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Abstract
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with advanced disease at the time of diagnosis, limiting an upfront surgical 
approach. Neoadjuvant treatment (NAT) has become the standard of care to 
downstage non-metastatic locally advanced PDAC. However, this treatment 
increases the risk of a nutritional status decline, which in turn, may impact 
therapeutic tolerance, postoperative outcomes, or even prevent the possibility of 
surgery. Literature on prehabilitation programs on surgical PDAC patients show 
a reduction of postoperative complications, length of hospital stay, and read-
mission rate, while data on prehabilitation in NAT patients are scarce and 
randomized controlled trials are still missing. Particularly, appropriate nutritional 
management represents an important therapeutic strategy to promote tissue 
healing and to enhance patient recovery after surgical trauma. In this regard, NAT 
may represent a new interesting window of opportunity to implement a nutri-
tional prehabilitation program, aiming to increase the PDAC patient’s capacity to 
complete the planned therapy and potentially improve clinical and survival 
outcomes. Given these perspectives, this review attempts to provide an in-depth 
view of the nutritional derangements during NAT and nutritional prehabilitation 
program as well as their impact on PDAC patient outcomes.

Key Words: Pancreatic cancer; Neoadjuvant treatment; Pancreatic cancer surgery; Nutri-
tional status; Nutritional prehabilitation; Malnutrition

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Among pancreatic ductal adenocarcinoma patients with resectable or 
borderline resectable disease, and those with locally advanced disease with a feasibility 
of surgical resection of up to 30%, neoadjuvant treatment (NAT) has become the 
standard of care. NAT may impair functional reserve and lead to nutritional depletion, 
which may affect therapeutic tolerance, postoperative outcomes or even prevent the 
possibility of surgery. This review suggests that NAT timeframe may provide a 
valuable opportunity for nutritional prehabilitation program to minimize the NAT-
related nutritional derangements, increase patient’s capacity to complete planned 
therapy, promote tissue healing, and enhance patient’s recovery, thus potentially 
improve outcomes.

Citation: Trestini I, Cintoni M, Rinninella E, Grassi F, Paiella S, Salvia R, Bria E, Pozzo C, 
Alfieri S, Gasbarrini A, Tortora G, Milella M, Mele MC. Neoadjuvant treatment: A window of 
opportunity for nutritional prehabilitation in patients with pancreatic ductal adenocarcinoma. 
World J Gastrointest Surg 2021; 13(9): 885-903
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/885.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.885

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC), with 458918 new cases in 2018, represents 
the 14th neoplasia in incidence, and with a 95% overall mortality rate, is the 7th leading 
cause of cancer-related death[1].

Current PDAC treatment
Surgical resection is the only potentially curative treatment for PDAC[2]. Nevertheless, 
an upfront surgical approach is often unfeasible, because most patients are diagnosed 
with an advanced PDAC stage, due to a lack of early symptoms and to the fast tumor 
progression[2]. In this context, neoadjuvant treatment (NAT) consisting of 
chemotherapy and/or chemoradiation has become the standard of care to downstage 
non-metastatic locally advanced PDAC patients[3]. Moreover, NAT is gaining 
popularity in both borderline and fully resectable patients to allow a more accurate 
and complete cytoreduction (R0)[4-6]. Resection rates range from 26% to 60% in 
patients showing a good NAT response, rising to 67.8% in patients with anatomically 
borderline resectable disease[7], with a high percentage of R0 resections and a more 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1948-9366/full/v13/i9/885.htm
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than doubled median overall survival (OS)[8,9]. Adjuvant treatment after surgery, 
using a combination of chemotherapy and radiotherapy, is used to increase the local 
control of disease[3].

Impact of nutritional issues on PDAC
Common presentation hallmarks of PDAC are unintentional weight loss (WL) and 
malnutrition, defined as “a state resulting from lack of intake or uptake of nutrition 
that leads to altered body composition and body cell mass leading to diminished 
physical and mental function and impaired clinical outcome from disease”[10], and 
sustained by cancer-induced metabolic changes and by a reduced nutrient intake[11]. 
Moreover, the loss of parenchyma and/or obstruction of the main pancreatic duct may 
affect both the production of enzymes and their transportation into the duodenum, 
resulting in nutrients maldigestion and/or malabsorption[12].

Over 80% of PDAC patients present with WL at diagnosis, and more than one-third 
reports a WL > 10% of their usual body weight[13]; moreover, NAT may worsen 
nutritional status, impairing postoperative outcomes and even delaying or preventing 
surgical intervention[14,15]. Malnutrition in PDAC patients may reach high rates (up 
to 80%) at diagnosis, and it is associated with a worse performance status and a worse 
OS[16].

Sarcopenia, defined as “a progressive and generalized skeletal muscle (SKM) 
disorder that is associated with increased likelihood of adverse outcomes”[17], is 
another frequent condition reported in more than 50% of PDAC patients[18]. It is 
associated with poorer surgical outcomes and a higher length of hospital stay (LOS)
[19], and has been identified as a relevant prognostic factor for OS in patients treated 
with both gemcitabine (GEM) based and FOLFIRINOX-like (leucovorin, fluorouracil, 
irinotecan, and oxaliplatin) chemotherapies[20-22].

Improvement of patient nutritional status during NAT and prior to surgery may 
lead to better surgical outcomes and be an important part of oncological management
[23,24]. The best nutritional strategy to manage PDAC patients is still under debate, 
even if an appropriate nutritional support represents an important therapeutic 
strategy in the preoperative period[23]. While cancer-related malnutrition is still an 
underrecognized and undertreated burden in clinical practice[25,26], emerging data 
show that early closing of the nutritional gap during anticancer treatment can stabilize 
WL, improve treatment tolerability, reduce the performance status deterioration, and 
ameliorate survival rate[27,28].

The aim of this review is to explore if the NAT period may represent an exploitable 
therapeutic window to perform a nutritional prehabilitation program improving 
clinical and survival outcomes.

METHODOLOGY
This review was conducted on Medline, from inception to January 2021, aiming to 
identify published studies exploring the role of nutritional status and preoperative 
nutritional prehabilitation on the outcomes in pancreatic cancer (PC) patients. The 
inclusion criteria for the studies were as follows: observational, prospective and 
retrospective studies, case-control studies, cohort studies, narrative reviews, 
systematic reviews, and meta-analyses; studies including information about 
nutritional status and/or nutritional prehabilitation on PC patients; exclusive PC 
studies; and studies written in English. All studies that did not fall into the previous 
criteria were excluded from the review process.

NUTRITIONAL STATUS CHANGES DURING NEOADJUVANT TREATMENT 
AND THEIR POTENTIAL RELATIONSHIPS WITH THERAPEUTIC 
OUTCOMES
Approximately one-third of PDAC patients are diagnosed with locally advanced 
disease, which prevents an immediate surgical approach[29]. In this setting, NAT has 
become the standard of care as either exclusive treatment or to achieve resectability[9,
30,31], while its use in "borderline" and "resectable" disease is still under debate, even 
if it has become more popular[32].
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This therapeutic implementation represents an additional nutritional concern; in 
fact, NAT cause several side effects, such as oral ulceration, xerostomia, dysgeusia, 
indigestion, nausea, vomiting, diarrhea, and alteration of intestinal motility, leading to 
a reduced food intake, with significant consequences on body composition, and in 
particular on SKM mass[33]. This in turn, may impact NAT completion, postoperative 
outcomes or even impede the possibility of surgery[10,34].

A prospective study including patients with upper gastrointestinal cancers found 
that NAT-treated patients experienced greater losses in the SKM area measured at L3 
vertebra by computed tomography (CT) scan, compared with patients receiving 
palliative chemotherapy (-6.6 cm2, 95% confidence interval [CI] -10.2 to -3.1; P < 0.001 
and -1.2 kg, 95%CI -1.8 to -0.5; P < 0.001, respectively)[35].

Naumann et al[35] analyzed 100 consecutive locally advanced PDAC patients, 
treated with 4 wk of GEM-based NAT and found that body weight (mean weight from 
69.0 kg to 66.4 kg; P < 0.0001), body mass index (BMI) (mean BMI from 24.3 kg/m2 to 
23.4 kg/m2; P < 0.0001), and CT-derived subcutaneous adipose tissue (SAT) area 
(mean SAT from 167.1 cm2 to 139.5 cm2; P < 0.0001) significantly decreased after NAT. 
Interestingly, there was no significant correlation between increasing extent of WL and 
survival (WL < 2.5%: median survival of 10.8 mo (range 3.2–46.8); 2.5% ≤ WL < 5.0%: 
10.9 mo (range 5.0–27.6); 5.0% ≤ WL < 7.5%: 10.0 mo (range 3.1–26.5); 7.5% ≤ WL < 
10.0%: 8.4 mo (range 3.1–16.3); WL ≥ 10.0%: 7.3 mo (range 6.1–10.2)[36]. A 
retrospective analysis of 89 patients with potentially resectable PDAC, who received a 
12-wk regimen of neoadjuvant GEM/cisplatin followed by short-course radiotherapy 
with concurrent GEM as part of a phase II study, reported a significant depletion of 
SKM, (median SKM area/height2from 47.5 cm2/m2 to 46.3 cm2/m2; P = 0.01), visceral 
adipose tissue (VAT) (median VAT area/height2 from 45.1 cm2/m2 to 41.2 cm2/m2; P = 
0.01), and SAT (median SAT area/height2 from 53.0 cm2/m2 to 48.7 cm2/m2; P = 0.02). 
Progressive SKM during NAT was related to a shorter disease-free survival (DFS) 
(hazard ratio [HR] 0.89, 95%CI 0.80-1.00; P = 0.04), while VAT loss was associated with 
both shorter progression-free survival (HR 0.98, 95%CI 0.96-0.99; P = 0.01) and OS (HR 
0.97, 95%CI 0.95-0.99; P = 0.001)[37]. Another retrospective study evaluated 127 PDAC 
patients who achieved resectability following approximately 5 mo of NAT, using an 
array of different chemotherapy regimens (mostly GEM- or fluorouracil-based 
regimens), found minimal changes in SKM (−0.5 ± 7.8%; P > 0.05), VAT (−1.8 ± 62.6%; 
P < 0.001), and SAT (−4.8 ± 27.7%; P < 0.001)[38]. A more recent retrospective analysis 
of 147 locally advanced PDAC patients, treated with NAT, showed a mean WL of 3.7 
kg (P < 0.0001), a mean SKM area reduction of 4.2 cm2 (P < 0.0001), while a WL > 5% 
and a SKM loss were associated with a worse OS (14.5 mo vs 20.3 mo; P = 0.04 and 15.1 
mo vs 22.2 mo; P = 0.007, respectively)[39]. Similarly, Naumann et al[39] observed a 
significant decrease in weight (mean relative WL of 5.3%; P < 0.001), as well as in SAT 
(from 142.1 cm2 to 115.2 cm2; P < 0.0001), VAT (from 114.7 cm2 to 95.0 cm2; P < 0.0001) 
and SKM (from 126.0 cm2 to 121.5 cm2; P < 0.0001) during NAT among 141 PDAC 
patients. Moreover, WL > 5% (HR 2.8, 95%CI 1.28-5.91; P = 0.009) and a reduction in 
SKM > 5% (HR 5.54, 95%CI 2.56-12.45; P < 0.001) were independently associated with 
survival[40].

A large multicenter study by Sandini et al[40] including 193 PDAC patients who 
received NAT (64.2% of patients receiving FOLFIRINOX and 44.6% also undergoing 
chemoradiotherapy) observed a significant loss of adipose tissue during treatment 
(median total adipose tissue area from 284 cm2 to 250 cm2; P < 0.001), with no wasting 
of lean body mass (median SKM from 122.1 cm2 to 123 cm2; P = 0.001). Furthermore, 
the authors found that an SKM increase was associated with a higher resectability rate 
(OR 3.7; P = 0.006), suggesting that anabolic potential was preserved in this subset of 
patients and that the ability to enhance muscle tissue may be related to the treatment 
response[41]. Conversely, a more recent prospective analysis of 67 PDAC patients 
reported a deterioration in SKM (median SKM from 128.4 cm2 to 120 cm2; P < 0.001), 
and adipose tissue (intra-muscular adipose tissue, VAT, and SAT) during NAT, using 
different chemotherapy regimens (FOLFIRINOX: 44% of patients; GEM-based 
chemotherapy: 47%) (P < 0.0001). In addition, loss of lean tissue (mean fat-free mass 
loss 2.6 kg, HR 1.1, P = 0.003, mean SKM loss 1.5 kg, HR 1.21; P = 0.001) and loss of fat 
mass (mean loss 2.8 kg HR 1.09, P = 0.004) during treatment were related to a higher 
mortality risk. In multivariable analysis, the preservation of muscle during NAT was 
predictive of better survival (HR 1.21, 95%CI 1.08-1.35; P = 0.025)[42]. An overview of 
these studies is reported in Table 1.

In PDAC patients treated with NAT, these data highlight that anthropometric, as 
well as CT-scan derived body composition parameters can be useful to identify high-
risk nutritional phenotypes. In the same setting, the inability to maintain body weight 
and SKM is associated with poor survival outcomes, while the preservation of body 
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Table 1 Prognostic role of nutritional status changes during neoadjuvant therapy in patients with pancreatic cancer

Ref.
Number of 
patients 
enrolled

Neoadjuvant treatment Body composition changes (P 
value)

Body parameters and clinical 
outcomes (HR; P value)

Naumann et al[35], 
2013, Retrospective

100 Gemcitabine-based 
chemoradiation

Weight decrease (P < 0.0001), BMI 
decrease (P < 0.0001), SAT decrease 
(P < 0.0001)

WL tended to negatively impact on OS (P > 
0.05)

Cooper et al[36], 
2015, Retrospective

89 Gemcitabine and Cisplatin 
followed by Gemcitabine-based 
chemoradiation

SKM area/height2 decrease (P = 
0.01), VAT area/height2 decrease (P 
= 0.01), SAT/height2 decrease (P = 
0.02)

Loss of SKM was related to a shorter DFS 
(HR 0.89, P = 0.04), loss of VAT was related 
to shorter PFS (HR 0.97, P = 0.01) and OS 
(HR 0.97, P = 0.001)

Cloyd et al[37], 
2018, Retrospective

127 Gemcitabine, Capecitabine or 5-
FU based chemoradiation

SKM stability (P > 0.05), VAT 
decrease (P < 0.001), SAT decrease (
P = 0.02)

Body composition changes during were not 
associated with OS (P > 0.05)

Sandini et al[40], 
2018, Retrospective

193 FOLFIRINOX-based 
chemoradiotherapy

TAT area decrease (P < 0.001), VAT 
area decrease (P < 0.0001), SKM 
area increase (P < 0.0001)

SKM area/height2 was higher in patients 
who underwent resection (P = 0.004)

Naumann et al[38], 
2019, Retrospective

147 Gemcitabine-based 
chemoradiation

Weight decrease (P < 0.0001), SKM 
area decrease (P < 0.0001)

WL > 5% was associated with poor OS (HR 
1.56, P = 0.028), SKM area loss > 5% was 
associated with poor OS (HR 1.50, P = 
0.036)

Griffin et al[41], 
2019, Retrospective

78 FOLFIRINOX and gemcitabine-
based treatments

SKM area decrease (P < 0.0001), 
VAT decrease (P < 0.0001), SAT 
decrease (P < 0.0001)

Loss of lean mass was related to poor OS 
(HR 1.1, P = 0.003), loss of SKM was related 
to poor OS (HR 1.21, P = 0.001)

Naumann et al[39], 
2019, Retrospective

141 Gemcitabine-based 
chemoradiation

Weight decrease (P < 0.001), BMI 
decrease (P < 0.0001), SAT, VAT 
and SKM areas decrease (P < 
0.0001)

WL > 5% was associated with worse OS 
(HR 2.8, P = 0.009), SKM area loss > 5% was 
associated with poor OS (HR 5.54, P < 
0.001)

BMI: Body mass index; DFS: Disease-free survival; HR: Hazard ratio; IMAT: Intramuscular adipose tissue; OS: Overall survival; PFS: Progression-free 
survival; SAT: Subcutaneous adipose tissue; SKM: Skeletal muscle; TAT: Total adipose tissue; VAT: Visceral adipose tissue; WL: Weight loss.

composition compartments represents a positive prognostic feature. However, this 
topic deserves well-designed and adequately sized trials to confirm these preliminary 
data.

EFFECT OF MALNUTRITION ON SURGICAL AND SURVIVAL OUTCOMES
Postoperative complications
Pancreatic surgery is associated with a relatively high risk of postoperative complic-
ations (POCs), due to its technical complexity and to the anatomical location of the 
pancreas. Most frequent POCs are postoperative pancreatitis (incidence up to 25%-
30%)[43,44], delayed gastric emptying (incidence 20%-30%)[45,46], and postoperative 
pancreatic fistula (10%-15%)[47,48]. Other less common POCs are represented by post 
pancreatectomy hemorrhage (PPH), intra-abdominal abscesses, anastomotic leakage, 
venous thrombosis, and biliary stenosis[49,50].

Several studies have highlighted the impact of malnutrition on the incidence of 
POC. In a retrospective study performed by Kanda et al[51] in 2011, a low prognostic 
nutritional index (PNI), based on serum albumin concentration and total lymphocyte 
count, was independently associated with the development of POC, particularly 
postoperative fistula (HR 2.52, 95%CI 1.37-4.63). La Torre et al[52] retrospectively 
correlated nutritional status, assessed by the Malnutrition Universal Screening Tool 
(MUST), with POC and found that MUST was an independent predictor of overall 
morbidity (HR 2.66, 95%CI 1.36-8.57; P = 0.001) in 143 PDAC patients. In a prospective 
study published by Darnis et al[53] the Nutritional Index Risk resulted an independent 
factor for the development of PPH (P = 0.048). Nanashima et al[54] performed a 
prospective study of 222 PDAC patients to evaluate the relationship between PNI and 
POC, finding a lower PNI value in patients who developed POC, without statistically 
significant differences. In a very recent study, Mackay et al[55] performed a 
nationwide analysis of 1306 PDAC patients and found an incidence of 24% of severe 
POC, which was identified among the independent factors for not receiving adjuvant 
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chemotherapy (OR 0.32), in particular pancreatic fistula (OR 0.51) and PPH (OR 0.36).
Body composition, particularly the presence of sarcopenia, is also associated with 

POC development[56]. Amini et al[57,58] reported that sarcopenia, assessed by total 
psoas volume, was associated with higher risk of POC (OR 1.79). Nishida et al[59] 
performed a retrospective study finding a higher rate of major POC and particularly of 
pancreatic fistula development (OR 2.87) in sarcopenic patients (assessed by the SKM 
index). However, a recent meta-analysis of 42 studies with 7619 patients involved, 
showed that preoperative sarcopenia was not associated with overall POC 
development nor with pancreatic fistula[60].

Survival outcomes
Preoperative nutritional status may play a crucial role in survival rate after surgical 
oncologic resection. A recent meta-analysis by Liu et al[61], including 11 studies with 
2123 PDAC patients, indicated that a low PNI was a significant independent predictor 
of a worse OS (HR 1.57, 95%CI 1.40-1.77; P < 0.001). Furthermore, preoperative PNI 
was found to be an independent risk factor for failure to complete planned adjuvant 
chemotherapy (OR 6.47; P = 0.033)[62].

Serum albumin may be associated with the nutritional status and is a prognostic 
factor for several cancers[63-65]. Hendifar et al[66], in a cohort of 106 patients with 
resected PDAC, the authors observed that a decrease in serum albumin was 
significantly correlated with a worse DFS (HR 2.2; P = 0.024) and preoperative albumin 
was correlated with a worse OS (HR 0.48; P = 0.008), while preoperative BMI and BMI 
changes during therapies were not associated with survival outcome, in line with 
previous analyses[67].

A recent systematic review of PDAC patients showed that sarcopenia was 
independently associated with a shorter OS in five of eight studies, many of which 
used measurements of total psoas area or total psoas index for comparison, without 
identifying an optimal cut-off, that indeed varied widely[56]. Another systematic 
review and meta-analysis by Bundred et al[60] reported that preoperative sarcopenia 
was related to lower OS in both resectable (HR 1.95; P < 0.001) and in actually resected 
patients (HR 1.78; P < 0.001), even if the conclusions were limited by the high hetero-
geneity (I2: 92%) between studies, due to the different methods of body composition 
assessment.

Regarding DFS, a retrospective analysis by Okumura et al[68] determined that a low 
preoperative SKM was a negative independent prognostic factor both for OS (HR 2.0; 
P < 0.001) and DFS (HR 1.6; P = 0.007), the completion rate of adjuvant chemotherapy 
in patients with low psoas muscle mass index was significantly lower (65.6% vs 80.1%; 
P < 0.001) but upon multivariate analysis, only a low PNI remained an independent 
prognostic factor for worse OS and DFS. In line with these findings, Sugimoto et al 
retrospectively showed that the measure of height-adjusted and sex-standardized 
amount of the SKM area was related to both OS (HR 1.36; P = 0.035) and DFS (HR 0.84; 
P = 0.007) in patients undergoing upfront surgical resection for PDAC[69].

Sarcopenic obesity (defined as the presence of sarcopenia in an obese patient)[70] 
was significantly associated with a worse OS (12.9 mo vs 20.7 mo; P = 0.04) in the study 
by Cooper et al[36] in patients with potentially resectable PDAC treated within a phase 
II trial of NAT. A meta-analysis by Mintziras et al[18] including 11 studies comprising 
2297 PDAC patients, found that sarcopenia was significantly associated with a poor 
OS (HR 1.49; P < 0.001) and the mortality risk was even higher in sarcopenic obese 
patients (HR 2.01; P < 0.001). Recently, a retrospective analysis of PDAC patients that 
underwent pancreatic resection, confirmed that sarcopenic obese patients had a worse 
OS (14 vs 23 mo; P = 0.007)[19].

EVIDENCE FOR POTENTIAL CLINICAL BENEFIT WITH PREOPERATIVE 
NUTRITIONAL PREHABILITATION
In the Enhanced Recovery After Surgery (ERAS) era, the “prehabilitation,” an 
intervention aimed at enhancing a patient’s functional capacity to enable him/her to 
better cope with a stressful event, has become an evolving area of interest[71]. In this 
context, preoperative nutritional therapy is increasingly recognized as a crucial 
component to optimize nutrient stores in preparation for the metabolic demands of 
surgical trauma, conditioning patients to become stronger for an earlier recovery[23]. 
Major surgery involves several metabolic and nutritional changes, through the 
activation of an inflammatory cascade and the release of stress hormones and 
cytokines, whose intensity is correlated with the degree of tissue injury[72]. Therefore, 
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an adequate preoperative physiological reserve is required to meet the functional 
demands of the surgical stress and to support the stress-induced mobilization of 
nutritional substrates[73]. Of note, patients with low preoperative reserves, including 
malnourished, frail and sarcopenic ones, may exhaust their nutritional reserves 
rapidly and, therefore, they cannot respond to the increased requirements following 
surgery[23].

Pancreatic surgery is identified as one of the most challenging surgical areas, due to 
the magnitude of the dissection and resection, the anatomical location, the resultant 
global stress, and the relatively high rate of morbidity[34,74]. Several studies have 
reported improved postoperative outcomes and shorter LOS in patients treated 
according to ERAS principles, as compared to those receiving conventional care[61,75,
76]. As many patients scheduled for PDAC surgery are nutritionally depleted, 
particular attention should be paid to the preoperative nutritional optimization in this 
clinical scenario[77], as recommended by evidence-based guidelines for preoperative 
care for pancreaticoduodenectomy by the ERAS Society, the European Society for 
Clinical Nutrition and Metabolism (ESPEN), and the International Association for 
Surgical Metabolism and Nutrition, published in 2013[78]. Preoperative care should 
include careful nutritional assessment, detection of body composition parameters, and 
thus a personalized preoperative nutritional optimization[79]. Oral feeding remains 
the best approach[80], while the role of oral nutritional supplements (ONSs) in 
malnourished patients is well established, and the ONS role in well-nourished ones is 
still debated.

According to ERAS Society guidelines, routine use of preoperative enteral nutrition 
is not recommended, but there is a low-level evidence suggesting that a preoperative 
nutritional support may be indicated in patients with malnutrition[78]. A recent 
systematic review of studies conducted on ERAS protocols for patients scheduled for 
pancreaticoduodenectomy since 2013 emphasized the role of preoperative oral 
immuno-nutrition in the prevention of incisional wound infections, as well as in the 
reduction of surgical stress, and suggested that preoperative enteral nutrition should 
be applied for 10 to 14 d before surgery in patients with severe malnutrition[81].

The recently published International Study Group on Pancreatic Surgery consensus 
statement regarding nutritional support for pancreatic surgery established that 
nutritional counselling and ONSs are recommended in patients with moderate 
malnutrition with no evidence of gastric obstruction, or in those who have a moderate 
risk of nutritional worsening in the early postoperative period. An aggressive 
preoperative nutritional support by enteral or parenteral feeding should be considered 
if at least one of the following criteria, reflecting severe malnutrition, is met[34]: WL > 
15% within 6 mo; BMI < 18.5 kg/m2; subjective global assessment grade “C” or 
nutritional risk score ≥ 5; and serum albumin < 30 g/dL (with no evidence of hepatic 
or renal dysfunction).

The benefit of preoperative nutritional intervention combined with physical exercise 
is still a subject of debate. In this regard, a recent Asian analysis among 108 patients 
undergoing hepato-pancreato-biliary surgeries for malignancy showed that the 
implementation of prehabilitation, integrating preoperative exercise and nutritional 
therapy, has the potential to improve outcome, preventing serum albumin deteri-
oration (median, 0.10 vs -0.30; P = 0.001), increasing total muscle/fat ratio (median, 
1.83 vs 1.75; P < 0.001), shortening postoperative LOS (median, 23 d vs 30 d; P = 0.045), 
leading to a potential positive economic impact[82].

Focusing on prehabilitation in 40 patients (45% PDAC) undergoing pancre-
aticoduodenectomy, a recent randomized controlled trial by Ausania et al[83] 
estimated the effect of preoperative nutritional support, control of diabetes and 
exocrine pancreatic insufficiency and physical, as well as respiratory training. 
Although prehabilitation was not associated with a lower POC incidence, a lower rate 
of delayed gastric emptying (5.6% vs 40.9%; P = 0.01) and a lower clinically relevant 
pancreatic fistula rate (11.1% vs 27.3%; P = n.s.) were found in the prehabilitation 
group. However, this study had several limitations in terms of methodology and was 
potentially flawed by the short prehabilitation time (patients receiving only 7 d of 
prehabilitation were included).

In this context, Okumura et al[68] suggested that although the ideal period of 
preoperative nutritional and exercise therapeutic protocols is not established, at least 1 
mo before surgery is required to improve nutritional status. Unfortunately, routine 
nutritional assessment within the ERAS programs is only partially implemented, 
probably due to insufficient awareness about nutritional issues among health profes-
sionals, lack of structured collaboration between surgeons and clinical nutrition 
specialists, and the absence of dedicated resources[79].
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Studies evaluating nutritional optimization before surgery for PDAC are producing 
encouraging early results, but definitive clinical evidence is very limited. Further 
studies on this topic are eagerly warranted.

NUTRITIONAL MANAGEMENT
Nutritional management should be started preoperatively to optimize nutritional 
status in preparation for the increased metabolic requirements of surgical injury. An 
overview of the suggested nutritional interventions during NAT for PDAC is shown in 
Figure 1 and in Table 2. An accurate identification of patients at high nutritional risk or 
already malnourished is crucial to choose the optimal type and timing of nutritional 
intervention[84]. There are many nutritional risk tools that can be used in clinical 
practice. Of note, none of the available clinic-biological scores for nutritional 
assessment meets the diagnostic performance criteria to predict POC after pancreatic 
surgery, and the proportion of patients at high risk for deranged nutritional status 
varies using different scores[85].

The inconsistency in predicting poor outcomes with different nutritional screening 
tools may lead to either insufficient or excessive nutritional treatments, with 
potentially harmful effects. In this regard, the new Global Leadership Initiative on 
Malnutrition (GLIM) criteria for the diagnosis and grading of malnutrition have been 
introduced and recently validated in a large population of patients undergoing 
abdominal surgery, including pancreatic resections[86]. According to GLIM criteria, a 
patient can be defined malnourished if, after a positive risk screening test for 
malnutrition, presents at least one phenotypic criterion (non-intentional WL, low BMI, 
or reduced muscle mass) and one etiologic criterion (reduced food intake/assi-
milation, or inflammation/disease burden)[87].

Numerous studies have shown the prognostic impact of body composition 
assessment by CT-scan in oncological patients and in those undergoing cancer 
treatments[88-91]. Especially, in patients undergoing NAT, CT scans are usually 
performed several times during treatment. Therefore, CT scan-based body 
composition analysis could be easily implemented in routine clinical practice.

Energy intake
Energy balance in catabolic condition, as in PDAC patients, is deeply influenced by 
changes in dietary intake[92], therapy-linked factors[93], and decreased levels of 
physical activity[94].

Okusaka et al[95] found that a longer survival time was associated with a high 
energy intake in patients affected by advanced PDAC (P = 0.02). Moreover, Bye et al
[96] in their work, found a correlation between PDAC-specific symptoms (e.g., pain, 
fatigue, nausea), WL, and poor energy intake. The caloric requirement of PDAC 
patients should be assessed in a personalized way and when energy expenditure is not 
measured individually, ESPEN guidelines suggest an intake of 25-30 kcal/kg/day[97].

In conclusion, assessment of energy intake should be guaranteed in PDAC patients 
with the aim to elaborate a personalized nutritional strategy in order to decrease the 
risk of WL and consequently malnutrition.

Protein intake
Recent literature data on nutritional support in oncological patients attribute high 
relevance to correct protein intake (PI), with the aim to promote muscle anabolism
[98]. Sarcopenic patients, similar to oncological ones, have poor protein stores and this 
could contribute to increased POC, LOS and mortality[23]. The most recent and 
interesting theories affirm that the best way to prepare the patient to the surgical 
trauma should be a multimodal approach, which includes nutritional changes, psycho-
logical support, and physical training[99,100]. ESPEN guidelines on nutrition in cancer 
patients set the PI target to 1.2-1.5 g/kg per day. However, it is not clarified if there are 
specific amino acid mixtures that can improve clinical outcomes in this setting[97].

Several studies have highlighted the role of branched-chain amino acids (BCAAs) to 
decrease muscle catabolism[101]. Between the first studies conducted on this field of 
research, Tayek et al[102] found a higher response in terms of protein accretion and 
albumin synthesis using BCAA-enriched parenteral nutrition (PN) formulas with 
respect to standard PN. More recently, Deutz et al[103] conducted a randomized, 
controlled, double-blind study on 25 cancer patients, with the interventional group 
receiving a functional food enriched with 40 g of protein and leucine. In this group, the 
rate of muscle protein synthesis was higher than the control group (P = 0.02). β-
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Table 2 Nutritional recommendation during neoadjuvant therapy in patients with pancreatic cancer

Nutritional recommendation during neoadjuvant therapy in patients with pancreatic cancer

Energy intake Total energy expenditure should be measured; otherwise, 25 to 30 kcal/kg/d should be guaranteed

Protein intake 1.2-1.5 g/kg/d should be prescribed

Fish oil Fish oil supplementation may improve the metabolic derangements

Tumor in the head: start PERT immediatelyPERT

Tumor in the body/tail: Perform PEI test before prescribing PERT

Immunonutrition Immunonutrition-based supplements may improve clinical outcomes 

PERT: Pancreatic enzymes replacement therapy; PEI: Pancreatic exocrine insufficiency.

Figure 1 Suggested nutritional interventions during neoadjuvant treatment for pancreatic ductal adenocarcinoma. PEI: Pancreatic exocrine 
insufficiency; PERT: Pancreatic enzyme replacement therapy.

hydroxy-β-methylbutyrate (HMB) is a metabolite of the essential amino acid leucine, 
which induces an anabolic effect in cancer patients, promoting regenerative events, 
suppressing protein degradation, and activating anabolic signaling pathways[104]. In 
many murine preclinical studies HMB showed the potential to reduce WL, tumor 
weight, and to attenuate protein degradation[105,106]. In the study by May et al[107], 
which also included advanced PDAC patients, the authors found an increase of fat-
free mass (FFM) in patients treated with a mixture of HMB (3 g/d), L-arginine (14 
g/d), and L-glutamine (14 g/d) vs the control group. On the other hand, a 
randomized, double-blind, placebo-controlled trial performed by Berk et al[108], 
showed no statistical differences in FFM among patients treated with the same 
mixture. Despite the lack of a strong evidence from the literature, it is advisable to 
refer to ESPEN guidelines and recommend a PI of 1.2-1.5 g/kg per day in PDAC 
patients.

Fish oil
Fish oil (FO) is an anti-inflammatory nutraceutical, which is often used to improve the 
imbalance between omega-3 (w-3 FA) and omega-6 fatty acids (w-6 FA) in oncologic 
patients among others[109]. Eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) are the w-3 FA acids found in FO that are able to induce an anti-inflammatory 
response[110]. Moreover, many epidemiological studies have suggested that a high 
consumption of FO and therefore of w-3 FA reduces the risk of pancreatic cancer[111]. 
These molecules are also involved in the synthesis of cell membranes[112], hormones, 
receptors, prostaglandins, and leukotrienes[113]. Moreover, EPA and DHA show 
anabolic effects when used on sarcopenic patients like oncological ones[114]. Barber
[115] analyzed the impact of FO on patients with cancer cachexia, concluding that FO 
had the potential to normalize the metabolic derangements of oncological patients.
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For all of these reasons, FO can be useful both in surgical and medical patients 
affected by PDAC, through oral, enteral, or parenteral administration. Werner et al
[116] performed a randomized, double-blind, and controlled trial, comparing the 
administration of 500 mg FO (60% of FO and 40% of medium-chain triglycerides, 6.9 
g/100 g of EPA and 13.6 g/100 g DHA) vs 500 mg marine phospholipids (8.5 g/100 g 
EPA and 12.3 g/100 g DHA) three times per day for 6 consecutive weeks. The authors 
found a stabilization of body weight after 6 wk in both groups (P = 0.001 and P = 0.003, 
respectively). Moreover, they found a significant increase in the amount of anti-inflam-
matory EPA and DHA, a decrease of the pro-inflammatory arachidonic acid and an 
increase in high-density lipoprotein in the patient’s plasma of FO group. Arshad et al
[117] described a reduction in the concentration of pro-inflammatory cytokines and 
growth factors using intravenous omega-3 enriched lipid emulsion with improvement 
in survival outcomes, in patients affected by locally advanced or metastatic PDAC 
eligible for GEM treatment.

Pancreatic enzyme replacement
Pancreatic exocrine insufficiency (PEI) is a frequent condition that can profoundly 
affect the nutritional status of PDAC patients. PEI is defined as the clinical condition in 
which the quantity of enzymes secreted by the pancreas are not sufficient to guarantee 
the physiological digestive processes and can be caused by lack of production by the 
pancreas and/or by the obstruction of ducts by external causes, such as tumors[118]. 
Symptoms of PEI may vary from micronutrient deficiency to abdominal pain, 
flatulence, WL, and steatorrhea, defined as the presence of more than 7 g fat in the 
feces per day[119,120]. PEI in PDAC patients ranges from 30% to 100%, according to 
the method used to diagnose the condition[121].

Pancreatic enzyme replacement therapy (PERT) can improve the malabsorption-
related symptoms through the amelioration of protein and fat digestion processes[122,
123].

In the paper by Roberts et al[124], the use of PERT was associated with an increase 
of survival among PDAC patients (survival time ratio: 2.62, 95%CI 2.27-3.02). Landers 
et al[125] performed a pilot study to determine the efficacy of PERT in metastatic 
PDAC patients, using 50.000 IU of pancrealipase for each meal and 25.000 IU for each 
snack, showing an improvement of symptoms and quality of life (QoL) assessed at 1 
and 3 wk after the start of treatment. A retrospective analysis by Domínguez-Muñoz et 
al[126] was conducted among 160 patients with unresectable PDAC. The authors 
divided into two groups the study population: the first group followed the standard of 
care, while the second one was screened for PEI and started PERT if necessary. 
Survival in the second group was longer than in the first one (HR 2.117, 95%CI 1.493-
3.002; P < 0.001). Moreover, also in patients with significant WL at diagnosis, PERT 
was associated with longer survival (HR 2.52, 95%CI 1.55-4.11; P < 0.001). PERT is, 
therefore, useful to treat malnutrition in PDAC patients affected by PEI, and is 
associated with an improvement in QoL and survival[127]. Nevertheless, the optimal 
dose and optimal timing of PERT administration in PDAC patients is not well defined
[128]. A very recent position paper by Pezzilli et al[12] aimed to give recommendations 
on PERT in the PDAC setting, concluding that patients with head PDAC should be 
given enzymes, while a diagnostic evaluation should be performed using fecal elastase 
in patients affected by body or tail neoplasm prior to giving them PERT. Moreover, in 
the next few months, a Cochrane Systematic Review on this issue is planning to be 
published[129].

In conclusion, due to the underrecognition of this condition and its metabolic 
consequences, PEI should be investigated in all patients affected by PDAC, and PERT 
should be started as soon as possible, when necessary.

Immunonutrition
Immunonutrition (IN) can be defined as modulation of the activity of the immune 
system by specific food or nutrients, called immunonutrients; the most important are 
w-3 FA, glutamine, arginine, and nucleotides[130].

The role of the IN has been studied only in a few series in the surgical setting. In 
2011 Klek et al[131] performed a prospective, randomized, double-blind clinical trial 
evaluating the impact of IN on surgical patients affected by PDAC or gastric cancer, 
finding differences in postoperative LOS (P = 0.006), infectious POC (P = 0.04), overall 
morbidity (P = 0.01), and mortality (P = 0.03). The group of Shirakawa et al[132] also 
found a lower rate of incisional wound infection in the IN group vs standard therapy (
P = 0.012). Gade et al[133] performed a randomized controlled trial enrolling 35 
surgical patients, with the aim to define the effect of 7 d of oral IN supplementation in 
PDAC patients. However, the author found no statistically significant improvements 
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in the IN group. Silvestri et al[134] studied the impact of oral IN in non-malnourished 
PDAC patients undergoing pancreaticoduodenectomy and found a significative 
impact on LOS (P = 0.035) and infectious POC (P = 0.034). On the contrary, no 
differences in terms of mortality and overall morbidity rate were found. While IN in 
surgical PDAC patients reduces POC, LOS, and improves survival rate, no data were 
found in the recent literature on IN use during NAT.

