontinence was reported
in 69 patients (59.0%); 39 patients underwent modified VR and 30 patients underwent
standard VR (p = 0.801). At the last follow-up, postoperative urinary incontinence was
observed in 63 patients, 5 of which were cases de novo; 35 in the modified VR group and
28 in the standard VR group (p = 1.000).
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Table 2. Comparison between pre- and postoperative values of clinical scores in patients with only
internal rectal prolapse who underwent standard vs. modified ventral rectopexy (Mann–Whitney
U test).

Standard VR SD Modified VR SD p
Altomare pre 17.8 5.6 17.8 5.8 0.952

Longo pre 23.7 7.5 22.0 8.8 0.489
CCSS pre 18.2 4.9 18.7 5.4 0.383

PAC-SYM pre 23.9 5.5 23.2 5.6 0.643
CCFI pre 4.5 5.0 3.2 4.7 0.176

Altomare post 10.8 5.9 8.7 6.5 0.116
Longo post 13.5 7.8 10.5 8.4 0.050
CCSS post 11.4 5.4 10.0 6.3 0.289

PAC-SYM post 16.0 7.7 13.8 10.0 0.155
CCFI post 3.0 4.3 2.2 3.7 0.211

VR = ventral rectopexy; SD = standard deviation; Pre = preoperative; Post = postoperative; Altomare = Al-
tomare score; Longo = Longo score; CCSS = Cleveland Clinic Constipation Scoring System; PAC-SYM = Patient
Assessment of Constipation-Symptoms questionnaire; CCFI = Cleveland Clinic Fecal Incontinence score.

Table 3. Comparison between pre- and postoperative values of clinical scores in patients with only
external rectal prolapse who underwent standard vs. modified ventral rectopexy (Mann–Whitney
U test).

Standard VR SD Modified VR SD p
Altomare pre 15.9 6.6 18.6 6.6 0.242

Longo pre 22.1 7.7 24.4 7.7 0.368
CCSS pre 16.3 6.2 19.0 4.6 0.106

PAC-SYM pre 23.8 7.4 23.7 5.8 0.927
CCFI pre 6.8 6.8 8.6 5.5 0.278

Altomare post 11.9 7.2 9.4 6.3 0.361
Longo post 14.9 10.2 12.2 7.6 0.447
CCSS post 11.2 6.4 10.5 5.8 0.703

PAC-SYM post 18.9 9.8 14.8 9.3 0.207
CCFI post 4.8 5.7 4.3 4.6 0.951

VR = ventral rectopexy; SD = standard deviation; Pre = preoperative; Post = postoperative; Altomare = Al-
tomare score; Longo = Longo score; CCSS = Cleveland Clinic Constipation Scoring System; PAC-SYM = Patient
Assessment of Constipation-Symptoms questionnaire; CCFI = Cleveland Clinic Fecal Incontinence score.

4. Discussion

VR is increasingly favored in the treatment of ERP and has been strongly proposed
also for the IRP [18]. Although the literature is not conclusive, the evidence suggests that
it is significantly better than posterior rectal prolapse repairs [19]. Its efficacy in regain-
ing the anatomical position of pelvic organs has been largely documented. Moreover,
when compared with the procedures using a posterior approach, the VR presents several
opportunities: effective management of ERP or IRP; rectocele (even very large), and en-
terocele (by approximation of posterior vaginal wall to the mesh and ventral rectal wall);
and availability for an integrated management of a central or anterior pelvic prolapse
(i.e., with colposacropexy).

Although the primary purpose of rectal prolapse surgery would be the correction of
the anatomical alterations of the rectum and surrounding structures, the improvement of
anatomy does not systematically correspond to improving function due to several factors,
some of them occult. The anatomical integrity of fundamental pelvic structures should be
preserved, including the entire rectal wall, vascular and nerve supplies (passing through
the lateral ligament of the rectum), and pelvic supportive structures, in particular the utero-
sacral ligaments. Standard VR (providing a long, inverted-J-shaped peritoneal incision)
could be at risk of damage to the right lateral rectal and utero-sacral ligament.

The importance of lateral ligament preservation has been strongly highlighted: they
contain autonomic nerves and are fundamental for the rectal motility. Their section/injury
could lead to postoperative constipation and dyschezia following surgery (for neoplastic
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and non-neoplastic rectal diseases), including posterior and postero-lateral rectopexy
procedures [20].

Recently, Petros has highlighted the role of utero-sacral ligaments in the biomechanics
of pelvic floor organs prolapse [21]. Their pathologic progressive elongation may cause
severe uterine prolapse. Moreover, they would progressively splay laterally, causing an
enterocele and carrying the lateral rectal wall with them. The wider and weaker anterior
rectal wall, due to its lateral stretching [22–24], would favor the rectal intussusception.
Consequently, the anatomical distortion of the rectum would severely impact its biome-
chanical properties with significant functional impairments. All these etiopathogenetic
events should strongly induce to spare the fundamental pelvic structures during surgery.
However, in our opinion, the solution proposed by Petros (i.e., a posterior intravaginal
slingplasty operation) would not seem to fit the purpose of an effective management of
ERP and IRP. On the other hand, VR has demonstrated to be effective in regaining a correct
anatomical organ configuration in the posterior-middle pelvic compartments, leading to
significant functional improvements. Unfortunately, the heterogeneity in patient selections
and pre- or postoperative assessments makes it impossible to compare the clinical results
reported in literature. Among numerous studies published, only one randomized clinical
trial compared laparoscopic VR and suture posterior rectopexy for ERP: the former ap-
proach gave a lower recurrence rate (8.8% vs. 23.3%) but was not statistically significant
(p = 0.111), probably due to the small number of studied patients [25]. In a review of
26 studies on laparoscopic VR for ERP and IRP, the improvement of obstructed defecation
ranged between 52% and 93%, and that of FI between 48% and 93%. On the contrary,
persistent obstructed defecation symptoms may range from 2.6 to 20% [26]. A system-
atic review and meta-analysis of fourteen studies on laparoscopic VR for IRP reported a
weighted complication rate of 13.6% and a mean recurrence of 6.5%. The main causes of
recurrence were the incomplete dissection of anterior rectal wall and inadequate mesh
fixation and/or position [27]. Later, another systematic review and meta-analysis by Emile
et al. [28] on seventeen studies of 1242 patients submitted to a laparoscopic VR for ERP
reported a weighted mean improvement of constipation in 71.0% and fecal continence in
79.3% of patients.