NAT AS A WINDOW OF OPPORTUNITY FOR NUTRITIONAL PREHABILI-
TATION
Patients undergoing multimodal oncological care are at increased risk of progressive 
nutritional worsening, with deleterious effects on surgical and oncological outcomes
[135,136]. In this setting, current standard of care creates a minimum timeframe of four 
to 6 mo for NAT completion. This time period could thus represent a valuable 
opportunity for prehabilitation, to minimize the nutritional/metabolic impact of NAT, 
but published literature is scarce on this topic[34,137]. Indeed, most studies invest-
igating ERAS programs/prehabilitation for PDAC excluded patients who had 
received preoperative NAT[82,84].

Recently, a prospective randomized control study by Akita et al[138] aimed at 
exploring whether a nutritional intervention consisting in 560 kcal/day of EPA-
enriched nutritional supplements might impact on nutritional status in PDAC patients 
who received GEM-based neoadjuvant chemoradiotherapy. The authors reported that 
the psoas major muscle area ratio was significantly higher in the nutritional 
intervention group (median, 0.96 vs 0.89; P = 0.001), and that patients who consumed ≥ 
50% of the EPA-enriched supplement presented significantly higher SKM ratios (P = 
0.042). With regards to patients following NAT for locally advanced PDAC, a recent 
prospective analysis evaluated the impact of the preoperative IN supplementation on 
surgical outcomes in subjects undergoing irreversible electroporation surgery. Patients 
receiving IN presented a lower decrease in nutritional risk index (-12.6 vs -16.2; P = 
0.03), serum albumin levels (-1.1 vs -1.5; P < 0.01), and experienced a statistically 
significant decrease in POC (P = 0.05) and LOS (10.7 vs 17.4; P = 0.01)[139].

Only a preliminary prospective study has reported the feasibility of a preoperative 
prehabilitation program, including nutritional counselling by a dietitian, of IN for 5 d 
before surgery and an exercise program, in patients with borderline resectable PDAC 
who received NAT[82].

In other areas of surgery, multimodal prehabilitation in patients receiving NAT has 
recently generated growing interest and seems to have a potential clinical benefit. 
Recently, a retrospective study of 22 patients, planning to undergo NAT for 
esophageal cancer, found a trend to a lower WL (3.0% vs 4.4%; P = 0.05) and a lower 
percentage of patients requiring postsurgical readmission rates at 30-d and 90-d (0.0% 
vs 18.2%; P = 0.14 and 18.2% vs 27.3%; P = 0.6, respectively) in those submitted to a 
structured prehabiliation program, which included tailored nutritional counselling, 
psychological support and supervised physical exercise[140].

CONCLUSION
Despite the lack of high-quality clinical evidence, many PDAC patients with 
resectable, borderline resectable, and locally advanced disease, nowadays undergo 
NAT as part of an integrated, multimodal, treatment program. Since NAT may 
provide an interesting window of opportunity to implement nutritional prehabil-
itation in PDAC patients and the limited available data on this issue suggest a 
reduction in POC, LOS and readmission rates, well-designed, controlled, randomized 
clinical trials are needed to establish new recommendations in this NAT setting.
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Abstract
With the continuous development of digital medicine, minimally invasive 
precision and safety have become the primary development trends in hepato-
biliary surgery. Due to the specificity and complexity of hepatobiliary surgery, 
traditional preoperative imaging techniques such as computed tomography and 
magnetic resonance imaging cannot meet the need for identification of fine 
anatomical regions. Imaging-based three-dimensional (3D) reconstruction, virtual 
simulation of surgery and 3D printing optimize the surgical plan through 
preoperative assessment, improving the controllability and safety of intraop-
erative operations, and in difficult-to-reach areas of the posterior and superior 
liver, assistive robots reproduce the surgeon’s natural movements with stable 
cameras, reducing natural vibrations. Electromagnetic navigation in abdominal 
surgery solves the problem of conventional surgery still relying on direct visual 
observation or preoperative image assessment. We summarize and compare these 
recent trends in digital medical solutions for the future development and 
refinement of digital medicine in hepatobiliary surgery.
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Core Tip: This paper analyzes the latest trends in three-dimensional visualization, robot-
assisted surgery, and electromagnetic intraoperative navigation in hepatobiliary surgery 
and summarizes the advantages and limitations of existing technologies and potential 
solution strategies. It also analyzes existing real-time intraoperative navigation, 
compares optical tracking navigation to electromagnetic tracking navigation with a 
focus on the advantages and existing limitations, and attempts to improve the program 
as an educational learning tool for new physicians. Additionally, it aims to popularize 
hepatobiliary surgery as digital medicine and tries to illustrate a direction for the 
advancement and development of digital medicine in hepatobiliary surgery.

Citation: Wang Y, Cao D, Chen SL, Li YM, Zheng YW, Ohkohchi N. Current trends in three-
dimensional visualization and real-time navigation as well as robot-assisted technologies in 
hepatobiliary surgery. World J Gastrointest Surg 2021; 13(9): 904-922
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/904.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.904

INTRODUCTION
The safety and effectiveness of hepatobiliary surgery is based on knowledge of the 
detailed anatomy of the hepatobiliary structures, but the structure of the liver is 
complex and the vascularity and anatomy of the bile ducts at the hilum are prone to 
variation[1]. Traditional surgery based on two-dimensional (2D) images to visualize 
the three-dimensional (3D) spatial relationships of anatomical structures in the mind 
in order to complete the operation, but it’s a significant challenge for new inexper-
ienced surgeons. 3D visualization, digital imaging and 3D printing can clearly show 
the 3D spatial relationship of the lesion site, which can help with difficult intrahepatic 
vein reconstruction and blood supply assessment as well as biliary vein drainage 
problems, enabling surgeons to better plan their operations and pushing surgery 
towards precision and minimally invasive surgery. The development of robot-assisted 
surgery can overcome the disadvantages of traditional laparoscopy in hepatobiliary 
surgery, such as inadequate depth perception, inevitable hand tremors, and the 
surgeon's greater susceptibility to fatigue after prolonged surgery, helping surgeons to 
be more flexible in operating on delicate sites[2,3]. Intraoperative navigation reduces 
the practical uncertainty of the operation and the deformation and displacement of 
tissues, and evolving digital medicine is helping surgeons to optimize preoperative 
planning, perform precise and safe intraoperative procedures and carry out accurate 
postoperative analysis[4,5].

THREE-DIMENSINAL VISUALIZATION IMAGES AND THEIR EXTENSION
The segmental anatomy of the liver and the anatomy of the blood vessels and bile 
ducts are diverse and the presence of various anatomical variants requires individu-
alized surgical plans to ensure that the operation is carried out safely. Experienced 
surgeons can sketch a 3D image in their minds based on preoperative 2D images such 
as computed tomography (CT) plane magnetic resonance imaging (MRI) to complete 
the operation successfully, but it is a significant challenge for surgeons new to the 
profession[6,7]. 3D visualization and 3D printing technologies can clearly show the 
specific spatial anatomy of a lesion and can help young surgeons optimize their 
surgical plans, which can be used for liver resection, liver transplantation, radiofre-
quency ablation, transjugular intrahepatic portosystemic shunts, gallstones, 
gallbladder cancer and many other diseases[4,8,9]. Especially in the case of malignant 
liver tumor resection, the application of 3D visualization and 3D printing technology 
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allows for accurate preoperative assessment, simulation and optimization of the 
surgical plan to ensure that the operation is carried out safely[10].

3D visualization
With the rapid development of digital medicine, 3D visualization images are 
increasingly used in the diagnosis and treatment of hepatobiliary diseases, and more 
and more companies are developing 3D visualization software for medical use, such as 
Liversim, Mint Liver, etc.[11]. A large amount of fine stereoscopic data helps surgeons 
to clearly identify the anatomical relationship of the lesion before surgery, helping the 
team to share accurate 3D surgical images[12]. Particularly for surgery on hepato-
biliary malignancies, 3D visualization technology also allows for a comprehensive 
assessment of the vasculature and evaluation of variants, which helps the surgery to 
unfold safely[13,14].

As shown in Table 1, Miyamoto et al[15] used 3D visualization images to diagnose 
parabile ducts in patients with cholangiocarcinoma that could not be detected by 
multilayer spiral CT and magnetic resonance cholangiopancreatography. Zeng et al[16] 
conducted a retrospective study of patients with type-III hilar cholangiocarcinoma 
using 3D modelling, demonstrating the safety and efficacy of 3D visualization. 
Nakayama et al[13] retrospectively analyzed 240 consecutive patients undergoing liver 
resection and demonstrated the effectiveness of 3D simulation to help surgeons 
effectively reduce operative time. Lin et al[17] explored the value of 3D visualization in 
pancreatic resection and validated the effectiveness of 3D visualization images to help 
surgeons plan surgery.

Advantages and limitations of 3D visualization
The development and application of visualization images has changed the paradigm 
of surgery and can also help inexperienced surgeons to learn with simulation, 
improved safety, reduced intraoperative risk and to some extent reduced posto-
perative complications[12,17,18].

However, the current 3D visualization techniques still have some limitations[18]. 
First, the process of medical image reconstruction mainly includes image data pre-
processing, segmentation and annotation, alignment and fusion, 3D reconstruction, 
visual image display, etc. Each step of the process affects the results of 3D recon-
struction, and the quality of the raw data acquired during the process and the different 
capabilities of the various reconstruction software applications also affect the outcome 
of 3D reconstruction. Second, although the reconstructed images produced by current 
visualization software are generally better than the image post-processing software 
that comes with CT or MRI, they are based on secondary processing of the original CT 
or MRI images, which inevitably results in partial loss of the original data during the 
image processing, thus affecting the fineness and clarity of the reconstructed images
[18]. Future research should maximize the preservation of raw data, optimize the 
algorithms of various reconstruction techniques, improve the fidelity of the 
reconstruction and increase the accuracy of the 3D visualized images. Third, the 
reconstruction of images is currently time-consuming, taking at least one to two hours, 
future research could be technically optimized to reduce the reconstruction time[19]. 
Fourth, soft tissue organs such as the liver surface, intrahepatic structures and the bile 
duct tree are usually deformed intraoperatively due to changes in position and 
surgical procedures[20]. Although studies have also described calibration algorithms 
based on deformed organs, the currently available DIR algorithms still have 
limitations when dealing with complex deformations including volume changes, and 
optimization solutions for variable organ alignment remain a difficult area for future 
research, and further development and testing studies are needed in the future[21].

3D printing
3D printing is an extension and expansion of 3D visualization technology. High-
fidelity 3D printed models can realistically reflect the 3D spatial relationships of fine 
anatomical areas such as lesion sites and blood vessels, allowing for multi-dimensional 
predictions of surgical procedures before surgery, achieving a leap from 3D images to 
solid 3D physical models[22,23].

The use of 3D printing in liver surgery has become widespread, and studies have 
shown good results with negative margins for using this technique in the treatment of 
small liver cancers[24]. Joo et al[25] applied a 3D-printed transparent liver model. The 
3D technique was also applied by Fang et al[26] in surgeries on liver diseases such as 
intrahepatic bile duct stones and liver malignancies. He et al[27] also applied 3D 
printing in liver resection and autologous liver transplantation for vesicular encapsu-
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Table 1 Three-dimensional visualization and robot-assisted surgery in recent years

Surgical site Sample 
size Patient type of disease Imaging 

systems

Incidence of 
complications 
(%)

Summary of 
technology Ref.

Bile duct 
department

1 Extrahepatic 
cholangiocarcinoma combined 
with paracolic bile duct

Synapse 
Vincent

0 Accuracy and 
reliability

Miyamoto et 
al[15], 2014

Hepatic portal 47 Type-III cholangiocarcinoma 
of the porta hepatis

MI-3DVS Safety, 
effectiveness, 
and feasibility

Zeng et al[16], 
2016

Liver 120 Hepatocellular carcinoma, bile 
duct cancer, liver 
transplantation

Synapse 
Vincent

10.8 Time savings Nakayama et 
al[13], 2017

Pancreas 64 Pancreatic cancer, biliary tract 
cancer, neuroendocrine 
tumors, IPMN

Synapse 
Vincent

14 Safety, 
effectiveness, 
and feasibility

Miyamoto et 
al[100], 2018

3D 
visualization

Pancreas 44 Pancreatic cancer MVT Safety, 
effectiveness, 
and feasibility

Lin et al[17], 
2020

Major and minor 
liver resections

40 Hemangioma, HCC, hydatid 
cyst, cholangiocarcinoma

da Vinci 
Surgical System

12.5 Safety and 
feasibility

Troisi et al
[37], 2013

Major liver 
resection

25 Fatty liver, hepatic 
hemangioma, giant adenoma, 
HCC, secondary liver 
carcinoma

da Vinci 
Surgical System

9.3 Safety and 
feasibility

Spampinato et 
al[33], 2014

Wedge resection of 
the liver

20 HCC, secondary liver 
carcinoma, hepatic 
hemangioma, liver stones

da Vinci 
Surgical System

9.5 Safety and 
feasibility

Felli et al[47], 
2015

Cholecystectomy 38 Benign biliary disease da Vinci 
Surgical System

0 Safety and 
effectiveness

Gustafson et 
al[51], 2016

Cholecystectomy 1833 Benign gallbladder disease da Vinci 
Surgical 
System,  Zeus 
system, AESPO

9.3 No superiority 
over 
laparoscopy

Han et al
[101], 2018

Robot-
assisted

Major and minor 
liver resections

1312 Liver tumors da Vinci 
Surgical System

17.8 No superiority 
over 
laparoscopy

Zhang et al
[2], 2020

MVT: A three-dimensional multi-touch visualization table introduced by Sectra in 2010 at the Radiological Society of North America. IPMN: Intraductal 
papillary mucinous neoplasm; HCC: Hepatocellular carcinoma; 3D: Three-dimensional.

lation disease with satisfactory surgical results. Yang et al[28] used HepaRG cells and 
bioink to construct 3D bioprinted hepatic-like biotin, demonstrating that 3D 
bioprinting can be used to generate human liver tissue as an alternative transplant 
donor for therapy.

As shown in Table 2, current 3D printing enables the adjustment and placement of 
3D printed models in optimal anatomical positions, facilitating both the placement of 
surgical instruments and the intuitive real-time navigation of key steps in surgery. It 
also allows rapid identification and precise positioning of key sites, optimizing the 
plane of surgical resection, the separation of important vessels and the precise removal 
of lesions, thereby improving surgical precision and safety and reducing surgical risk
[29]. A number of studies have shown that 3D printing can produce implant shapes 
that precisely match their anatomical characteristics, ensuring that implant surgery is 
carried out safely[30,31].

Despite these advantages, 3D printing has a number of limitations. First, 3D 
printing devices take longer to plan and produce, often delays surgery and therefore 
are unsuitable for emergency surgery. Second, the issue of the material of the model is 
also a key point to be examined, as the visceral soft tissue organs are deformable and 
rigid models cannot reproduce the compliance of the tissue[32,33]. Fragile models are 
also unsuitable for surgery, and certain models cannot be handled by the surgeon 
during surgery because the particular material cannot be sterilized[34,35]. Third, the 
design and manufacture of 3D models for transplantation is more challenging, 
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Table 2 Advantages and current limitations of existing three-dimensional printing

Advantages Limitations

(1) Realistic spatially dissected views (1) Time-consuming production

(2) Intuitive real-time navigation for rapid identification and 
location

(2) Rigid model with poor soft tissue compliance

(3) Improved surgical safety (3) Fragility

(4) Less time consumed and fewer complications (4) High cost

(5) Novel educational techniques (5) Issues of specificity, safety, and sustainability of implantable 3D-printed 
products

3D: Three-dimensional.

requiring consideration not only of the specificity of soft tissue organs, but also of the 
safety and sustainability of 3D printed products. Fourth, the high additional cost is 
also one of the disadvantages of current3D printing that cannot be ignored, of course, 
it is believed that with the development of bioprinting technology, these issues may be 
addressed to some extent[34].

ROBOT-ASSISTED HPATOBILIARY SURGERY
Precision and minimally invasive surgery have long been the pursuit of surgical 
procedures, and with the development of surgical anatomy and perioperative care, 
enhanced imaging modalities such as 3D visualization, and advances in laparoscopic 
surgery and robotic devices, minimally invasive surgery is becoming the gold 
standard in specific areas of gastrointestinal surgery[36-38]. However, the straight 
instruments of the laparoscope allow only four degrees of freedom, and the surgeon's 
inevitable physical hand tremors are magnified by the long laparoscopic tube. These 
factors, combined with the 2D field of view, the narrow space and the lack of depth 
perception, add to the difficulty of laparoscopic surgery, and prolonged procedures 
are more likely to lead to surgeon fatigue[2]. The robot-assisted surgical system offers 
many advantages over laparoscopic surgery, including the filtering out of 
physiological hand tremors based on simulated surgeon wrist movements, a stable 
camera platform, a 3D surgical field of view and visual magnification, seven degrees 
of freedom of dexterity, and reduced surgical fatigue for the surgeon[39].

Operation of robotic surgery: Indications and contraindications
Currently, most robot-assisted minimally invasive surgery is performed using the Da 
Vinci Si Surgical System telesurgery system, in which the surgeon sits at a console and 
operates several master robots, with intraoperative manipulation and view capture 
performed by three robotic instrument arms and one camera arm[40]. The stable 
platform's 3D field of view and flexible robot arm help surgeons better expose 
anatomical structures for selective control, dissection, and handling[39]. The robotic 
platform also enables near-infrared fluorescence imaging using indocyanine green 
(ICG) to assess tissue perfusion and identify lymphatic structures, distinguishing 
between healthy liver and tumor tissue[41]. The use of ICG fluorescence imaging also 
improves the discrimination between biliary tract and vascular structures, facilitating 
the identification of resection lines and helping the surgeon to maintain an accurate 
resection plane intraoperatively[42]. The use of these devices together allows for better 
control of the vascular system and fine structures such as the bile ducts, reducing 
intraoperative risks and intraoperative complications.

According to the available guidelines, indications for robotic hepatectomy include 
malignant tumors of the liver such as primary liver cancer, secondary liver cancer, and 
other rare malignant tumors of the liver, as well as benign diseases including 
adenomas, cavernous hemangiomas with symptoms or over 10 cm in diameter, focal 
nodular hyperplasia, cystic diseases such as hepatic echinococcosis, and intrahepatic 
bile duct stones requiring hepatic resection involving combined organ resection[43]. 
Indications for machine bile duct resection include intra- and extra-hepatic bile duct 
stones requiring combined hepatic segmental surgery or lobectomy for gallbladder 
cancer without abdominal implant metastases or large vessel invasion, type I, II and III 
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cholangiocarcinoma of the porta hepatis, etc.[44-46]. Contraindications for robotic 
surgery include, in addition to the same contraindications as for open hepatobiliary 
resection, severe cardiopulmonary disease that does not tolerate pneumoperitoneum, 
intra-abdominal adhesions that are difficult to separate and reveal the lesion in two or 
more operations, lesions that are close to or that directly invade large blood vessels, 
invasion of the hilum, invasion of the portal vein, hepatic artery and other blood 
vessels, or lesions that require extensive hilar lymph node dissection[32].

Robotic surgery in hepatobiliary surgery
As shown in Table 1, Troisi et al[37] reviewed liver resections in 40 patients, comparing 
robot-assisted surgery with laparoscopic surgery, where the robotic platform provided 
some reduction in complications compared to laparoscopic surgery, and in difficult 
posterior and superior segments, robot-assisted surgery appeared to be more advant-
ageous and confirmed the safety and feasibility of robot-assisted surgery[37]. 
Spampinato et al[33] conducted a retrospective analysis of the perioperative outcomes 
of robot-assisted major hepatectomy vs laparoscopic major hepatectomy, which 
confirmed the safety of robot-assisted surgery. Felli et al[47] demonstrated the safety of 
robotic surgery through initial experience with 20 consecutive robotic liver resections. 
Zhang et al[2] conducted a meta-analysis in which robot-assisted surgery had 
advantages over laparoscopic hepatectomy in major hepatectomy. It has also been 
shown that the proportion of major resections was higher in the more difficult 
posterior epigastric group than in the laparoscopic group, and that surgeons 
subjectively preferred robot-assisted surgery[3]. Kamiński et al[48] compared laparo-
scopic cholecystectomy with robotic cholecystectomy and showed no statistical 
difference between the two groups in terms of operative time and major bleeding 
complications, and found that the robotic approach may help in the management of 
bile duct injuries.

In addition, single-incision robotic cholecystectomy recapitulates the advantages of 
single-incision surgery, which is based on the same principles as multi-port laparo-
scopic cholecystectomy and offers the advantages of high definition and stereoscopic 
vision[49]. It overcomes some of the limitations of conventional laparoscopy through a 
clear 3D view, redistribution of instruments and optimized engineering design, 
making it safe and feasible to operate on different gallbladder lesions[49-51]. 
Gustafson et al[51] compared 38 laparoscopic procedures with 44 robotic single-
incision cholecystectomies and found no significant differences between the two 
groups in terms of either transit rate, length of stay, incidence of incisional hernias 
requiring repair, or intraoperative and postoperative complications.

Advantages
With the growing trend towards minimally invasive surgery continues to develop, 
robot-assisted surgery is increasingly being used in hepatobiliary surgery, where it 
offers potential advantages over other techniques, and studies have shown its 
advantages in facilitating bile duct reconstruction and vascular anastomosis, and large 
hepatectomy, and resection of lesions located in highly complex areas[52-54].

First, robotic-assisted technology has more precise resolution, greater magnification, 
smaller instruments and greater mobility, making it more advantageous in delicate 
areas such as the liver portal[3], studies have shown that robotic surgery can reduce 
abdominal wall trauma and improve post-operative diaphragm function, thereby 
reducing respiratory complications, among other things. Second, the robotic system 
reproduces the surgeon's natural movements through a steady camera, reducing 
surgeon fatigue and filtering out physiological tremors, improving precision, accuracy 
and safety in surgery[43]. Third, the flexible robotic arm can help surgeons perform 
more precise and safer dissections and sutures, especially in the event of acute 
bleeding, and the resting position of the robotic arm to stop bleeding allows for safer 
transfer of open surgery[47]. Previous studies have also shown that intraoperative 
blood loss is reduced in robotic surgery compared to traditional laparoscopic or open 
techniques[52]. Fourth, improved venous drainage and reduced bile duct injury are 
both potential advantages of robotic surgery, which can reduce postoperative pain and 
complications such as ascites bile duct injury in cirrhotic patients and effectively 
improve their postoperative quality of life[55]. Fifth, robotic surgery can be used in 
conjunction with fluoroscopic techniques, with the robotic console providing fluoro-
scopic cholangiograms that are more conducive to a safe procedure[49].

In recent years, the use of two important phases of minimally invasive hepatectomy 
— hilar resection and hepatic cavity resection — has improved with the spread of 
robotic surgery and surgeons’ increased level of experience[49]. As surgeons gain 
experience, the learning curve for robotic surgical approaches is likely to decrease[56]. 
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In addition, as robotic surgery and open surgery share a common skill principle, even 
new surgeons with less experience may have a shorter learning curve on the operating 
table and a correspondingly shorter operating time[57].

Limitations
Current robotic surgery is not mature and still has many limitations. First, compared 
to laparoscopic techniques, robotic surgery is not as resource efficient, as robotic 
surgery lacks compression options to control acute bleeding, it usually requires at least 
two experienced hepatobiliary surgeons to interact with coordination at the console 
and around the patient for safety reasons. In this regard, there is a need for a technical 
solution for simpler and faster instrument changes that can be performed 
independently by the surgeon at the console, thus increasing the efficiency of surgical 
resources[3]. Second, tactile sensitivity is also one of the primary issues facing 
surgeons, as the robotic arm has no tactile feedback, in order to avoid tissue damage, 
the instruments should always be in the surgeon's field of view as blind movements of 
the instruments can cause damage to surrounding organs and structures, so robotic 
surgery requires higher quality intraoperative images[47]. Okuda et al[58] have 
developed new forceps with force sensors that can analyze the gripping force 
generated by forceps during laparoscopic surgery and display it graphically on a 
laptop display, providing real-time feedback to the surgical staff. Experiments have 
shown that this measurement is accurate and feasible and that this new device with 
force sensors will also provide real-world feedback during endoscopic surgery, 
providing practical haptic feedback to aid robot-assisted surgical systems (such as the 
da Vinci Surgical System) is expected to overcome the lack of haptic feedback in 
robotic surgery. Third, the choice of anatomical approach is one of the limitations of 
current robotic surgery. Although the bipolar-based "vascular closure" has multiple 
degrees of freedom, their branches are too wide for precise and substantial dissection, 
and the longer time required to change instruments and applicators in robotic surgery 
compared to open and laparoscopic liver surgery also contributes to the longer 
operative times, and in these areas there is still a need for some technical adjustments 
to be made[36,59]. The restricted placement of casing needles is also an issue of 
concern and solution. Ideally, for optimal setup in the cross-section, four 8 mm robotic 
trocar needles should be placed in a hypothetical straight line at a distance of approx-
imately 7 cm from each other; however, for setup of the upper segment, especially for 
severe underlying lesions such as large steatotic livers, trocar needle placement may be 
limited, increasing the postoperative complications of robotic surgery[60]. Fourth, the 
long operating time remains a drawback of robotic surgery as the preoperative 
assembly of the robotic system is very time-consuming[2]. The learning curve for 
robotic surgery inevitably leads to some increased operative times and the need for 
resident involvement in all procedures, although the learning curve for robots appears 
to be faster than for laparoscopy, training in advanced laparoscopic techniques is still 
required before starting robotic hepatobiliary surgery[60]. Reports of robotic 
hepatectomy at this stage may be somewhat selective and there may be serious 
adverse events that are not published. The next step is also the need for standardized 
training in robotic surgery, such as dedicated robotic surgery training using virtual 
reality training tables or robotic dual consoles, which is the basis for establishing a 
successful robotic surgery[61,62]. One of the problems with robotic surgery is its high 
cost, as many hospitals cannot afford this new technology due to the high cost of 
purchasing and maintaining robots, but in recent years, as surgeons have gained 
experience, operating times have been reduced and patient lengths of stay have 
become less decisive in terms of cost[56]. Despite these reports, more prospective 
randomized studies are needed to assess the true costs of robotic surgery in different 
procedures, combining robotic surgery with accelerated recovery and perioperative 
care could theoretically significantly reduce the patient’s length of stay and therefore 
offset the existing high costs[3]. In addition, there is a lack of communication between 
clinicians and those developing the technology. Clinicians should communicate fully 
with technicians to inform them of their needs and the advantages and disadvantages 
of the existing technology so that they can target improvements to facilitate continuous 
technological progress, optimization of image processing, develop new computer 
interfaces to facilitate interfacing, and even add modules with sensory haptics to 
overcome the lack of tactile feedback and assess pathology based on accurate 3D 
reconstruction, etc.
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REAL-TIME NAVIGATION
Accurate surgical navigation, which can better guide surgeons and improve surgical 
safety, has received widespread attention with the development of computer science 
and imaging technology. Surgical navigation refers to the use of medical imaging 
equipment and computer image processing methods to visualize the patient's 
preoperative multimodal image data before surgery, to precisely match the patient's 
anatomy during surgery using rapid alignment procedures, and to obtain and display 
the position of surgical instruments in space in real time using a 3D positioning system
[63-65].

The accuracy of the tracking technique is an important basis for the reliability of the 
navigation procedure, and the accuracy of the tracking system largely reflects the 
quality and performance of the surgical navigation system. To date, optical tracking 
system (OTS) and electromagnetic tracking system (EMT) are the two main tracking 
techniques used in surgical navigation. Table 3 compares some of the basic character-
istics of OTS and EMT.

The OTS is used to locate visual markers by means of a camera. Its high tracking 
accuracy and robustness are widely used to estimate the position of surgical tools 
relative to the target area, with great accuracy and tracking volume, but its main 
limitation is that a visible line of sight between the intraoperative marker site and the 
camera is required. Without a line of sight, optical tracking cannot be achieved, and 
the tip of the knife is usually the location to be tracked and typically needs to be placed 
near the end of a rigid instrument. As only rigid instruments can be used due to the 
possibility of tip shift of the tracker, the use of optical tracking is limited, so optical 
navigation systems are mainly used to track rigid objects, for example in orthopedic 
surgery[66,67].

The EMT uses a known magnetic field geometry to determine the attitude of the 
sensor measuring the magnetic flux or field to achieve attitude measurement and 
dynamic tracking of the target, with the advantages of real-time positioning, high 
accuracy and no fear of obstruction[68]. EMT provides a solution for precise 
positioning when line of sight cannot be established, enabling small electromagnetic 
(EM) sensors to be positioned independently of line of sight in a given EM field, 
facilitating fast and accurate tracking[66], this avoids the limitations of line of sight 
establishment problems, and the small size of the sensor allows it to be embedded in 
the tip of the surgical instrument, reducing tracking errors caused by the large distance 
between the sensor and the tip of the positioning instrument[66]. Therefore, EM 
surgical navigation systems are commonly used in endoscopic surgery and abdominal 
surgery[69].

Real-time navigation and the applications mediated by EM tracking
The implementation of EM tracking-mediated real-time navigation consists of three 
important steps: (1) Preoperative acquisition of 3D visualization images of organ 
tissues; (2) Alignment of the virtual 3D visualization images with the real intraop-
erative images using real-time EM tracking technology and tracking and matching of 
the virtual 3D images with the changing real images; and (3) Overlay of the virtual 
images with the real images through augmented reality so that the real environment 
and virtual images are superimposed on the same screen in real time. As shown in 
Figure 1, these superimposed virtual images materialize and visualize the intraop-
erative hepatobiliary structures, helping the surgeon to better judge their spatial 
relationships and thus making the operation run more smoothly[70-72]. Augmented 
reality allows the 3D visualization of the hepatobiliary model to be projected onto the 
surgical area for precise alignment of the coverage area, avoiding hand-eye 
coordination problems for the surgeon in traditional laparoscopic surgery[73].

A real-time ultrasound and preoperative CT or MRI image fusion system has been 
developed in recent years to construct preoperative CT or MRI image datasets as 
tomographic images and fuse them with real-time acquired ultrasound images with 
high precision and dynamics[1]. Although this method of navigation is feasible, the 
inevitable problem of poor accuracy when tracking and locating ultrasound is due to 
the effect of temperature and air displacement on ultrasonic positioning.

Today, as EM navigation procedures continue to evolve, a number of manufacturers 
have developed different stand-alone EM tracking systems for medical applications, 
with the main commercial EM tracking devices currently used in clinical applications 
being the NDI Aurora (NDI Medical, Canada), the Polhemus Fastack (Polhemus, 
Canada), and the Ascension MiniBIRD (Ascension Technologies, United States)[74].
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Table 3 Comparison of optical and electromagnetic tracking navigation

Item Optical tracking Electromagnetic tracking

Tracking accuracy High Low

Robustness relative to environmental conditions High Low

Visible line of sight Need for No need for

Tracking of rigid objects Suitable for Unsuitable for

Electromagnetic field No need for Need for

Interference from magnetic field Nothing Notable

Common uses in the surgeries:

Neurosurgery +

Orthopedic +

Endoscopic abdominal +

Figure 1 Intraoperative schematic of the electromagnetic tracking procedure. It shows a schematic diagram based on electromagnetic tracking 
navigation under a developing work by the Ohkohchi team which is used to track the position of the micro electro mechanical system (MEMS) within the magnetic 
field in real time without the need for line of sight and send the real-time information to a computer workstation, fuse the real-time intraoperative actual procedure and 
visual images with the preoperative computed tomography or magnetic resonance imaging pictures to form a three-dimensional reconstruction image, and display the 
real intraoperative actual procedure and visual images and the corresponding reconstruction images side-by-side on a TV monitor to achieve real-time navigation of 
the surgical site (this is the project of “Development of Real-time Navigation System for Laparoscopic Hepatectomy”, University of Tsukuba, Japan, 2017.4-2020.3).

Song et al[75] proposed a magnetic tracking-based planar shape-sensing and 
navigation system for a flexible surgical robot applied to transoral surgery. The 
permanent magnets were mounted at the distal end of the robot to provide 3D 
localization and 2D orientation estimation, so there was no need to mount the sensors 
on the robot. Navigation validation on an experimental platform showed that the 
approach was feasible and can work in the surgical environment, despite localization 
errors within the tracking system and the robot[75].
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Kok et al[76] evaluated the feasibility and safety of an internally developed EM 
navigation system for real-time rectal tumor tracking using the NDI Aurora V2 EM 
tracking system (Northern Digital Inc, Waterloo, Ontario, Canada), employing a 
patient tracker with an EM sensor (Philips Traxtal/Percunav, Philips, Best, the 
Netherlands) patient tracker to determine the patient's position during surgery and to 
place tracking sensors on the tumor to adjust for real-time tumor motion, providing 
continuous interpretable navigation data for rectal surgery, this prospective study 
demonstrates that real-time tumor tracking with EM navigation is feasible, safe and 
accurate and provides direction for wider clinical implementation and contributes to 
further research to improve workflow and demonstrate clinical benefit[76].

The Ohkochi team at the University of Tsukuba, Japan, in collaboration with LEXI at 
University of Tokyo, have developed a new forceps with a powerful sensor that 
connects a micro electromechanical systems triaxial pressure sensor to the forceps tip 
to measure the pressure exerted by an endoscopic surgical forceps, the gripping force 
generated by the forceps with the pressure sensor during laparoscopic surgery was 
measured and analyzed in real time using quantitative data with temperature-
compensated triaxial forces displayed graphically on a laptop computer display, 
providing real-time feedback to the surgical staff on pressure changes due to complex 
movements, the results show that this measurement is accurate and feasible, and this 
is the first study to report on the measurement of complex movements during actual 
surgery, Okuda et al[58] are working on the development of a position sensor system 
by combining it with a pressure-sensing system, when the data obtained from the 
device with the pressure sensor is combined with the real-time navigation system, it 
can display the magnitude of the grip force based on the information provided about 
the position of the operating site, helping the surgeon to control the intraoperative 
operation when the pressure is too high and causes damage to the internal soft tissue 
organs. This will be a breakthrough in traditional navigation surgery, overcoming the 
lack of tactile feedback from existing navigation[58].

Advantages
Real-time navigation based on EM tracking offers the possibility of navigation in 
minimally invasive abdominal surgery without the line-of-sight interference problems 
of optical systems. It provides real-time accurate spatial 3D measurements in the 
presence of obstruction, allowing real-time unobstructed tracking of miniaturized 
sensors embedded in surgical tools, probes, needles, guidewires and catheters, which 
can even be placed at the tips of flexible machinery, helping surgeons to achieve real-
time precise navigation of the surgical area and improve the safety of the procedure
[66].

EM tracking in surgical navigation provides a non-invasive, radiation-free way to 
navigate intraoperatively in real-time without any invasive procedures such as portal 
venipuncture or hepatic dissection, showing the fine anatomy of the lesion in real time, 
combines flexibly with surgical instruments, solves the surgeon's hand-eye 
coordination problem, and improves the accuracy and controllability of surgical 
navigation[77]. In addition, real-time navigation allows the intraoperative surgical 
team to share intraoperative information to ensure that the operation is carried out 
safely.

Limitations
First, EMT are highly sensitive to EM interference and magnetic field distortions[66]. 
Second, existing EM tracking systems do not provide for accurate position tracking at 
longer distances from the source, some current studies have confirmed that the 
stability of EM navigation systems needs further improvement, these systems can 
operate with a limited amount of tracking but their accuracy decreases as the distance 
between the transmitter and receiver increases, the accuracy of AR navigation 
decreases when the EM sensor is far from the magnetic field generator and it is 
difficult to have systems that can track small sensors with a volume greater than 1 
cubic metre[78]. Third, in addition to technical shortcomings, EM tracking technology 
lacks environmental robustness and accuracy compared to optical tracking navigation, 
and the robustness of EM tracking can be a problem in some environments, so all 
systems need to be carefully evaluated in clinical practice[79]. The development of 
customized systems for different environments and applications may offer some 
solutions for increasing the robustness of EM tracking technology[66]. Fourth, 
although the ideal navigation system is easy to use for those unfamiliar with 
intrahepatic anatomy, current navigation systems sometimes require manual intraop-
erative adjustment, which takes time and requires an in-depth knowledge of hepato-
biliary anatomy, and therefore still requires the surgeon to be very familiar with the 
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anatomy in order to ensure a smooth operation[80]. Fifthly, the issue of alignment in 
real-time surgery has always been a challenge[70]. Sixth, the time-consuming problem 
of superimposing reconstructed images onto real-time intraoperative images is also a 
current technical challenge[81]. The construction of superimposed images is still time-
consuming and labor-intensive in routine use, and although currently available 
simulation software programs have reduced surgery time by up to one hour, skilled 
surgeons still need three to four hours to construct overlay images[82]. There is 
therefore an urgent need to develop new techniques to reduce the time taken to 
superimpose images, and in the future it is also hoped that technicians will be able to 
provide more information on pathological or biological conditions in addition to the 
superimposed images to enrich the usefulness of the navigation system. Seventh, in 
terms of image display technology, although various methods are used in navigational 
surgery, such as monitor-based video fluoroscopic and projection-based systems, there 
are still problems to overcome such as limited resolution, overlapping distorted 
images and cumbersome operation[83]. Eighth, the cost of navigation equipment is 
relatively high and it is believed that as the price of equipment decreases it will be able 
to drive more hospitals to perform procedures with real-time navigation and more 
surgeons to participate. However, many clinicians are not aware of the advances in 
augmented reality technology, so there needs to be a full exchange of information and 
communication of needs between clinicians and technicians in the clinical setting to 
develop technology that meets clinicians' expectations, which will help create new 
inventions and facilitate the advancement and development of navigation[84].

Problem analysis and anticipation of improvements
The accuracy and distortion of EM tracking has been a central issue of research. The 
accuracy of EM tracking is affected by a variety of factors, and existing EM tracking 
systems have multiple sources of error, physical laws, design limitations, and 
manufacturing imperfections or environmental noise can all lead to positioning errors. 
The intraoperative alignment of deformed organs is also another challenge in 
navigation technology due to the effects of intraoperative manipulation and 
respiratory activity, and the clarity and resolution of reconstructed images based on 
real-time intraoperative images is also of concern to researchers. Despite some 
attempts to compensate for the tracking, alignment and reconstruction of images, there 
are still some issues to be resolved[85,86].

Accuracy and distortion: In EMT, errors can be classified as (1) inherent system errors, 
(2) field distortion errors, and (3) motion-induced errors. Inherent system errors are 
static errors that can occur when the sensor is placed at a fixed point or when the 
system is updated; distortion errors refer to disturbances in the secondary and 
unwanted magnetic fields which can be caused by eddy currents induced by 
ferromagnetic or conductive materials or by external currents, and they can also 
originate from the FG field generator and sensor design; motion-induced errors can be 
caused by changes in the speed of the sensor and the environment during the 
measurement[79,87].

Upgrading the system to avoid eddy currents and performing a system calibration 
function can help to some extent with inherent system errors[79,88]. Static pre-
calibration processes are cumbersome and ineffective for most dynamic clinical 
procedures, and often require too many EM sensors to compensate for field distortion 
in dynamic environments, making them inefficient. A fusion-based approach has also 
been applied that combines measurements from multiple redundant EM sensors with 
the motion model of the instrument being tracked, which uses both localization and 
mapping (SLAM) algorithms to create field distortion maps and compensate for EM 
tracking errors in real time, however, it requires a large surgical space to complement 
the tracking technique or an excessive number of redundant sensors, and increases 
time of calibration. Too many devices also have an impact on the surgeon's surgical 
space, and their computational complexity, convergence and performance in dynamic 
environments and spaces still need to be considered by technicians in the future[89].

Alignment errors: The main problem with navigational surgery in hepatobiliary 
surgery are the accuracy, complexity and time-consuming nature of alignment. First, 
the EM transmitter should be placed as close as possible to the operating table to avoid 
interference with alignment accuracy caused by longer distances, second, a suitable 
probe point should be selected. For transabdominal scans, the ideal location for the 
probe point is below the glabella, whereas for intraoperative scans, the probe point 
should be set on the surface of the liver, preferably in the easily recognizable round 
ligament at the inferior edge of the fissure, the tip of the main portal vein near the 
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tumor can also be used as an important intraoperative landmark, as can the branching 
vessels near the tumor for precise intraoperative adjustment[90]. In addition, intraop-
erative control of ventilation or reduction of tidal volume can reduce respiratory-
related alignment errors to some extent, and deformed livers can also be monitored in 
real time using respiratory gating techniques to compensate for errors in the tracking 
position of EM sensors[91]. It is also necessary to calibrate the camera and the spatial 
relationship between the camera lens and the solenoid and to manually verify the 
reference boundary markers, all of the aforementioned techniques can help to improve 
the accuracy of the alignment[92].

Image reconstruction has also been investigated using surface data obtained from a 
flexible liver model that simulates deformation, and this data was then used to 
construct a sample library to predict liver displacement and deformation in alignment, 
including changes in the shape and internal relative position of the internal structures 
of the liver[93,94]. However, due to the movement of the diaphragm during breathing 
and the pulling of instruments can lead to changes in the position and shape of the 
liver and the occurrence of biliary tract deformities, this leads to incorrect positioning 
in the navigation system[90]. Although interactive and automated alignment systems 
have been developed that allow for periodically repeated real-time image acquisition 
to accommodate alignment difficulties caused by liver deformation and displacement, 
these systems require a hybrid operating room with CT or MRI equipment and have 
not been performed in human hepatobiliary surgery[95]. There are also reports of 
proposed 3D dense surface reconstruction algorithms that can localize hidden 
structures in intestinal surgery and gallbladder surgery, as well as enhanced block 
mapping algorithms and reimage mapping techniques that facilitate the 
implementation of dynamic alignment and aid in alignment studies of variable organs, 
although there are reports of these studies using existing engineering techniques and 
mathematical algorithms to solve organ deformation problems, the required methods 
and algorithms are complex and still need to be simplified and optimized[95].

Superimposed images: Reconstructed images can be displayed in a variety of ways, 
either video-based or projection-based. Video-based reconstructed image display is 
commonly used for laparoscopic, robotic and endoscopic procedures[57]. The external 
video monitor displays the actual surgical scene, and the virtual 3D reconstructed 
image in the video has poor resolution, requiring tracking and correction of multiple 
anatomical structures to compensate for changes in the surgeon's field of view and 
changes in the projected image due to changes in the curvature of the surface of the 
organ being tracked, this adds to the complexity of constructing the image[1,96,97]. 
The projection-based reconstructed image also interferes with the surgeon's depth 
perception, as the image is disturbed and lost when the projector's beam is interrupted 
by the surgeon's body or robotic arm, and the constructed image is distorted when the 
beam is not projected on a flat area[98,99]. The development of 3D future holographic 
projection technology may address the issues of overlapping image interference and 
diminished depth perception, thereby improving projection-based displays in intraop-
erative navigation[70]. There is also a transparent display in use that reflects the image 
in a translucent mirror, allowing the surgeon to view the reconstructed image while 
also looking directly into the surgical field. It does not require additional video 
compositing, making it more convenient than conventional video displays and avoids 
the problem of distortion of the projected image due to changes in the curvature of the 
object's surface, in addition it does not require special glasses or sensing devices, 
future research will require improved transparent display methods and more 
advanced naked eye 3D to provide doctors with a more accurate display of spatial 
images[29].

CONCLUSION
In Table 4, we summarize the advantages and existing limitations of the latest trends 
in existing digital healthcare such as 3D visualization of images as well as robot-
assisted surgery and real-time EM-based intraoperative navigation. Visualization 
techniques are more widely used in clinical practice, providing a 3D view of the lesion 
area and clearer spatial anatomical relationships through the preoperative sharing of 
accurate 3D surgical images. By creating conditions for complex and precise 
procedures, such techniques also help surgeons to optimize their surgical plans before 
surgery and to carry out preoperative simulations through software, which not only 
reduces surgery time but also reduces intraoperative risks and postoperative complic-
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Table 4 Advantages and limitations of three-dimensional visualization, robot-assisted surgery, and electromagnetic tracking navigation

Advantages Limitations

Realistic spatially dissected views Complex and time-consuming reconstruction process

Accurate 3D preoperative images Possible loss of raw data due to operational errors

Possibility of complicated surgery Distortion in reconstructed images

Optimization of preoperative assessment Poor accuracy of reconstructed images

Time-saving simulation Complex algorithms and imperfect display techniques

Less time consumed and fewer complications Registration of mutable organs

3D visualization

Novel educational techniques High cost

Better micro-invasiveness Inefficient surgical resources

Smaller equipment for wider scope Lack of tactile feedback

Larger and clearer 3D views Limitations in the choice of anatomical methods

Micro-invasiveness Restrictions on the placement of casing needles

Improved venous drainage Time-consuming operation

More accurate resolution and greater 
magnification

Prolonged Pringle operation in the hilar region

Filtering of natural tremor Potential bleeding tendency of the clamping and squeezing 
technique

Robot-assisted

Better ergonomics of the operator High cost

No requirement for any other invasive 
operations

Magnetic field interference and tracking errors

No line of sight restrictions Low tracking accuracy and robustness relative to 
environmental conditions

Real-time intraoperative tracking and 
navigation

Low stability of electromagnetic navigation system

Display of intraoperative fine anatomy High cost

Improved safety of surgical operations Registration of mutable organs

Identification of lesions that are not visually 
detectable

Accuracy of navigation issues

Simultaneous sharing of intraoperative 
information

Time-consuming reconstruction image overlay

Increased hand-eye coordination for doctors Low resolution and distortion of the reconstructed image

Insufficient communication between technicians and surgeons

Electromagnetic tracking real-time 
navigation

Tedious operation

3D: Three-dimensional.

ations, improves patient prognosis, and can be used as a new teaching technique for 
new doctors. However, it is still time consuming and costly to plan and produce 3D 
models, and rigid models do not reproduce the compliance of soft tissues, implantable 
organs, and the specificity of 3D-printed products. The specificity, safety, and sustain-
ability of 3D-printed products remain to be addressed. Robotic surgery, which is more 
minimally invasive than traditional laparoscopic or open surgery, with smaller 
instruments and a greater degree of motion, a clearer 3D field of view, more precise 
resolution, and greater magnification. Additionally, it offers filtering out of natural 
tremors, better ergonomics for the operator, the advantage of highly complex site 
resections, and improved venous drainage to reduce postoperative complications and 
help improve patients' quality of life. However, at this stage, robotic surgery is not 
mature and still has many limitations. Current limitations of robotic surgery include 
inefficient surgical resources, lack of tactile feedback, limited choice of anatomical 
approach, limitations in trocar placement, excessive operative time, long assembly 
time of the robotic system, time-consuming docking procedures, potential tendency to 
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prolong pulmonary portal Pringle surgery, potential bleeding from the clamp squeeze 
technique, and high costs. Real-time navigation based on EM tracking has the 
advantage of not requiring any invasive operations and is not limited by line of sight, 
allowing for real-time intraoperative tracking and navigation, sharing of intraop-
erative information in real time, display of intraoperative fine anatomy, identification 
of lesions that cannot be detected by the naked eye, and lessening of hand-eye 
coordination issues during laparoscopic surgery. The development of sensors is 
expected to improve the accuracy of navigation for the safe unfolding of hepatobiliary 
surgery, but at this stage there are also problems with EM navigation systems that are 
not very stable, as well as low tracking accuracy, poor robustness to environmental 
conditions, magnetic field interference and tracking errors, poor navigation accuracy, a 
time-consuming reconstructed image superimposition process, low resolution of 
reconstructed images, large distortion, and intraoperative variable organ alignment 
problems. There are problems to be solved, and insufficient information exchange 
between the technician and the clinician remains problematic.

It is noteworthy that in previous studies we have found that surgeons tend to focus 
on the surgical procedure to the neglect of post-operative care. The final healing after 
surgery is the result of a combination of factors such as the quality of surgery, intraop-
erative blood loss, the size of the resected lesion, the patient's underlying preoperative 
disease or comorbidities, and the patient's physical condition. The concept of 
Enhanced Recovery After Surgery was first developed by Danish surgeon Henrik 
Kehlet, based on the principles of reducing the stress of surgery, shortening the length 
of hospital stay and reducing perioperative complications, leading to rapid recovery. 
The concept is also considered to be a safe and effective treatment combining existing 
surgical options with accelerated recovery perioperative care. This could theoretically 
significantly reduce the length of a patient's hospital stay, which could to some extent 
offset the existing high costs. The price of various technologies — be it robotic surgery, 
3D printing or EM navigation tracking — will certainly come down in the future. This 
will require a concerted effort and adequate communication between the entire 
healthcare industry, corporate bodies and technicians in order to target technological 
improvements and facilitate the continued progress of digital healthcare. Despite the 
opportunities and challenges, digital healthcare is sure to flourish in the future.
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Abstract
The onset and manifestations of irritable bowel syndrome (IBS) is associated with 
several factors, and the pathophysiology involves various central and peripheral 
mechanisms. Most studies indicate that the management of gut microbiota could 
significantly affect the improvement of subjective disorders in patients with IBS. 
Numerous clinical trials have assessed the efficacy of probiotics for IBS with 
controversial conclusions. Several clinical trials have suggested that probiotics can 
improve global IBS symptoms, while others only improve individual IBS 
symptoms, such as bloating scores and abdominal pain scores. Only a few clinical 
trials have found no apparent effect of probiotics on IBS symptoms. Generally, 
probiotics appear to be safe for patients with IBS. However, the question of which 
probiotics should be used for certain IBS subtypes remains unresolved. In 
everyday practice, the dose of the recommended probiotic remains questionable, 
as well as how long the probiotic should be used in therapy. The use of probiotics 
in the M subtype and non-classified IBS is particularly problematic, in which 
combination therapy should be recommended due to the change in symptoms. 
Therefore, new approaches are needed in the design of clinical studies that should 
address certain subtypes of IBS.
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Core Tip: The onset and manifestations of irritable bowel syndrome (IBS) is associated 
with a number of factors, and the pathophysiology involves various central and 
peripheral mechanisms. The results of most studies indicate that influencing the gut 
microbiota could significantly affect the improvement of subjective disorders in 
patients with IBS. The most important open questions are the design of a clinical study 
in which the IBS subgroup is not initially defined and whether all IBS subtypes can be 
treated with the same probiotic or combination of probiotics. IBS subtype-designed 
clinical studies are urgently needed as a good foundation to define recommendations 
and guidelines for the use of probiotics in IBS.

Citation: Benjak Horvat I, Gobin I, Kresović A, Hauser G. How can probiotic improve irritable 
bowel syndrome symptoms? World J Gastrointest Surg 2021; 13(9): 923-940
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/923.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.923

INTRODUCTION
Irritable bowel syndrome (IBS) is a brain-gut disorder characterised by chronic 
abdominal pain and discomfort that involves a change in the bowel habits and 
includes the absence of an organic pathological process. Other related symptoms 
include abdominal distension, bloating, flatulence, diarrhoea, constipation, or a 
combination of two symptoms. According to these bowel habit patterns, the disease is 
divided into subtypes: C-IBS (IBS with predominant constipation), D-IBS (IBS with 
predominant diarrhoea), and M-IBS (IBS with mixed bowel habits) and U-IBS (IBS 
unclassified). Patients with U-IBS meet the diagnostic criteria for IBS, but bowel habits 
cannot be accurately categorised into the above explained three subtypes[1,2].

There are no objective tests used to diagnose the disease; therefore, diagnosis is 
based on symptoms taken as criteria for determining IBS. These symptoms were 
adopted in 1988 in Rome at the World Congress of Gastroenterologists and revised 
several times, and based on basic science research and clinical trials, Roman IV criteria 
were adopted and have been in force since 2016[3,4] (Table 1).

Although the pathophysiology of IBS has not been fully elucidated, nowdays, we 
can claim with certainty that IBS is an unexplained brain–gut disorder (Figure 1).

The pathophysiology of IBS includes central and peripheral mechanisms. Central 
mechanisms involve a number of factors, including genetic (mutation of SCN5A, 
which belongs to a family of genes that provide instructions for making sodium 
channels) and altered serotonin metabolism; alterations in brain-gut function (stress 
and visceral hypersensitivity) and dietary influence [gluten and fermentable oligosac-
charides, disaccharides, monosaccharides and polyols (FODMAPs)]. Peripheral 
mechanisms involve changes in gastrointestinal motility, intestinal permeability, local 
immune response disorder, low-grade inflammation, disordered bile salt metabolism, 
post-infectious changes, chronic infections and disturbances in the intestinal 
microbiota[5,6] (Figure 1).

CHANGES OF THE BOWEL MICROBIOTA AND IBS
Intestinal microbiota has been associated with numerous syndromes and thus, with 
IBS; therefore, there is a growing interest in modulating the microbiota as one of the 
treatment options. Because microbiota is connected with the central nervous system 
across the axis referred to as the gut-brain axis, additional changes in this relationship 
are imposed as a major factor in the pathophysiology of IBS, which acts through 
central and peripheral mechanisms and metabolic products of microbes in the 
gastrointestinal system. This, in turn, causes an altered perception of visceral events, 
so the individual perceives them as hyperalgesia or allodynia[7-10].

It is estimated that there are more than 100 trillion bacteria in the body of an adult; 
80% of which are in the digestive system, which, in turn, contains more than 100 
species of bacteria[11]. Bacteroidetes and Firmicutes predominate, and the amounts of 
Proteobacteria, Actinomyces, Fusobacterium and Verrucomicrobia are relatively small[12]. 
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Table 1 Summary of diagnostic criteria used to define irritable bowel syndrome

Diagnostic 
criteria Symptoms included in criteria

Rome 1 (1990) Abdominal pain or discomfort relived with defecation; Abdominal pain or discomfort associated with a change in stool frequency or 
consistency; In addition, two or more of the following on at least 5% of occasions or days for 3 mo: (1) Altered stool frequency and form; 
(2) Altered stool passage; (3) Passage of mucus; and (4) Bloating or distension

Rome II (1999) Abdominal discomfort or pain that has two or three features for 1 wk (need to be consecutive) in the last year; Relieved with defecation; 
Onset associated with a change in the frequency of stools; Onset associated with a change in the form of stools

Rome III (2006) Recurrent abdominal pain or discomfort three days per month in the last 3 mo associated with two or more of: (1) Improvement in 
defecation; (2) Onset associated with a change in the frequency of stools; and (3) Onset associated with a change in the form of stools

Rome IV (2016) Recurrent abdominal pain on average at least 1 d/wk in the last 3 mo, associated with 2 or more of the following1: (1) Related to 
defecation (i.e., either increasing or improving pain); (2) Associated with a change in stool frequency; and (3) Associated with a change in 
stool form (appearance)

1Criteria fulfilled for the last 3 mo with symptom onset at least 6 mo before diagnosis.

Figure 1 Pathophysiology of irritable bowel syndrome. IBS: Irritable bowel syndrome.

During life, and due to a number of environmental factors, the diversity and numerical 
proportion of individual strains change and there is a possibility that antibiotics and 
probiotics may affect the intestinal dysbiosis and microbial imbalance that may exist in 
IBS. Previous studies indicate a high percentage of dysbiosis in IBS patients compared 
to the general population[13,14]. Generally, the composition and activities of Lactoba-
cillus and Bifidobacterium are heavily compromised in IBS patients[15]. Tap et al[16] 
reported that the severity of IBS was positively correlated with low microbial richness, 
absence of Methanobacteriales and the number of Bacteroides enterotypes. Pozuelo et al
[17] found a lower abundance of butyrate-producing and methane-producing bacteria 
in IBS-D and IBS-M patients. Lower counts of methanogens may explain the 
symptoms of flatulence or excess gas in the abdomen. Dysbiosis in IBS patients is 
presented with an increase in abundance of Proteobacteria (Veillonella) and Firmicutes (
Lactobacillus and Ruminococcus) and with decreased Bifidobacterium, Faecalibacterium, 
Erysipelotrichaceae and methanogens[18,19].

One of the approaches of treating IBS is the rationale use of probiotics due to their 
potential to correct dysbiosis (qualitative and quantitative changes in the gut 
microbiota) or stabilise the host microbiota (Figure 2).
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Figure 2 Probiotics in the management of irritable bowel syndrome. IBS: Irritable bowel syndrome.

There are more evidence and assumptions regarding how the gut microbiota is 
associated with IBS formation, either directly or indirectly. It is known that 10% of 
patients who develop some forms of IBS previously had an episode of infectious 
diarrhoea (postinfectious IBS), during which changes in the normal gut microbiota 
occur[20-22]. An association between broad-spectrum antibiotics and IBS is also 
described[23]. The microbiota interacts extensively with external factors, which occur 
due to some forms of diet[24].

BRAIN-GUT DYSREGULATION
Patients with IBS are more likely than healthy populations to develop depression and 
anxiety, and it is well known that gut microbiota even affects mood and behaviour in 
humans[25,26]. The microbiota is a separate variable and the axis is called the 
microbiota-brain axis. The most important communication pathway in this 
relationship is the tenth cerebral nerve, the vagus nerve. The observed benefits, which 
arose due to the ingestion of Lactobacillus rhamnosus (L. rhamnosus) JB-1, resulted in a 
reduction in anxiety and depression-like behaviour, disappeared after vagotomy in 
mice. At the brain level, probiotic-induced changes in GABA receptor (receptor for 
neurotransmitter gamma-aminobutyric acid) expression are also involved in the 
pathogenesis of anxiety and depression, and disappear in vagotomised mice[27].

After fecal transplantation of microbiota from depressed patients into animals, 
certain characteristics of depression began to manifest in the recipients (rodents), such 
as anhedonia and anxiety-like behaviour, and the door to a wide range of assumptions 
to be investigated opened[28]. An experiment was performed on healthy young 
students taking probiotic supplements and a reduction in cognitive response to 
sadness in the form of decreased aggressive thoughts was found after four weeks[29]. 
As a stress index in some experiments, cortisol level were considered a sign of stress, 
and levels decreased with improved emotional response in those taking probiotics
[30]. These findings, as well as the results of many other studies in the field, were the 
inspiration for transferring this information to the model of patients with IBS, given 
the association of the gastrointestinal system, microbiota, brain, and neurotransmitters, 
which is formed, in part, depending on the composition of microorganisms in the 
intestine and disturbed axis in these patients.

The high ratio of Firmicutes:Bacteroides in patients with IBS correlates with 
depression and anxiety[31], and the result of an additional study shows that the use of 
prebiotics (defined as selectively fermented carbohydrate ingredients that cause 
specific changes in the composition and/or activity of the gut microbiota, and thus 
contribute to host health[32]) and galactooligosaccharides reduce anxiety for four 
weeks and has a positive effect on quality of life. Another study included the species 
Bifidobacterium longum (B. longum) and measured anxiety, depression, IBS symptoms, 
somatisation, and quality of life in the first, sixth, and tenth weeks. As early as the 
sixth week, subjects reported a reduction in depressive symptoms and improvement in 
quality of life, but there was no effect on IBS symptoms or anxiety. Functional 
magnetic resonance imaging showed a reduced response to negative emotional stimuli 
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in multiple areas of the brain, including the amygdala and frontolimbic area. 
Decreased levels of methylamine and aromatic amino acid metabolites were found in 
the urine of these subjects[33]. Nitric oxide (NO), carbon monoxide (CO), hydrogen 
sulfide (H2S), hydrogen, methane, and ammonia may be of microbial origin and are 
normally created in our body, but also imported with various external factors, such as 
a red meat-enriched diet. H2S gas has been recognised as a neuromodulator/ 
neurotransmitter that influences intestinal inflammation and sensitivity and is a 
product of the intestinal microbiota. Therefore, it plays an important role in 
modulating visceral pain[34-39].

THE ROLE OF GUT MICROBIOTA IN VISCERAL SENSITIVITY
It has already been mentioned that there is evidence of direct modulation of several 
systems involved in visceral hypersensitivity; for example, via local expression of 
cannabinoid receptor type 2 and tryptophan hydrolase 1 isoform, and that patients 
with IBS, in whom hypersensitivity exists, have functional dysbiosis. Probiotics (
Lactobacillus reuteri) directly alter the visceral perception of nociceptive stimulants[40]. 
Lactobacillus reuteri inhibits the autonomic nervous system response to colorectal 
distension in mice[41]. Only a few studies have been performed in humans to confirm 
these results in animal models. By importing unfermented dairy products containing 
Bifidobacterium animalis, Streptococcus thermophilus, Lactobacillus bulgaricus and 
Lactococcus lactis, the possibility of influencing the activity of areas of the brain, which 
control the central processing and processing of emotions and sensations, is opened
[42].

THE ROLE OF GUT MICROBIOTA IN INTESTINAL MOTILITY
There are many variables that affect the survival of gut microbiota, especially high 
oxygen, pH, salt and bile contents, which are all under the influence of intestinal 
motility.

The change in motility in patients with IBS is manifested by stronger and faster 
postprandial intestinal muscle contractions in IBS-D and faster passage through the 
gastrointestinal system and irregular luminal contractions. Bacteroides thetaiotaomicron 
has been shown to alter the expression of a gene involved in neurotransmission and 
smooth muscle function[43], Escherichia coli Nissle 1917[44] improves contractility of 
colon, and L. rhamnosus causes a disorder of contractility stimulated by acetilcolin[45]. 
Therefore, we can ask ourselves whether the import of probiotics or prebiotics could 
affect the above mentioned functions via bacteria already present in our bowels.

THE ROLE OF MICROBIOTA IN EPITHELIAL BARRIER MODULATION, 
INTESTINAL INFLAMMATION, AND IMMUNE SYSTEM ACTIVATION
Recent findings suggest that probiotics have a good effect on the stabilisation of gut 
microbiota in patients with IBS[46] and modulation of the immune response in the 
form of normalisation of the interleukin (IL)-10/IL-12 ratio produced by mononuclear 
cells[47]. In patients with diarrhoeal disease, there are indications of disorders of the 
function of the intestinal mucosal barrier, which is measured by an increase in 
intestinal permeability. This leads to an increase in the number of T lymphocytes, mast 
cells, and enterochromaffin cells[48]. These changes indicate that IBS could have a low-
grade inflammatory component in pathophysiology. Several sources report the ability 
of probiotics to modulate the innate and acquired immune responses with a tendency 
to achieve a balance between proinflammatory and anti-inflammatory cytokines[46]. A 
possible therapeutic option would be to use probiotics that interact with the host 
epithelium to resolve possible inflammation and preserve barrier function. It has been 
shown that, in adults, Lactobacillus gasseri KS-13, B. longum MM2 175, and Bifidobac-
terium bifidum G9-1 change the profile of cytokines by stimulating the production of 
less inflammatory cytokines[49]; and Saccharomyces boulardii reduces pro-inflammatory 
IL-8 and tumor necrosis factor alpha and increases the level of anti-inflammatory IL-10
[50]. The authors of one study[51] concluded that the use of probiotics resulted in 
reduced intestinal barrier permeability, which may be consistent with these claims.
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POSSIBLE THERAPEUTIC OPTIONS AND OBJECTIVES IN THE 
TREATMENT OF IBS WITH PROBIOTICS
One of the generally accepted definitions of probiotics is that they are living microor-
ganisms that contribute to the well-being and health of a host when administered in an 
adequate dose[52]. Lactobacillus and Bifidobacterium are the most common species that 
are put in the center of studies in the context of IBS because of their numerical 
superiority over the rest, as well as the number of aerobes vs anaerobes[53,54]. In 2007, 
Rousseaux et al[55] demonstrated that direct contact of certain probiotic bacteria [
Lactobacillus acidophilus (L. acidophilus)] with epithelial cells induces the expression of 
opioid and cannabinoid receptors in the gut and contributes to the modulation and 
restoration of the normal perception of visceral pain. Lactic acid bacteria (LAB) are 
currently the most widely studied, and this group of probiotics consists of approxi-
mately 20 genera. The most common are Aerococcus, Carnobacterium, Enterococcus, 
Lactobacillus, Lactococcus, Leuconostoc, Oenococcus, Pediococcus, Streptococcus, Tetrageno-
coccus, Vagococcus and Weisella. Bifidobacterium species does not belong to this group 
and has its own mode of sugar fermentation[56]. LABs are part of the gut microbiota, 
and they have antimicrobial action because they create an unsuitable environment for 
the growth of undesirable microorganisms, compete for nutrients and binding sites to 
the intestinal epithelium, produce products of toxic microbes for foreign microbes and 
prevent pathogens from settling and feeding in our bodies[57].

EFFECT OF PROBIOTICS ON OVERALL IBS SYMPTOMS
Several studies had their limitations in the form of inconsistencies in reports, variable 
treatment periods, small number of subjects and heterogeneous groups of patients, 
according to the form of the syndrome (diarrhoeal/constipation). In vitro and in vivo 
studies have shown that the probiotic combination VSL#3 [L. acidophilus, Lactobacillus 
plantarum (L. plantarum), Lactobacillus casei (L. casei), and Lactobacillus delbrueckii 
subspecies bulgaricus (L. delbrueckii spp. bulgaricus), Bifidobacterium breve (B. breve), B. 
longum, and Bifidobacterium infantis (B. infantis) and Streptococcus salivarius ssp. thermo-
philes] is likely to modulate the host immune response, intestinal microbiota, anti-
inflammatory pathways, responses to visceral pain, and epithelial barrier function[58-
62]. It also has different effects on different types of disease. Kim et al[63] found that 
the combination of probiotics VSL#3 slowed intestinal passage compared to placebo, 
indicating that the aforementioned probiotic is likely to have a better effect on the 
diarrhoeal form of the disease. The diversity and richness of gut microbiota has been 
shown to be associated with slower intestinal passage[64], whereas in softer stools, this 
diversity is significantly reduced[65].

Several studies have included a prepared, specific combination of eight different 
strains, consisting mainly of LAB and Bifidobacterium (including B. longum, B. infantis, 
B. breve, L. acidophilus, L. casei, L. delbrueckii spp. bulgaricus, L. plantarum and Strepto-
coccus salivarius), that showed efficacy in patients with IBS in the form of reduction of 
bloating and abdominal symptoms[66-70].

The most commonly used probiotic bacteria in studies are Lactobacillus, 
Bifidobacterium, Enterococcus and Streptococcus, and in most studies that included these 
probiotics, there was a marked improvement in the reduction of abdominal pain and 
discomfort. Individual studies and the applied probiotic species/strains and the 
results are shown in Table 2. Diagnostic criteria of IBS were Rome III and IV, with 
duration of therapy of at least six weeks.

The results of several dozen examined studies showed a reduction in abdominal 
distension and bloating. In a meta-analysis of 42 randomised controlled trials, 34 
reported improvements in at least one symptom[90]. No significant difference was 
observed in the individual groups of probiotics used: Lactobacillus, Bifidobacterium, 
Streptococcus, or in a combination of the above[47,49,91,92]. The main limitation of 
most of the clinical studies is that the patient groups were heterogeneous; however, 
the overall result of all the analyses was the alleviation of general symptomatology.

A meta-analysis of the efficacy of B. infantis 35624 in the IBS was performed. As in 
the studies already mentioned, the efficacy targets were symptoms related to 
abdominal pain, bloating and bowel emptying habits, and respondent satisfaction with 
the management of these symptoms. The analysis included three studies conducted 
based on the use of B. infantis and two additional probiotics. The results showed a 
significant improvement in all examined parametres in terms of the mixture of 
probiotics together with B. infantis, but not equally effective if B. infantis was solely 
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Table 2 Outcomes of randomized controlled trials of probiotics versus placebo in different type of irritable bowel syndrome

Ref. Type of 
IBS (%)

Sample 
size Probiotic Outcome by the type of IBS 

(probiotic group)
Common outcome (probiotic 
group)

Sinn et al[71], 
2008

D: 20; C: 27; 
M: 62.5

40 L.acidophillus SDC 2012, 2013 Not specified Reduction of abdominal pain (28%), 
bowel habit satisfaction (18.2%), 
reduction of straining at stool 
(25.4%)

Hong et al
[72], 2009

D: 45.7; C: 
20; M: 8.6; 
Non 
classified: 
25.7

70 Bifidobacterium bifidum BGN4, B. lactis 
AD011, Lactobacillus acidophilus AD031, 
L. casei IBS041

Not specified Reduction of pain score (-31.9), 
defecation and discomfort (-29.2), 
no significant change in QOL and 
bowel habits (defecation frequency 
and stoll consistency)

Guglielmetti 
et al[73], 2011

D: 21.3; C: 
19.7; M: 
58.2; NC: 0.8

122 Bifidobacterium bifidum MIMBb75 Not specified Improved global IBS symptoms by -
0.88 points, reduction in 
pain/discomfort by -0.82 points, 
distention/bloating by -0.92 points, 
urgency by -0.76 points (Likert 
scale)

Cui and Hu
[74], 2012

D: 48.3; C: 
20; M: 11.7; 
NC: 10

60 Bifidobacterium longum and Lactobacillus 
acidophilus

Not specified Improvement in frequency of 
abdominal pain (23% vs 6%), 
abdominal distension (27% vs 7%), 
bowel habits (26% vs 8%), 
dissatisfaction with defecation (20% 
vs 10%).

Dapoigny et al
[75], 2012

D: 30; C: 22; 
M: 34; NC: 
14

50 Lactobacillus casei rhamnosus LCR35 D: significant reduction in 
abdominal pain; M: no 
relevant difference between 
groups

No clinicaly relevant changes 
overall

Ducrottéet al
[76], 2012

All types 214 Lactobacillus plantarum 299v Not specified Mean frequency of abdominal pain 
was reduced significantly by 51.9%, 
reductions in stool frequency, 
bloating and feeling of incomplete 
emptying, significant reduction of 
the daily number of stools

Amirimani et 
al[77], 2013

All types 102 Lactobacillus reuteri Not specified Increased frequency of defecation, 
no significat difference in bloating, 
urgency,abdominal pain, stool 
shape. Study did not clasiffy 
between D and C subtype

Begtrup et al
[78], 2013

D: 40; C: 19; 
M: 38; NC: 2

131 L. paracasei ssp paracasei F19, L. 
Acidophilus; La5 and Bifidobacterium Bb12

Not specified Adequate relief of symptoms at 
least 50% of the time (52% vs 41%), 
No difference in diarrhea, bloating 
and satiety

Roberts et al
[79], 2013

D and C 179 Bifidobacterium lactis CNCM I-2494, 
S.thermophilus, L.bulgaris

Not specified Improvements in symptoms scores, 
bloating, flatulence, ease of bowel 
movement and quality of life (48% 
vs 33%)

Jafari et al[80], 
2014

All types 108 Probio-Tec® Quatro-cap-4 Not specified Decrease in VAS score for 
abdominal pain and bloating, 
decrease in feeling incomplete 
defecation

Ludidi et al
[81], 2014

All types 40 Bifidobacterium lactis W52, Lactobacillus 
casei W56, L. salivarius W57, Lactococcus 
lactis W58, L. acidophilus NCFM, and L. 
rhamnosus W71

Not specified Decrease in visceral 
hypersensitivity in both 
groups,decreased pain in both 
groups, no significat difference in 
overal symptom improval

Pedersen et al
[82], 2014

D: 38; C: 
17.3; M: 
40.7; NC: 4

81 Lactobacillus rhamnosus GG Not specified Improvement in IBS-SSS score nad 
QOL score. Low FODMAP diet 
showed efficient in IBS-C, and 
probiotic in IBC-D

Sisson et al
[83], 2014

D: 37.6; C: 
21.5; M: 
35.5; NC: 5.4

186 Lactobacillus rhamnosus NCIMB 30174, L. 
plantarum NCIMB 30173, L. Acidophilus 
NCIMB 30175, Enterococcus faecium 
NCIMB 30176

Not specified Reduction in IBS-SSS score 
(abdominal paion, bloating, bowel 
habit satisfaction)-63.3 vs -28.3. No 
difference in QOL score

Bifidobacterium bifidum (KCTC 12199BP), 
B. lactis (KCTC 11904BP), B. longum 
(KCTC 12200BP), L. acidophilus (KCTC 

Global relief of IBS symptoms (68% 
vs 37.5%), reduced abdominal pain 
and discomfort. No difference in 

Yoon et al[84], 
2014

D: 53.1; C: 
40.8; M: 6.1

49 Not specified
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11906BP), L. rhamnosus (KCTC 12202BP) 
and Streptococcus thermophilus (KCTC 
11870BP)

stool consistency. Changes in the 
fecal microbiota genome (detected 
by PCR test)

Pineton de 
Chambrun et 
al[85], 2015

D: 28.5; C: 
46.9; M: 24.6

179 Saccharomyces cerevisiae CNCM I-3856 Not specified Same results regarding abdominal 
pain and discomfort in both groups, 
but probiotic group showed 
improvement in during the second 
month of use

Yoon et al[86],
2015

D: 48.1; C: 
18.5; M: 21; 
NC: 12.4

80 Bifidobacterium bifidum (KCTC 12199BP), 
B. lactis (KCTC11904BP), B. longum (
KCTC 12200BP), Lactobacillus acidophilus 
(KCTC 11906BP), L. rhamnosus (KCTC 
12202BP), Streptococcusthermophilus

Not specified Increase in probiotic strains in stool 
samples, higher adequate symptom 
relief (but not statisticaly relevant), 
improvement in the diarhea 
symptom score

Lyra et al[87], 
2016

D: 38.9; C: 
16.6; M: 44; 
NC: 0.5

391 Lactobacillus acidophilus NCFM (ATCC 
700396)

Not specified No difference in both groups in IBS-
SSS score

Spiller et al
[88], 2016

D: 20.8; C: 
47.4; M: 31.7

379 Saccharomyces cerevisiase I-3856 Reduced abdominal pain and 
bloating in IBS-C

No overall benefit in all subtypes, 
but significant improvement in C 
subtype

Preston et al
[89], 2018

D: 46.4; C: 
35.7; M: 18.6

113 Lactobacillus acidophilus CL1285, L. casei 
LBC80R, L. rhamnosus CLR2

Improvement of IBS-SSS score 
for female D subtype by 50% to 
144%. Better satisfation with 
bowel habits in C subtype. 
Better QOL in IBS-D females. 
Impruvment in number of 
days without pain M subtype

No improvement in IBS-SSS score 
overall or QOL overall

IBS: Irritable bowel syndrome; IBS-SSS: Irritable Bowel Syndrome Severity Scoring System; NC: Non classified irritable bowel syndrome; D: Diarrhea 
irritable bowel syndrome; C: Constipation irritable bowel syndrome; M: Mixed irritable bowel syndrome; QOL: Quality of life.

used. According to that analysis, treatment with a mixture of probiotics that also 
contain this bacterium could have an effect in treating the disease. However, it should 
be considered that the number of participants in the examination was too small, and 
certainly, the stated claims should be further examined[50].

An interesting fact is the analysis of several studies that show that the use of one 
probiotic, rather than a combination of several, taken in a short period and in a low 
dose, proved to be better in the final general condition, general feeling of patients after 
treatment (testing) and improvement in their quality of life. Yoon et al[84] 
hypothesised that multi-strain-containing probiotics may result in different effects and 
benefits on IBS symptoms, as each bacterial species produces a different effect in the 
gastrointestinal system, and two or more probiotic species in combination have a 
synergistic effect. However, research has also shown that competition between 
introduced combined species or strains is possible, which can lead to negative effects. 
Analysis of gut microbiota before and after probiotic administration showed that 
different strains have different viabilities and overdoses can disturb living conditions 
by competition[81].