The reasons for symptom recurrence are not fully understood, and its predictors are
still being investigated [28]. These might include multifactorial pathogenesis of constipation
(drugs, depression, anxiety, obesity, etc.), coexistence of a slow-transit bowel constipation,
and some technical aspects of surgery regarding the deepness of pelvic dissection, and the
mesh chosen and its placement modality, tension, and fixation.

We have perfected the open technique and, more recently, we have also applied it to
minimally invasive surgery. Our proposal seeks to improve such good data obtained with
standard VR.

Reducing the length of peritoneal incision (splitting the single long peritoneal incision
into two small incisions) would decrease the risk of possible iatrogenic damages to both
the lateral rectal and utero-sacral ligaments. Although neither prospectively nor randomly
performed (significant limitation for this study), the patients’ selection to the operation
was homogenous: preoperative patients’ characteristics were similar in both standard
and modified VRs in terms of clinico-pathological features and distribution, according
to Oxford criteria. The two groups were also similar concerning the preoperative rectal
prolapse type (ERP vs. IRP) and the surgical approach chosen (LT vs. MI).

Although other limitations (including the discrepancy of follow-up—which was longer
for standard than for modified VRs—and the later adoption of the new technique of mesh
tunnelling both in LT and MI groups), the adoption of modified VR was safe, with a low
morbidity rate and limited recourse to conversion toward standard “inversed-J” peritoneal
incision. The proposed modified VR obtained a slight reduction (not statistically significant)
in operative time and postoperative hospital stay. A larger experience could further improve
such results.
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Concerning both ODS and FI, both the standard and modified VRs showed signifi-
cant improvements in the severity of patients’ symptoms. The modified VR produced a
significantly lower Longo score (p = 0.042), and higher “Δ” of Altomare and CCSS scores
(p = 0.008 and p = 0.037, respectively) between baseline and follow-up values, confirming a
good trend of modified VR. When comparing the functional results for the two proposed
rectopexy techniques, both techniques seem to be effective. This does not allow us to
demonstrate a certain advantage of the modified approach, but certainly it seems to be a
surgical option to be considered and studied further.

Interestingly, the adoption of marking the mesh with a few radiopaque clips during the
operation allowed for its identification in follow-up. When a mesh detachment/dislocation
was suspected, a simple pelvic X-ray series addressed the repair when confirmed, or to
avoid a useless surgery when denied.

5. Conclusions

The retroperitoneal tunneling of mesh during the proposed, modified VR appears to
be feasible and safe. Its long-term clinical results seem to be promising but without a great
functional improvement. Further large and multicentric randomized trials will verify and
clarify its role in managing ERP and IRP. Suspicious mesh detachment/dislocation can be
settled simply and easily radiographically checking the position of intraoperatively placed
radiopaque clips.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12010294/s1, Table S1: Patients’ distribution between standard
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Abstract: The Emborrhoid is an innovative non-surgical technique for the treatment of severe
hemorrhoidal bleeding. Patient selection and the impact on quality of life have not been fully
investigated. This prospective observational study aims to evaluate the clinical outcomes after
Emborrhoid in patients with high surgical risk. All patients with high surgical risk and anemia
due to hemorrhoids were enrolled. Clinical data and previous blood transfusions were collected.
The Hemorrhoidal Disease Symptom Score and Short Health Scala were completed before the
procedure and during the follow-up visits at 1, 6 and 12 months. Transfusions and serum hemoglobin
level variations were registered. Perioperative complications and the recurrence of bleeding were
assessed. Trans-radial/femoral embolization of superior rectal artery, and/or middle rectal artery
was performed with Interlock and Detachable Embolization Coils. From September 2020 to February
2022, 21 patients underwent a superselective embolization of all branches of the superior rectal artery.
The transradial approach was most frequently performed compared to transfemoral access. After
the procedure, no signs of ischemia were identified; three minor complications were observed. The
mean follow-up was 18.5 ± 6.0 months. At the last follow-up, the mean increase of hemoglobin
for patients was 1.2 ± 1.6 g/dL. Three patients needed transfusions during follow-up for recurrent
hemorrhoidal bleeding. The Hemorrhoidal Disease Symptom Score and Short Health Scala decreased
from 11.1 ± 4.2 to 4.7 ± 4.6 (p < 0.0001) and from 18.8 ± 4.8 to 10.2 ± 4.9 (p < 0.0001), respectively.
Patients who had given up on their daily activities due to anemia have returned to their previous
lifestyle. Emborrhoid seems to be a safe and effective option for the treatment of bleeding hemorrhoids
in frail patients. The low complication rate and the significant reduction of post-defecation bleeding
episodes are related to the improvement of the hemorrhoidal symptoms and patients’ quality of life.

Keywords: Emborrhoid technique; arterial embolization; hemorrhoidal disease; hemorrhoidal bleeding

1. Background

Rectal bleeding is one of the main chronic symptoms of hemorrhoidal disease that
severely affects patients’ quality of life. It can cause severe anemia and drastically com-
promise the general state of health, especially in more frail patients. In order to reduce
hemorrhoidal bleeding, phlebotonics and/or topical treatments (corticosteroids or anti-
inflammatory agents) often represent the first therapeutic approaches, such us the office-
based procedures (rubber band ligation, infrared photocoagulation, radiofrequency and
sclerotherapy). These treatments are highly well tolerated, with a low complication rate,
but often provide only short-term relief [1,2].
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In all failures of the conservative management and severe anemia, surgery has to be
considered. Several techniques have been proposed to treat symptomatic hemorrhoids,
and the Doppler-guided hemorrhoidal artery ligation procedure (DG-HAL) is one of the
most frequent minimally invasive approaches used [3,4]. The physiopathologic impact of
DG-HAL on hemorrhoidal hyperflow is demonstrated by our recent study, which analyzed
the hemodynamic effects after 12 months from the dearterialization. The study confirmed
a significant decrease of the mean residual peak systolic velocity, pulsatility index and
resistivity index with a drastic reduction of bleeding episodes [5].

Variable long-term results regarding the DG-HAL are reported in the literature,
probably due to differences in the devices and stitches used, number and height of
arterial ligations [6,7].

Based on the same principles, more recently, the Emborrhoid technique has proposed
to perform a superselective endovascular occlusion of the terminal branches of the superior
and middle rectal arteries. It is an innovative non-surgical technique for the treatment of
severe hemorrhoidal bleeding [8].

Thus far, several studies have been published that include patients with heterogeneous
baseline characteristics in terms of: hemorrhoidal disease degree, severity of bleeding and
patient comorbidities. Clinical indication to perform Emborrhoid, patient selection, and its
long-term impact have not been fully investigated [9].

The main objectives of our prospective study were to increase data regarding safety
and efficacy of the Emborrhoid technique in frail patients with anemia and to assess the
changes of hemorrhoidal disease symptoms and its impact on patients’ quality of life.

2. Materials and Methods

2.1. Study Design and Study Population

The study is reported according to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement for cohort studies [10]. It was approved by
the ethical committee of the Fondazione Policlinico Universitario Agostino Gemelli IRCCS,
Rome, Italy; code: 3705.

From September 2020 to February 2022, all consecutive patients with bleeding hem-
orrhoids and anemia were evaluated to be enrolled in this prospective observational
single-center study. All patients gave their written informed consent.

Demographic data, patient’s history, laboratory exams and previous blood transfusions
were collected during the first visit. Therefore, a complete preoperative work-up (physical
examination, endoscopy, and unenhanced and contrast-medium enhanced abdominal
angio-CT) was performed in order to evaluate inclusion/exclusion criteria.

Therefore, all patients underwent a multidisciplinary pre-evaluation by the colorectal
surgeons, the interventional radiologists, anesthesiologist and cardiologist to assess the
risks and share the indication.

We included only patients older than 18 years of age and affected by symptomatic
hemorrhoidal disease with anaemia and high surgical risk due to severe cardiovascular,
respiratory and neurological disorders, cirrhosis/portal hypertension, antiplatelet and/or
anticoagulant therapy and ASA ≥ 3. Patients ineligible for hemorrhoidal surgery with
contraindication to general and/or spinal anaesthesia, or in the case of anal stenosis, were
also considered for the protocol. If patients were on anticoagulants, they had to be able
to stop medication temporarily prior to transarterial chemoembolization to obtain an
INR < 1.5 at the time of the procedure.

On the other hand, we considered as exclusion criteria the following conditions:
Platelet count < 40,000/μL and/or international normalized ratio > 1.5, severe renal

impairment, severe allergy or intolerance to any contrast media or chemotherapeutic drugs
not controlled with medication, no available vascular access and/or absence of pulse in
femoral or radial arteries, previous rectosigmoid resection, diagnosis of colorectal cancer,
colonic angiodysplasia, inflammatory bowel disease, proctitis, or acute anorectal sepsis
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and family, psychological, social, or geographical circumstances preventing the patients
from undergoing follow-up and from complying with protocol procedures.

2.2. Treatment

All treatments were performed by two experienced interventional radiologists (with
more than 5 and 15 years of experience), using patient monitoring and anaesthesiologist
assistance, in an angiographic suite with characteristics of an operating room. No antibiotic
was administered before or after the procedure. Diagnostic angiography was performed un-
der local anaesthesia (10 mL Lidocaine) using the Seldinger technique through the femoral
or radial artery (based on operator preference for a single case) with a 5 Fr introducer sheath.
Superselective catheterization of the superior rectal arteries was then performed using a
coaxial technique, placing a 2.4 or 2.7 Fr Progreat microcatheter (Radifocus, Terumo, Rome,
Italy). The coils used for the embolization were Interlock and IDC detachable embolization
coils, to offer precision and control combined with thrombogenicity and flexibility, ranging
between 4 and 7 mm in diameter, and 10–20 cm long (Boston Scientific, Marlborough, MA,
USA). Also evaluated were all potential anastomoses with other feeder arteries (middle
rectal or inferior rectal branches), advancing the 5 Fr Optitorque Multipurpose in the iliac
internal artery and carrying out superselective injection into each branch using a coaxial
technique with the same microcatheter. The anastomoses identified were embolized only
in the cases in which they were among the main arteries feeding the hemorrhoidal plexus.
All patients underwent haemostasis of the puncture site (radial or femoral). They were
observed for 2 h (in the case of the transradial approach) or 6–8 h (in the case of the trans-
femoral approach) and discharged, if no complications arose, within 24 h (only in the case
of the radial approach) or 48 h. Patients who had undergone the radial approach were
managed in an outpatient setting, as reported in our previous pilot study [11].