EFFECT OF PROBIOTIC DOSE ON IBS SYMPTOMS
The question of the dosage of the individual probiotics that needs to be applied to 
achieve the final desired effects was raised. Initially, an answer is not offered; 
significant is that an adequate dose is needed for the desired effect. There are several 
variables that could affect the effective dose of probiotics: Desired effect, specific 
strain, probiotic carrier, and the mode of application. In a unique study, the 
combination of two strains of L. plantarum and one strain of Pediococcus acidilactici 
(confirmed to reduce inflammation and frequency of diarrhoea in animal models of 
intestinal inflammation) were applied in two doses: 1-3 × 1010 CFU (colony forming 
unit) per capsule and 3-6 × 109 CFU per capsule, in equal representation of each 
probiotic. The results are such that all patients, regardless of the dose of I.31 (as the 
combination of probiotics is called), indicating that the achievement effect is attained 
even at lower values, reported a better quality of life after three weeks of intolerance to 
mixtures, while reduction of anxiety was reported only after six weeks. Interestingly, 
the effect was achieved earlier when a higher dose was administered[93]. We must, 
however, emphasise that although the authors claim they tested high and low doses of 
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probiotics, 109 bacteria per capsule can in no way be considered low dose. The 
difference between these two doses is too small and the authors should have used a 
slightly lower dose to examine whether probiotic dose influences IBS.

Liang et al[94] analyzed several clinical trials, with a primary goal to clarify the 
effective dose of applied probiotics which, in this case, is a combination of Lactobacillus 
and Bifidobacterium. Their conclusion is comparable to previous studies, with an 
observed improvement in global symptoms that was achieved even at low doses. In 
most studies, a dose of 109 CFU/d to 1010 CFU/d of the tested strains is the recom-
mended dose, based on comparisons of the accompanying studies.

According to Lorenzo-Zúñiga et al[93], probiotics do not follow pharmacological 
rules in achieving the effect of saturation, but this effect is attained according to the 
principle of synergism or antagonism, in which negative effects are caused. High doses 
of probiotics can cause short-term discomfort in the gastrointestinal system due to 
excessive fermentation of carbohydrates, which is a feature of the most studied and 
represented strains in patients with IBS[95].

In other medical cases, conditions and diseases, the doses of specific probiotic 
strains have been studied. Namely, the results of one study showed that L. rhamnosus 
GG has a greater effect in acute gastroenteritis in children when administered at a dose 
greater than 1010 CFU/d[96]. S. boulardii administered in patients with diarrhoea, after 
low and high doses, achieved an equal effect[97]. In addition, no difference was found 
in the dose-dependent effect for Lactobacillus reuteri DSM17938 on diarrhoea[98].

In 2006, in a meta-analysis of antibiotic-related diarrhoea and necrotising entero-
colitis, a result based on 25 studies involving 13 probiotic products reported that 
probiotic doses less than 1010 CFU did not result in treatment success. The results were 
confirmed in later meta-analyses[99].

APPLICATION OF PROBIOTICS IN TREATMENT OF C-IBS
Significantly less research regarding the effectiveness of probiotics have been 
conducted in patients with C-IBS. Based on the Bristol stool scale, study participants 
described their stool as hard or lumpy (≥ 25% of all stools) and fluffy or watery (< 25% 
of all stools).

It is known that in these patients, there exists an increased number of bacteria that 
produce methane[100] and the amount of gas released is directly correlated with the 
severity of severe constipation[101], which is consistent with the slower passage 
through the intestine in these cases, with reduced segmental contraction and 
attenuated propulsion. Given these facts, the effect of B. lactis DN-173 010 on 
distension, bloating, and other IBS symptoms was examined[102]. Patients complained 
of a visible increase in abdominal volume at least twice a week and met other Roman 
III. The dose of B. lactis was 1.25 × 1010 CFU/g, and S. thermophilus and L. bulgaricus (1.2 
× 109 CFU/g) were added; in fact, fermented milk and yogurts were found to contain 
these probiotics. The results showed that fermented dairy products reduced 
abdominal distension and accelerated intestinal passage. Reduced bloating was also 
reported, as were other IBS symptoms. There are fewer studies involving subjects who 
have constipation-like problems, and one of these studies was published in 2014. The 
results are impressive and show that probiotics have significantly reduced the passage 
time by 12.4 h and increased stool frequency by 1.3 wkly bowel movements. Success is 
related to the administration of B. lactis (increasing weekly bowel movements by 1.5 
movements), but not to L. casei Shirota (recorded decreased weekly bowel movements 
per week to 0.2). Stool consistency was better during intake of B. lactis, but not L. casei 
Shirota strain[103]. Health-related quality of life was also a frequently examined aspect 
in patients, making it the primary subject of the study by Guyonnet et al[104], because 
they believed that the patient's perception of symptoms and the impact of difficulties 
on daily life are extremely important. In general, patients with more severe disease 
and frequent symptomatology felt relief, but were reluctant to report it. This was in 
contrast to those subjects who had moderate or mild disease and did not experience 
significant improvement, but reported a change in symptom severity. Interestingly, in 
a number of studies, placebo groups also reported positive effects, which is an 
increasingly central point of the study (Table 3).
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Table 3 Outcomes of randomized controlled trials of probiotics versus placebo in the C and D type of irritable bowel syndrome

Ref. Type 
of IBS

Sample 
size Probiotic Outcome by the type of IBS (probiotic 

group)

Agrawal et al
[102], 2009

C 34 Bifidobacterium lactis DN-173 010 Reduction in bloating and distension (-1.52 cm), 
reduction of orocaecal (-1.2 h) and colonic (-12.2 h) 
transit times, reduction of pain and discomfort (-
0.5)

Michail et al
[105], 2011

D 24 VSL#3: Lactobacillus acidophilus, L. plantarum, L. casei, and L. 
delbrueckii ssp. bulgaricus, Bifidobacterium breve, B. longum, and 
B. infantis and Streptococcus salivarius ssp. thermophilus

Significant decreases in the bloating, diarrhea, 
satiety and QOL in both groups (placebo and 
probiotic)

Ki Cha et al[106], 
2012

D 50 Lactobacillus acidophilus, L. plantarum, L. rhamnosus, 
Bifidobacterium breve, B. lactis, B. longum and Streptococcus 
thermophilus

Symptoms (abdominal pain, abdominal 
discomfort, loose/watery stool, urgency, mucus in 
stool, bloating, and passage of gas) relief was 
higher (> 50%), improved stool consistency

Abbas et al[50], 
2014

D 72 Saccharomyces boulardii Decrease in the blood and tissue levels of 
proinflammatory cytokines IL-8 and TNF-a and 
and increase in the anti-inflammatory IL-10, 
improvement in body image and food avoidance

Lorenzo-Zúñiga 
et al[93], 2014

D 84 Lactobacillus plantarum (CECT7484 and CECT7485), 
Pediococcus acidilactici (CECT7483)

Improved QOL score, improvement in gut-related 
anxiety (VSI scale)

Majeed et al
[107], 2016

D 36 Bacillus coagulans MTCC 5856 Decrase in bloating, diarhea, vomiting, abdominal 
pain, improvement in Bristol stool score

Mezzasalma et al
[108],2019

C 150 Lactobacillus acidophilus, L. reuteri, L.s plantarum, L.s rhamnosus, 
Bifidobacterium animalis subps. lactis

QOL improved in probiotic group, incresead 
healthier characteristic in stool samples

Hod et al[109],
2017

D 107 Lactobacillus rhamnosus LR5, L. casei LC5, L. paracasei LPC5, L. 
plantarum LP3, L. acidophilus LA1, Bifidobacterium bifidum, BF3, 
B. longum BG7, B. breve BR3, B. infantis BT1, Streptococcus 
thermophilus ST3, L. bulgaricus LG1, Lactococcus lactis

No difference between groups overall, no CRP 
and fecal calprotectin levels difference

Ishaque et al
[110],2018

D 360 Bio-Kult® Reduced overal IBS-SSS score by 145 point in 30 d, 
reduced number of bowel movements, symptom 
free patients (33.7% vs 12.8%)

Khodadoostan et 
al[111],2018

D 67 Lactobacillus casei, L. acidophilus, L. rhamnosus, L. bulgaricus, 
Bifidobacterium breve, B. longum, and Streptococcus thermophilus 
with prebiotic of ructooligosaccharides

Improvement in stool consistency adn defecation 
rate after 3 mo, decrease in abdominal pain after 6 
mo

Sun et al[112], 
2018

D 200 Clostridium butyricum Reduction in IBS-SSS score (-62.12 vs -40.74), no 
difference in abdominal pain and bloating, 
improvement in QOL, no change in Bristol stool 
scale.

IBS: Irritable bowel syndrome; IBS-SSS: Irritable Bowel Syndrome Severity Scoring System; D: Diarrhea irritable bowel syndrome; C: Constipation irritable 
bowel syndrome; QOL: Quality of life.

APPLICATION OF PROBIOTICS IN TREATMENT OF D-IBS
The symptoms of this form of the disease are similar to those in other subtypes, with 
more frequent bowel movements and increased peristalsis, which results in softer 
stools or diarrhoea. It is also characterised by the urgency for defecation. According to 
the Bristol stool scale, patients define this form of the disease as the presence of fluffy 
or watery stools (≤ 25% of all stools) and hard or lumpy stools (< 25% of all stools). 
When using a mixture of L. plantarum (5 × 107 CFU/mL) and 3.6 g of fibre, the results 
showed that the presence of gas/wind was significantly lower, intensity of abdominal 
pain was reduced and overall function of the gastrointestinal system was much better 
after one year of using symbiotics[113]. These effects can be explained by slowing 
down the passage through the intestine, facilitating the flow, electrolyte reabsorption 
and consequently, reducing diarrhoea. The combination of the probiotics L. 
acidophilus, L. plantarum, L. rhamnosus, B. breve, B. lactis, B. longum and S. thermophilus in 
a dose of 1.0 × 1010 CFU also produced promising results. The application lasted for 
eight weeks, and the effect manifested as alleviation of overall symptoms and 
improvement in stool consistency, although no specific effect on individual symptoms 
was observed[106]. However, regarding the primary symptom of this subgroup, 
diarrhoea, probiotics did not prove effective in reducing the number of diarrhoeal 
stools. Several studies have been conducted, testing different probiotics, but the results 
have not been successful[46,78,114]. Moreover, in one study, an even more significant 
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deterioration was reported[115]. In contrast, in this subtype of disease, Bacillus 
coagulans MTCC 5856, at a dose of 2 × 109 CFU/d for 90 d of use, proved to be quite 
successful. All symptoms in patients belonging to the D-IBS group were significantly 
alleviated, including diarrhoea[107].

The aim of one study was to evaluate the change in the frequency and intensity of 
abdominal pain in patients with a predominantly diarrhoeal form of the disease. A 
combination of strains were evaluated in the study: Bacillus subtilis PXN 21, B. bifidum 
PXN 23, B. breve PXN 25, B. infantis PXN 27, B. longum PXN 30, L. acidophilus PXN 35, L. 
delbrueckii spp. bulgaricus PXN39, L. casei PXN 37, L. plantarum PXN 47, L. rhamnosus 
PXN 54, L. helveticus PXN 45, L. salivarius PXN 57), Lactococcus lactis PXN 63, and S. 
thermophilus PXN 66 at 2 million colonies per capsule, twice daily for 16 wk. After this 
treatment, patients reported a reduction in the intensity of abdominal pain, as well as 
other symptoms comprising the IBS-SSS (Irritable Bowel Syndrome Severity Scoring 
System), including the intensity of abdominal pain, number of days of abdominal pain 
during the last 10 d, severity of abdominal distension, discomfort during urination, 
and reduced quality of life. The participants were examined every month for five 
months, and during these controls, the results showed an improvement in all 
examined elements of the disease, compared to the initial condition and results of the 
group of patients receiving placebo. This study included a large number of subjects 
(360 patients) that were relatively homogeneous with a certain subtype of the disease, 
resulting in a more relevant study compared to a large number of other processed 
analyses[110]. In Figure 3, exhibited is the effect of probiotics on different IBS type 
symptoms.

THE ROLE OF PREBIOTICS ON IBS SYMPTOMS
Unlike probiotics, prebiotics are not metabolised in the intestines of the host, and their 
ultimate purpose is to positively impact the microenvironment of the digestive system. 
The best known prebiotics are oligofructose, inulin, galactooligosaccharides, lactulose, 
and oligosaccharides from breast milk. In fact, these compounds are an integral part of 
the food we eat every day. Some of the positive effects include an increase in the 
number of bifidobacteria, calcium absorption, and fecal mass, shortening of the 
retention time of fecal mass in the intestines, and a possible decrease in blood lipids
[32]. Several studies have investigated the effect of prebiotics[47], revealing the 
importance of choice of prebiotic, as well as the dose, since doses that were too small 
could be useless, and larger ones can stimulate gas production, which worsens 
symptoms[116-118].

SIDE EFFECTS OF PROBIOTICS
Most of the studies highlighted in this article did not report side effects or listed them 
as “unimportant”. In fact, it is an interesting that probiotics, prebiotics and symbiotics 
used in the treatment of IBS can sometimes cause, or even worsen, some symptoms. 
This phenomenon is most commonly observed in D-IBS, in which the use of prebiotics 
and fibre could lead to worsening of symptoms. These side effects include gas 
production, bloating, softer stools and abdominal pain; all of which are mostly 
temporary[119].

CONCLUSION
There exist several variables that affect changes in the microbiota (i.e., differences in 
sample storage, DNA extraction, and analytical methods), as well as the diet of 
individuals, which were not strictly regulated in any studies. Many foods serve as 
prebiotics and may also contain probiotics. It has been proven that the application of 
multiple strains of probiotic bacteria, or even multiple species, is much more effective 
than the application of only one probiotic strain. It is difficult to predict which strain or 
species most contributed to the welfare of IBS patients. Several groups investigated the 
effect of a particular strain on a specific symptom, which could be considered a good 
research direction and a way to prove the effectiveness of a particular probiotic on the 
symptom that causes the most discomfort to an individual patient. A major drawback 
of these studies, however, is the design of clinical studies in which the types of IBS are 
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Figure 3 Effect of probiotic bacteria on different irritable bowel syndrome type symptoms. C-IBS: Irritable bowel syndrome with predominant 
constipation; D-IBS: Irritable bowel syndrome with predominant diarrhea; M-IBS: Irritable bowel syndrome with mixed bowel habits; U-IBS: Irritable bowel syndrome 
unclassified.

not clearly defined, or the analysis of IBS types is performed after the study is 
completed. In most of the clinical studies, a small number of patients were grouped 
into IBS subtypes, which made it difficult to draw conclusions. In addition, it is 
unlikely that the same probiotic or multispecies probiotic preparation will influence all 
four types of IBS. The biggest unknown remains as the mixed and unclassified types of 
IBS, which are present in small numbers in the conducted studies. The way to design a 
suitable study for mixed and unclassified types of IBS is questionable, as we do not 
currently have a probiotic or symbiotic that would affect the modification of the 
various symptoms that occur in these types of IBS. The solution may be to group 
patients with specific subtype and gather critical mass. Furthermore, numerous studies 
have shown the impact of probiotics on certain areas of the brain and their activity. 
Studies of this type certainly have their limitations, mostly related to the complicated 
interrelationships of the intestinal brain axis, such as those present in patients with 
IBS, which are not easy to transfer to an animal model and then map to human 
subjects. The need to understand the connection between the intestinal microbiota and 
functional diseases of the gastrointestinal system is central to the research in this field 
of medicine. The cognition that controlling the intake of dietary supplements can affect 
bowel functions, as well as the psychological manifestations of the disease, is the basis 
for setting new therapeutic options in the treatment of IBS and other similar disorders 
of the gastrointestinal system.
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Abstract
In recent years, the incidence of gastrointestinal cancer has remained high. 
Currently, surgical resection is still the most effective method for treating 
gastrointestinal cancer. Traditionally, radical surgery depends on open surgery. 
However, traditional open surgery inflicts great trauma and is associated with a 
slow recovery. Minimally invasive surgery, which aims to reduce postoperative 
complications and accelerate postoperative recovery, has been rapidly developed 
in the last two decades; it is increasingly used in the field of gastrointestinal 
surgery and widely used in early-stage gastrointestinal cancer. Nevertheless, 
many operations for gastrointestinal cancer treatment are still performed by open 
surgery. One reason for this may be the challenges of minimally invasive 
technology, especially when operating in narrow spaces, such as within the pelvis 
or near the upper edge of the pancreas. Moreover, some of the current literature 
has questioned oncologic outcomes after minimally invasive surgery for 
gastrointestinal cancer. Overall, the current evidence suggests that minimally 
invasive techniques are safe and feasible in gastrointestinal cancer surgery, but 
most of the studies published in this field are retrospective studies and case-
matched studies. Large-scale randomized prospective studies are needed to 
further support the application of minimally invasive surgery. In this review, we 
summarize several common minimally invasive methods used to treat 
gastrointestinal cancer and discuss the advances in the minimally invasive 
treatment of gastrointestinal cancer in detail.

Key Words: Gastrointestinal neoplasms; Laparoscopy; Minimally invasive surgical 
procedures; Robotic surgical procedures; Therapeutics
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Core Tip: The incidence of gastrointestinal tumors is high. Minimally invasive surgery 
has changed the traditional treatment of these patients. Minimally invasive surgery is a 
revolutionary treatment for gastrointestinal tumors that can reduce surgical complic-
ations and accelerate postoperative recovery. Here, we discuss the role and prospect of 
minimally invasive surgery in the treatment of gastrointestinal tumors.
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techniques in gastrointestinal surgery: Current status and future perspectives. World J 
Gastrointest Surg 2021; 13(9): 941-952
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/941.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.941

INTRODUCTION
With the development of science and technology, minimally invasive surgery is a new 
option for the radical treatment of tumors. Minimally invasive surgery is gaining 
increasing popularity for the treatment of gastrointestinal cancer, including 
endoscopic resection, laparoscopic resection, and da Vinci surgical system resection. 
Minimally invasive techniques have resulted in less blood loss and fewer complic-
ations than conventional surgery.

Minimally invasive surgery is not just about minimizing trauma but also about 
achieving a complete radical tumor removal. To achieve this goal, high-definition, 
high-magnification devices have been developed for use in gastrointestinal cancer 
surgery, allowing surgeons to perform more accurate resection and avoid unnecessary 
damage compared with traditional surgery because the tumor and surrounding 
structures can be better visualized.

For any minimally invasive technique, there is always a learning curve to overcome 
and sufficient evidence to substantiate its effectiveness; equally important is whether 
the benefits of these techniques are worth the added cost and time.

ENDOSCOPY TECHNOLOGY IN GASTROINTESTINAL CANCER
Endoscopic resection of early gastric cancer
Endoscopic resection may be presently thought of as an option for the majority of early 
gastric malignancy cases and could be recognized as a definitive treatment unless it is 
thought that there is a significant risk of lymph node metastasis[1-3]. The most risky 
component of lymph hub metastasis is lymphatic vessels in the vicinity of the tumor. 
Other risk factors include submucosal intrusion (T1b), poor differentiation, ulceration, 
and a large tumor[1]. Several studies have reported no significant difference in long-
term overall survival or tumor-specific survival between patients with early gastric 
cancer treated endoscopically and those who underwent conventional surgical 
resection[4,5].

There are currently two primary endoscopic resection techniques: Endoscopic 
mucosal resection (EMR) and endoscopic submucosal dissection (ESD). EMR is robust 
and technically reproducible with a short learning curve, whereas ESD is technically 
more demanding and therefore has a much longer learning curve. However, ESD 
normally brings about en bloc specimens, higher extent of complete resections, and 
fewer nearby recurrences[6,7]. Asian and European guidelines recommend ESD as the 
endoscopic resection method of choice for early gastric cancer[1,8,9].

Endoscopic resection in early colorectal cancer
The detection rate of early colorectal cancer has increased due to the improvements in 
quality of life and the emphasis on medical check-ups. Early (T1) colorectal cancers 
with a low risk of lymphatic metastasis can be treated by endoscopic techniques[10-
12]. Unfortunately, most patients with early-stage colorectal cancer do not receive 
adequate endoscopic treatment evaluation and still undergo surgical treatment[13,14]. 

https://www.wjgnet.com/1948-9366/full/v13/i9/941.htm
https://dx.doi.org/10.4240/wjgs.v13.i9.941


Ye SP et al. Minimally invasive surgery for gastrointestinal cancer

WJGS https://www.wjgnet.com 943 September 27, 2021 Volume 13 Issue 9

Endoscopic resection of stage T1 colorectal cancer depends on the tumor size and the 
depth of invasion. When submucosal invasion is highly suspected, ESD and 
endoscopic full-thickness resection are better choices than EMR[15-17]. A number of 
studies have shown that endoscopic treatment of patients with stage T1 colorectal 
cancer is safe and feasible, and there is no significant difference between the results of 
endoscopic treatment and surgical treatment[18-21]. Although endoscopic treatment 
requires adequate physician proficiency and proper assessment of the tumor stage, the 
advantages of endoscopic treatment in terms of a lower cost and faster postoperative 
recovery are enormous. Therefore, doctors should properly recognize the advantages 
of endoscopic treatment and should consider whether endoscopic treatment can 
benefit their patients with early colorectal cancer.

LAPAROSCOPIC TECHNIQUES IN GASTROINTESTINAL SURGERY
Laparoscopy is a landmark advance in the history of minimally invasive surgery, and 
its use is intended to help minimize surgical trauma, reduce pain, and accelerate 
recovery of bowel function and general mobility after surgery. All of these factors have 
the potential to shorten the length of hospital stay and reduce patient suffering.

Laparoscopic gastric cancer surgery
Since Kitano et al[22] first reported laparoscopic-assisted gastrectomy for early gastric 
cancer in 1994, laparoscopic gastric cancer surgery has developed rapidly, especially in 
East Asian countries with a high incidence of gastric cancer, such as China, Japan, and 
Korea. Despite the rapid development of laparoscopic gastric cancer surgery, the 
clinical issues surrounding laparoscopic gastric cancer surgery still require more solid 
medical evidence, mainly due to insufficient evidence of its long-term oncologic 
efficacy and the optimal extent of lymph node dissection[23].

The KLASS-02-Randomized Clinical Trial of Korean[24] followed and observed 
1050 patients in terms of the 3-year relapse-free survival rate. A total of 492 patients 
underwent laparoscopic surgery and 482 patients underwent open surgery. The 3-year 
relapse-free survival rate of the laparoscopy group was 80.3%, and this rate of the 
open group was 81.3%. It was concluded that for patients with locally advanced 
gastric cancer, the recurrence-free survival rate of laparoscopic distal gastrectomy 
combined with D2 lymphadenectomy is similar to that of open surgery.

The Chinese Laparoscopic Gastrointestinal Surgery Study (CLASS) Group 
established the largest multicenter cohort of laparoscopic gastric cancer, the CLASS-01 
Randomized Clinical Trial Effect of Laparoscopic vs Open Distal Gastrectomy on 3-
Year Disease-Free Survival in Patients With Locally Advanced Gastric Cancer[25]. This 
study showed that the 3-year disease-free survival rate of laparoscopic distal 
gastrectomy was not less than that of open distal gastrectomy.

These studies are inadequate and have limitations, such as geographical differences 
between the East and the West, but they provide a scientific basis and clinical 
experience for the promotion of laparoscopic gastric cancer surgery[24-32] (Table 1).

Laparoscopic colorectal cancer surgery
Surgery is the main treatment for colorectal cancer, and minimally invasive surgery is 
the mainstream developmental direction of surgery in recent years. Laparoscopic 
colorectal cancer surgery has become the standard technique for the treatment of colon 
cancer in many countries around the world and has been shown to be safe and feasible 
in randomized trials and population-based studies due to its short-term efficacy[33-
44]. However, more evidence is needed to determine its long-term efficacy, especially 
for advanced colorectal tumors[45] (Table 2).

The operation for rectal cancer is very complicated and is related to the accessibility 
of the pelvis and its complex anatomical structure. The surgical treatment of rectal 
cancer has a greater technical challenge than colon cancer, mainly due to the 
anatomical limitations of the pelvis and the protection by the pelvic plexus[46]. 
However, laparoscopic surgery has significant advantages compared to open surgery. 
Although most studies show no difference in short- and long-term outcomes between 
laparoscopic and open surgery for rectal cancer, it is still a debated issue. Some studies 
suggest that the long-term efficacy of laparoscopic rectal cancer resection is yet to be 
determined and is not superior to that of open surgery[47]. In general, an increasing 
number of studies have confirmed the efficacy and advantages of laparoscopy in 
colorectal cancer surgery, and it has been widely used.
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Table 1 Studies on laparoscopic surgery in gastric cancer

Ref. Study type Comparison Group Endpoints Results

Kim et al[31], 
KLASS-01-
RCT, 2019

Randomized 
clinical trial

Laparoscopic distal gastrectomy 
vs open distal gastrectomy on 
long-term survival among 
patients with stage I gastric 
cancer

LADG (n 
= 706); 
ODG (n 
= 711)

5-yr overall survival rate and 
5-yr cancer-specific survival 
rate

No significant difference between the 
two groups in the 5-yr overall 
survival rate (94.2% vs 93.3%) or 5-yr 
cancer-specific survival rate (97.1% vs 
97.2%)

Lee et al[30], 
KLASS-02-
RCT, 2019

Multicenter 
randomized 
controlled trial

Laparoscopic distal gastrectomy 
(LDG) vs open distal gastrectomy 
(ODG) for D2 lymphadenectomy 

LADG (n 
= 526); 
ODG (n 
= 524)

Thirty-day morbidity, 90-d 
mortality, postoperative pain, 
and recovery

Laparoscopic distal gastrectomy was 
associated with a lower complication 
rate, faster recovery, and less pain (P 
< 0.05), and there was no significant 
difference in mean number of totally 
retrieved lymph nodes (46.6 vs 47.4, P 
= 0.451)

Hyung et al
[24], KLASS-
02-RCT, 2020

Randomized 
clinical trial

Laparoscopic distal gastrectomy 
surgery vs open distal 
gastrectomy surgery for locally 
advanced gastric cancer

LADG (n 
= 492); 
ODG (n 
= 482)

3-yr relapse-free survival rate No significant difference between the 
two groups in the 3-yr relapse-free 
survival rate (80.3% vs 81.3%)

Yu et al[25], 
The CLASS-
01 RCT, 2019

Randomized 
clinical trial

Laparoscopic distal gastrectomy 
surgery vs open distal 
gastrectomy for early-stage 
gastric cancer

LADG (n 
= 519); 
ODG (n 
= 520)

3-year disease-free survival 
rate

No significant difference between the 
two groups in 3-year disease-free 
survival rate (83.1% vs 85.2%)

Liu et al[27], 
The CLASS-
02, 2020

Multicenter 
randomized 
clinical trial

Laparoscopic total gastrectomy 
(LTG) vs open total gastrectomy 
(OTG) for patients with clinical 
stage I gastric cancer

LTG (n = 
105); 
OTG (n = 
109)

Morbidity and mortality 
within 30 d following 
surgeries; recovery courses; 
postoperative hospital stays

No significant difference in morbidity 
and mortality within 30 d following 
surgeries

Katai et al
[26], 
JCOG0912, 
2020

A multicenter, 
non-inferiority, 
phase 3 
randomized 
controlled trial

Laparoscopy-assisted distal 
gastrectomy (LADG) vs open 
distal gastrectomy (ODG) for 
patients with clinical stage I 
gastric cancer

LADG (n 
= 462); 
ODG (n 
= 459)

Relapse-free survival LADG was non-inferior to ODG for 
relapse-free survival (94% vs 95.1%, P 
< 0.05), and LADG should be 
considered a standard treatment 
option

Kinoshitaet al
[28], LOC-A 
Study, 2019

Multicenter 
cohort study

Laparoscopic gastrectomy (LC) vs 
open gastrectomy (OP) for locally 
advanced gastric cancer

LC (n = 
305); Op (
n = 305)

5-yr overall survival; 
recurrence rate; hazard ratio 
for recurrence (HR)

No significant difference between the 
two groups in the 5-yr overall 
survival (53.0% vs 54.2%) and 
recurrence rate (30.8% vs 29.8%)

Park et al[29], 
COACT 1001, 
2018

Randomized 
phase II 
multicenter 
clinical trial

Laparoscopy-assisted distal 
gastrectomy (LADG) with D2 
lymph node dissection vs open 
distal gastrectomy (ODG) for the 
treatment of advanced gastric 
cancer 

LADG (n 
= 105); 
ODG (n 
= 99)

Noncompliance rate of the 
lymph node dissection; 3-yr 
disease-free survival (DFS), 5-
yr overall survival, 
complications, and surgical 
stress response

No significant difference between the 
two groups in the noncompliance rate 
of lymph node dissection (47.0% vs 
43.2%) and 3-yr DFS (80.1% vs 81.9%)

LADG: Laparoscopy-assisted distal gastrectomy; ODG: Open distal gastrectomy; LC: Laparoscopic gastrectomy; OP: Open gastrectomy; DFS: Disease-free 
survival; HR: Hazard ratio; LTG: Laparoscopic total gastrectomy; OTG: Open total gastrectomy; LDG: Laparoscopic distal gastrectomy.

Three-dimensional laparoscopic imaging systems
Minimally invasive laparoscopic techniques are now rapidly gaining popularity, but 
conventional laparoscopy provides only a two-dimensional (2D) view. Three-
dimensional (3D) laparoscopy overcomes this disadvantage and offers the advantage 
of a greater field of view[48]. Some studies have shown that 3D laparoscopic surgery 
provides better depth perception, significantly reduces the operative time and intraop-
erative blood loss, and shortens the surgeon's learning curve[48-51]. However, there is 
a lack of prospective evidence on the safety and efficacy of 3D technology in the long 
term. Despite the controversy, the benefits of 3D laparoscopy are undeniable and it has 
a promising future.

APPLICATION STATUS OF ROBOTIC SURGICAL SYSTEMS IN GASTRO-
INTESTINAL SURGERY
To overcome the shortcomings of laparoscopic techniques, especially when working in 
confined spaces such as the pelvis, da Vinci robotic surgery system robots, which are 
precise, stable, and flexible and can be operated remotely and gradually, are becoming 
a new option for minimally invasive surgery. The da Vinci robotic surgery system 
developed by the US Intuitive Surgical Company received US FDA marketing 
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Table 2 Studies on laparoscopic surgery in colorectal cancer

Ref. Study type Comparison Group Endpoints Results

Bonjer et al[44], 2015 Randomized 
clinical trial

Laparoscopic vs open 
surgery for rectal 
cancer

LC (n = 
699); OP (
n = 345)

Locoregional recurrence 3 
yr after index surgery, and 
disease-free and overall 
survival

No significant difference between the two 
groups in locoregional recurrence 3 yr after 
index surgery, or disease-free and overall 
survival (86.7% vs 83.6%)

Fleshman et al[43], 
ACOSOG Z6051 
Randomized 
Controlled Trial, 
2019

Randomized 
clinical trial

Laparoscopic-assisted 
resection vs open 
resection of stage II or 
III rectal cancer

LC (n = 
243); OP (
n = 243)

Disease-free survival and 
local recurrence

No significant difference between the two 
groups in disease-free survival and local 
recurrence

Park et al[39], 2020 Multicenter 
comparative 
study

Laparoscopic vs open 
surgery for small T4 
colon cancer

LC (n = 
149); OP (
n = 300)

Blood loss, length of 
hospital stay, postoperative 
morbidity, and overall 
survival or disease-free 
survival

No significant difference between the two 
groups in overall survival or disease-free 
survival, and LC was associated with favorable 
short-term oncologic outcomes in patients with 
tumors ≤ 4.0 cm

Li et al[40], 2021 Multicenter 
comparative 
study

Laparoscopic vs open 
surgery for transverse 
colon cancer

LC (n = 
181); OP (
n = 235)

Operation time, 
postoperative 
hospitalization, lymph 
node retrieval, 5-yr overall 
survival

LC was associated with statistically longer 
operation time (209.96 vs 173.31 min, P = 0.002) 
and shorter postoperative hospitalization 
(12.05 vs 14.44 d, P = 0.001), but there was no 
significant difference in lymph node retrieval 
and 5-yr overall survival

Garbarino et al[42], 
2021

Propensity 
score-matched 
analysis

Laparoscopic vs open 
surgery for rectal 
resection

LC (n = 
181); OP (
n = 2 35)

Operative time, 
postoperative morbidity, 
hospital stay, safe 
oncological adequateness

LC was associated with shorter hospital stay (P 
< 0.001), but there was no significant difference 
in safe oncological adequateness

LC: Laparoscopic gastrectomy; OP: Open gastrectomy.

approval in July 2000 and began to be used in clinical applications. In 2002, Weber et al
[52] reported the first robotic system-assisted surgery for benign colonic disease, and 
in the same year, Hashizume et al[53] also reported robotic colorectal surgery for 
malignant disease. With the development of the technology, it has been widely used in 
gastrointestinal surgery, hepatobiliary surgery, urology, gynecology, etc.[54]. 
However, the high cost and a lack of evidence of efficacy are limitations.

Robotic surgery in gastric cancer
Despite the lack of more robust multicenter evidence, robotic surgery has been 
increasingly used as a minimally invasive means for treating gastric cancer because of 
the potential surgical advantages that it may have over conventional laparoscopy. 
However, Kim et al[55] showed that there was no significant difference between the 
two in terms of surgical blood loss, number of intermediate openings, time to oral 
feeding, or the length of hospital stay. At the same time, Uyama et al[56] showed that 
robotic gastric cancer surgery is safe and effective for stage I/II gastric cancer and can 
reduce the incidence of early postoperative complications compared to laparoscopic 
surgery. The short-term efficacy of robotic gastric cancer surgery is therefore good, but 
more evidence is still needed to prove it.

Robotics surgery in colorectal cancer
Current evidence suggests that the short-term efficacy of robotic-assisted colorectal 
cancer surgery is good and it may have potential minimally invasive advantages[57-
61]. Robotic surgery for rectal cancer has been promoted as an improved minimally 
invasive procedure due to the flexibility of the da Vinci robot for operating in confined 
spaces such as the pelvis. Some prospectively randomized studies have shown that the 
clinical outcomes of robotic surgical resection of rectal cancer are similar to those of 
laparoscopic and open surgery[62-69]. There is also literature confirming that robotic 
rectal cancer surgery is closely associated with better short-term outcomes than laparo-
scopic surgery, and it has advantages in protecting the pelvic nerves, resulting in 
fewer short-term postoperative complications and shorter hospital stays[70,71].

Crippa et al[71] analyzed 600 patients. The number of patients undergoing robotic 
surgery was 317 (52.8%), and the laparoscopic group consisted of 283 (47.2%) patients. 
Both groups were similar in terms of age, sex, and body mass index (BMI). The overall 
incidence of short-term complications in patients undergoing robotic surgery was 
lower than that in the laparoscopic group (37.2% vs 51.2%; P < 0.001). However, larger 
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prospectively randomized trials are needed to support its use. There is no denying that 
robotic flexibility may be more promising than laparoscopy in rectal cancer surgery.

NATURAL ORIFICE SPECIMEN EXTRACTION SURGERY
The aim of minimal invasiveness is to reduce trauma. To avoid the need for an 
auxiliary abdominal incision, natural orifice specimen extraction surgery (NOSES) is a 
newly developed method that extracts specimens through natural orifices via the 
trans-anal or transvaginal route to reduce trauma and to avoid auxiliary abdominal 
incisions[72]. Trans-anal removal of specimens is mainly used for left-sided 
colectomies and rectal procedures, and transvaginal removal is used for all colonic 
procedures, especially right-sided colectomies and large specimens[73,74]. It is seldom 
used for operations on the stomach, but the study by Jeong et al[73] concluded that in 
carefully selected elderly women with early gastric cancer, transvaginal specimen 
collection may be a safe and feasible procedure.

The NOSES technique is currently used mainly in colorectal cancer surgery, 
especially rectal surgery. Many studies have shown that the NOSES technique is safe 
and feasible for colorectal cancer; although it may increase the probability of contam-
ination of the surgical area, this does not appear to translate into a higher incidence of 
infection[75-81]. Colorectal resection with NOSES is more advantageous in terms of 
postoperative recovery, postoperative pain, esthetics, and complications (Figure 1). 
However, not every patient is suitable for NOSES. Patients with stage T4 tumors and 
large tumors should not undergo NOSES. Trans-anal specimens are suitable for both 
men and women, but the tumor size should be less than 3 cm, whereas transvaginal 
specimens are suitable for women and the tumor size should be no larger than 5 cm. In 
addition, the BMI of the patient should be less than 30 kg/m2 for anal specimens and 
less than 35 kg/m2 for transvaginal specimens[82,83]. Hence, the NOSES procedure 
indications should be strictly observed.

CONCLUSION
Advances in minimally invasive techniques have opened a new era in gastrointestinal 
treatment. For gastrointestinal tumors, the most important treatment is surgical 
resection. However, it is often overlooked that early-stage gastrointestinal cancer can 
be treated endoscopically with a good result. To obtain the best prognosis and minimal 
trauma, it is very important to choose an appropriate surgical method.

For advanced tumors, total resection including regional lymph nodes should be 
performed. The emergence of laparoscopic surgery has brought innovation to 
minimally invasive surgery. As laparoscopic techniques continue to mature and 
surgeons become more skilled, surgeons can do even more with a laparoscopic view. 
There are many reported studies showing that the efficacy of total laparoscopic 
surgery is positive; completely laparoscopic surgery reduces the size of the secondary 
incision and reduces trauma[84-90].

A 3D laparoscopic imaging system is a further improvement on conventional 
laparoscopic techniques, and with improved laparoscopic views, it may help to 
shorten the learning curve of surgeons. Laparoscopic surgery has been recognized in 
the early treatment of gastrointestinal cancer, and its use in the treatment of most 
advanced tumors has also been affirmed. We look forward to international multicenter 
research evidence.