Treatments needed to resolve any complications and recurrences were recorded.
Perioperative minor/major complications and death occurring within seven days

from the treatment were evaluated and categorized according to the common terminology
criteria for adverse event [12].

2.3. Endpoints and Definitions

The aim of our study is to report data on safety, efficacy and patients’ quality of life
after the Emborrhoid technique in patients unsuitable for surgery with severe anemia
due to hemorrhoidal bleeding. Technical success was defined as the correct and complete
coil deployment, with a complete lack of opacification of the terminal branches of the
superior/middle rectal arteries.

Major complications were defined as events determining substantial morbidity and
disability, increased level of care, or lengthened hospital stay; all other complications were
considered minor.

Follow-up was scheduled at 1, 6 and 12 months, and once a year thereafter, including
a physical examination and a pulse check at the vascular access site.

Transfusions and serum hemoglobin level variations were registered at 6 and 12 months.
Patients who experienced new onset of anemia during the follow-up were regarded as

a treatment failure.
The Hemorrhoidal Disease Symptom Score (HDSS) and Short Health Scale (SHS) [13]

were completed before the procedure after 1 month, 6 months and 1 year during control
visits or via telephone interviews. The HDSS is based on five different parameters character-
izing the hemorrhoidal disease, with a grading from 0 (no symptoms) to 4 (daily presence)
for each symptom. The total score of all five parameters was used to evaluate the patient’s
condition: 0 indicated the total absence of a symptom, while a score of 20 represented
the worst clinical conditions. The SHS is a QoL-based score that includes information on
symptoms severity, impact on daily activities, patients’ concerns, and personal feeling
of well-being ranging from 1 (optimal clinical conditions) to 28 (worst clinical scenario).
They have been validated only in the English language and have been internally trans-
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lated for clinical practice. As a mitigation, surgeons were present to guarantee adequate
comprehension of the questions.

2.4. Statistical Analysis

Continuous variables were reported as mean and standard deviation. Categorical
variables were described by count and percentage. Comparisons between groups were
performed using the Wilcoxon test for continuous variables and the Fisher exact test for
categorical data. Statistical significance was defined for p < 0.05.

Statistical analysis was performed with SPSS statistics for Windows version 23.0
software (IBM, Armonk, NY, USA).

3. Results

From September 2020 to February 2022, 24 patients were evaluated for embolization.
After complete pre-treatment work-up, three patients were excluded from our protocol, in
particular, two patients for severe heart failure and one patient due to right colon cancer.

3.1. Patients Characteristics

After multidisciplinary discussion, 21 patients with high surgical risk (16 male, 76.2%;
mean age 72.2 ± 10.9 range 47–92 years) were candidates for Emborrhoid. As highlighted
in Table 1, 18 patients were affected also by severe cardiovascular disease, six patients
presented with obstructive pulmonary disease, two patients had hematologic or immuno-
logical disorders, five patients had mild chronic kidney failure, obesity plus metabolic
syndrome in 17 patients, and one case of paraplegia. Nine patients were in anticoagulant
therapy, six in antiplatelet therapy and one in anticoagulant plus antiplatelet therapy. Six
patients (28.6%) had previously undergone a hemorrhoidectomy and presented with re-
currence of bleeding. According to Goligher’s classification, II degree was identified in
eight patients, III degree in 10 and IV degree in three cases. Flavonoids and iron were
already used by 95.2% of patients. Nineteen (90.5%) patients were referred for daily post-
defecation bleeding. Pre-treatment blood transfusions were required for 52.4% of patients
with severe anemia.

Table 1. Baseline patients’ characteristics.

n (%)

Patients 21

Ratio M:F 16:5

Age (years) * 72.2 (10.9)

Comorbidities
Cardiovascular 18 (85.7)
Respiratory 6 (28.6)
Hematological/immunological 2 (9.5)
Mild chronic kidney failure 5 (23.8)
Obesity/dyslipidemia 17 (81.0)
Paraplegia 1 (4.8)

History of smoking/smoker 10 (47.6)

Antiplatelet therapy 6 (28.6)
Anticoagulant therapy 9 (42.9)
Antiplatelet + anticoagulant therapy 1 (4.8)

Previous hemorrhoidal surgery 6 (28.6)

Goligher’s classification
Grade II 8 (38.1)
Grade III 10 (47.6)
Grade IV 3 (14.3)

Flavonoids before embolization 17 (81.0)
Iron therapy before embolization 10 (47.6)
Blood transfusion before embolization 11 (52.4)

* Data are shown as mean ± standard deviation. M = male; F = female.
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3.2. Operative and Perioperative Data

Superselective embolization of all branches of the superior rectal artery was performed
in all patients, obtaining a technical success rate of 100%. Left radial access was successfully
performed in 17 cases, and a switch from radial access to femoral access was reported in
one case (cross rate 4.8%). Total examination times ranged from 40 to 50 min with low
radiation doses and contrast volumes administered between 70 and 80 mL.