To improve the inadequacy of laparoscopic techniques, especially when operating 
in a narrow space, such as the pelvis and at the superior margin of the pancreas, 
surgeons started using robotic surgery systems. Among them, the da Vinci robot 
surgery system is used most often, and its technology is relatively mature, which 
offers the advantages of anti-shaking, three-dimensional vision, and operational 
flexibility, taking minimally invasive surgery to new levels of precision[91,92]. At 
present, the research on da Vinci robots is mainly retrospective. From the results, some 
short-term curative effects are better than those of laparoscopy, and the long-term 
curative effect is equivalent. However, these results need further confirmation in 
randomized clinical trial results. Additionally, one of the greatest drawbacks of the da 
Vinci robotic surgical system is its cost. The da Vinci surgical system is the only 
surgical robot available on the market today, and it has a high upfront cost. At the 
same time, surgeons need to go through a long learning curve to use the robotic 
system, meaning that the da Vinci system costs considerable time and money upfront, 
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Figure 1 Rectal cancer resection by natural orifice specimen extraction surgery without incision.

which is a major reason for its need for further development. Hence, before large-scale 
randomized clinical trial research is confirmed, we recommend that gastrointestinal 
surgery with rich experience in laparoscopy be carried out.

The future of surgical robots will move toward miniaturization and intelligence, 
and with the maturity of 5G technology, artificial intelligence technology and 5G 
technology have the potential to be combined with robotic surgical systems to help 
surgeons operate remotely, improve medical conditions, reduce healthcare costs, and 
benefit more patients.

In summary, minimally invasive surgery is the goal of surgeons. Combined with 
our experience, robotic surgery systems may be used increasingly widely. As interest 
and research in minimally invasive surgery continue to grow, the role of minimally 
invasive techniques in gastrointestinal surgery will become increasingly important.
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Abstract
The proportion of liver transplantation (LT) for hepatocellular carcinoma (HCC) 
has kept on increasing over the past years and account for 20%-40% of all LT. 
Post-transplant HCC recurrence is considered the most important factor affecting 
the long-term survival of patients. The use of different types of immunosup-
pressive agents after LT is closely associated with an increased risk for HCC 
recurrence. The most commonly used conventional immunosuppressive drugs 
include the calcineurin inhibitors tacrolimus (FK506) and mammalian target of 
rapamycin inhibitor rapamycin (RAPA). Compared with tacrolimus, RAPA may 
carry an advantage in survival benefit because of its anti-tumor effects. However, 
no sufficient evidence to date has proven that RAPA could increase long-term 
recurrence-free survival and its anti-tumor mechanism of combined therapy 
remains incompletely clear. In this review, we will focus on recent advances in 
clinical application experience and basic research results of RAPA in patients 
undergoing LT for HCC to further guide the clinical practice.

Key Words: Rapamycin; Hepatocellular carcinoma; Liver transplantation; Lenvatinib; 
Programmed death protein-1; Huaier granule
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Core Tip: Although liver transplantation (LT) is the radical method for patients with 
hepatocellular carcinoma (HCC), especially advanced HCC, by improving the survival 
benefits, the postoperative tumor recurrence seriously affects the survival of the graft 
and patients. The rapamycin (RAPA)-based immunosuppressive regimen has been 
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recommended as a priority after LT due to its favorable survival benefits. In this paper, 
we describe the immune regulation and anti-tumor mechanism of RAPA, summarize 
the progress of RAPA transformation therapy after LT for HCC, further analyze the 
survival benefits of combined anticancer drugs and targeted drugs, and comb the 
prospect of immune checkpoint therapy such as programmed cell death protein 1, in 
order to provide a theoretical basis for RAPA transformation therapy after LT for 
HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most frequent primary liver cancer with a 
continuous increase in incidence over the past decades, and it is the third most 
common cause of cancer-related death worldwide and the second most prevalent 
cause of cancer-related death in men[1,2]. HCC has an insidious onset and rapid 
progression, and most patients with HCC have lost the chance of surgical resection at 
the time of diagnosis due to the accompanied severe liver cirrhosis and intrahepatic 
and extrahepatic metastasis. Liver transplantation (LT) is regarded as the most 
effective treatment for end-stage HCC that can completely remove the tumor and the 
“soil” of potentially inducing HCC such as liver cirrhosis and hepatitis B in compari-
son with liver resection and other treatment approaches[3]. According to data from 
multiple transplant centers worldwide[4], HCC is currently the main indication for LT 
and accounts for 20%-40% of all the LT cases, and this proportion continues to 
increase. Although the short-term prognosis of patients with HCC after LT is 
significantly improved, with a 5-year survival rate of more than 50%[5], the problem of 
HCC recurrence remains a serious challenge and it is associated with a dismal 
prognosis. Scientific selection of recipients in strict accordance with the standard of LT 
for HCC is an effective way to reduce the risk of HCC recurrence. Despite that 
physicians strictly adhere to Milan criteria and select recipients accurately, the 5-year 
recurrence rate of HCC after LT remains about 30%[6-8]. As known, there are several 
risk factors for post-LT recurrence. In addition to the primary tumor, calcineurin 
inhibitors (CNIs), a groups of routine immunosuppressive drugs, have been proved to 
be an independent risk factor for the recurrence of HCC[9]. The overuse of CNIs early 
after LT may block the recipient's immune system from detecting and killing residual 
HCC cells in the blood[10]. Therefore, it is a key issue to find an ideal treatment 
strategy that can inhibit rejection while minimizing the risk of HCC recurrence to 
improve the long-term survival of patients with HCC after LT.

To minimize the risk of post-LT recurrence caused by immunosuppressive drugs, 
mammalian target of rapamycin (mTOR) inhibitors have gradually attracted the 
attention of experts in the field of LT. mTOR inhibitor is a commonly used 
immunosuppressive drug with anti-tumor effects, which brings new choices to HCC 
transplant recipients and becomes a potential treatment strategy to solve the above 
issue[11]. Rapamycin (RAPA) is a first-generation mTOR inhibitor, which can not only 
prevent rejection, but also effectively inhibit the growth of tumor cells, and has less 
impact on renal function than CNIs. RAPA is presently employed as an immunosup-
pressant in recipients with abnormal renal function, intolerable adverse reactions of 
CNIs, and the high risk of post-LT recurrence, and it can provide sufficient immuno-
suppression while reducing the risk of recurrence, renal impairment, and infection
[12]. Since 2011, our team has taken the lead in the application of RAPA conversion 
therapy in HCC transplant patients in China and recommended RAPA as the main 
immunosuppressive treatment strategy[13]. In recent years, the proportion of 
immunosuppressive regimens based on RAPA in HCC transplant patients has kept on 
increasing, but in the clinical treatment of such patients, there are still many contro-
versies about the impact of RAPA on the survival benefits. In this review, we will 
focus on recent clinical and basic research on the application of RAPA in HCC 
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transplant patients, with the aim of summarizing existing evidence and areas for 
potential future study to guide the clinical application of RAPA more rationally and 
scientifically.

MECHANISM AND APPLICATION OF RAPA
Development and application trends of RAPA
RAPA is also known as sirolimus. In 1964, Canadian Wyeth Ayrest Research Institute 
identified an antifungal metabolite produced by Streptomyces hygroscopic AYB-944 
from plant and soil samples from Rapa Nui (Easter Island) in the Pacific Ocean and 
named it rapamycin after Rapa Nui[14]. RAPA was initially widely used as a low-toxic 
and powerful antifungal agent in anti-inflammatory therapy. With the in-depth study 
of the pharmacological properties and molecular mechanism of RAPA, it was found 
that RAPA is a triene macrolide immunosuppressive drug that can exert an immuno-
suppressive effect by inhibiting cellular immune response[15]. In 1989, Meiser et al[16] 
began to try to use RAPA as a new immunosuppressant for the treatment of rejection 
after organ transplantation and now RAPA has been widely used in clinical treatment. 
In recent years, it has been found that RAPA has anti-tumor effects, which open up a 
new direction for the prevention of tumor recurrence and metastasis after organ 
transplantation.

RAPA exerts its immunomodulatory effect mainly by inhibiting the mTOR signal 
pathway, and mTOR is the target of RAPA in mammals. The essence of mTOR is a 
serine/threonine protease that belongs to the phosphoinositide 3-kinase (PI3K) related 
kinase family. It plays an important role in immune homeostasis by integrating 
different response signals of the microenvironment in the body. The main function of 
mTOR is to regulate multiple key pathways associated with cell cycle development 
and progression, including cell growth, proliferation, and metabolism[17]. At present, 
it is known that mTOR mainly exists in two structurally and functionally distinct 
protein complexes, mTOR complex 1 (mTORC1) and mTORC2[18]. mTORC1 is sensi-
tive to RAPA and the activation of the mTORC1 pathway promotes a variety of 
pathways related to cell metabolism, such as glucose metabolism, protein synthesis, 
and lipid synthesis, and then regulates cell metabolic growth and proliferation 
activation[19]. mTORC2 is comparatively insensitive to RAPA compared with 
mTORC1, and it needs long-term exposure to the drug[20]. Currently, it is generally 
believed that most of the effects of RAPA in vivo are mediated by mTORC1, and P70 
ribosomal protein S6 kinase (p70S6K)/protein S6 (RPS6) and eukaryotic translation 
initiation factor 4e binding protein 1 (4EBP1)/eukaryotic translation initiation factor 4e 
(eIF4E) are the main downstream targets of mTORC1 (Figure 1). RAPA can specifically 
block p70S6K/RPS6, but does not affect the response of 4EBP1/eIF4E[21].

Immunosuppressive mechanism of RAPA
The first-generation CNIs, such as cyclosporine and tacrolimus (FK506), inhibit T cell 
proliferation induced by calcium-dependent signal transduction pathways, while 
RAPA can disrupt T cell proliferation induced by both calcium-dependent and 
calcium-independent signal transduction pathways[22]. The chemical structure of 
RAPA is similar to that of FK506, and it mainly binds to the cytoplasmic receptor 
FK506-binding protein-12 (FKBP-12), but the further mechanism of action of RAPA is 
completely different from that of FK506[23]. FK506 inhibits the interleukin-2 (IL-2) 
production by blocking calcineurin which is responsible for the transcriptional 
activation of the IL-2 gene, which in turn, results in disrupting the IL-2-mediated 
calcium-dependent T cell transcription and activation signal pathway and eventually 
blocks T cell cycle progression from G0 to G1 phase[23]. Different from FK506, RAPA 
first binds with FKBP-12 to form an FKBP12-RAPA complex (Figure 1), which 
specifically acts on mTOR to phosphorylate the downstream target proteins of the 
mTOR. Then, it inhibits the post-IL-2 receptor signal transduction and interferes with 
the protein and DNA synthesis of T lymphocytes induced by IL-2. As a result, it blocks 
the transition from G1 to S phases in the T cell proliferation cycle, thereby playing its 
immunosuppressive role[24]. In addition to inhibiting the proliferation of T 
lymphocytes, RAPA can also induce receptor immune tolerance and reduce rejection 
by inhibiting the maturation of dendritic cells and promoting the proliferation of 
regulatory T cells[25,26].
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Figure 1 Regulatory mechanism of rapamycin on mammalian target of rapamycin signaling. Rapamycin (RAPA) inhibits mammalian target of 
rapamycin (mTOR) by binding to its intracellular receptor FK506-binding protein-12. mTOR exists in two functionally distinct complexes, termed mTORC1 and 
mTORC2. RAPA acutely inhibits mTORC1, while the mTORC2 is affected by chronic exposure. Activated mTORC1 promotes cell growth and proliferation by 
regulation of lipid synthesis and glutamine metabolism and inhibition of autophagy, and it also could promote mRNA translation by stimulating 4e binding protein 1 
(4E-BP1) and inhibiting 4E-BP1. mTORC2 regulates actin cytoskeletal dynamics and cell survival through the above pathways. RAPA: Rapamycin; mTOR: 
Mammalian target of rapamycin; FKBP12: FK506-binding protein-12; S6K1: S6 kinase 1; 4E-BP1: 4e binding protein 1; PKC: Protein kinase C; PPAR: Peroxisome 
proliferator-activated receptors.

Anti-tumor mechanism of RAPA
The anti-tumor effect of RAPA is mainly reflected in the following aspects: (1) 
Interfering with tumor cell proliferation and growth cycle. The mTOR signal pathway 
is associated with multiple key pathways of tumor development and progression. The 
activation of the PI3K/AKT/mTOR signal pathway can inhibit apoptosis activated by 
multiple factors, thereby promoting tumor cell proliferation[21]. The PI3K/AK-
T/mTOR signal pathway is also one of the most common activation pathways in HCC, 
and studies have found that mTORC1 and mTORC2 pathways are up-regulated in 
40%-50% of HCC patients[27]. RAPA makes mTOR inactivate and blocks mTOR-
related signal transduction to make the cell cycle arrest in the G1 phase, thereby 
inhibiting the proliferation of tumor cells and exerting anti-tumor effects[23]; (2) 
inhibiting tumor angiogenesis. RAPA can indirectly exert its anti-tumor effect by 
inhibiting angiogenesis[28]. New angiogenesis is an indispensable condition for tumor 
cell growth. Vascular endothelial growth factor (VEGF) is the central regulator of 
angiogenesis, and RAPA prevents new tumor angiogenesis by interfering with VEGF. 
This mainly inhibits tumor growth indirectly by reducing tumor blood supply; and (3) 
RAPA can also induce tumor cell death through apoptosis[29,30].

Protective mechanism of RAPA on ischemia-reperfusion injury
Ischemia-reperfusion (IR) injury is an inevitable pathophysiological process in the 
process of LT, and it may lead to a slow recovery of transplanted liver function and 
increase the incidence of postoperative complications, even death in some cases[31]. 
The intracellular signal pathway that leads to IR injury is caused by the increase of 
reactive oxygen species (ROS). Treatment with RAPA in patients after LT can reduce 
the production of ROS in the liver and increase the ability of hepatocytes to scavenge 
ROS by inducing the high expression of heme oxygenase-1 (HO-1) and peroxiredoxin-
1 in hepatocytes, thereby reducing IR injury[32,33]. In addition, maintaining an 
appropriate level of HO-1 in the transplanted liver may reduce the deterioration of 
liver function after LT[31]. Especially for HCC patients undergoing LT, the increase of 
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ROS promotes the survival and proliferation of HCC cells but is detrimental to normal 
hepatocytes[34,35]. Moreover, there is some evidence to indicate that potential IR 
injury and longer times of ischemia are positively correlated with post-LT tumor 
recurrence[32].

Other functional mechanisms of RAPA
RAPA is metabolized by CYP3A4 isozymes in the intestinal wall and liver, mainly 
excreted by feces, and a small amount (2.2%) is excreted through urine. Therefore, 
patients with renal function injury caused by CNIs can be improved through the use of 
RAPA[12]. RAPA can also inhibit the proliferation of vascular smooth muscle cells and 
deactivate immune cells in vascular lesions, which has a certain degree of cardiopro-
tective effect[36]. In addition, it was also found that RAPA has the function of 
neuroprotection and promotion of nerve regeneration, which provides a promising 
treatment strategy for diseases caused by misfolding and aggregation of proteins, such 
as Parkinson's disease[37].

TRENDS OF RAPA IN SURVIVAL BENEFITS OF TRANSPLANT FOR HCC
Immunosuppressant and tumor relapse post-LT
Immunosuppressive agents are necessary to inhibit graft rejection after organ 
transplantation. However, immunosuppression plays an important role in the 
development and progression of tumors. Immunosuppressive therapy after LT makes 
the patient in a state of immunodeficiency chronically, which weakens the immune 
surveillance and defense of HCC or other tumors, and increases susceptibility to 
infection. Ultimately, it may increase the risk of HCC recurrence and metastasis after 
LT. CNI is a commonly used immunosuppressive agent after transplantation. 
However, many research data indicated that CNI-based regimens may increase the 
probability of tumor recurrence and metastasis, and it also has a direct carcinogenic 
activity that induces the growth and progression of tumors[38,39]. The traditional 
treatment view holds that there is no other immunosuppressive strategy that can 
effectively reduce the risk of tumor recurrence except for minimizing the dose of CNI 
after transplantation[9]. Therefore, it is an urgent problem to be solved whether other 
strategies can be used to replace or reduce the dose of CNI to minimize the risk of 
tumor recurrence and improve the prognosis of patients.

Application of RAPA transformation after transplantation
RAPA can also have anti-tumor effects by inhibiting tumor cell proliferation and 
angiogenesis while exerting immunosuppressive effects. RAPA conversion can 
effectively reduce the risk of post-LT HCC recurrence and prolong the tumor-free 
survival time of patients during different studies[40,41]. Subsequently, meta-analysis 
affirmed to varying degrees the survival benefit of RAPA in HCC patients after LT, 
but these studies have their limitations because of single-center experience[11,42,43]. 
While RAPA is considered a potential ideal immunosuppressive agent, the therapeutic 
effect of RAPA in clinical application is still controversial. Although RAPA treatment 
decreased the recurrence rate and tumor-specific mortality rate (with no statistical 
difference), it did not bring significant benefits to overall survival[44]. Data from the 
Scientific Registry of Transplant Recipients, the United States national transplant 
registry, showed a significant 5-year survival benefit for HCC transplant patients 
receiving RAPA[40]. To address controversy over whether survival benefits are 
associated with RAPA action targets and tissue expression levels, some researchers 
have done such research on HCC patients with LT.

RAPA may have significant benefits in HCC patients with over-activated mTOR 
pathway[44]. This view has been further confirmed in other studies. Guerrera[45] 
found that the overexpression of the mTOR pathway in tumor tissues was associated 
with an increase in post-LT recurrence, and suggested that mTOR inhibitors such as 
RAPA should be used in patients with histopathologically up-regulated mTOR path-
way in tumors, rather than as a unified drug for all HCC transplant patients. Based on 
this theory, we use animal models to find that RAPA can down-regulate Foxp3+Treg 
mediated tumor immune escape through the mTOR pathway. High expression of 
mTOR and Treg was associated with a low rat survival time[46].

Clinical study of RAPA conversion therapy
A multicenter prospective randomized controlled phase 3 clinical trial (Table 1), the 
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Table 1 Clinical trials with reported results for rapamycin in post-liver transplantation hepatocellular carcinoma

Ref. Patients (N) Treatment 1-yr OS (%) 3-yr OS (%) 5-yr OS (%) HCC recurrence HR 
(95%CI)

Grigg et al[11], 2019 968 RAPA vs CNI NA NA 67.6 vs 59.7 NA

Zhou et al[13], 2018 36 RAPA vs RAPA free 100 vs 77.8 94.5 vs 0 77.8 vs 0 NA

Toso et al[40], 2010 2491 RAPA vs RAPA free NA 85.6 vs 79.2 83.1 vs 68.7 NA

Ling et al[41], 2020 204 RAPA vs RAPA free 97.4 vs 82.0 85.5 vs 71.9 NA NA

Menon et al[42], 2013 474 RAPA vs CNI 94-95 vs 79-83 85 vs 66 80 vs 59-62 NA

Liang et al[43], 2012 2815 RAPA vs RAPA free NA NA 81.5 vs 68.1 NA

Yanik et al[44], 2016 3936 RAPA vs RAPA free NA NA 75.0 vs 75.0 0.86 vs 0.83

Geissler et al[47], 2016 525 RAPA vs RAPA free 96.0 vs 91.4 86.1 vs 78.5 79.4 vs 70.3 NA

Schnitzbauer et al[48], 
2020

508 RAPA > 3 mo vs RAPA ≤ 3 mo 100 vs 89.9 87.7 vs 76.3 80.1 vs 67.0 NA

Xu et al[49], 2016 142 RAPA vs RAPA free 81.1 vs 85.3 60.3 vs 71.2 40.7 vs 43.5 NA

Na et al[61], 2016 39 RAPA + SOR vs RAPA + SOR 
free

NA NA NA NA

Yang et al[65], 2020 64 RAPA vs TAC 54.5 vs 29.0 NA NA NA

OS: Overall survival; HR: Hazard ratio; CI: Confidence interval; RAPA: Rapamycin; CNI: Calcineurin inhibitor; NA: Not applicable; SOR: Sorafenib; TAC: 
Tacrolimus; LT: Liver transplantation.

Siliver trial[47], showed that RAPA improved the recurrence-free survival and overall 
survival rates in the first 3 to 5 years in LT recipients with HCC, especially for low-risk 
patients defined according to the Milan criteria, but for patients with advanced HCC 
or a long-term survival of more than 5 years, RAPA does not significantly improve 
recurrence-free survival and mortality compared with traditional CNIs. This trial 
provides a high reference value for the clinical application of RAPA-based 
immunosuppressive regimens in LT patients with HCC. At the same time, it also puts 
forward an important problem that needs to be solved, namely, how to improve long-
term HCC recurrence-free and overall survival outcomes after 5 years in HCC patients 
undergoing LT. Whether to combine other treatments, such as targeted therapy, to 
improve patient survival benefits is an issue that needs to be considered. Subse-
quently, Schnitzbauer et al[48] conducted an exploratory multivariate analysis of the 
data in the Siliver trial and proposed that RAPA treatment for more than 3 mo was an 
independent factor for overall survival, and compared with less than 3 mo of RAPA 
treatment, the risk of death was decreased by 30%. When another variable (AFP index) 
was jointly evaluated, the risk of death decreased by 41% in patients with AFP ≥ 10 
ng/mL and RAPA treatment for more than 3 mo. Besides, RAPA treatment can delay 
tumor recurrence, and patients have a longer survival time after recurrence[48]. 
Coincidentally, Xu et al[49] found that the recurrence-free survival rate of HCC 
transplant patients meeting the Milan criteria was not significantly different between 
the RAPA group and the control group, but under the intervention of RAPA, the 
overall survival time of the patients after recurrence was significantly longer than that 
of the control group. As one of the earliest transplant centers to use RAPA conversion 
therapy in China[13,50], we suggested that early conversion of RAPA after transplan-
tation can improve the survival benefits of patients. The results of our previous study 
showed that RAPA-based therapy improved post-LT survival rates and decreased 
recurrence rates compared with the control group after LT. Moreover, our previous 
study also indicated that the therapeutic concentration of RAPA does not depend on 
drug dosage, but primarily on liver and renal function, rejection status, and anti-tumor 
effect. Furthermore, to avoid severe adverse reactions, we also suggested that serum 
RAPA levels should be maintained at ≤ 10 ng/mL[13].

Taken together, it is of clinical importance to clarify the conditions under which 
liver transplant patients with HCC are most likely to benefit from RAPA treatment. In 
particular, patients with the overexpression of the mTOR pathway in HCC can 
significantly benefit from the treatment of RAPA. However, overexpression of the 
mTOR pathway is not uniformly present in all HCC tumors, and there is no clear 
evidence for a benefit of RAPA use for non-mTOR pathway-dependent HCC. More-
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over, a few studies have found that RAPA-based immunosuppressive regimens are 
associated with increased mortality[51]. Poor solubility is a disadvantage of RAPA in 
clinical application. Additionally, RAPA is unstable in physiological conditions, and it 
is not suitable for oral administration because of a large decrease in hydrolytic activity 
under the condition of physiological PH. Besides, like other effective immunosup-
pressive drugs, the use of RAPA can also cause many side effects, including dyslip-
idemia, dysglycemia, peripheral edema, anemia, leukopenia, delayed wound healing, 
etc.[52], and these side effects are relatively mild and easy to manage. The above 
adverse reacations could be alleviated or disappeared after a reduction in the 
instillation rate or drug withdrawal. Patients with dyslipidemia or dysglycemia can 
choose corresponding lipid-lowering or glucose-lowering drugs, combined with diet 
and appropriate exercise therapy[53,54]. For patients undergoing transplant for HCC, 
how to establish an appropriate balance between risks and benefits still needs further 
research. RAPA-related derivatives have a considerable prospect in improving the 
poor solubility and stability of RAPA. The RAPA-derivative everolimus is also used as 
one of the main treatment options for HCC after LT[11]. The immune activity and anti-
tumor effect of everolimus in vivo are similar to those of RAPA. The aqueous solubility 
of everolimus is superior to that of RAPA, and its blood concentration is more stable. 
Compared with RAPA, everolimus has higher oral bioavailability and metabolic 
stability[55], and it also has a more significant protective effect on renal function[56]. 
However, everolimus is also associated with a high incidence of adverse effects. In 
particular, stomatitis is a common clinical symptom in everolimus users, with a 
incidence up to 42.6%[57]. Besides, dyslipidemia is also more common[58]. The 
development of the derivatives of RAPA may produce better results in clinical 
application, and more in-depth research on its mechanisms is still needed in the future.

TRENDS OF COMBINED THERAPY OF RAPA AND ANTI-TUMOR DRUGS 
IN SURVIVAL BENEFITS OF TRANSPLANT FOR HCC 
RAPA may be a promising immunosuppressive option in patients undergoing 
transplant for HCC, although there is no sufficient evidence for sustained benefit of 
this therapy. How to improve the efficacy of RAPA in the long-term prognosis should 
be the main research direction in the future. So far, multiple studies have shown that 
the use of RAPA alone may have a limited anti-tumor effect, and it is still not 
completely clear whether the combination of anti-tumor drugs and RAPA can achieve 
better synergistic anti-tumor effects, such as molecular targeted drugs, immune 
checkpoint inhibitors, and anticancer traditional Chinese medicine (TCM). Such 
combination therapy has been reported and analyzed, and the prerequisite for 
combined therapy is that the anti-tumor mechanisms of the two drugs are different or 
have a synergistic effect, which can increase the anti-tumor effect in different degrees.

Combination of RAPA and molecular targeted drugs
Till now, molecular targeted drugs are one of the first-line choices for patients with 
advanced HCC, but there are still many problems in the application of these drugs, 
such as individual differences in drug sensitivity, drug resistance, and serious side 
effects caused by high doses of drugs. Therefore, how to improve the sensitivity of 
liver cancer cells to targeted drugs while reducing drug dose is an urgent problem to 
be solved in clinical practice. Sorafenib (SOR) has been the main targeting drug for 
patients with advanced HCC since it was approved in 2007, and it can not only 
directly inhibit tumor cell growth by inhibiting the RAF/MEK/ERK signal trans-
duction pathway, but also indirectly exert its anti-tumor effect by inhibiting tumor 
angiogenesis. Previous studies have proposed that the anti-angiogenic effect of SOR in 
combination with RAPA is enhanced[59]. In the clinical retrospective study, Gomez-
Martin et al[60] reported that the combination of SOR and RAPA could achieve a better 
anti-tumor effect in patients with post-LT recurrence but without the chance of 
secondary operation, and suggested that high-risk HCC transplant patients should 
choose RAPA-based immunosuppressive regimen combined with SOR to prevent 
HCC recurrence. For patients in the palliative treatment group (mainly including 
arterial chemoembolization, chemotherapy, or radiotherapy after post-LT recurrence), 
the survival rate of patients under the combined treatment of SOR and RAPA was 
significantly improved, but for patients in the radical treatment group (mainly 
including surgical resection or ablation after post-LT recurrence), the combined 
treatment did not show survival benefits[61]. It is also noteworthy that some patients 
in the above studies had varying degrees of toxic and side effects, such as diarrhea and 
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proteinuria. The superposition of toxicity and side effects may be the main obstacle to 
limiting the combined use of SOR and RAPA, and further studies are warranted to 
evaluate their advantages and disadvantages in the future.

In 2017, the American Clinical Oncology Annual Meeting (ASCO) released the 
REFLECT data of a phase 3 clinical trial of lenvatinib[62]. Then, lenvatinib was 
recommended as the first-line targeted therapy for unresectable HCC by the United 
States Food and Drug Administration, Japan, and the Chinese Society of Clinical 
Oncology, breaking the dominant position of SOR in first-line therapy. Lenvatinib is a 
multi-target tyrosine kinase inhibitor that can inhibit VEGF receptor and fibroblast 
growth factor receptor, which was known as the landmark development of targeting 
drugs in liver cancer[63,64]. The overall survival of patients with advanced HCC 
treated with lenvatinib was similar to that of patients treated with SOR, and the 
objective remission rate (40.6% vs 12.4%) and progression-free survival time (7.3 mo vs 
3.6 mo) of patients in the lenvatinib group were significantly higher than those in the 
SOR group[60]. Especially for Asian HCC patients, the over survival of patients in the 
lenvatinib group was significantly longer than that in the SOR group, which suggests 
that Asian HCC patients be the dominant group of patients suitable for lenvatinib 
treatment[62]. Yang et al[65] found that the post-LT recurrence patients in the SOR 
ineffective or tolerant group had significantly improved overall survival after 
switching to lenvatinib. Six of these patients received combined therapy of lenvatinib 
and RAPA after reoperation, and the overall survival was 80% at 2 years, which was 
significantly longer than that in the control group. Although the sample size of this 
group is small with a limited reference value, we suggest that the combined therapy of 
lenvatinib and RAPA may not only be a potentially beneficial choice, but also can 
serve as a bridge approach before LT for some advanced patients, which needs further 
research in the future. Our recent data showed that the application of lenvatinib in 
patients beyond UCSF or Hangzhou criterion can enhance the rate of LT by inhibiting 
tumor progression or eliminating satellite lesions (unpublished data) (Table 1).

Combination of RAPA and programmed death protein-1 inhibitors
Programmed death protein-1 (PD-1) is an important negative regulatory molecule of T 
cells, B cells, and other immune cells, and the binding of PD-1 to programmed death 
ligand-1 (PD-L1) on T cell surface can inhibit T cell activation and reduce tumor-killing 
effect[66,67]. PD-1 is also expressed on the surface of B cells and natural killer cells, 
and their function will be limited after binding to PD-L1[68,69]. Therefore, blocking 
the PD-1/PD-L1 pathway can enhance the anti-tumor effect of immune cells and 
promote tumor destruction. The immune checkpoint inhibitors of the PD-1/PD-L1 
pathway are a research hotspot in HCC therapy in recent years, and the high 
expression of PD-1/PD-L1 on HCC cells promotes the growth of tumors and is closely 
related to tumor invasiveness and prognosis of patients[70]. It has been proved that 
immune checkpoint inhibitors can provide a longer disease-free survival than other 
targeted therapies (such as SOR)[71,72]. However, considering the risk of rejection 
induced by using immune checkpoint inhibitors, its effectiveness and safety in HCC 
transplant patients need to be further verified. We have attempted to apply RAPA and 
anti PD-1 antibodies in patients with negative expression of PD-L1, and such patients 
obtained survival benefit with little rejection (unpublished data). This finding needs 
confirmation using long-term studies with a large sample size.

Although formal testing has not been conducted in HCC transplant patients, a small 
number of cases have reported that the use of immune checkpoint inhibitors does not 
cause rejection[73]. mTOR immunosuppressive agents combined with immune 
checkpoint inhibitors may be a potentially useful therapeutic strategy for patients with 
HCC after LT. The combination of the two drugs can improve the anti-tumor effects, 
block mTOR-related tumor growth pathways, and reduce the expression of PD-1 in 
different immune cells[70]. The synergistic anti-tumor mechanism of mTOR inhibitors 
and PD-1 blockers may lie in the complete inhibition of RPS6 and eIF4E, the 
downstream targets of mTORC1[70]. RPS6 and eIF4E play different roles in the 
development and progression of HCC with AKT/RAS activation, and the simulta-
neous inhibition of both can inhibit the growth of such HCC. RAPA only selectively 
inhibits RPS6, while PD-1 can physically bind with RPS6 and eIF4E and promote their 
phosphorylation. Therefore, RAPA combined with PD-1 inhibitor has a synergistic 
anti-tumor effect[21]. So far, there have been few reports about the clinical application 
of RAPA combined with a PD-1 inhibitor in HCC transplant patients, and the effect-
iveness and safety of the combination therapy need more data support. How to 
balance the changes of the anti-tumor and anti-rejection immune microenvironment 
needs more in-depth exploration.
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Combination of RAPA and anti-tumor TCM
TCM has been used to treat inflammation and cancer in China for more than 1600 
years[74]. TCM has a long-lasting anti-tumor effect and low recurrence rate. Recently, 
it has been demonstrated that anti-tumor TCM is a promising way in the treatment of 
HCC. Huaier granule (PS-T) is a representative anti-tumor TCM, which has been 
recommended as an adjuvant drug of radiotherapy and chemotherapy by the Chinese 
Clinical Oncology Association. Clinically, it has a good anti-tumor effect on liver 
cancer, lung cancer, gastric cancer, and breast cancer[75,76]. PS-T is a multi-target drug 
that contains the active ingredient of proteoglycan, which can improve immune 
function and kill tumor cells[77]. PS-T can inhibit angiogenesis in HCC tissue by 
down-regulating VEGF levels[78]. It can also inhibit the tumorigenicity of cells 
through the mTOR signaling pathway and enhance the sensitivity of cells to RAPA
[76]. Based on the above theoretical basis, the study of RAPA combined with PS-T in 
the treatment of LT for HCC has been carried out in many centers in China[50,79]. We 
believe that RAPA combined with PS-T adjuvant therapy after LT for HCC is expected 
to improve the quality of life and prolong the survival time of patients, and its specific 
mechanism needs to be further studied.

In our previous clinical study, we found that the combination of RAPA and PS-T 
significantly prolonged the postoperative survival time of HCC transplant patients 
beyond the UCSF standard, and proved the effectiveness and safety of this combi-
nation therapy[13,50]. Based on clinical research, we further found that RAPA-based 
therapy has an anti-tumor effect by reducing FoxP3+Tregs and its inhibitory cytokines, 
and the application of PS-T enhances the anti-tumor effect of RAPA. This synergistic 
effect is mediated by the mTOR signal pathway[46]. To further verify the long-term 
efficacy and specific mechanism of the combination of RAPA and PS-T, it is necessary 
to perform multicenter, large sample randomized controlled trials.

Advice on RAPA application
The unified recommended scheme for the prevention and treatment of HCC 
recurrence after LT has not been previously reported in the global transplantation 
field. Given the demonstration of the global multicenter results of RAPA and the first-
line recommended use of lenvatinib as well as the comprehensive treatment strategy 
of early RAPA transformation combined with lenvatinib, minimizing hormone expo-
sure and CIN dose should be adopted for HCC patients undergoing LT. RAPA can be 
efficient at establishing clinical immune tolerance and supporting long-time survival 
of the graft. Therefore, we believe that it is necessary to construct systematic and 
individualized prevention and treatment strategy based on RAPA, which is helpful to 
protect the function of grafts while preventing the recurrence of HCC. Meanwhile, the 
development of a comprehensive program to combat the recurrence of HCC after LT 
should integrate the progress of molecular targeting drugs and immunotherapy. First, 
for HCC patients who satisfy the Milan Criteria, we recommend the "dual regimen" of 
RAPA combined with lenvatinib, RAPA conversion therapy within 1 mo, no hormone 
during operation, and rapid decrease of the low-dose hormone after the operation. 
Second, for patients beyond Milan criteria and with the overexpression of the mTOR 
pathway and active HCC (AFP positive), we recommend the "triple regimen", that is, 
combination with thymalfasin based on "dual regimen". In the meantime, the regimen 
with no hormone during operation and rapid decrease of low dose hormone after the 
operation can be used. Third, for advanced HCC exceeding the UCSF standard, 
preoperative neoadjuvant therapy with lenvatinib can be considered to eliminate 
satellite lesions in the liver and residual cancer cells in the blood. The "dual regimen" 
combined with bevacizumab can be considered a systematic and comprehensive 
prevention and treatment strategy. Additionally, whether the PD-1/PD-L1 inhibitors 
can be used in preoperative neoadjuvant and postoperative combined treatment 
should be based on the expression of PD-1 in cancer tissues or PD-L1 in immune cells.

CONCLUSION
With the increasing incidence of HCC, the selection criteria for LT recipients for HCC 
in many transplantation centers are gradually expanding, but the prevention and 
treatment strategies for post-LT recurrence are not perfect. The problem of tumor 
recurrence after transplantation is still an important clinical challenge. It has been 
more than 50 years since the advent of RAPA. From the initial antifungal agent, it has 
gradually become a multi-effect drug with both immunosuppressive and anti-tumor 
effects. A large number of studies have begun to focus on whether RAPA can bring 
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more survival benefits to HCC transplant patients. So far, most studies have shown 
that RAPA has a positive impact on the prognosis of HCC patients undergoing LT. 
Especially, HCC patients with overexpression of the PI3K/Akt/mTOR pathway can 
significantly benefit from RAPA-based immunosuppression regimen. However, there 
is still no consensus on the specific indications and therapeutic dose recommendations 
for the clinical application of RAPA. Although the research of RAPA has made 
gratifying achievements, whether this drug can achieve more ideal efficacy in clinical 
application still needs to be further explored. Given the variability of the occurrence 
and development of HCC and the activity of human cell signaling pathways, the 
application of RAPA to HCC transplant patients may be quite different. How to 
formulate scientific individualized drug use still requires the support of high-level 
evidence-based medical evidence, such as large-sample, multicenter randomized 
controlled trials.

The key role of the mTOR signal pathway in the development of HCC has well-
proven and RAPA treatment after LT for HCC leads to higher survival rates in some 
groups of post-LT HCC patients. With the progress of technology and the continuous 
accumulation of understanding of RAPA, the research on RAPA will continue to 
deepen. The future research on RAPA will focus on the following aspects. First, 
RAPA-sensitive HCC transplant patients should be scientifically screened to maximize 
the clinical efficacy of RAPA. Second, chemical modification of the chemical structure 
of RAPA and screening of RAPA analogs are conducted to develop more functional 
and targeted mTOR inhibitors.