Distal embolization of the middle rectal branches was also required in three patients
(bilateral in two patients and unilateral in one), using the same coils (Figure 1).

Figure 1. Diagnostic phase with hemorrhoidal arteries evaluation (a). Four Interlock and IDC coils
(arrows) were positioned in the distal branches of the superior hemorrhoidal arteries ((b) = antero-
posterior radiographic view; (c) = latero-lateral radiographic view).

Haemostasis was performed using a TR band radial compression device (Terumo med-
ical corporation) in 13 patients who underwent transradial access, a 6 Fr Angio-seal vascular
closure device (Terumo medical corporation) in four patients and manual compression of
the femoral artery in four patients.

Stability of vital signs was registered in all patients, with adequate respiratory function.
All patients had an adequate level of orientation and alertness, ability to tolerate a clear
liquid diet, and absence of significant pain, with mild pain in one patient only, self-limited
without requiring medical therapy.

Bowel movements were registered on the first and second days after the procedure,
without severe bleeding.

All patients were discharged without complications, four patients after 48 h (all cases of
femoral approach) and 17 patients who underwent transradial Emborrhoid, were managed
in an outpatient setting, and discharged within 24 h of the procedure.

No signs of ischemia, radial or femoral pulse absence occurred. Three minor postoper-
ative complications were observed (one ecchymosis, one arm pain, one pseudoaneurysm
of radial artery), safely managed with conservative treatment. The overall complication
rate was 14.3%.

Transient ischemic attacks, reversible ischemic neurologic deficits, and stroke, defined
as a new, persistent neurologic disability lasting >24 h, were never registered.

All patients had reduction of hemorrhoidal congestion, no anal pain occurred after the
procedure, tenesmus was referred by one patient.

No variations of anorectal sensitivity and of faecal continence were reported. Anal
ulceration, ischemia and anorectal perforation were never diagnosed after the procedure
and at the follow-up visits.
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3.3. Middle- and Long-Term Follow-Up

Mean follow-up was 18.5 ± 6.0 months. One-year follow-up was assessed in 17 patients
(81%).

Patients who daily experienced post-defecation bleeding episodes decreased from
19 to four. At the last follow-up, the mean increase of hemoglobin for a patient was
1.2 ± 1.6 g/dL. Three patients who experienced new onset of anemia during the follow-
up were regarded as a treatment failure (overall recurrence rate was 14.3%). Two pa-
tients needed transfusions within one month and one patient within six months from the
embolization. Consequently, one patient underwent surgical dearterialization, and two
patients received sclerotherapy.

A case of death, for other causes (leukemia), was registered after five months from
embolization.

At the 12-month follow-up visit, HDSS and SHS decreased from 11.1 ± 4.2 to 4.7 ± 4.6
(p < 0.0001) and from 18.8 ± 4.8 to 10.2 ± 4.9 (p < 0.0001), respectively, with a significant
improvement of hemorrhoidal symptoms, except for itching. All patients referred the
decrease of hemorrhoidal symptoms, especially for the bleeding severity (p < 0.0001),
soiling (p = 0.002), frequency of postdefecatory hemorrhoidal prolapse (p = 0.006) and anal
pain (p = 0.001); whereas, no significant difference was reported for the perianal itching
(p = 0.111). The state of severity and anxiety/worry related to the hemorrhoidal disease
referred by patients were greatly reduced (p < 0.0001 and p = 0.002) and associated with an
improvement of general well-being (p = 0.006) (Figure 2).

Figure 2. Comparison between HDSS and SHS-HD scores collected before Emborrhoid technique
and at last follow-up visit (Wilcoxon test). * p = 0.111. HDSS = Hemorrhoidal Disease Symptoms
Score; SHS-HD = Short Health Scale for Hemorrhoidal Disease.

Patients who had given up their daily activities due to hemorrhoidal disease have
returned to their previous lifestyle. Moreover, the low complication rate and the significant
reduction of post-defecation bleeding episodes are related to the improvement of the
hemorrhoidal symptoms and patients’ quality of life.

4. Discussion

Over the years, the therapeutic range available to treat the patient affected by hemor-
rhoidal disease has expanded, allowing a more individualized treatment [14]. Emborrhoid
is a relatively new nonoperative treatment of hemorrhoidal bleeding, based on the same
physiopathological principles of hemorrhoidal dearterialization. It consists in embolization
with coils or microparticle of terminal branches of the superior and middle rectal arter-
ies via the endovascular route. This approach was proposed by Vidal as a valid option
for the treatment of chronic hemorrhoidal bleeding in patients with contraindications
for surgery [8,15].

Although a recent case report described an event of sigmoid ischemia/stenosis af-
ter microparticles SRA embolization [16], several papers seem to demonstrate that this
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endovascular approach is safe and effective. Many authors supported the Emborrhoid
technique either in the case of contraindication for surgery or as first line treatment in low
grade of hemorrhoidal disease [17–20]. In these studies, the Emborrhoid technique has tra-
ditionally been performed on an inpatient basis, generally using the right femoral route, but
the heterogeneity in patient selection (also in the same study) and pre- or postoperative as-
sessment makes the results difficult to compare. Two reviews of literature underline the lack
of homogeneous and comparable data, in particular, the evidence regarding appropriated
indication, middle/long-term results, and cost-effectiveness remains insufficient [9,21].