It is promising in HCC comprehensive treatment to improve and establish a 
treatment system to prevent tumor recurrence after LT by applying RAPA with 
lenvatinib treatment. In addition, the combination of RAPA and other anti-tumor 
drugs has a synergistic and sensitizing effect, especially for patients with advanced 
HCC. Future research should be directed to find and screen the patients who are 
suitable for the combination of immune checkpoint therapy and to improve their 
safety and effectiveness. Combination therapy may be an important research direction 
to break through the bottleneck of RAPA in LT patients with HCC. Only by carrying 
out targeted relevant research can we effectively promote the application of RAPA in 
LT for HCC.
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Abstract
The treatment for hepatocellular carcinoma (HCC) relies on liver resection, which 
is, however, burdened by a high rate of recurrence after surgery, up to 60% at 5 
years. No pre-operative tools are currently available to assess the recurrence risk 
tailored to every single patient. Recently liquid biopsy has shown interesting 
results in diagnosis, prognosis and treatment allocation strategies in other types of 
cancers, since its ability to identify circulating tumor cells (CTCs) derived from the 
primary tumor. Those cells were advocated to be responsible for the majority of 
cases of recurrence and cancer-related deaths for HCC. In fact, after being 
modified by the epithelial-mesenchymal transition, CTCs circulate as “seeds” in 
peripheral blood, then reach the target organ as dormant cells which could be 
subsequently “awakened” and activated, and then initiate metastasis. Their 
presence may justify the disagreement registered in terms of efficacy of anatomic 
vs non-anatomic resections, particularly in the case of microvascular invasion, 
which has been recently pointed as a histological sign of the spread of those cells. 
Thus, their presence, also in the early stages, may justify the recurrence event also 
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in the contest of liver transplant. Understanding the mechanism behind the tumor 
progression may allow improving the treatment selection according to the 
biological patient-based characteristics. Moreover, it may drive the development 
of novel biological tailored tests which could address a specific patient to neoadju-
vant or adjuvant strategies, and in perspective, it could also become a new 
method to allocate organs for transplantation, according to the risk of relapse after 
liver transplant. The present paper will describe the most recent evidence on the 
role of CTCs in determining the relapse of HCC, highlighting their potential 
clinical implication as novel tumor behavior biomarkers able to influence the 
surgical choice.

Key Words: Hepatocellular carcinoma; Liquid biopsy; Circulating tumor cells; Liver 
surgery; Microvascular invasion; Hepatocellular carcinoma recurrence

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In recent years many studies have shown that surgery is the first choice 
treatment for hepatocellular carcinoma (HCC) patients; although undergoing surgery at 
early stage many patients develop relapse during follow-up. Currently, there are no 
tools sensitive enough to identify recurrence risk factors. Recent studies have identified 
liquid biopsy as a valid method for diagnosis, prognosis and treatment allocation in 
HCC patients thanks to its effectiveness in identification of circulating tumor cells 
(CTCs), advocated to be responsible for relapse. In this manuscript we describe the 
main markers expressed by CTCs and how their presence in blood sample may be 
implied in the progression mechanism, and how they can modify the surgical strategy.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer by diagnosis and 
the fourth highest cause of cancer-related death worldwide[1]. Surgical resection or 
liver transplantation are curative options, but unfortunately less than 40% of patients 
are eligible due to advanced stage at diagnosis[2].

Liver resection remains the mainstay among the curative treatments, but it is 
affected by a recurrence rate of up to 60% at 5 years, even for early stage tumours[3]. 
The route of recurrence is still a matter of debate. The relapse of HCC may be driven 
by precancerous status of the remaining diseased liver: namely “multicentric de-novo 
occurrence”, these tumours are always primitive[4].

However, the majority of recurrence is attributed to intra-hepatic metastasisation, 
driven by the acquisition of the cancer hallmark of invasiveness[5]. Clinically 
speaking, no tools have been developed to recognise the two different patterns before 
treatment, although basic and pre-clinical studies have identified several genetic 
signatures[6,7]. While multicentric occurrence cannot be controlled by liver resection 
alone, intra-hepatic metastasisation could be avoided by an appropriate resection: 
almost thirty years ago, Makuuchi et al[8] stasisation could be avoided by an 
appropriate resection: almost thirty years ago, Makuuchi et al[8] reported a high rate of 
recurrence after surgery when microvascular invasion and satellitosis were present in 
the histological specimen. This evidence and that from other experiments[8-10], ed 
portal vein dissemination to be considered to be the main route of intra-hepatic meta-
stasis, developing the notion of anatomical resection that relies on the complete 
removal of the whole segmental portal-flow area of the liver segment hosting the 
tumour. This technical approach was expected to allow better control of the area with 
the highest risk of tumour spread, reducing recurrence rates. However, several authors 
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compared recurrence rates among anatomical and non-anatomical resections, without 
a clear conclusion[11]. In recent years, the challenge of recurrence even after liver 
transplantation, a better knowledge of the tumour blood flow area[12], and the mode-
rn knowledge derived from molecular studies, have forced us to rethink the portal 
theory of HCC recurrence. In fact, intra-hepatic metastasis seems to be caused by local 
dissemination among the tumour blood flow, or by the systemic dissemination of 
tumour cells. These circulating tumour cells (CTCs) have also been identified in other 
types of tumours[13], and may have the ability to rehome themselves in the liver[14], 
and consequently could explain cases of relapse even after organ transplantation. In 
the present paper, we aimed to critically review the literature regarding HCC 
recurrence and CTC identification, and their role in surgery. We inter-pret our 
previous data in light of results from other studies, aiming to suggest a possible 
general picture to inform future research in the field.

RECONSIDERING THE ROUTE OF RECURRENCE: EVIDENCE-DRIVEN 
HYPOTHESIS 
Nakashima et al[15] have proposed that the portal vein (PV) may act as the efferent 
vessel during the oncoprogression of HCC, particularly in the setting of cirrhotic 
patients, where the hepatic veins are compromised. In this theory, the hepatic artery is 
the feeding vessel, and the PV, as an efferent vessel, penetrates the tumour capsule, 
and becomes the path of minor resistance for tumour infiltration or expansion[9] and 
the drainage pathway of the neoplasm. This mechanism was described to explain the 
high rate of tumour thrombi observed, and the presence of satellitosis near the primi-
tive tumour. Those considerations led to the proposal of the anatomic resection (AR) to 
completely remove the parenchymal area fed by the portal branch (namely, the liver 
segment), in which there may be an increased risk of recurrence. However, the 
superiority of AR has been never proven, and several reports are available in favour or 
against this hypothesis[11,16]. More importantly, according to the theory, AR should 
completely eliminate the risk of local recurrence (relapse at the surgical edge), by 
eliminating the area where the tumour may have spread. However, our and others 
data[17,18] have reported a comparable rate of local recurrence among AR and non-
anatomical resections, questioning the ability of a radical segment resection to control 
the oncological burden. Thus, the highest rate of intra-hepatic recurrence occurred in 
other liver segments than the one carrying the primitive nodule, suggesting a different 
or at least a concomitant route of the tumour cells. More recently, we tried to identify 
the risk factors for either local or intra-hepatic distant recurrence in a large European 
series[19], observing that local relapse occurred frequently in cases of positive surgical 
margin (and consequently as a kind of surgical failure), while the presence of 
microvascular invasion and satellitosis were hallmarks of increased risk of intra-
hepatic distant relapse. These data suggest that, when those histological features 
occurred, the tumour may have already invaded the blood circulation, with a 
metastasisation potential in other locations that may not be explained by the local 
portal flow, and that cannot be controlled by modifying the extent of surgery. In this 
sense, the tumour micro-thrombi assessed by histology near the primitive nodule 
could not be considered only a local extension of the disease (as supposed by the 
portal flow theory), but a sign of systemic dissemination. Another ‘brick in the wall’ 
was suggested by the clinical data: recently, Hidaka et al[20] reported that the com-
plete removal of the portal-bearing area did not modify the risk of recurrence in cases 
of microvascular invasion, and this data was confirmed in our recent meta-analysis
[11].

Sakon et al[12,21] studied the tumour blood flow (TBF) area, discovering that this 
coincided with the segmental portal area only in 18% of their cohort. In up to 75% of 
cases, the TBF was independent of the PV area, and the rate of recurrence was reduced 
only in cases where the TBF was completely included in the resection area, regardless 
of the removal of the liver segment. The authors proposed a subclassification of HCC 
recurrence based on two different mechanisms: local recurrence, which is driven by 
the invasion of the local tumour blood flow with a peritumoural dissemination, and a 
systemic dissemination driven by the spread of CTCs derived from the primitive 
nodule, which may be able to “rehome” after passing through the systemic circulation. 
While the first mechanism could be controlled by an effective radical resection, the 
second relies on the oncological progression of the tumour, and could explain cases of 
intra-hepatic relapse at a distance from the original site, but also recurrence after 
transplantation. In 2018, a very interesting study was conducted by Sun et al[22], who 
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tested the spatial heterogeneity of phenotypic and molecular characteristics of CTCs 
within the circulatory system, discovering that a higher number of CTCs were 
detected in sites other than the PV. In particular, the percentages of CTCs detected in 
blood sampled from a peripheral vein, peripheral artery, hepatic veins, infrahepatic 
inferior vena cava, and PV before HCC resection were 68.5%, 45.2%, 80.8%, 39.7%, and 
58.9%, respectively. Moreover, CTC and circulating tumour microemboli burden 
detected in hepatic veins and peripheral circulation, but not in the PV, were associated 
with postoperative lung metastasis and intrahepatic recurrence, respectively. These 
pieces of evidence suggest that the classical recurrence theory for HCC cannot explain 
many real-scenario observations. A novel approach, integrating the discovery of CTCs 
and their role in tumour biology with clinical experience, will allow a novel and 
tailored approach to select the best candidates for curative strategies, but will also be 
able to provide a novel biomarker with the ability to summarise the biological data of 
the tumour, using a very simple blood sample analysis (Figure 1). The detection of 
these cells and their possible role in surgery will be further explored in the following 
sections.

CTCS MOLECULAR CHARACTERISTICS 
In the context of cancer pathogenesis, and especially for carcinomas, the “epithelial-
mesenchymal transition” (EMT) is a fundamental mechanism playing a key role in the 
metastatic proces[23]. Several authors agree that this rearrangement of cell status is 
neither stable nor binary, and neoplastic epithelial cells that have activated an EMT 
program very rarely advance to a fully mesenchymal state[24]. Also, the reverse 
process known as mesenchymal-epithelial transition (MET) is required for metastatic 
colonisation in the same or other tissues[25]. Both of the above-mentioned mechanisms 
can actively operate in the generation of CTCs. Since CTCs are a phenotypically 
distinct subpopulation that originate from the tumour microenvironment, the idea 
behind the identification of CTCs is to discover characteristic markers of both 
EMT/MET transition and of the primary tumour.

CTC identification is technically difficult due to the low concentration of these cells 
in blood[26]. In recent years, research has focused on improving the specificity and 
sensitivity of CTC detection and facilitating accurate molecular characterisation[14]. 
Based on physical and/or biological properties of the cells, several strategies and 
systems have been developed to improve CTC enrichment. Filter membranes, such as 
the CanPatrolTM system, and microfluidic devices, such as CTC-iChip and Labyrinth-
chip, allow separation of cells based on their sizes[14,27]. Alternatively, Ficoll-type 
density gradient methods make it easier to separate blood cells, exploiting their diffe-
rent density[28].

One of the most used methods is the Cell Search® system, which is based on immu-
nomagnetic enrichment[29]. This CTC isolation strategy exploits the expression on the 
cell surface of the protein EpCAM, which is the most accredited marker for positive 
affinity-selection of CTCs. The Cell Search® system is the only system appro-ved by the 
Food and Drug Administration (FDA) to predict the outcome of patients affected by 
breast cancer[30]. Nevertheless, enumeration of EpCAM+ CTCs alone has demon-
strated modest clinical sensitivity and, for instance, in cancers with low EpCAM 
expression, the Cell Search® system showed a lower CTC recovery rate compared to 
microfluidic devices[31]. In 2018, Pang et al[32] developed a method which exploits the 
surface-enhanced Raman scattering (SERS) technology and nanoparticles linked to 
antibodies directed against the specific hepatic proteins asialoglycoprotein receptor 
(ASGPR) and glypican-3 (GPC3), allowing isolation of EpCAM- CTCs. Moreover, not 
all CTCs have metastatic or relapsing potential, so sim-ple quantification without 
better molecular characterisation could lead to incorrect clinical conclusions. The use 
of isolation and enrichment devices is supported by other laboratory techniques such 
as immunofluorescence staining of different markers [fluorescence-activated cell 
sorting (FACS) and fluorescent in situ hybridization (FISH)] and/or gene expression 
analysis [real time PCR (qPCR) and single cell RNA sequencing (scRNA-seq)] in order 
to obtain in depth CTC characterisation[33]. Considering all of these biological 
/phenotypic and experimental issues, the application of this method in common 
clinical practice has proved to be difficult. Making this strategy even harder is the 
heterogeneity of the tumour itself and, among protein markers, cytokeratins (CKs), 
vimentin, CD44, CD133 and CD90 are the most used so far[34]. CKs, like EpCAM, are 
epithelial markers, but unlike the latter, they are intracellular proteins, thus they are 
identified mainly using immunocytochemistry. Cells are usually stained for CK8, 18 
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Figure 1 Hepatocellular carcinoma releases tumor cells into circulation where they become circulating tumor cells. Circulating tumor cells 
after evading the immune system can cause hepatocellular carcinoma recurrence or distant metastasis. The liquid biopsy intercepts these cells into the bloodstream 
and allows to study the tumor characteristics and guarantee personalized therapy. CTCs: Circulating tumor cells; HCC: Hepatocellular carcinoma.

and 19, but recently other markers such as human epidermal growth factor receptor 2 
(HER2) and the estrogen receptor (ER) have been examined to facilitate detection of 
CTCs with metastatic potential[35].

As mentioned above, the major drawback of using epithelial markers is their 
inability to detect CTCs that no longer express them after undergoing EMT, a process 
which is strongly associated with overexpression of vimentin and CD44[36,37]. CD44 
is often used as a marker in combination with the stem-like markers CD133 and CD90
[38]. However, plasma membrane and cytoplasmic proteins are not the only markers 
used to detect potential CTCs; complex studies have tried to generate the mRNA 
expression profiles of CTCs in different diseases[39]. In particular, D’Avola et al[33] 
recently developed a new method that sequentially combines image flow cytometry 
and high density scRNA-seq in order to identify CTCs in patients with HCC. The 
authors suggest the advantages of genome-wide transcriptome profiling to confidently 
detect CTCs and its potential role in monitoring HCC heterogeneity and detecting 
HCC driver genes, which could ultimately help customize therapeutic interventions in 
these patients.

CTCS IDENTIFICATION IN HCC PATIENTS 
To date, there are no specific or accredited CTC-related protocols for detection of HCC 
that are agreed upon by the scientific community. Several studies have been perfor-
med to deeply investigate and introduce the use of CTC enumeration/characterisation 
in HCC monitoring in clinical practice. Most of these studies are primarily based on 
the previously validated EpCAM/CK markers, with secondary examination of other 
markers or features (Figure 2). In recent years, several authors in the HCC field have 
taken advantage of combining the markers vimentin and twist; as mentioned above, 
these mesenchymal markers have followed the common epithelial markers 
EpCAM/CKs. Ou et al[40] observed that the presence of mesenchymal CTCs tended to 
occur in advanced stage patients and was associated with earlier recurrence in a large 
cohort of HCC patients. ASGPR and carbamoyl-phosphate synthetase 1 (CPS1) are 
interesting in the context of HCC. Liu et al[41] demonstrated that CTC enrichment, 
combined with identification using an antibody cocktail against ASGPR and CPS1, not 
only significantly improves sensitivity for CTC enrichment, but also provides high 
specificity for CTC detection in patients with HCC, thereby minimising false 
negative/positive results. The combination of ASGPR and CPS1 was used also by Li et 
al[42], confirming the increased sensitivity for HCC CTC detection.
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Figure 2 Frequently used markers for circulating tumor cell detection hepatocellular carcinoma-related. Epithelial cell adhesion molecule+ 

circulating tumor cell identification is often combined with cytokeratins, vimentin, twist, Glypican-3 and asialoglycoprotein receptor (ASGPR). In some cases, ASGPR 
is also used with the hepatocellular marker carbamoyl-phosphate synthetase 1 (Venn diagram). Tree diagram show the number of articles (N.) that use different 
marker combinations for circulating tumor cell isolation. Bibliography counts articles related to hepatocellular carcinoma field and published from 2009 to 2020. 
EpCAM: Epithelial cell adhesion molecule; CKs: Cytokeratins; ASGPR: Asialoglycoprotein receptor; GPC3: Glypican-3; CPS1: Carbamoyl-phosphate synthetase 1.

In 2016, Zhang et al[43] isolated ASGPR+/CPS1+ CTCs from HCC patients, which 
were then cultured and expanded to form spheroid-like structures in a 3D cell culture 
assay. They suggested that this method could aid physicians in the selection of 
appropriate drug therapies for HCC patients. The role of CTCs expressing mesen-
chymal features in predicting HCC early recurrence was confirmed in the same year 
by Qi et al[44], in a monocentric study with 112 enrolled patients. However, 
mesenchymal CTC use in clinical practice is controversial, since their analysis in a 
different cohort of HCC patients who underwent liver transplantation was not able to 
predict HCC recurrence[45]. Conversely, in liver transplantation, the entire organ is 
replaced with a healthy liver deriving from a donor. Thus, the HCC recurrence is 
likely due to circulating and/or dormant tumour cells, which have acquired the ability 
to escape from the host’s immune system. Clusters of CTCs were first predicted and 
then observed as intravascular tumour microemboli, represented by multicellular 
epithelial tumour cells. In a mouse model experiment, in which human-derived CTCs 
were used, it was observed that CTC clusters are not derived from intravascular 
aggregation of single CTCs or from the progeny of a single primary tumour cell that 
proliferates in the vascular space, but instead, evidence showed that CTC clusters 
derive from groupings of primary tumour cells that enter the bloodstream together
[46].

CTCS AS A MOLECULAR SIGNATURE OF THE HISTOLOGICAL CHARA-
CTERISTICS OF THE PRIMITIVE HCC 
Recently it has been reported that CTCs positive for EpCAM, N-Cadherin and CD90 
expression (triple positive CTCs) are more frequently associated with microvascular 
invasion (MVI), as detected in a histological specimen after liver resection[47]. The 
histopathological finding of MVI is a feature of advanced HCC, associated with a 
higher probability of recurrence and metastasis[48]; however, with the imaging tests 
and biomarkers currently available, the preoperative identification of MVI remains 
difficult[49]. Rodríguez-Perálvarez et al[50] showed that MVI incidence was between 
15.0% and 57.1% at histopathological examination after liver resection and 
transplantation, in a systematic review. Thus, different tumour stages and HCC 
invasive characteristics affect MVI incidence. The possibility given by the triple 
positive CTCs, associated with the actual diagnostics tool, to pre-operatively identify 
MVI may play a role in the use of preoperative predictive models in therapeutic 
decision-making in patients with HCC.
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CTCS VARIATIONS AFTER LIVER RESECTION 
After surgical tumor excision, CTC levels drop dramatically and post-operative CTC 
levels can be used as tools to verify surgical resection as a monitor for tumor burden 
[14]. Yu et al[51] evaluated the effect of surgical liver resection on CTCs in patients 
with HCC, demonstrating that a lower CTC level after surgical resection is an inde-
pendent prognostic factor for better disease-free-survival (HR 0.620; 95%CI: 
0.479–0.803; P < 0.001) and overall-survival (HR 0.608; 95%CI: 0.443–0.834; P = 0.002). 
Ou et al[40] demonstrated that increased CTC numbers were observed in patients with 
high levels (> 400 mcg/L) of alpha fetoprotein (AFP), advanced TNM and BCLC stage, 
and the presence of embolus or microembolus. They also investigated CTC hetero-
geneity, noting a significant correlation between mesenchymal CTCs and high AFP 
levels, multiple tumours, advanced TNM and BCLC stage, presence of embolus or 
microembolus, and earlier recurrence.

These CTCs could be considered as a very early sign of tumour migration: invisible 
micro-metastasis, impossible to detect with standard methods but playing a 
fundamental role in patients’ clinical evolution[52]. Sun et al[53] analysed the 
diagnostic value of CTCs in HCC patients, performing a meta-analysis on 20 studies of 
a total of 998 HCC patients. From their work, it emerges that CTC positivity is 
associated with a lower overall survival (HR 2.417; 95%CI: 1.421–3.250; P < 0.001) and 
disease free survival (HR 3.59; 95%CI: 1.984–6.495; P < 0.001). CTC analysis determines 
the tumour molecular characteristics before any treatment, evaluating cancer differen-
tiation and identifying markers as possible molecular therapy targets or mechanisms 
of resistance to therapy[54]. The selective pressure that develops over time since 
starting the treatment leads to increased cellular heterogeneity of the tumour, 
production of drug resistant subclones, and the selection of rare mutants[55], essen-
tially the tumour is characterised by different genetic backgrounds at different times. 
Therefore, the tumour genome during follow-up could differ significantly from its 
initial state, and this difference cannot be assessed unless repeated sampling is 
performed. However, repeat biopsy is rarely feasible and, without knowledge of the 
genetic changes, complete treatment personalisation and targeted therapy is impo-
ssible[56]. In comparison, liquid biopsy is easily repeatable during follow-up, making 
knowledge of all tumour genome changes possible. In the future, it will be desirable to 
use quantitative and qualitative analysis of CTCs to develop personalised therapy for 
each patient. The phenotyping of those cells, and their quantification in the peripheral 
blood, may allow identification of patients with a more severe and more aggressive 
disease, who could be the target population in which adjuvant therapies as Sorafenib 
may play a role. Currently, it is not evident what features are associated with response 
to such treatments[57]. The presence and characteristics of the CTCs identified in 
peripheral blood may become a molecular marker to decide the follow-up schedule, 
and estimations of risk could be updated at each visit by repeating the test. In other 
words, CTCs could become a new predictive marker to better stratify patients and 
assign them to the best individual treatment plan, improving long-term cancer 
outcomes.

CTCS AND LIVER TRANSPLANT FOR HCC 
Orthotopic liver transplantation (OLT) is the most favourable option for the treatment 
of HCC, with a 5-year overall survival rate of 75% and disease-free survival rate of 
83%[58]. Despite stringent criteria in patient selection for transplantation, HCC 
recurrence still remains a significant problem, with a rate of 15%–20%[59,60]. Due to 
organ shortage and recurrence risk even after transplantation, it is important to be able 
to select patients for LT in order not to misallocate a limited resource.

Tumour size, AFP levels, and micro- and macro-vascular invasion are the main 
prognostic factors for recurrence risk after transplantation[61]. The aim of patient 
selection criteria should be to prevent transplantation in those patients with an 
expected HCC recurrence and to improve transplantation for those patients who have 
a high likelihood of being cured. The present parameters are based on morphology, 
but in the modern molecular era, new information could be available to better under-
stand the patient’s tumour biology in a tailored fashion.

Xu et al[62] highlighted how the CTC-positive rate and number of CTCs present is 
higher in patients beyond the Milan criteria than in patients within the criteria (91% vs 
69%, P = 0.009; and 27 ± 27 vs 6 ± 9, P < 0.001; respectively). This suggests that 
including the CTC count in pre-transplant evaluation could revolutionise the eligi-
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Figure 3  Representative example of a patient’s PBMC analysis within the FINDINGBIOREC protocol.

bility criteria for transplantation. Chen et al[63] analysed preoperative CTCs in HCC 
patients who underwent LT and followed them up for at least one year, or until 
relapse or death occurred. They found that recurrence is associated with presence of 
preoperative CTCs (P = 0.013); multivariate analysis confirmed that CTCs are an 
independent risk factor for the onset of recurrence after LT (HR: 5.411; 95%CI: 
1.132–25,874; P = 0.034). These data reflect the 1-year DFS rate, which is 91.6% for the 
CTC-negative and 61.5% for the CTC-positive group (P = 0.020). On the other hand, 
the 1-year overall survival rate for the CTC-negative and CTC-positive group is 91.7% 
and 88.5%, respectively, with no significant difference. Very few data are available 
about the potential role of CTCs as preoperative predictors of HCC recurrence after 
LT, and it is still a controversial issue. However, their application could drastically 
change the allocation protocols, enabling a more tailored algorithm with potentially 
better ability to predict the risk of relapse and, consequently, differentiate the cases 
that could benefit from transplant from the ones that could not.

CTCS IDENTIFICATION IN A REAL-CLINICAL SCENARIO: THE FINDIN-
GBIOREC PROTOCOL 
In light of the previously mentioned data, the University of Milano-Bicocca, the 
University of Piemonte Orientale and Humanitas University have decided to 
collaborate by creating a study with the aim of "finding the seeds of recurrence", using 
liquid biopsy to detect CTCs as markers of disease and prognosis in HCC.

Our hypothesis is that CTCs may spread from the original tumours as a hallmark of 
advanced cancer, which has already developed the characteristic of invasiveness. It is 
our opinion that early stage tumours do not release CTCs into the bloodstream at the 
same rate or quality as advanced tumours. Patients with a positive CTC liquid biopsy 
may have a worse prognosis, due to an increased relapse rate. Finally, from a patho-
physiological point of view, we want to demonstrate that recurrence is due to CTC 
seeding, in order to gain a better understanding of HCC carcinogenesis. The “FINDIN-
GIBIOREC” study (clinicaltrial.gov ID: NCT04800497) was developed: a prospective, 
observational cohort study, conducted in two tertiary referral centres for liver cancer, 
in which each enrolled patient is submitted to liquid biopsy prior to surgery and then 
every 3 mo during the follow-up schedules, for 3 years. Patients with a first diagnosis 
of HCC, no previous treatment for this condition, no other oncological history, and 
BCLC stage 0-A-B are prospectively enrolled. The samples are processed and the CTCs 
are detected using FACSymphony™ with subsequent identification of the following 
markers: EpCAM, N-cadherin (N-cad) and CD90 (Figure 3). Patients are followed up 
with clinical assessments; CT or, where necessary, MRI and AFP level, together with 
liquid biopsy. With this protocol, we aim to better highlight the trends of CTCs at 
different time-points and their correlation with the oncologic prognosis in very early 
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and early HCC. The study is currently enrolling, and it will be closed in 2023.

CONCLUSION
HCC may produce early CTCs, which seem to be the seed of the recurrence. Their 
presence in the blood stream has been correlated with the presence of MVI, suggesting 
that the latter is a surrogate sign of a systemic disease that cannot be controlled by 
classical liver segment resection alone. Those cells could be detected and studied by 
liquid biopsy, which is a safe method to obtain information on the patient's disease 
status. This allows tumour molecular characterisation during different disease phases, 
and could become a new method for patient stratification. The study of CTCs allows 
selection of patients and the type of treatment they will receive in order to optimize 
HCC therapy. During the follow-up, an increase in CTCs makes it possible to identify 
tumour recurrence and implement further therapy early. In future, liquid biopsy could 
be implemented in the pre- and post-operative routine of HCC patients in order to 
gain more accurate information on tumour type and stage, and guarantee the most 
personalised therapy possible for the patients.
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Abstract
BACKGROUND 
In order to avoid consequences of total splenectomy, partial splenectomy (PS) is 
increasingly reported. The purpose of this study was to compare perioperative 
outcomes of laparoscopic PS (LPS) and open PS (OPS) in children and adole-
scents.

AIM 
To compare perioperative outcomes of patients with LPS and OPS.

METHODS 
After institutional review board approval, a total of 26 patients that underwent 
LPS or OPS between January 2008 and July 2018 were identified from the 
database of our tertiary referral center. In total, 10 patients had LPS, and 16 
patients underwent OPS. Blood loss was calculated by Mercuriali’s formula. Pain 
scores, analgesic requirements and complications were assessed. The Wilcoxon 
rank sum test was used for comparison. To compare categorical variables, Fisher’s 
exact test was applied.

RESULTS 
LPS was performed in 10 patients; 16 patients had OPS. Demographics (except for 
body mass index and duration of follow-up), indicating primary disease, 
preoperative spleen size and postoperative spleen volume, perioperative hemato-
logical parameters, postoperative pain scores, analgesic requirements, adverse 
events according to the Clavien-Dindo classification and the comprehensive 
complication index, median time from operation to initiation of feeds, median 
time from operation to full feeds, median time from operation to mobilization and 
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median length of hospital stay did not differ between LPS and OPS. Median 
(range) operative time (min) was longer in LPS compared to the OPS group [185 
(135-298) vs 144 (112-270), respectively; P = 0.048]. Calculated perioperative blood 
loss (mL of red blood cell count) was higher in the LPS group compared to OPS 
[87 (-45-777) vs -37 (-114-553), respectively; P = 0.039].

CONCLUSION 
This is the first study that compared outcomes of LPS and OPS. Both operative 
approaches had comparable perioperative outcomes. LPS appears to be a viable 
alternative to OPS.

Key Words: Laparoscopic vs open; Laparoscopy; Partial splenectomy; Perioperative 
outcome; Children; Adolescents

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this retrospective study, perioperative outcomes of children and 
adolescents that underwent laparoscopic or open partial splenectomy were analyzed. 
Postoperative outcomes including initiation of feeds and mobilization, adverse events 
assessed according to the Clavien-Dindo classification and the comprehensive 
complication index, postoperative pain scores and analgesic requirements were similar 
between both groups. Operative time and intraoperative blood loss were higher in the 
laparoscopic group. Results indicate that laparoscopic partial splenectomy is a safe 
alternative to open partial splenectomy. Future research needs to focus on a larger 
patient cohort and a prospective study design.

Citation: Makansi M, Hutter M, Theilen TM, Fiegel HC, Rolle U, Gfroerer S. Comparison of 
perioperative outcomes between laparoscopic and open partial splenectomy in children and 
adolescents. World J Gastrointest Surg 2021; 13(9): 979-987
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/979.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.979

INTRODUCTION
The urge to implement minimally invasive approaches for traditionally open surgical 
procedures has occupied all surgical specialties for several decades[1], especially for an 
open procedure that inevitably requires a large abdominal incision such as a partial 
splenectomy (PS) in patients with splenomegaly. A reduction of transabdominal 
invasiveness appears desirable. Frequent reasoning advocating a minimally invasive 
approach in PS comprises a better cosmesis, less pain and less complications (i.e. 
adhesions)[2,3]. However, data comprising both techniques are rare[4]. Laparoscopic 
PS (LPS) has first been described by Poulin et al[5] in 1995. Several benefits resulting 
from a minimal invasive approach of this procedure have been described[6,7]. 
However, to date there are no data available stating which approach can be regarded 
as superior over the other. The aim of this study was to review perioperative outcomes 
of children and adolescent patients that had undergone either laparoscopic or open PS 
(OPS) and to compare their outcomes.

MATERIALS AND METHODS
Study design
In this retrospective study, we analyzed a series of 26 consecutive patients who 
underwent either LPS or OPS between January 2008 and July 2018 at the University 
Hospital Frankfurt. Patients who experienced an unplanned conversion to the open 
approach were allocated to the laparoscopic group. The study protocols were 
reviewed and approved by the Ethics Committee of the University Hospital Frankfurt 
(339/18). Analysis of clinical data included demographics, spleen characteristics, 
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operative and hematological variables, postoperative outcomes and postoperative 
adverse events. Demographics included gender, age at operation, weight and height of 
the patient, the body mass index at operation, the indicating primary disease and the 
duration of follow-up. Spleen characteristics included the longitudinal diameter of the 
spleen prior to operation measured by ultrasound and the postoperative residual 
spleen volume. Operative parameters included operative time and the frequency of a 
simultaneous cholecystectomy. The operative time included the time for simultaneous 
cholecystectomy. The procedures were classified into primary or secondary operation. 
Primary operation indicated that the patient underwent a PS for the first time, whereas 
secondary operation indicated that the patient was operated a second time (redo PS).

Outcome measures
Postoperative outcome variables included time from operation to initiation of feeds 
(day on which feeding was initiated orally), time from operation to full feeds (day on 
which the parenteral nutrition was ceased), time from operation to mobilization of the 
patients and length of the postoperative hospital stay. The length of hospital stay did 
not include the day of operation but did include the day of discharge. For evaluation 
of individual postoperative adverse events we applied the Clavien-Dindo classification
[8]. The Clavien-Dindo classification consists of seven grades (I, II, IIIa, IIIb, IVa, IVb, 
V). We categorized into minor morbidity (Clavien-Dindo grade I and II) and major 
morbidity (Clavien-Dindo grade III-V). Minor morbidity displayed non-invasive 
treatment including the need of red blood cell transfusions. Major morbidity 
comprised the need of surgical, endoscopic or radiological intervention. Additionally, 
we calculated the comprehensive complication index[9]. This index reflects the overall 
postoperative morbidity and its severity, ranging from 0 (no complication) to 100 
(death). To calculate the comprehensive complication index we used the calculator 
available online (http://www.assessurgery.com).

For assessment of the perioperative blood loss we used the Mercuriali’s formula[10]: 
estimated blood loss [mL of red blood cell count (RBC)] = Blood volume (mL) × 
[hematocrit (Hct)preop - Hctpostop] + RBC transfusion volume (mL).

The formula uses the difference between the preoperative hematocrit (Hctpreop) and 
the hematocrit of the fifth postoperative day (Hctpostop). A negative value of the 
estimated blood loss (mL of RBC) occurs when the volume of perioperatively 
transfused RBC exceeds the RBC loss.

Patient blood volume can be calculated through the Nadler formula[11]: blood 
volume (mL) = Weight (kg) × estimated blood volume (mL/kg).

For the different age groups and sexes, we used the following blood volumes per 
kilogram body weight: children < 10 years 75 mL/kg, males between 10-19 years 70 
mL/kg and females between 10-19 years 65 mL/kg.

Furthermore, we analyzed how many patients received RBC, fresh frozen plasma 
and thrombocyte concentrate intra- and postoperatively. Transfusions of blood 
products were counted from operation to discharge of the patient.

Postoperative pain was assessed by a numerical rating scale ranging from 0 (no pain 
at all) to 10 (worst possible pain)[12,13]. The clinical pain scores were measured 
repeatedly daily by healthcare professionals. For a nuanced assessment of the patients’ 
postoperative analgesic requirements, we categorized the pain medication into opioids 
and non-opioids and calculated the cumulative doses during the hospital stay. Three 
patients in the open group were excluded from pain assessment due to peridural 
anesthesia treatment.

Statistical analysis
Continuous data were presented as median with range. For comparison, the Wilcoxon 
rank sum test was used. Pain assessment was measured longitudinally in F1-LD-F1 
design, and the Wald-Test was used. Furthermore, we applied Fisher’s exact test to 
compare categorical variables. Testing was based on a 5% significance level. We used 
statistical software R version 3.4.0 for analysis [R Foundation for Statistical 
Computing, Vienna, Austria (www.R-project.org)].

The statistical methods of this study were reviewed by Mr. Hutter M, biomedical 
statistician from the Department of Pediatric Surgery and Pediatric Urology, 
University Hospital Frankfurt.
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RESULTS
Baseline characteristics
A total of 26 patients underwent a PS. The patient cohort consisted of 16 patients with 
OPS and 10 patients with LPS. OPS were performed by Gfroerer S, Theilen TM and 
Fiegel HC. Gfroerer S and Theilen TM performed LPS.

Table 1 compares the demographic data of both groups. Patients with LPS had a 
higher body mass index at time of operation [median (range), 21.3 (14.9-25.7) vs 16.6 
(12.7-24.2) kg/m2, P = 0.036] and a shorter follow-up period [median (range), 4.1 (2.1-
5.2) vs 6.6 (4.4-11.4) years, P < 0.001]. The mean age was 13.1 (7.7-20.3) and 10.7 (5.0-
18.2), respectively, for the LPS and OPS group. Table 2 displays the pre- and 
postoperative spleen characteristics of the laparoscopic group in comparison to the 
open group. Spleen characteristics did not differ in both groups.

Table 3 shows the operative variables. The operative time was higher in the LPS 
cohort compared to the OPS cohort [median (range), 185 (135-298) vs 144 (112-270) 
min, P = 0.048]. There were 1/10 (10%) conversions to laparotomy in the LPS group.

Treatment outcomes
Table 4 compares postoperative outcomes in the LPS vs the OPS group. Both 
postoperative reconvalescence variables during hospital stay and scores of adverse 
events were comparable between both groups.

Table 5 lists all individual postoperative adverse events recorded within hospital 
stay. Neither post-splenectomy sepsis nor death occurred perioperatively.

Table 6 shows the hematological variables. The estimated blood loss was higher in 
the LPS group [median (range), 87 (-45-777) vs -37 (-114-553) mL, P = 0.039]. Individual 
frequency of perioperative blood product transfusions (RBC, fresh frozen plasma or 
thrombocyte concentrate) did not differ between groups.

Table 7 displays the results of the pain assessment and pain management in both 
groups. There was no difference between LPS and OPS groups.

DISCUSSION
This is a retrospective analysis comparing perioperative outcomes of children and 
adolescents that underwent either LPS or OPS. To the best of our knowledge, this is 
the only study comparing both operative approaches to date.

In our study postoperative time from operation to initiation of feeds and to full 
feeds, time from operation until patient’s mobilization, postoperative adverse events, 
pain assessment and analgesic requirements did not differ between LPS and OPS. 
Operative time in the LPS group was longer, and the estimated blood loss was higher 
reflecting the technical challenges of the minimally invasive surgery. In both groups, 
only intraoperative (not postoperative) transfusions of blood products were 
performed.

We assessed adverse events using the Clavien-Dindo classification and by 
calculating the comprehensive complication index. Both scores did not reveal 
differences between the LPS and OPS group.

Laparoscopic handling of the spleen was noticeably more difficult in spleens 
measuring ≥ 25 cm in cranio-caudal diameter due to the restricted view. As a reflection 
of our early learning curve, a patient’s spleen sized > 25 cm led to a conversion to open 
splenectomy. This case taught us the need to consider a timely intraoperative laparo-
scopic multiple dissection of a large spleen in order to facilitate a controlled removal of 
the splenic parenchyma from the abdominal cavity without conversion to open 
surgery. The conversion rate in a larger cohort reported by Liu and Fan[14] was 3.6%.

There are a number of studies that examine the feasibility and safety of the LPS for 
different indications, such as splenic benign lesions[15,16], traumata that require 
emergency surgery[17] or patients with hereditary spherocytosis[16]. All these studies 
come to the result that LPS is safe and feasible; however, none of the studies compared 
perioperative outcomes of both approaches.

Our study has several limitations. One limitation is that our study was restricted to 
children and adolescents. The median age of all patients in our cohort was 11.9 years. 
Generally, there is very little data available on children and young adults undergoing 
PS. Costi et al[18] carried out a systematic review of 2130 published cases of PS 
published between 1960 and December 2017. Patient average age was 18.4 years. 
Because older patients undergoing a PS were suffering from severe comorbidities like 
portal hypertension (patient mean age 27.6 years) or neoplastic lesions such as 
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Table 1 Demographic data for 26 patients undergoing laparoscopic partial splenectomy or open partial splenectomy

Laparoscopic, n = 10 Open, n = 16 P value

Gender (male:female) 2:8 7:9 0.399

Age at operation (yr) 13.1 (7.7-20.3) 10.7 (5.0-18.2) 0.220

Weight at operation (kg) 50.5 (25.0-70.0) 32.6 (18.0-70.0) 0.120

Height at operation (m) 1.54 (1.28-1.67) 1.41 (1.10-1.85) 0.316

BMI at operation (kg/m2) 21.30 (14.92-25.71) 16.58 (12.71-24.22) 0.036

Indicating primary disease 0.292

Hereditary spherocytosis (%) 9 (90) 14 (88)

DiGeorge syndrome (%) 0 (0) 2 (13)

Splenic cyst (%) 1 (10) 0 (0)

Duration of follow-up (yr) 4.1 (2.1-5.2) 6.6 (4.4-11.4) < 0.001

Data are median (range) or frequency (%). BMI: Body mass index.

Table 2 Spleen characteristics

Laparoscopic, n = 10 Open, n = 16 P value

Preoperative longitudinal spleen diameter (cm) 15.8 (12.2-29.0) 14.0 (9.9-28.9) 0.523

Postoperative spleen volume (cm3) 24 (16-48) 31 (11-210) 0.244

Total splenectomy leaving the accessory spleen (%) 2 (20) 0 (0) 0.138

Splenic US visibility in follow-up sonography (%) 4 (57) —n = 7 11 (79) —n = 14 0.354

Data are median (range) or frequency (%). US: Ultrasonography.

Table 3 Operative variables

Laparoscopic, n = 10 Open, n = 16 P value

Operative time (min) 185 (135-298) 144 (112-270) 0.048

Simultaneous cholecystectomy (%) 6 (60) 13 (81) 0.369

Primary (first PS) operation (%) 10 (100) 15 (94) 1

Secondary (redo PS) operation 0 1 (6)

Conversion to open (%) 1 (10)

Data are median (range) or frequency (%). PS: Partial splenectomy.

metastases (patient mean age 40 years) results from this study cannot easily be 
transferred to younger age groups. Further, patients in the review by Costi et al[18] 
undergoing a PS due to hematological issues represented 48% of all indications; 42% of 
the patients underwent the procedure due to nonhematological and nontraumatic 
condition and 9% as a result of a trauma. In contrast, 90% (LPS group) and 88% (OPS 
group) of our patients underwent PS due to hypersplenism caused by hereditary 
spherocytosis. No patient in our study underwent PS resulting from an acute trauma. 
All patients were electively admitted to hospital. The elective process guaranteed the 
presence of a senior surgeon with a long-term surgical experience.

According to the findings of our study when comparing both approaches, LPS and 
OPS are both feasible and safe procedures despite differences in operative time and 
intraoperative blood loss. LPS is a technically demanding minimally invasive 
procedure, resulting in a longer operative time compared to the open approach.
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Table 4 Postoperative outcomes

Laparoscopic, n = 10 Open, n = 16 P value

Time from OP to initiation of feeds (h) 37 (4-62) 28 (16-63) 0.580

Time from OP to full feeds (d) 3.5 (2.0-7.0) 4.0 (3.0-6.0) 0.313

Time from OP to mobilization (h) 46 (22-92) 47 (19-98) 0.812

Length of postoperative hospital stay (d) 5 (3-8) 5 (3-8) 0.602

Morbidity (Clavien-Dindo grade I-V) (%) 3 (30) 9 (56) 0.248

Minor morbidity (Clavien-Dindo grade I-II) (%) 3 (30) 8 (50) 0.428

Major morbidity (Clavien-Dindo grade III-V) (%) 0 (0) 2 (13) 0.508

Comprehensive complication index 0 (0-24.20) 8.66 (0-39.70) 0.387

Data are median (range) or frequency (%). OP: Operation.

Table 5 Individual profile of postoperative adverse events graded according to Clavien-Dindo and with calculated comprehensive 
complication index

Postoperative adverse events Clavien-Dindo grade CCI
Laparoscopic

Patient 17 Urticaria II 20.9

Patient 18 Pruritus II 20.9

Patient 24 Pleural effusion I

External genital edema I

Blood transfusion II 24.2

Open

Patient 1 Lid edema I 8.7

Patient 3 Urticaria II 20.9

Patient 4 Pleural effusion I 8.7

Patient 6 Pleural effusion I 8.7

Patient 7 Wound dehiscence I 8.7

Patient 9 Exanthema II 20.9

Patient 11 Urine retention. bladder catheterization IIIa 26.2

Patient 13 Wound infection II

Redo partial splenectomy IIIb 39.7

Patient 20 Pleural effusion I 8.7

CCI: Comprehensive complication index.

The small size of our retrospective case series does not enable us to draw repres-
entative conclusions. However, our analysis allows us to view the laparoscopic 
operation as a viable alternative compared to the open approach and warrants future 
research comprising prospective multicentric study designs.

CONCLUSION
This is the first study that compared outcomes of LPS and OPS. LPS is a viable 
alternative to the open operation with a broadly similar perioperative outcome 
providing superior cosmesis of the ventral abdominal wall. However, a longer 
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Table 6 Perioperative hematological variables

Laparoscopic, n = 10 Open, n = 16 P value

Latest hematocrit prior to operation (%) 31.6 (18.7-33.4) 28.1 (24.1-35.7) 0.633

Latest hemoglobin prior to operation (g/L) 114 (65-122) 97 (78-133) 0.221

Lowest hematocrit postoperative (%) 28.0 (26.0-31.0) 30.0 (23.0-35.0) 0.131

Lowest hemoglobin postoperative (g/L) 93 (79-104) 99 (67-126) 0.118

Estimated blood loss (mL of RBC) 87 (-45-777) -37 (-114-553) 0.039

Patients receiving intra- or postoperative RBC (%) 2 (20) 1 (6) 0.538

Patients receiving intra- or postoperative FFP and TC (%) 0 (0) 2 (13) 0.508

Data are median (range) or frequency (%). RBC: Red blood cell count; FFP: Fresh frozen plasma; TC: Thrombocyte concentrate.

Table 7 Pain assessment and analgesics

Laparoscopic, n = 10 Open, n = 13 P value

Pain assessment1 (0-10 NRS) 0.1522

Day 1 4 (2-6) 4 (2-9)

Day 2 2 (0-4) 4 (1-7)

Day 3 1.0 (0-2.5) 2.0 (1.0-4.0)

Day 4 0 (0-1) 1 (0-2)

Day 5 0 (0-3) 0 (0-5)

Day 6 0 (0-4) 0 (0-0)

Day 7 0 (0-0) 0 (0-0)

Non-opioids — cumulative doses (mg/kg body 
weight)

Day 1 33.5 (10.0-48.4) 37.7 (19.2-50.0)

Day 2 35.3 (10.0-60.5) 31.6 (10.0-68.2)

Day 3 22.5 (0-37.0) 30.3 (9.3-54.6)

Day 4 5.0 (0-36.3) 18.2 (0-39.9)

Day 5 0 (0-36.3) 0 (0-18.8)

Day 6 0 (0-65.3) 0 (0-0)

Day 7 0 (0-36.3) 0 (0-0)

Overall dose 113.0 (20.1-308.0) 134.8 (50.5-172.7) 0.232

Opioids — cumulative doses (mg/kg body weight)

Day 1 0.44 (0-0.69) 0.32 (0-0.51)

Day 2 0.42 (0-0.93) 0.28 (0-0.55)

Day 3 0.25 (0-0.71) 0.09 (0-0.55)

Day 4 0.08 (0-0.65) 0 (0-0.31)

Day 5 0 (0-0.53) 0 (0-0.08)

Day 6 0 (0-0.31) 0 (0-0)

Day 7 0 (0-0.26) 0 (0-0)

Overall dose 1.06 (0.09-3.58) 0.72 (0-1.75) 0.343

1Median of all Numerical Rating Scale scores within 24 h.
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2Comparison whether the pain scores of each day differed between the groups over time. Data are median (range) or frequency (%). Three patients in the 
open group were excluded from comparison due to peridural anesthesia treatment. NRS: Numerical Rating Scale.

operative time and higher intraoperative blood loss necessitates further laparoscopic 
refinement to adequately balance the superior cosmesis of the minimally invasive 
approach.

ARTICLE HIGHLIGHTS
Research background
Partial splenectomy for the treatment of hypersplenism is increasingly reported. To 
date no data stating which approach can be regarded as superior over the other are 
available.

Research motivation
The purpose of this study was to compare perioperative outcomes of laparoscopic 
partial splenectomy (LPS) and open partial splenectomy (OPS) in children and 
adolescents.

Research objectives
The objective of this study was to analyze and compare LPS and OPS with periop-
erative outcome parameters.

Research methods
We retrospectively reviewed all patients (n = 26) that underwent LPS (n = 10) or OPS (
n = 16) between January 2008 and July 2018. Clinical data including demographics, 
spleen characteristics, operative and hematological variables, postoperative outcomes 
including pain scores and analgesic requirements as well as postoperative adverse 
events were analyzed.

Research results
Perioperative hematological parameters, postoperative pain scores, analgesic 
requirements, adverse events according to the Clavien-Dindo classification and the 
comprehensive complication index, median time from operation to initiation of feeds, 
median time from operation to full feeds, median time from operation to mobilization 
and median length of hospital stay did not differ between LPS and OPS. Median 
operative time was longer in LPS compared to the OPS group. Calculated periop-
erative blood loss (mL of red blood cells) was higher in the LPS group compared to 
OPS.

Research conclusions
This is the first study that compared outcomes of LPS and OPS. LPS appears to be a 
viable alternative to the open operation with a broadly similar perioperative outcome 
providing superior cosmesis of the ventral abdominal wall.

Research perspectives
Our study results warrant a prospective multicentric clinical trial to compare outcomes 
in a larger group.
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Abstract
BACKGROUND 
Enteric anastomotic (EA) bleeding is a potentially life-threatening surgical 
complication associated with enteric anastomosis during simultaneous pancreas 
and kidney transplantation (SPKT).

AIM 
To investigate whether suture ligation (SL) for submucosal hemostasis during 
hand-sewn enteric anastomosis could decrease the morbidity of early EA bleeding 
in SPKT.

METHODS 
We compared the outcomes of 134 patients classified into SL (n = 44) and no SL 
(NSL) groups (n = 90). This study adheres to the declarations of Istanbul and 
Helsinki and all donors were neither paid nor coerced.

RESULTS 
During the first postoperative week, the EA bleeding rate in the SL group was 
lower than that in the NSL group (2.27% vs 15.56%; P = 0.021); no relationship was 
found between EA bleeding and donor age, mean pancreatic cold ischemia time, 
platelet count, prothrombin time international normalized rate, activated partial 
thromboplastin time, and thrombin time. Anastomotic leakage was observed in 
one case in the SL group at postoperative day (POD) 14 and in one case at POD 16 
in the NSL group (P = 0.754). No significant difference was found between the 
two groups in the patient survival, pancreas graft survival, or kidney graft 
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survival.

CONCLUSION 
SL for submucosal hemostasis during hand-sewn enteric anastomosis in SPKT can 
decrease the morbidity of early EA bleeding without increasing the anastomotic 
leakage rate.
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Core Tip: Enteric anastomotic (EA) bleeding is a potentially life-threatening 
complication of simultaneous pancreas and kidney transplantation (SPKT) and can 
result in graft loss; therefore, it is essential to lower the incidence of EA bleeding. This 
study aimed to investigate whether suture ligation for submucosal hemostasis during 
enteric anastomosis could decrease the morbidity of early EA bleeding in SPKT. By 
comparing the outcomes of patients of suture ligation and no suture ligation groups, we 
found that suture ligation for submucosal hemostasis during enteric anastomosis in 
SPKT can decrease the morbidity of early EA bleeding without concurrently increasing 
the anastomotic leakage rate.
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INTRODUCTION
Pancreas transplantation is the treatment of choice for patients with type 1 insulin-
dependent diabetes mellitus; recently, more patients with type 2 diabetes mellitus 
have undergone pancreas transplantation[1]. In the United States, simultaneous 
pancreas and kidney transplantation (SPKT) was the most common type of pancreas 
transplantation in 2018[1]. More than 80% of pancreas transplantations are performed 
with enteric drainage (ED), and systemic venous drainage is used for more than 90% 
of pancreas transplantations[2]. The site of enteric anastomosis can range from the 
stomach to the distal ileum of the recipient[3-6]; most often, the site of anastomosis is 
at the jejunum[2]. Direct side-to-side anastomosis between the transplanted duodenal 
segment and the recipient small bowel is the most common technique. Gastrointestinal 
(GI) bleeding and anastomotic leak are the most common surgical complications 
associated with enteric anastomosis[7]. GI bleeding may occur early and late after 
transplantation, and the morbidity of GI bleeding could be as high as approximately 
11% according to previous reports[5,8]; it can result in graft loss and can be a life-
threatening condition[7,9]. The sites of GI bleeding are mainly at the level of the 
enteric anastomosis[8,9]. Suture ligation (SL) techniques have been used during 
hemostasis for larger blood vessels throughout gastrectomy. The intestinal wall has 
abundant microvessels. For ordinary small intestinal anastomosis, sufficient suture 
pitch and the adequate strength of knotting can ensure adequate hemostasis during 
the anastomosis between the small intestine, and an SL technique is not needed 
usually. Enteric anastomosis during SPKT is different from ordinary small intestinal 
anastomosis: The transplanted duodenal segment is edematous after blood 
reperfusion, and the anastomotic stoma is corroded by constant exocrine outputs of 
the pancreas graft. There have been no reports on whether the SL technique is 
beneficial for submucosal hemostasis during hand-sewn enteric anastomosis in 
pancreas transplantation. To investigate the advantages and disadvantages of this 
novel technique on early EA bleeding and anastomotic leakage, we retrospectively 
analyzed the clinical data of patients who underwent SPKT at our center. This study 
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adheres to the declarations of Istanbul and Helsinki, and none of the organs used were 
from executed prisoners. All donors were neither paid nor coerced.

MATERIALS AND METHODS
Study subjects
From January 2016 to December 2019, 138 SKPT were performed in our center, and 134 
patients were included in this study. All graft organs came from deceased donors, 
including 9 cases of anoxia, 45 cases of cerebrovascular accident/stroke, 73 cases of 
head trauma, 4 cases of central nervous system tumor, and 3 cases of organophos-
phorus poisoning. The indications for transplantation were type 1 or type 2 diabetes 
with end-stage renal disease. During the transplant evaluation process, all patients 
underwent gastroscopy and colonoscopy. Exploration of all the small intestines during 
operation was performed for every patient. Patients with one or more of the below 
diseases were excluded from the study: Gastroduodenal ulcer, severe gastritis and 
duodenitis, colitis, digestive tract tumor, diverticulum, digestive tract polyp, and GI 
bleeding history. Patients with graft pancreasectomy due to thrombosis or severe 
infection within the first postoperative week were excluded from the study. According 
the above criteria, two patients with graft pancreasectomy due to thrombosis within 
the first postoperative week were excluded from the study. One patient diagnosed 
with ascending colonic diverticulum by colonoscope before transplantation and 
experienced hemorrhage of diverticulum after SPKT was excluded. Another patient 
was excluded from the study because of a history of duodenal ulcer bleeding. 
Cytomegalovirus (CMV) DNA tests performed before SPKT were negative for all 
included patients. The characteristics of the recipients and donors included in the 
study are shown in Table 1.

Surgical techniques
The liver, pancreas, and kidney were recovered using an en bloc technique for organ 
procurement. For the duodenal decontamination, lavage technique via the nasogastric 
tube was performed routinely with normal saline (500 mL), and then metronidazole 
solution (200 mL) was instilled during pancreas procurement. The proximal 
gastroduodenal artery (GDA) and distal common hepatic artery were distributed to 
the liver, leaving the aortic patch with the superior mesenteric artery and celiac trunk 
for the pancreas. Subsequently, the distal splenic artery and vein were ligated, and the 
spleen was removed. After the proximal and distal donor duodenum were closed 
using a linear cutting stapler, the stump was strengthened by interrupted 
seromuscular sutures. As reported in the literature[10], we reconstructed the GDA by 
end-to-end anastomosis with the common hepatic artery or left gastric artery and 
interposed a donor mesentery artery, if necessary.

Both kidney and pancreas transplantations were performed using a single right 
incision through the rectus abdominis. As reported by Tso[11], we anastomosed the 
renal artery to the internal iliac artery limb of the donor conduit and anastomosed the 
aortic patch of the graft to the external iliac artery limb of the donor conduit and the 
common iliac artery of the donor conduit to the right external iliac artery of the 
recipient in an end-to-side fashion, so both organs could be vascularized by utilizing a 
single Y arterial conduit (Figure 1). Both organs were transplanted on the right side of 
the patient’s abdominal cavity. The renal vein was anastomosed to the right external 
iliac vein. The venous outflow of the pancreas graft was arranged via the systemic 
venous system by anastomosing the portal vein end-to-side to the distal vena cava. 
The head of the pancreas and duodenum were oriented superiorly, and the donor 
duodenal segment was anastomosed side-to-side to the distal ileum. The distance from 
the anastomotic stoma to the ileocecal valve was 60 cm. The operation process is 
illustrated in Figure 1.

According to the pattern of enteric anastomosis, patients were divided into two 
groups: SL or no SL (NSL) groups. From the first outpatient visit, during preoperative 
evaluation, operation, and follow-up after SPKT, a patient will be under constant 
supervision by the same doctor in our center. If a patient was supervised by the doctor 
who is the corresponding author of this paper, then the patient was allocated into the 
SL group. If a patient was not supervised by the doctor who is the corresponding 
author of this paper, then the patient was allocated into the NSL group. There were no 
other criteria for grouping. A total of 44 and 90 patients were classified into the SL 
group and NSL group, respectively. The transplanted duodenal segment and the distal 
ileum of the recipient were incised 3-4 cm longitudinally at the site of the anastomotic 
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Table 1 Donor and simultaneous pancreas and kidney transplantation recipient clinical characteristics, n (%)

Characteristics SL group (n = 44) NSL group (n = 90) P value

Donor age, yr 34.00 ± 8.82 32.32 ± 10.65 0.367

Donor gender (male/female, n) 36/8 75/15 0.827

Recipient age, yr 46.52 ± 9.50 47.41 ± 10.79 0.643

Recipient gender (male/female, n) 37/7 75/15 0.911

Duration of diabetes, yr 16.73 ± 6.2 15.88 ± 5.9 0.449

Diabetes type (1/2) 7/37 18/72 0.568

BMI 24.66 ± 3.68 23.60 ± 3.18 0.089

Blood type, n

A+/B+/AB+/O+ 10/10/4/20 17/35/10/28 0.169

Duration of dialysis, months, median (IQR) 12.00 (6.25, 36.00) 10.00 (5.00, 20.75) 0.037

Pancreas ischemia time, minutes 446.71 ± 104.11 400.94 ± 89.79 0.010

HLA-A, -B, -DR mismatch

0-3 8 (18.18) 19 (21.11) 0.691

4-6 36 (81.82) 71 (78.89) 0.691

Maintenance Immunosupression

TAC 40 (90.91) 72 (80.00) 0.109

CsA 4 (9.09) 18 (20.00) 0.109

DIC indicators

PT-INR 1.50 ± 0.37 1.55 ± 0.35 0.463

APTT (s) 60.15 ± 35.18 56.35 ± 38.39 0.582

TT (s) 60.07 ± 37.90 66.34 ± 37.03 0.362

PLT (109/L) 106.41 ± 45.35 108.94 ± 50.87 0.780

SPKT: Simultaneous pancreas and kidney transplantation; SL: Suture ligation; NSL: No suture ligation; TAC: Tacrolimus; CsA: Cyclosporine A; PT-INR: 
Prothrombin time-international normalized rate; APTT: Activated partial thromboplastin time; TT: Thrombin time; PLT: Platelets.

stoma by using a scalpel after pancreas graft blood reperfusion. Then, mucosal 
aneriodine cotton balls were used for decontamination of the duodenal segment and 
the distal ileum. In the SL group, bleeding spots at the cut edge of the bowel (ileum of 
the recipient and duodenum of the transplanted organ) were staunched by transmural 
figure-of-eight SL at the mucosal points of the bleeding with a silk thread (Figure 2). A 
penetration of all layers from the serosa to the lumen was made, and the needle 
position on the serosa and mucosa was 1-2 mm apart from the cut edge. In the NSL 
group, SL was not performed, and electric coagulation using an argon knife was 
performed if necessary. After submucosal hemostasis, side-to-side duodeno-ileostomy 
was performed using a two-layer hand-sewn running anastomosis: A running 
unabsorbable suture for the transmural inner layer and an outer inverted seromu-
scular layer in both groups. The needle position was 4-5 mm from the cut edge when 
suturing the inner layer. Enteric anastomoses in the NSL group were performed by an 
experienced surgical team member who had performed more than 100 SPKT 
operations before this study, while enteric anastomoses in the SL group were 
performed by a relative younger surgical team member who had performed less than 
10 SPKT operations before this study. To decrease the EA bleeding rate in SPKT, the 
doctors in the SL group proposed the conception of SL for submucosal hemostasis 
during hand-sewn side-to-side duodeno-ileostomy and applied this technique from 
January 2016. Cases before January 2016 in our center were excluded from this study.

Immunosuppressive agents
Anti-thymocyte globulin was administered for induction at 1.5 mg/kg during surgery 
and 1.5 mg/kg per day for 3 d after transplantation. The maintenance immunosup-
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Figure 1 Revascularization of the pancreas and kidney with a single arterial conduit. The donor duodenum segment was anastomosed 
side-to-side to the recipient’s distal ileum. CHA: Common hepatic artery; GDA: Gastroduodenal arterial; SMA: Superior mesenteric artery.

pression regimen included tacrolimus or cyclosporine, mycophenolate mofetil, and 
prednisolone (Table 1). The target trough level of tacrolimus was 8-12 ng/mL within 3 
mo of transplantation, the target trough level of cyclosporine was 150-200 ng/mL, and 
the target level of cyclosporine 2 h after administering the medicine was 800-1200 
ng/mL.

Prophylactic anticoagulation therapy 
To prevent pancreatic graft thrombosis, low-molecular-weight heparin was 
administered for 6 d (50 IU/kg/d) by subcutaneous injection for all patients, followed 
by the oral administration of aspirin (100 mg/d) for 3 mo. If GI bleeding occurred, 
prophylactic anticoagulation therapy was withdrawn. Patients of the two groups 
received the same anticoagulation prophylaxis. Routine monitoring of the platelet 
count and disseminated intravascular coagulation (DIC) indicators was performed 
during anticoagulation therapy.

Defining EA bleeding and anastomotic leak 
The diagnostic criteria of EA bleeding were as follows: (1) Patient experienced melena 
or hematochezia with obvious hemoglobin decline, and anastomotic bleeding was 
identified by angiography or relaparotomy; and (2) If the patient experienced melena 
or hematochezia with obvious hemoglobin decline, but relaparotomy was not 
performed and angiography results was negative and could not show the site of GI 
bleeding, then the following criteria must be met: No blood fluid was drained from 
nasogastric tubes and colonoscopy revealed that the end ileal lumen next to the 
ileocecal valve contained blood fluid. Anastomotic leak was diagnosed based on 
clinical symptoms, imaging study results, laboratory findings, or a combination 
thereof, as previously reported[12].

CMV DNA tests 
The results of CMV DNA blood tests of all EA bleeding recipients at the time of EA 
bleeding were collected.

Statistical analysis 
Continuous variables were reported as mean ± SD or medians [interquartile range 
(IQR)] depending on the distribution of the data. If data were normally distributed 
and had variance homogeneity, an analysis of variance was used for comparisons 
between groups. If the distribution was not normal, a Kruskal-Wallis rank-sum test 
was used for comparisons between groups. Categorical variables were analyzed using 
a chi-square test. Cumulative graft and patient survival rates were computed by a 
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Figure 2 Suture ligation for submucosal hemostasis. A: Bleeding at the cut edge of the duodenum; B: Bleeding spots of the duodenum were staunched by 
transmural suture ligation; C: Bleeding at the cut edge of the ileum; D: Bleeding spots of the ileum were staunched by transmural suture ligation. White arrow: Knot of 
suture thread.

Kaplan-Meier survival analysis. Data analyses were performed using R 3.6.2 statistical 
software. The study was reviewed by our expert biomedical statistician Cao Y, MD.

RESULTS
Patient characteristics
The characteristics of the donors and recipients in the SL and NSL groups are 
displayed in Table 1. There were 44 and 90 patients in the SL group and NSL group, 
respectively. The two groups were matched for the following: Age of the donor; donor 
sex; age of the recipient; diabetes duration; diabetes type; body mass index; blood 
type; human leukocyte antigen (HLA) -A, HLA-B, and HLA-DR mismatch; 
immunosuppression; DIC indicators; and platelet count. The duration of dialysis was 
slightly longer in the SL group than in the NSL group [12.00 mo (IQR, 6.25, 36.00) vs 
10.00 mo (IQR, 5.00, 20.75); P = 0.037]. The pancreas ischemia time was longer in the SL 
group than in the NSL group (446.71 ± 104.11 min vs 400.94 ± 89.79 min; P = 0.010).

EA bleeding and anastomotic leakage during the first 3 mo after transplantation 
In the first postoperative week, the EA bleeding rate was less in the SL group (1/44; 
2.27%) than in the NSL group (14/90; 15.56%; P = 0.021) (Table 2), respectively. 
Patients from both groups received immediate anticoagulant treatment. The 
transfusion rate for EA bleeding in the first postoperative week was lower in the SL 
group than in the NSL group [2.27% (1/44) vs 14.44% (13/90); P = 0.035].

If medical treatment exceeded more than 48 h and hematochezia was not relieved 
and was accompanied by unstable blood pressure, relaparotomy was considered. 
Owing to the failure of conservative therapy, three patients in the NSL group 
underwent relaparotomy (Tables 2 and 3), and EA bleeding was identified, and the 
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Table 2 Enteric anastomotic bleeding within 1 wk posttransplantation and anastomotic leakage, n (%)

Characteristics SL group (n = 44) NSL group (n = 90) P value

EA bleeding 1 (2.27) 14 (15.56) 0.021

Transfusion rates due to EA bleeding 1 (2.27) 13 (14.44) 0.035

Relaparotomy due to EA bleeding 0 (0.00) 3 (3.33) 0.551

Anastomotic leakage 1 (2.27) 1 (1.11) 0.754

EA: Enteric anastomotic; SL: Suture ligation; NSL: No suture ligation.

Table 3 Cases of relaparotomy due to enteric anastomotic bleeding in no suture ligation group

Case Age Sex Transplant time Bleeding start time1

1 47 M October 2016 5

2 29 M October 2016 7

3 40 M October 2017 6

1Days after operation.
The reconstruction of the anastomosis was performed for these patients and no recurrence of bleeding occurred. M: Male.

reconstruction of the anastomosis was performed in these three patients. There were 
no pancreas graft loss and no recurrence of GI bleeding after relaparotomy. The rate of 
relaparotomy due to EA bleeding was lower in the SL group than in the NSL group; 
however, no differences were found between the two groups [0% (0/44) vs 3.33% 
(3/90); P = 0.551].

Anastomotic leakage was observed in 1 (2.27%) of 44 patients in the SL group at 
postoperative day (POD) 14 and was healed by conservative treatment. One patient in 
the NSL group (1/90; 1.11%) experienced anastomotic leakage at POD 16; 
subsequently, the pancreas graft was lost.

CMV DNA test results of patients with GI bleeding 
CMV DNA blood testing was performed for all EA bleeding patients within 1 wk post-
operation, and results were all negative. Three patients in the NSL group underwent 
relaparotomy; unfortunately, the biopsy of the transplanted duodenal segment was 
not performed during relaparotomy. Therefore, the results of the immunohisto-
chemistry staining of the transplanted duodenal segment for CMV were not available.

Donor age, mean pancreatic cold ischemia time, and DIC indicators of patients with 
and without GI bleeding
A comparison of patients with EA bleeding (n = 15) and those without EA bleeding (n 
= 119) within the first week after transplantation showed no differences in donor age 
(Figure 3A), mean pancreatic cold ischemia time (Figure 3B), platelet count 
(Figure 3C), prothrombin time international normalized rate (Figure 3D), activated 
partial thromboplastin time (Figure 3E), and thrombin time (Figure 3F).

Survival analysis
The median follow-up durations were 2.11 years and 2.12 years for patients of the SL 
group and NSL group, respectively. The Kaplan–Meier curves plotted for comparisons 
between the SL and NSL groups after transplantation are shown in Figure 4. No 
significant difference was found between the two groups in terms of the survival 
curves for patients, pancreas graft, and kidney graft. The study was reviewed by our 
expert Biostatistic Cao Y, MD.

DISCUSSION
In 1967, the first SPKT was performed by Kelly et al[13] at the University of Minnesota. 
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Figure 3 Comparison of clinical features within 1 wk postoperatively in gastrointestinal bleeding and no gastrointestinal bleeding group. 
A: Donor age; B: Mean pancreatic graft cold ischemia time; C: Platelet count; D: Prothrombin time international normalized rate; E: Activated partial thromboplastin 
time; F: Thrombin time. GI: Gastrointestinal; INR: International normalized rate.

Since then, several pancreas transplantation techniques have been developed. From 
the mid-1970s to the mid-1980s, segmental pancreas transplantation was the prevalent 
technique. Subsequently, whole pancreaticoduodenal graft transplantation with ED 
became the gold standard for SPKT[6]. In the majority of cases involving ED, systemic 
venous drainage was used[14]. Inferior vena cava drainage and duodeno-ileostomy 
without a Roux-en-Y loop have been used in our center.

ED can be justified based on physiological conditions; however, the complications 
associated with a simultaneously transplanted duodenum, such as GI bleeding and 
anastomotic leakage, may be potentially life-threatening. The accurate morbidity rate 
associated with GI bleeding after ED pancreas transplantation is unknown. In the 
literature, the data on GI bleeding following pancreas transplantation are under-
reported. Large case series reports are insufficient and the criteria for GI bleeding were 
not elucidated from these reports. Orsenigo et al[8] reported that 11% (7/61) of 
recipients experienced GI bleeding complications during the first postoperative week, 
and six patients (85.71%) required relaparotomy and EA bleeding was identified in 
five patients. In a study of 11 cases, one patient required endoscopy for the luminal 
bleeding of the duodenal anastomosis site[4]. A report in Austria showed that in 379 
pancreas transplants, GI bleeding occurred in 28 (7.38%) patients, of which 23 (82.14%) 
patients experienced GI bleeding at the level of the enteric anastomosis, and surgery 
was required in 25% of GI bleeding cases[9]. In our study, 20.0% (3/15) of the patients 
with EA bleeding underwent relaparotomy.
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Figure 4 The Kaplan–Meier curves for patient, kidney graft, and pancreas graft in suture ligation and no suture ligation group. A: Patient 
survival curves; B: Kidney graft survival curves; C: Pancreas graft survival curves. SL: Suture ligation; NSL: No suture ligation.

With the dramatic improvements in staplers, stapled anastomoses are being used 
for digestive tract reconstruction in ordinary small intestinal surgery and for pancreas 
transplantation[15,16]. When using a linear cutting stapler for enteric anastomosis, 
bleeding along the staple line could be controlled by interrupted sutures[16]. Because 
the transplanted duodenal segment is usually edematous after blood reperfusion, 
stapled anastomoses may be unsuitable for the intestinal tract in severe edematous 
cases. Besides, stapled anastomoses are more expensive than hand-sewn technique 
especially in developing countries[17]. Compared with duodeno-duodenostomy, 
duodeno-ileostomy combined with postcava drainage in our study could decrease the 
surgical difficulty significantly but made it difficult to perform hemostasis by 
endoscopy in cases of EA bleeding. Therefore, improvements in the hand-sewn 
technique for ED are still required to decrease morbidity associated with complications 
related to the transplanted duodenal segment.

There are abundant vessels in the submucosal plexus of the intestinal wall[18]. In 
one report, ligation or electric coagulation was performed for hemostasis in 46 cases 
involving anastomoses of the small bowel to the small bowel in the control group[17]; 
however, there is no report involving SPKT cases. GI bleeding that occurs within 7 d of 
pancreas transplantation with ED usually initiates from the anastomotic suture line[8-
9,19]. Our study demonstrated that the incidence of EA bleeding within the first 
postoperative  week could be minimized by using a careful plication technique during 
SPKT. Pancreas transplantation is a complicated transplant procedure, and the surgical 
experience for pancreas transplantation may influence the success and complication 
rates of such a complicated transplant procedure. The surgical team in the NSL group 
possessed much more surgical experience and should achieve lower EA bleeding rate 
than the relative younger surgical team in the SL group, but our data showed the 
opposite result: The EA bleeding rate was lower in the SL group. We think that the 



Wang H et al. Suture ligation for submucosal hemostasis in SPKT

WJGS https://www.wjgnet.com 997 September 27, 2021 Volume 13 Issue 9

plication technique affected the EA bleeding rate more than surgical experience, 
leading to the decreasing EA bleeding rate in the SL group. Non-crushing bowel 
clamps should be applied to the ileum only, and the mesentery of the ileum should not 
be clamped, so that bleeding spots at the cut edge of the ileum of the patient could be 
thoroughly staunched. The blood vessels in the submucous layers might be destroyed 
by ligation, which may affect the anastomotic stoma healing rate, and cause anasto-
motic leakage. Compared with no SL, our data showed that plication techniques did 
not increase the morbidity of anastomotic leakage.

Several factors may account for the anastomotic stoma’s propensity for EA bleeding. 
The transplanted duodenal segment is edematous after blood reperfusion. When 
edema subsides postoperatively, an onset of anastomotic stoma bleeding might occur 
at the anastomotic suture line due to the weakening compressive strength of the suture 
thread. Another factor is the exocrine output of the pancreas graft. Trypsinogen enters 
the small intestine and is stimulated as active trypsin by enterokinase in the small 
intestine. The introrsus cut edges of the bowel at the anastomotic site are directly 
exposed to the intestinal cavity and corroded by the active trypsin, thus increasing the 
susceptibility of the anastomotic stoma to bleeding. In 1982, Groth et al[20] inserted a 
catheter in the pancreatic duct to protect the anastomosis sutures during the segmental 
pancreas transplantation. Because of a propensity for thrombosis, most centers use 
some types of empiric thromboprophylaxis[21,22]. Poor coagulation function may be a 
risk factor for EA bleeding in SPKT. Our data showed no relationship between 
coagulation indicators and EA bleeding (Figure 3). Ulceration with bleeding due to 
CMV infections has been reported in the duodenal cuff of the transplanted pancreas
[23], but CMV infection did not correlate with EA bleeding in our study.

The first limitation in this study is its retrospective approach. Another limitation of 
this study is the relatively small number of patients in the SL group; more cases are 
needed to confirm the benefit of SL technique in SPKT.

CONCLUSION
Compared with no SL, a two-layer running hand-sewn anastomosis with hemostasis 
by SL at the cut edge of the bowel (ileum of the recipient and duodenum of the donor 
organ) may help decrease the morbidity of early EA bleeding and the transfusion rate, 
without increasing the anastomotic leakage rate.

ARTICLE HIGHLIGHTS
Research background
As a potentially life-threatening complication of simultaneous pancreas and kidney 
transplantation (SPKT), enteric anastomotic (EA) bleeding frequently results in 
surgical relaparotomy and graft loss; therefore, it is essential to decrease the incidence 
of EA bleeding.

Research motivation
An effort was made for submucosal hemostasis during enteric anastomosis in SPKT 
with a lower EA bleeding rate.

Research objectives
To investigate the advantages and disadvantages of suture ligation (SL) for 
submucosal hemostasis during enteric anastomosis on early EA bleeding and 
anastomotic leakage in SPKT.

Research methods
We compared the outcomes of 134 patients classified into SL (n = 44) and no SL (NSL) 
groups (n = 90).

Research results
During the first postoperative week, the EA bleeding rate in the SL group was lower 
than that in the NSL group during the first postoperative week. No relationship was 
found between EA bleeding and donor age, mean pancreatic cold ischemia time, 
platelet count, prothrombin time international normalized rate, activated partial 
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thromboplastin time, and thrombin time. No significant difference was noted between 
the two groups in terms of the anastomotic leakage rate, patient survival curve, 
pancreas graft survival curve, or kidney graft survival curve.

Research conclusions
Compared with no SL, SL for submucosal hemostasis during enteric anastomosis in 
SPKT can decrease the EA bleeding rate and do not increase the anastomotic leakage 
rate.

Research perspectives
Further clinical randomized controlled studies with a large sample size are needed to 
confirm the effect of plication techniques on submucosal hemostasis during enteric 
anastomosis in SPKT in the future.
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Abstract
BACKGROUND 
Adjuvant chemotherapy (ACTx) is recommended in rectal cancer patients after 
preoperative chemoradiotherapy (PCRT), but its efficacy in patients in the early 
post-surgical stage who have a favorable prognosis is controversial.

AIM 
To evaluate the long-term survival benefit of ACTx in patients with ypT0–1 rectal 
cancer after PCRT and surgical resection.

METHODS 
We identified rectal cancer patients who underwent PCRT followed by surgical 
resection at the Asan Medical Center from 2005 to 2014. Patients with ypT0–1 
disease and those who received ACTx were included. The 5-year overall survival 
(OS) and 5-year recurrence-free survival (RFS) were analyzed according to the 
status of the ACTx.