Our prospective study aims to increase middle/long-term clinical results after em-
bolization in selected patients with hemorrhoidal bleeding and to assess the impact of
embolization on hemorrhoidal symptoms and patients’ quality of life. Only patients with
anemia and high surgical risk due to severe cardiovascular, pulmonary or absolute con-
traindication to anesthesia were enrolled. The technical success rate was 100%. Seventeen
patients were treated via transradial access and four via transfemoral (including a case of a
switch from radial to femoral access) without major intra- and perioperative complications.
The overall recurrence rate was 14.3%.

Other studies investigating the impact of embolization in frail patients are available
in the literature. In details, Moussa et al. reported a success rate of 72% in patients with
contraindication for surgery (30 consecutive patients with hemostatic disorders, previous
hemorrhoidectomy and affected by inflammatory bowel disease), after a single procedure
or two procedures, with a significant improvement of the French bleeding score, of the
general symptom score and of the patient’s quality-of-life score, without complications
(only a notable event of diarrhea self-limited) [22]. Similarly, in a case report of Venturini
et al., two patients with heart disease and contraindication to suspension antiplatelet or
anticoagulation therapy underwent coil embolization of SRA. No further blood transfusions
and no complications were recorded at the one-month follow-up [23]. Two other case
studies were published regarding the hemorrhoidal embolization in patients with portal
hypertension. Both studies confirmed the safety and efficacy of the endovascular procedure
in the short term, without major complications [24,25]. All these papers show encouraging
perioperative results but lack long-term follow-up.

In our study, the mean follow-up was 18.5 ± 6 months. One-year follow-up was
assessed in 17 patients (81%). Neither anorectal ischemia, ulceration nor perforation was
recorded in short-term and one-year follow-ups. Three patients had new-onset anemia and
received blood transfusions; of these, one patient underwent DG-HAL and in two cases
sclerotherapy was performed. Considering the entire follow-up period, we recorded the
relapse within the first six months.

Analyzing the HDSS and SHS scores showed a significant improvement of hemor-
rhoidal symptoms (expect for itching) and of the patient’s quality of life. These positive
results were obtained performing a standardized approach, using dedicated devices and
based on an adequate screening process. Notably, the majority of our patients were treated
in an outpatient setting and discharged within 24 h. No need for pre-procedural groin
preparation, less post-procedural discomfort at the access route, and reduced limitations
for the patient in performing basic activities are the main drivers for this relatively new
approach. Therefore, in our opinion, any refinement in embolotherapy that reduces the
impact on a patient’s life, such as performing embolization during a single outpatient
session, may bring benefits in terms of quality of cure and cost.

The limitations of our study are represented by the single-center study and by the
small number of patients.

5. Conclusions

The Emborrhoid technique seems to have a promising role in the clinical practice
for the treatment of patients with chronic hemorrhoidal bleeding and high surgical risk.
Future multicenter prospective trials performed on larger populations will be necessary to
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more thoroughly evaluate the clinical efficacy of Emborrhoid techniques and to clarify the
indication and clinical management.
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Abstract: Over the last decade, there has been extensive evidence that patients with inflammatory
bowel disease from minority communities in the UK receive less than optimal care. In none of
the studies has the role of surgery in the management of acute and severe ulcerative colitis been
considered in any detail. A freedom of information (FOI) request was sent to 14 NHS Trusts in
England, which serve significant South Asian populations. Details of the type of surgery patients
from the South Asian and White British communities received between 2021 and 2020 were requested.
Detailed responses were obtained from eight Trusts. Four hundred and ten White British patients
underwent surgery for ulcerative colitis over this period at these eight Trusts, together with 67 South
Asian patients. There was no statistically significant difference in the distribution across the types of
surgery undergone by the two communities overall (χ2 = 1.3, ns) and the proportions who underwent
an ileo-anal anastomosis with pouch (z = −1.2, ns). However, within individual trusts, at the
University Hospital Southampton NHS Foundation Trust, a significantly greater proportion of South
Asian patients had an ileo-anal anastomosis with pouch compared to White British patients. At
Cambridge University Hospitals NHS Foundation Trust, all 72 patients who underwent surgery
for ulcerative colitis were White British. This study has shown that, in general, for patients with a
severe flare of ulcerative colitis where medical treatment has failed and surgery is warranted, the
nature of the procedures offered is the same in the White British and South Asian communities.
However, of concern is the number of units with low volume procedures. For most Trusts reported
in this study, the overall number of Ileo-anal pouch anastomosis or anastomosis of ileum to anus
procedures performed over a number of years was substantially below that required for a single
surgeon to achieve competence. These findings reinforce the argument that inflammatory bowel
disease surgery should be performed in a limited number of high-volume centres rather than across a
wide range of hospitals so as to ensure procedures are carried out by surgeons with sufficient and
on-going experience.

Keywords: ulcerative colitis; surgery; ileostomy; ileo-anal anastomosis; ethnicity

1. Introduction

Over the last decade, there has been extensive evidence that patients with inflam-
matory bowel disease from minority communities in the UK receive less than optimal
care [1–5]. This has taken the form of less frequent consultations with senior clinicians,
fewer investigations, more frequent discharge from follow-up clinics [3] and more limited
access to expensive biologic therapies [1,2,4]. Such disparate care is not seen in all Trusts
but is widespread and has been shown to effect patients who are from South Asian, Afro-
Caribbean and Eastern European communities. In none of these studies has the role of
surgery in the management of acute and severe ulcerative colitis been considered.
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2. Method

A freedom of information (FOI) request was sent to the following 15 NHS Trusts in
England which serve significant South Asian populations:

1. Barking, Havering and Redbridge University Hospitals NHS Trust
2. Barts Health NHS Trust
3. Bradford Teaching Hospitals NHS Foundation Trust
4. Cambridge University Hospitals NHS Foundation Trust
5. East Lancashire Hospitals NHS Trust
6. North West Anglia Foundation Trust
7. Northern Care Alliance NHS Foundation Trust
8. Sandwell and West Birmingham NHS Trust
9. The Hillingdon Hospitals NHS Foundation Trust
10. The Royal Wolverhampton NHS Trust
11. University Hospitals Coventry and Warwickshire NHS Trust
12. University Hospitals of Derby and Burton NHS Foundation Trust
13. University Hospitals of Leicester NHS Trust
14. University Hospital Southampton NHS Foundation Trust
15. Walsall Healthcare NHS Trust

The FOI request asked each hospital to provide information on the following types of
surgery in the Trust between 1 January 2001 and 31 December 2020

1. Ileo-anal pouch anastomosis or anastomosis of ileum to anus (H042 and H043) (IPAA)
2. Total colectomy and anastomosis of ileum to rectum (H051)
3. Panproctocolectomy and ileostomy (HO41)

H041, H042, H043 and H051 are disease and procedure codes from ICD-10, which is
the 10th revision of the International Statistical Classification of Diseases and Related Health
Problems [6]. Data were not collected on the total number of patients with ulcerative colitis
treated at each trust. Such data would have included outpatients who received medical
treatment alone and these are not routinely collected by Trusts. Rather the purpose of
the study was to consider whether patients from different ethnic groups who underwent
surgery received similar operations or not. In addition, data on 30-day mortality rates, re-
operation rates, leak and other complication rates were not requested. Such searches require
more lengthy collection periods and often require access to data collected on local registers
held by hospitals, surgical departments or individual surgeons. Within the Freedom of
Information Act, such requests can be declined on the basis of cost and issues with lack
of anonymity.

Trusts were asked to provide data for each quinquennium between 2001 and 2020 for
two ethnic groups:

1. White British (National code A)
2. Asian (Pakistani, Indian, Bangladeshi origin) (National codes H, J and K)

A, H, J and K are ethnicity codes used by the NHS and defined in The NHS Data Model
and Dictionary [7].

Data for each trust were summated for all the periods for which information was
provided. A χ2 test was performed to compare the forms of treatment received by the two
groups of patients using the Social Science Statistics calculator [8]. In addition, a z test was
used to compare the rates for ileo-anal anastomosis in the two populations for individual
trusts and overall.

3. Results

Detailed responses were obtained from eight Trusts. However, three of these Trusts
were only able to provide data for part of the period 2001–2020 (See Table 1). Seven of
the Trusts, Barking, Havering and Redbridge (FOI 7981), Barts NHS Trust (FOI-0225-22),
Coventry and Warwick (FOI 1732), Northern Care Alliance (FOI 11854), Wolverhampton
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(FOI 100422) Hillingdon Hospitals (FOI 6782) and North West Anglia (FOI/2022/400),
were unable to provide detailed breakdowns of their practice due to small numbers and
concerns about patient anonymity.

Table 1. Types of Surgery for Ulcerative Colitis in the White British and South Asian Populations in
Scheme 2001–2020.

Trust Period
Ileoanal

Anastomosis
Ileorectal

Anastomosis
Ileostomy Number Significance

Southampton 2001–2020

White 48 0 36 84

Asian 7 0 0 7 z = −2.23, p < 0.03

Leicester 2001–2020

White 59 6 86 151

Asian 13 0 23 36 ns

Sandwell & West
Birmingham

2001–2020

White 3 0 8 11

Asian 0 0 1 1 ns

Walsall 2014–2015

White 1 0 1 2

Asian 0 0 0 0 ns

Derby & Burton 2001–2020

White 4 1 17 22

Asian 1 0 1 2 ns

East Lancashire
Hospitals

2006–2020

White 7 0 16 23

Asian 0 0 0 0 Ns

Bradford 2007–2020

White 26 1 18 45

Asian 13 0 8 21 Ns

Cambridge 2001–2020

White 28 2 42 72

Asian 0 0 0 0

Total

White 176 10 224 410

Asian 34 0 33 67 ns

Four hundred and ten White British patients underwent surgery for ulcerative colitis
over this period at the 8 Trusts, who provided a detailed response, together with 67 South
Asian patients (Table 1). There was no statistically significant difference in the distribution
across the types of surgery undergone by the two communities overall (χ2 = 1.3, ns) and the
proportions who underwent an ileo-anal anastomosis with pouch (z = −1.2, ns). Although
the value of statistical analysis within individual Trusts was limited by small numbers
an analysis was performed to identify any Trusts which appeared to lie outside of the
overall practice. Within individual trusts, at the University Hospital Southampton NHS
Foundation Trust, a significantly greater proportion of South Asian patients had an ileo-anal
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anastomosis with pouch compared to White British patients (See Table 1). Indeed, all seven
South Asian patients had a pouch procedure.

In order to assess the validity of the data obtained by Freedom of Information requests,
the response from University Hospitals of Leicester NHS Trust was further scrutinised. The
incidence of ulcerative colitis in the South Asian community is higher than in the White
British community, and the disease is more aggressive in second generation migrants [9,10].
The population served by the Trust covers Leicester, Leicestershire and Rutland, with the
South Asian community forming 17% of the population compared to 83% White British,
excluding other communities [11]. If the disease is of comparable frequency and severity,
then the expected number of patients in a group of 187, 32 would be South Asian. The group
actually included 36 South Asian patients (z = −0–54, ns). Based on the data available
from a study of surgical records of patients with ulcerative colitis in Leicester covering the
period 1997 to 2007 [12], the expected number of South Asian patients would have been
37 (z = −0.13, ns). These latter data reflect differences in disease severity and yield an even
closer match.

However, the results do raise various areas of concern. At Cambridge University Hos-
pitals NHS Foundation Trust, all 72 patients who underwent surgery for ulcerative colitis
were White British and none were South Asian. The very low overall number of patients
reported by Barking, Havering and Redbridge, Coventry and Warwick, Northern Care
Alliance, Wolverhampton, Hillingdon Hospitals and North West Anglia raises questions as
to whether such surgery should occur at these centres or patients should be referred to a
more experienced centre.

4. Discussion

This study has shown that, in general, for patients with a severe flare of ulcerative colitis
where medical treatment has failed and surgery is warranted, the nature of the procedures
offered is the same in the White British and South Asian communities. The choice includes a
traditional ileostomy and proctectomy, with an associated significant impact on body image
and the need to use stoma appliances. Both have been shown to have a significant impact
for South Asian patients [13]. However, the surgery is relatively straightforward. Colectomy
with an ileo-rectal anastomosis is, perhaps, the simplest procedure with a good continence
outcome, but the patient remains at risk of colorectal cancer. It is for this reason that the
procedure has never gained popularity in the UK, and in this study, only 10 of 477 patients
underwent this procedure. An ileo-anal anastomosis is associated with an acceptable body
image, but patients have a high frequency of defaecation and may develop pouchitis. It is a
more complex procedure and ideally should be performed in centres with a large case load.
The check on the data from an FOI in Leicester would indicate that the findings are robust
with slightly more patients undergoing surgery, consistent with the greater frequency of the
disease and its being more severe in South Asians. FOI data have previously been shown to
be robust when considering data collected about the management of inflammatory bowel
disease [2], and this study is consistent with such findings.

A recent study of Hospital Episode statistics has shown that Asian patients with
ulcerative colitis are likely to experience a delay in colectomy surgery when admitted as
an emergency [14]. In 1992, a study of Asian ostomists reported that only half of them
had been able to discuss their management with a doctor or nurse who spoke the same
language, whereas stoma care nurses thought that the service at that time was adequate [14].
In a later study of 107 patients with ulcerative colitis or familial adenomatous polyposis
from Leicester, in 2009, complication rates and long-term outcome were comparable for
White British and South Asian patients following a restorative proctocolectomy, with the
exception of pouchitis, which was commoner in the latter group [12]. However, a separate
study showed that language issues were clearly linked to a poorer quality of life and
consistent with the views expressed by the ostomists [15]. Clearly, the fact that South Asian
and White British patients experience the same types of surgery does not remove the need
to explain their nature and consequences, such that these issues are understood by patients.
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Of concern in this study is the number of units with low volume procedures. A study
from the Cleveland Clinic, USA has shown that trainee staff undertaking stapled IPAA
surgery only showed an improvement in the pouch failure rate following an initial training
period of 23 cases versus 40 cases for senior staff [16]. The learning curve for hand-sewn
IPAA surgery was quantified only for senior staff, who attained adequate results following
an initial period of 31 procedures. This formed the basis for the recommendation in the
2019 British Society of Gastroenterology Guidelines that:

“Statement 22. We suggest that pouch surgery should be performed in special-
ist high-volume referral centres (GRADE: weak recommendation, low-quality
evidence. Agreement 97.4%) [17].”

In most Trusts reported in this study, the overall number of IPAA procedures per-
formed over a number of years was substantially below that required for a single surgeon
to achieve competence. These findings reinforce the argument that inflammatory bowel
disease surgery should be performed in a limited number of high-volume centres rather
than across a wide range of hospitals in order to ensure that procedures are carried out by
surgeons with sufficient and on-going experience.

Reports from two trusts are worthy of comment. In Southampton, all 7 patients
underwent an IPAA procedure, and in Cambridge, no South Asian patients underwent
surgery for acute colitis compared to 72 White British patients over a 20-year period. FOI
searches do not allow an explanation for these outliers, but such findings should prompt
consideration by the relevant Trusts as to their approach to minority community patients.

In conclusion, although severely ill patients with ulcerative colitis receive the same
range of surgical options regardless of whether they are of South Asian or White British
origin there are trusts whose practice is outlying and the reasons are not known. In addition,
this study has demonstrated the limited experience of such procedures in some trusts, all
trusts were selected because they served significant South Asian communities and such a
finding may not be more general. However, there is serious need to consider concentrating
surgical expertise in high-volume centres.
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• Sandwell and West Birmingham NHS Trust, 22/022
• Walsall Healthcare NHS Trust, 637.21
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• University Hospitals of Derby and Burton NHS Foundation Trust, 22.238
• East Lancashire Hospitals NHS Trust, 2022.017
• Bradford Teaching Hospitals NHS Foundation Trust, 22016
• Cambridge University Hospitals NHS Foundation Trust, 246.22
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