RESULTS 
Of 520 included patients, 413 received ACTx (ACTx group) and 107 did not (no 
ACTx group). No significant difference was observed in 5-year RFS (ACTx group, 
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87.9% vs no ACTx group, 91.4%, P = 0.457) and 5-year OS (ACTx group, 90.5% vs 
no ACTx group, 86.2%, P = 0.304) between the groups. cT stage was associated 
with RFS and OS in multivariate analysis [hazard ratio (HR): 2.57, 95% confidence 
interval (CI): 1.07–6.16, P = 0.04 and HR: 2.27, 95%CI: 1.09–4.74, P = 0.03, 
respectively]. Furthermore, ypN stage was associated with RFS and OS (HR: 4.74, 
95%CI: 2.39–9.42, P < 0.00 and HR: 4.33, 95%CI: 2.20–8.53, P < 0.00, respectively), 
but only in the radical resection group.

CONCLUSION 
Oncological outcomes of patients with ypT0–1 rectal cancer who received ACTx 
after PCRT showed no improvement, regardless of the radicality of resection. 
Further trials are needed to evaluate the efficacy of ACTx in these group of 
patients.

Key Words: Rectal neoplasm; Adjuvant chemotherapy; ypT0-1; Radical resection; Local 
excision

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Adjuvant chemotherapy (ACTx) is administered based on the clinical stage of 
rectal cancer after preoperative chemoradiotherapy (PCRT), regardless of post-
treatment pathologic stage. Prognosis differs according to post-treatment pathologic 
stage or regression grade. Adjuvant treatment may be administered based on prognostic 
influence. Patients with ypT0-1 rectal cancer with favorable oncologic outcomes were 
included. Since local excision (LE) frequency has increased, ACTx effects in these 
patients need to be studied. We included patients who underwent LE. ACTx in patients 
with ypT0-1 rectal cancer after PCRT and LE did not exert benefits in terms of overall 
survival and recurrence-free survival.

Citation: Jeon YW, Park IJ, Kim JE, Park JH, Lim SB, Kim CW, Yoon YS, Lee JL, Yu CS, 
Kim JC. Evaluating the benefit of adjuvant chemotherapy in patients with ypT0–1 rectal cancer 
treated with preoperative chemoradiotherapy. World J Gastrointest Surg 2021; 13(9): 1000-
1011
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1000.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1000

INTRODUCTION
The current guidelines recommend the use of adjuvant chemotherapy (ACTx) in 
patients who have undergone preoperative chemoradiotherapy (PCRT) and surgical 
resection based on the clinical stage before PCRT[1]. However, the efficacy of ACTx, 
regardless of the patients’ pathological findings, is controversial[2]. Previous studies 
have reported an improvement in the oncological outcomes of rectal cancer patients 
who underwent PCRT, total mesorectal excision (TME), and ACTx[3-5]; the outcomes 
differed according to the postoperative pathological stage or the tumor regression 
grade[6,7] rather than the pre-PCRT clinical stage. Therefore, tumor regression grade 
and post-surgical stage have been considered predictors of oncological outcomes of 
ACTx[8].

Patients with good response to PCRT have a favorable prognosis, and the 5-year 
recurrence-free survival (RFS) of patients with yp stage 0 and 1 disease after PCRT is > 
90%[9,10]. Considering the risks of ACTx such as toxicity and financial burden[11,12], 
limited information is available regarding the oncological benefit of ACTx in patients 
with early yp stage 0 and 1 diseases[13]. Recent studies analyzing the oncological 
benefit of ACTx in patients who achieved a pathological complete response have 
reported inconsistent results[14-18]. Therefore, it is imperative to analyze the survival 
benefit of ACTx in patients in the early post-surgical stage who have a good prognosis. 
Hence, this study aimed to evaluate the long-term survival benefit of ACTx in patients 
with ypT0–1 disease after PCRT and surgical resection.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1948-9366/full/v13/i9/1000.htm
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MATERIALS AND METHODS
Patients 
We initially identified 5207 rectal cancer patients who underwent PCRT followed by 
surgical resection [radical resection or local excision (LE)] between January 2005 and 
December 2014 at the Asan Medical Center, Seoul, South Korea. Of the patients who 
underwent PCRT, 42 who were lost to follow-up and 1341 with ypT2–4 or ypTx 
disease were excluded. Patients who received ACTx postoperatively were categorized 
into the ACTx group, while those who did not receive ACTx postoperatively were 
categorized into the no ACTx group (Figure 1). This study was approved by the 
Institutional Review Board of (registration No. 2017-1114), which waived the 
requirement for obtaining an informed consent due to the retrospective nature of the 
study.

PCRT and surgery
For patients who opted to receive PCRT, a radiation dose of 45–50.4 Gy was delivered 
in 20–28 fractions (1.8–2.0 per fraction) to a target volume including the primary tumor, 
perirectal adipose tissue, lateral pelvis, and presacral lymph node (LN) during the 
PCRT treatment period. Concurrent chemotherapy consisted of either two cycles of 
intravenous bolus injection of 5-fluorouracil (5-FU, 375 mg/m2/d) and leucovorin (20 
mg/m2/d) (FL) or oral administration of capecitabine (825 mg/m2) twice daily. Other 
agents such as oxaliplatin, TS-1, and temozolomide were used as a combination 
therapy in some patients.

Surgical resection was performed 6–12 wk after the completion of radiation therapy. 
Radical surgical resection was performed according to the principles of TME. For the 
LE of the tumor, transanal LE, transanal minimally invasive surgery, or full thickness 
excision was performed.

ACTx was recommended in all medically fit patients who underwent PCRT. The 
recommended adjuvant regimen consisted of four cycles of 5-FU and leucovorin (FL) 
monthly or six cycles of capecitabine.

Surveillance and oncological outcomes
All patients underwent postoperative follow-up, which consisted of physical 
examination, serum carcinoembryonic antigen measurement, chest radiography, and 
abdominal, pelvic, and chest computed tomography (CT) every 3–6 mo. Most patients 
underwent colonoscopy between 6 mo and 1 year postoperatively and every 2–3 years 
thereafter. Recurrence was determined according to the radiological or histopatho-
logical findings. Local recurrence was defined as the presence of a suspicious lesion in 
the areas contiguous to the bed of the primary rectal resection or the site of 
anastomosis, while distant metastasis was defined as the presence of any recurrence in 
a distant organ or dissemination to the peritoneal surface. RFS was measured from the 
date of surgery to the date of detection of the first recurrence or death.

Patients who underwent LE were followed up every 3 mo for the first 1–2 years 
postoperatively and every 6 mo thereafter. Physical assessment with digital rectal 
examination and laboratory tests including sigmoidoscopy were performed every 3 
mo for the first 1–2 years and every 6 mo for the next 3–4 years for a total of 5 years. 
Full colonoscopy was performed within 1 year after surgery and every 2–3 years 
thereafter. Abdominopelvic and chest CT was performed every 6 mo for 5 years.

Statistical analysis
Categorical variables were compared using the chi-square test, while normally 
distributed continuous data were analyzed using the Student’s t-test. Survival curves 
were constructed using the Kaplan–Meier method and compared using log-rank tests 
according to the status of ACTx. The associations between the clinical factors and RFS 
were determined using the Cox proportional hazard regression analysis. Statistical 
significance was assumed at a level of 5%. All statistical analyses were performed 
using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, United 
States).

RESULTS
Clinicopathological characteristics of patients
A total of 520 patients were enrolled. The mean (± SD) age was 59.1 ± 10.5) years. 
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Figure 1 CONSORT diagram. Inclusion of patients.

Approximately 59.4% patients were men, and 85% patients underwent radical 
resection. The mean follow-up duration was 71.0 ± 32.6 mo. In the ACTx and no ACTx 
groups, the proportion of patients with cT3–4 and cN+ disease was higher than that of 
patients with cT1–2 and cN− disease. The ACTx group had a higher proportion of 
patients with advanced cT and cN disease compared with the no ACTx group. There 
was no significant difference in ypT stage between both groups. LN retrievals were 
evaluated in patients who underwent radical resection. The mean number of examined 
LNs and proportion of patients with ypN stage were similar in both groups (Table 1).

Oncological outcome according to ACTx
The recurrence rates were significantly different according to the status of ACTx (P = 
0.009). The ACTx group had a recurrence rate of 10.4% (43/413), and most patients 
had distant metastasis (9.7%, 40/43). The most common site of metastasis in the ACTx 
group was the lung (57.5%). The no ACTx group had a recurrence rate of 7.4%, which 
was significantly lower than that of the ACTx group (P = 0.009). Distant LNs were the 
most common site of metastasis in the no ACTx group (Table 2). The 5-year RFS rates 
in the ACTx and no ACTx groups were 87.9% and 91.4%, respectively (P = 0.457), 
while the overall survival (OS) rates were 90.5% and 86.2%, respectively (P = 0.304). 
No significant difference was observed in the RFS and OS between the groups 
(Figure 2).

When the RFS and OS were analyzed by the type of surgery (radical resection or LE) 
according to the status of ACTx, no significant difference was observed with regard to 
the 5-year RFS in patients who underwent radical resection and LE between the ACTx 
group and the no ACTx group (radical resection: 90.3% vs 92.9%, P = 0.363; LE: 90.4% 
vs 89.6%, P = 0.996). Similarly, no significant difference was found regarding the 5-year 
OS in patients who underwent radical resection and LE between the ACTx group and 
the no ACTx group (radical resection: 93.7% vs 90.6%, P = 0.167; LE: 91.4% vs 90.7%, P 
= 0.945; Figure 3).
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Table 1 Clinicopathological characteristics of the study patients

Variables ACTx (n = 413) No ACTx (n = 107) P value

Age, mean ± SD, yr 58 ± 10.1 63.4 ± 11.0 < 0.001

Sex, n (%)

Male 243 (58.8) 66 (61.7)

Female 170 (41.2) 41 (38.3)

0.659

cT category, n (%)

cT1–2 83 (20.1) 48 (44.9)

cT3–4 330 (79.9) 59 (55.1)

< 0.001

cN category, n (%)

cN- 65 (15.7) 34 (31.8)

cN+ 348 (84.3) 73 (68.2)

< 0.001

Type of surgery, n (%)

Radical resection 378 (91.5) 64 (59.8)

Local excision 35 (8.5) 43 (40.2)

< 0.001

Number of examined LNs, mean ± SD1 14.7 ± 6.9 14.6 ± 6.3 0.892

pT category, n (%) 

ypT0 294 (71.2) 67 (62.6)

ypTis–1 119 (28.8) 40 (37.4)

0.099

pN category1, n (%) 

ypN0 347 (91.8) 62 (96.9)

ypN+ 31 (8.2) 2 (3.1)

0.201

Lymphovascular invasion, n (%) 4 (1) - 0.339

Follow-up duration mean ± SD, months 72.1 ± 33.0 66.4 ± 30.3 0.105

1Only for radical resection.
SD: Standard deviation; ACTx: Adjuvant chemotherapy; LN: Lymph node.

Risk factor associated with RFS and overall survival
In the univariate analysis, none of the risk factors were associated with RFS, including 
the administration of ACTx. In the multivariate analysis, cT3–4 stage was the only risk 
factor associated with RFS [hazard ratio (HR): 2.57; 95% confidence interval (CI): 
1.07–6.16, P = 0.04]. Even in the subgroup analysis of patients with cT3–4 stage disease, 
ACTx was not associated with RFS (HR: 1.358, P = 0.521; Table 3). Apart from age, 
none of the risk factors were associated with OS in the univariate analysis. In contrast, 
cT stage was a significant risk factor for OS in the multivariate analysis (HR: 2.268, 
95%CI: 1.09–4.74, P = 0.03). However, in the multivariate Cox regression analysis of the 
cT3–4 group, administration of ACTx was not a significant risk factor for OS (Table 4).

In patients undergoing radical surgical resection, ypN stage was a risk factor 
associated with RFS and OS. ypN+ stage was a risk factor for RFS in both the 
univariate and multivariate analyses (HR: 4.86, P < 0.00 and HR: 4.74, 95%CI: 
2.39–9.42, P < 0.00, respectively). It was also confirmed as a risk factor for OS in the 
multivariate analysis (HR: 4.33, 95%CI: 2.20–8.53, P < 0.00). However, administration 
of ACTx was not associated with both RFS and OS in patients who underwent radical 
resection.

DISCUSSION
In this study, it was found that the ACTx did not improve the RFS and OS of patients 
with ypT0–1 rectal cancer who underwent PCRT and resection. In the subgroup 
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Table 2 Sites of initial recurrence according to the status of adjuvant chemotherapy

Variables ACTx (n = 413) No ACTx (n = 107) P value

Recurrence, n (%) 43 (10.4) 8 (7.4)

Type of recurrence, n (%)

Local recurrence 3 (0.7) 4 (3.7)

Distant metastasis 40 (9.7) 4 (3.7)

0.009

Sites of distant metastasis1, n (%)

Liver 8 (20) 1 (12.5)

Lung 23 (57.5) 2 (25)

Distant lymph nodes 6 (15) 1 (12.5)

Bone 4 (10) -

Brain 1 (2.5) -

Ovary 1 (2.5) -

1Among patients with distant metastasis.
ACTx: Adjuvant chemotherapy.

Table 3 Risk factors associated with recurrence-free survival

Univariate Multivariate

HR P value HR 95%CI P value

Adjuvant chemotherapy 0.459 0.608

No 1 1

Yes 1.331 1.226 0.563–2.671

Sex 0.582

Male 1

Female 1.77 0

cT category 0.082 0.035

cT1–2 1 1

cT3–4 2.031 2.565 1.06–6.156

cN category 0.399

cN− 1

cN+ 0.756

Type of surgery 0.927

Local excision 1

Radical resection 1.038

ypT stage 0.389

ypT0 1

ypTis–1 0.757

HR: Hazard ratio; CI: Confidence interval.

analysis according to the type of resection, administration of ACTx was not associated 
with RFS and OS in patients who underwent LE and those who underwent radical 
resection. The significant risk factors for RFS and OS were cT stage and ypN stage in 
patients who underwent radical resection.
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Table 4 Risk factors associated with overall survival

Univariate Multivariate

HR P value HR 95% CI P value

Adjuvant chemotherapy 0.306 0.484

No 1 1

Yes 0.729 0.797 0.422–1.504

Age 1.047 0.001 1.052 1.022–1.084 0.001

Sex 0.156 0.213

Male 1 1

Female 0.668 0.701 0.400–1.227

cT category 0.122 0.029

cT1–2 1 1

cT3–4 1.757 2.268 1.085–4.741

cN category 0.475

cN− 1

cN+ 1.296

Type of surgery 0.692

Local excision 1

Radical resection 1.174

ypT stage 0.612

ypT0 1

ypTis–1 0.861

HR: Hazard ratio; CI: Confidence interval.

The present study included patients who underwent LE and those who underwent 
radical resection, while previous studies included patients who underwent either 
radical surgical resection or TME[14-18]. Tumor regression after neoadjuvant chemora-
diotherapy has made it possible to perform LE according to the principles of TME for 
rectal cancer. The rate of LE after PCRT for rectal cancer has gradually increased over 
time[19]. Therefore, enrollment of patients who underwent LE after PCRT in this study 
may have a more practical importance in the clinical decision making, especially in 
patients with pathological downstaging. Furthermore, patients in this study had good 
adherence to ACTx; hence, the efficacy of ACTx was evaluated more precisely.

Previous studies have demonstrated that patients who achieve a pathological 
complete response after chemoradiation have a better prognosis than those who do not 
achieve a pathological complete response[20-22]. However, there was a lack of consen-
sus in the efficacy of ACTx for good responders. Four randomized control trials in 
patients treated with PCRT followed by surgical resection failed to show an 
improvement in the oncological outcomes after ACTx and reported low accrual rates
[4,23-25]. Despite the heterogeneity of the inclusion criteria, several retrospective 
studies have also reported that there is no significant oncological benefit of ACTx in 
low-risk patients with good response to PCRT[17,18,26-31]. Even in the long-term 
analysis of the 10-year cumulative cancer-specific survival, ACTx had no significant 
impact on patients with ypTis-2N0M0 stage in our previous report[32]. The possible 
risk factors associated with oncological outcomes are tumor regression grade[33], yp 
stage[27], cT stage and resection margin status[28], tumor grade[18], and residual 
tumor of ypT1–4[31].

Recent studies based on the National Cancer Database have shown contradictory 
results. One study showed that ACTx was associated with improved OS in patients 
who achieved a pathological complete response, and while another showed that ACTx 
was more beneficial in patients with pretreatment node-positive cancer than those 
without metastatic nodes[14,15]. Although these studies analyzed a large sample of 
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Figure 2 Oncological outcomes according to the status of adjuvant chemotherapy in patients with ypT0–1 rectal cancer after 
preoperative chemoradiotherapy. A: Recurrence-free survival; B: Overall survival. ACTx: Adjuvant chemotherapy.

patients, limited data on patient characteristics and clinical outcomes such as local 
recurrence and cancer-related death could obscure the results as an unmeasured 
confounding factor, worsened with the statistical features of propensity score 
matching[34]. Another large-scale study showed an association between the adminis-
tration of ACTx and lower risk of death[35]; however, this study included all patients 
with stage II–III disease without analyzing the benefit of ACTx in each subgroup 
according to the ypT stage. A previous study showed additional benefit of ACTx; 
however, there was possible selection bias since younger and healthier patients were 
more likely to receive ACTx than older adults with comorbidities[16].

Hence, the results of the current study should be carefully interpreted as the 
analysis was performed in patients with ypN0 and ypN+ status. Although the LN 
status is one of the most important prognostic factors[36,37], we could not analyze the 
extent of nodal involvement as LN evaluation was limited during LE. In our study, the 
proportion of patients with ypT0–1N+ stage in the radical resection subgroup was 
7.4% (33/442), which was similar to that reported in the previous study[36]; most of 
the patients with ypT0–1N+ stage received ACTx (93.9%, 31/33). Therefore, the 
influence of ACTx in patients with ypT0–1N+ could not be sufficiently evaluated in 
this study. Although the accuracy of the imaging diagnosis of LN metastasis is limited 
in current clinical practice, the rate of LE in rectal cancer patients who achieve 
complete or near complete regression of the primary tumor after PCRT has increased 
gradually[19]. Therefore, future studies should include not only patients who have 
undergone LE, but also those who have undergone radical resection considering the 
current clinical practice. In our study, among patients who had LE, 55.1% (43/78) did 
not receive ACTx, and the benefit of ACTx in ypT0–1 rectal cancer patients who 
underwent LE could be sufficiently evaluated.

The most common ACTx regimen administered in our study was 5-FU/Leucovorin 
or capecitabine. Long-term results of recent studies comparing the outcome of ACTx 
using different agents showed that patients with ypN1b and ypN2 disease benefited 
from FOLFOX rather than FL[8]. Patients enrolled in our study with early ypT stage 
who showed good response to PCRT seemed to have a lesser oncological benefit than 
those included in the abovementioned trial. LN metastasis remained a risk factor for 
RFS and OS even in patients with ypT0–1 disease. Therefore, further studies are 
needed to determine whether the same conclusion can be established when a more 
intense chemotherapy regimen is used.

This study has some limitations, which include the retrospective review of data 
from a single center and the small sample size. Selection bias resulted from the 
inclusion of patients who either underwent radical resection or LE. As current 
guidelines recommend ACTx to patients after PCRT and surgical resection regardless 
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Figure 3 Oncological outcomes according to the status of adjuvant chemotherapy by the type of surgery. A: Recurrence-free survival (RFS) in 
patients treated with radical resection; B: Overall survival (OS) in patients who underwent radical resection; C: RFS in local excision (LE); D: OS in patients who 
underwent LE. ACTx: Adjuvant chemotherapy.

of post-treatment stage, few patients with ypT0–1N+ disease did not receive ACTx; 
hence, the comparison of patients with ypN+ disease who underwent radical resection 
between the ACTx group and the no ACTx group may not be sufficient. These 
limitations may influence the reliability of the results, which should be interpreted 
carefully.

Despite the study limitations, we demonstrated that there was no long-term 
survival benefit of ACTx in patients with ypT0–1 disease after PCRT regardless of the 
radicality of the surgery. Hence, the necessity of ACTx in patients with cT stage 
disease, a risk factor associated with RFS and OS, should be carefully reviewed in 
future studies.

CONCLUSION
In conclusion, ACTx in patients with ypT0–1 disease who had a good response to 
PCRT followed by surgical resection may not be beneficial in improving the 
oncological outcome. Routine ACTx based on the pretreatment clinical stage should be 
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carefully applied in the clinical setting considering the heterogenous oncological 
outcomes of patients at post-surgical stage.

ARTICLE HIGHLIGHTS
Research background
In rectal cancer patients after preoperative chemoradiotherapy (PCRT), adjuvant 
chemotherapy (ACTx) is recommended regardless of post-surgical stage.

Research motivation
It is controversial that ACTx improves the oncologic outcome in patients in the early 
yp stage expected to have a good prognosis.

Research objectives
This study is a retrospective study that aims to evaluate the survival benefit of ACTx 
in patients with ypT0–1 who underwent PCRT and surgical resection, including local 
excision.

Research methods
After identification of patients who received PCRT followed by surgical resection, 
analysis of the 5-yr recurrence-free survival (RFS) and overall survival (OS) of patients 
with ypT0–1 rectal cancer was performed according to the status of ACTx.

Research results
There was no significant difference in the 5-year RFS and 5-year OS between the two 
groups. In the multivariate analysis, cT stage was associated with RFS and OS. Also, 
ypN stage only analyzed in the radical resection group was associated with RFS and 
OS.

Research conclusions
Our study demonstrated no oncologic benefit of ACTx in patients with ypT0–1 rectal 
cancer after PCRT and surgical treatment regardless of the radicality of resection.

Research perspectives
In rectal cancer treated with PCRT, ACTx use, regardless of the final pathologic stage, 
needs to be carefully reconsidered. For ypT0-1 rectal cancer, ACTx did not show any 
oncologic benefit. Therefore, risk-stratified risk-benefit consideration is important for 
rectal cancer patients with good pathologic results after PCRT. Further studies with 
prospective, large-scale, and randomized trials are needed to evaluate the efficacy of 
ACTx in patients with early post-treatment stage rectal cancer who have a favorable 
prognosis.
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Abstract
BACKGROUND 
Optimal surveillance strategies for stage III colorectal cancer (CRC) are lacking, 
and intensive surveillance has not conferred a significant survival benefit.

AIM 
To examine the association between surveillance intensity and recurrence and 
survival rates in patients with stage III CRC.

METHODS 
Data from patients with pathologic stage III CRC who underwent radical surgery 
between January 2005 and December 2012 at Asan Medical Center, Seoul, Korea 
were retrospectively reviewed. Surveillance consisted of abdominopelvic 
computed tomography (CT) every 6 mo and chest CT annually during the 5 year 
follow-up period, resulting in an average of three imaging studies per year. 
Patients who underwent more than the average number of imaging studies 
annually were categorized as high intensity (HI), and those with less than the 
average were categorized as low intensity (LI).

RESULTS 
Among 1888 patients, 864 (45.8%) were in HI group. Age, sex, and location were 
not different between groups. HI group had more advanced T and N stage (P = 
0.002, 0.010, each). Perineural invasion (PNI) was more identified in the HI group 
(21.4% vs 30.3%, P < 0.001). The mean overall survival (OS) and recurrence-free 
interval (RFI) was longer in the LI group (P < 0.001, each). Multivariate analysis 
indicated that surveillance intensity [odds ratio (OR) = 1.999; 95% confidence 
interval (CI): 1.680–2.377; P < 0.001], pathologic T stage (OR = 1.596; 95%CI: 
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1.197–2.127; P = 0.001), PNI (OR = 1.431; 95%CI: 1.192–1.719; P < 0.001), and 
circumferential resection margin (OR = 1.565; 95%CI: 1.083–2.262; P = 0.017) in 
rectal cancer were significantly associated with RFI. The mean post-recurrence 
survival (PRS) was longer in patients who received curative resection (P < 0.001). 
Curative resection rate of recurrence was not different between HI (29.3%) and LI 
(23.8%) groups (P = 0.160). PRS did not differ according to surveillance intensity (
P = 0.802).

CONCLUSION 
Frequent surveillance with CT scan do not improve OS in stage III CRC patients. 
We need to evaluate role of other surveillance method rather than frequent CT 
scans to detect recurrence for which curative treatment was possible because 
curative resection is the important to improve post-recurrence survival.

Key Words: Colorectal cancer; Surveillance intensity; Survival; Recurrence

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study to evaluate the association between surveillance 
intensity and recurrence and survival rates in patients with stage III colorectal cancer 
(CRC). The overall survival (OS) and recurrence-free interval (RFI) was longer in the 
low intensity group. Post-recurrence survival (PRS) did not change according to 
surveillance intensity. Therefore, frequent postoperative imaging studies do not 
improve OS or RFI in patients with stage III CRC. However, in high-risk patients, 
early detection of recurrence improves the chance of curative resection, which may 
improve PRS.

Citation: Park MY, Park IJ, Ryu HS, Jung J, Kim M, Lim SB, Yu CS, Kim JC. Optimal 
postoperative surveillance strategies for stage III colorectal cancer. World J Gastrointest Surg 
2021; 13(9): 1012-1024
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1012.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1012

INTRODUCTION
In patients who undergo surgery for colorectal cancer (CRC), ongoing surveillance is 
recommended to detect and treat recurrences early, which improves the chances of 
curative treatment and thus overall survival (OS)[1]. Surveillance also provides an 
opportunity to assess the quality of the primary surgery and detect metachronous 
tumors at an earlier stage.

CRC is the second most common cancer among Korean males and the fourth most 
common among females, and the third leading cause of cancer-related death in South 
Korea[2]. The 5 year trend from 2013 to 2017 indicates that approximately 78% of CRC 
patients in Korea have resectable tumors with localized or regional disease is similar 
with that in United States[3]. Despite high prevalence and mortality rates, patients 
with CRC represent the second largest group of 5 year cancer survivors. More than 
90% of local recurrences appear within the first 5 years after surgery, and the most of 
them appear within 3 years after surgery[4,5]. After radical surgery with curative 
intent, surveillance is recommended with the goal of improving OS and disease-
specific survival by detecting recurrence or metachronous cancer at an early stage. 
Hypothetically intensive surveillance during recurrence-prone period could be useful 
to detect recurrence in early phase and thus improve the prognosis of these patients[6-
8] especially in patients with high risk of recurrence by early onset of proper 
treatment.

Although many clinical guidelines recommended surveillance method and sche-
dule, optimal surveillance strategies have not been established to date, and systemic 
reviews and a randomized trial have provided inconclusive results regarding the 
survival benefits related to surveillance[9-11]. Recent studies indicate that intensive 
surveillance does not significantly increase survival rates[12-14]. However, studies 
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examining recurrence rates report that intensive surveillance increases the frequency 
of curative surgery for the recurred lesion[15-18]. Survival rates are higher for patients 
examined by computed tomography (CT) and detection of carcinoembryonic antigen
[9,15]. The lack of consistency between reports underscores the need to evaluate the 
survival benefits associated with intensive surveillance. In contrary, intensive 
surveillance without benefit in oncologic outcomes need to be carefully reconsidered 
because it would be burden of medical expense as well as for patients. In addition, 
previous study reported the false positive rates of the CT scan which is most com-
monly used in CRC surveillance[19]. According to the study, CT scan showed false 
positive rate up to 28% for a patient with no actual recurrence. Therefore, CRC 
surveillance based on imaging studies requires not only a CT machine with sufficient 
performance but also well-trained radiologists who can make accurate readings. 
Furthermore, frequent CT scan resulted in sequelae of CT radiation exposure. Given 
these risks of intensive surveillance, unnecessary intensive surveillance should be 
avoided if the risk of recurrence is low or there is no survival benefit.

The purpose of the current study was to determine the association between 
surveillance intensity, the detection of recurrence, and survival rates. Additionally, 
this study investigated the effect of intensive surveillance on the outcome of curative 
treatment in patients with recurrent disease.

MATERIALS AND METHODS
Participants and clinical variables
Data from patients with pathologic stage III CRC who underwent radical surgery 
between January 2005 and December 2012 at Asan Medical Center, Seoul, Korea were 
retrospectively reviewed. Patients who underwent radical resection and elective 
surgery for primary CRC, as well as those treated with preoperative chemoradio-
therapy (PCRT) followed by radical resection, were included. Patients with syn-
chronous distant metastasis, synchronous cancer in another organ, cancer diagnosed 
within 5 years, inflammatory disease associated CRC, those who under-went local 
excision, and those with unknown staging status were excluded. Patients who were 
lost to follow-up surveillance were excluded from analyses as well. As a result, 1888 
patients who met the criteria were included in the final analysis.

Patient characteristics analyzed included age, sex, pathologic differentiation, 
lymphovascular invasion (LVI), perineural invasion (PNI), circumferential resection 
margin (CRM) of rectal cancer (involving < 1 mm), PCRT, recurrence, treatment after 
recurrence, and survival. Postoperative surveillance included abdomino-pelvic CT 
(APCT) and chest CT (CCT).

This study was approved by the Institutional Review Board of Asan Medical Center, 
No. 2017-0955.

Surgical procedures and postoperative surveillance
The objectives of surgical treatment for colon cancer were ligation of feeding vessels at 
their roots, principal node removal, and achieving a sufficient resection margin for 
both proximal and distal margins. Surgery was performed according to the principle 
of total mesorectal excision for rectal cancer. Patients who received PCRT underwent 
surgical resection at 6–10 wk after completion of the chemoradiotherapy course. The 
majority of surgical procedures were carried out by one of seven experienced coloma-
jority of surgical procedures were carried out by one of seven experiencedrectal 
surgeons, and the remaining procedures were performed by colorectal fellows.

Adjuvant chemotherapy was recommended for pathologic stage III colon cancer 
patients and for stage II patients with risk factors such as preoperative obstruction, 
LVI, PNI, high tumor budding, and < 12 resected lymph nodes. In patients with rectal 
cancer, adjuvant chemotherapy was recommended for pathologic stage II and III 
patients or for those treated with PCRT regardless of pathologic stage. PCRT was 
indicated for patients who had clinical stage II or III cancer and for those with clinical 
stage I who were eligible for sphincter-saving surgery due to low lying rectal cancer 
and those who were not candidates for major surgery because of medical 
comorbidities.

All patients received postoperative follow-up examination consisting of a physical 
examination and serum carcinoembryonic antigen measurements every 3–6 mo. 
Abdominal, pelvic, and chest CT scans were performed every 6–12 mo. Patients with 
obstructive lesions underwent colonoscopy within 6 mo after surgical resection and 
every 2–3 years thereafter.
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Definition of surveillance intensity
All patients were followed-up for approximately 5 years after surgery with APCT and 
CCT. Patients underwent surveillance every 6 mo at the outpatient clinic, including 
APCT every 6 mo and CCT every 12 mo on average. The number of expected imaging 
studies was two for APCT and one for CCT, with a total of three studies per year.

The average number of studies for each patient was calculated as the number of 
examinations during 5 years/60 mo of follow-up without recurrence, or the number of 
examinations until the first recurrence for patients who experienced recurrence. Pa-
tients who underwent more than the average number of studies per year (3) were 
categorized as high intensity (HI), whereas those who underwent less than three 
annual studies were categorized as low intensity (LI). Patients were categorized based 
on intensity of imaging studies to account for differences in risk-related surveillance.

Statistical analysis
Continuous variables were compared using a t-test and expressed as the mean and 
range. Categorical variables were compared using Pearson’s χ2 test or Fisher’s exact 
test and expressed as numbers and percentages. Univariate analyses were performed 
to identify factors associated with survival. Factors with P < 0.1 on univariate analysis 
were included in a multivariate binary logistic regression analysis. OS, recurrence-free 
interval (RFI), and post-recurrence survival (PRS) were calculated using the Ka-
plan–Meier method[20] and compared with the Cox-regression model[21]. All 
statistical analyses were performed using SPSS for Windows, ver. 25.0 (SPSS Inc., 
Chicago, IL, United States), with P < 0.05 defined as statistically significant.

RESULTS
Patient characteristics
Of 1888 patients, 1024 were included in the LI group and 864 were included in the HI 
group. The demographic characteristics of the patients and the clinicopathological 
features of the tumors are shown in Table 1. Demographic characteristics did not differ 
between the LI group and the HI group. In terms of pathologic features, patients in the 
HI group had a higher T and N stage and included more risk factors such as a high 
degree of malignant differentiation, PNI, or positive CRM. The average number of 
APCT studies performed per year was 1.8-fold higher in the HI group than in the LI 
group, and CCT was performed at a 2.4-fold higher rate in the HI group than in the LI 
group (P < 0.001) (Table 1). In patients with rectal cancer, positive CRM was higher in 
the HI group than in the LI group (Supplementary Table 1).

Oncologic outcomes according to surveillance intensity 
The number of APCT and CCT studies was significantly higher in patients who expe-
rienced recurrence than in those who did not (P < 0.001). Patients with recurrence were 
categorized into intra-abdominal and intra-thoracic according to site of recurrence. The 
number of APCT studies was higher in patients who experienced intra-abdominal 
recurrence, and the number of CCT studies was higher in patients who experienced 
intra-thoracic recurrence (P < 0.001) (Figure 1). Among patients with rectal cancer, 50 
patients showed local recurrence, of which 21 (42%) were in the LI group and 29 (58%) 
were in the HI group. Analysis of APCT intensity in patients with rectal cancer 
showed no difference in the incidence of local recurrence according to APCT intensity 
(P = 0.860). Distant metastasis was confirmed in 509 patients, of which 193 were in the 
LI group and 316 were in the HI group. Curative treatment was possible in 143 pati-
ents, of which 48 were in the LI group and 95 were in the HI group. The curative 
resection rate according to surveillance intensity was higher in the HI group, although 
the difference was not statistically significant (25% vs 30%, P = 0.206).

The RFI was longer in the LI group than in the HI group (61 ± 33.95 mo vs 45 ± 28.35 
mo, P < 0.001). In patients who experienced recurrence, the mean RFI remained longer 
in the LI group than in the HI group (23 ± 16.09 mo vs 19 ± 11.86 mo, P = 0.001). Both 
intra-abdominal RFI according to APCT intensity and intra-thoracic RFI according to 
CCT intensity were longer in the LI group than in the HI group (abdomen, 23 ± 16.38 
mo vs 17 ± 11.39 mo, P < 0.001; chest, 26 ± 15.36 mo vs 20 ± 13.79 mo, P = 0.004) 
(Figure 2). The mean RFI in recurred patients did not differ significantly according to 
tumor location (colon, 22 ± 11.21 mo vs rectum, 20 ± 14.41 mo, P = 0.059).

Among patients who experienced recurrence, the mean PRS time did not differ 
according to surveillance intensity (35 ± 31.94 mo in the LI group and 34 ± 29.28 mo in 

https://f6publishing.blob.core.windows.net/3e0dc13b-d64d-4bb1-b15e-43c197d16fcf/WJGS-13-1012-supplementary-material.pdf
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Table 1 Demographic and clinical characteristics of participants according to surveillance intensity (n = 1888)

Surveillance intensity
Variables

Lower intensity (n = 1024) Higher intensity (n = 864)
P value

Age, mean (IQR) 60.0 (52.0–68.0) 58.0 (50.3–67.0) 0.178

Gender, n (%) 0.502

Male 607 (59.3) 528 (61.1)

Female 417 (40.7) 336 (38.9)

Cancer site, n (%) 0.795

Colon 365 (35.6) 303 (35.1)

Rectum 659 (64.4) 561 (64.9)

Differentiation, n (%) 0.027

WD/MD 945 (92.3) 781 (90.4)

PD/SRC/MUC 72 (7.0) 82 (9.5)

Unknown 7 (0.7) 1 (0.1)

Total lymph nodes, n (%) 0.001

< 12 129 (12.6) 49 (5.7)

≥ 12 895 (87.4) 815 (94.3)

(y) pT, n (%) 0.002

0 12 (1.2) 6 (0.7)

1 66 (6.4) 36 (4.2)

2 126 (12.3) 89 (10.3)

3 770 (75.2) 660 (76.4)

4 50 (4.9) 73 (8.4)

(y) pN, n (%) 0.010

1c 14 (1.4) 8 (0.9)

1 735 (71.8) 570 (66.0)

2 275 (26.8) 286 (33.1)

Perineural invasion, n (%) 219 (21.4) 262 (30.3) < 0.001

Lymphovascular invasion, n (%) 371 (36.2) 344 (39.8) 0.110

Resection margin, n (%) 0.004

Positive 18 (1.7) 41 (4.7)

Unknown 7 (0.7) 8 (0.9)

APCT, mean ± SD 1.49 ± 0.47 2.67 ± 1.31 < 0.001

CCT, mean ± SD 0.62 ± 0.41 1.48 ± 0.91 < 0.001

Total imaging studies, mean ± SD 2.11 ± 0.58 4.14 ± 1.64 < 0.001

IQR: Inter-quartile range; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell type; MUC: Mucinous 
carcinoma; APCT: Abdomino-pelvic computed tomography; SD: Standard deviation; CCT: Chest computed tomography.

the HI group; P = 0.802) (Figure 3). There was no difference in the PRS according to 
tumor location (colon, 29 ± 29.65 mo vs 37 ± 30.08 mo, P = 0.250; rectum, 36 ± 32.20 mo 
vs 33 ± 28.94 mo, P = 0.415). Curative resection was possible in 152 of all recurred 
patients, of which 51 (23.8%) were in the LI group and 101 (29.3%) were in the HI 
group (P = 0.160). Of the 51 patients in the LI group, seven (13.7%) had colon cancer 
and 44 (86.3%) had rectal cancer. In the HI group, 35 (34.6%) patients had colon cancer 
and 66 (55.4%) had rectal cancer. There was no difference in the rate of curative 
resection between surveillance intensity groups according to tumor location (colon, P 
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Figure 1 Number of imaging studies during surveillance period based on the development of recurrence. A: Mean number of abdomino-pelvic 
computed tomography (APCT) and chest computed tomography (CCT) studies were higher in the recurrence group (APCT, 2.63 ± 1.64 vs 1.77 ± 0.66; CCT, 1.27 ± 
1.24 vs 0.91 ± 0.49; P < 0.001, each); B: In patients with intra-abdominal recurrence, mean number of APCT studies were higher in the recurrence group (APCT, 2.75 
± 1.79 vs 1.85 ± 0.79, P < 0.001; CCT, 1.09 ± 1.13 vs 1.00 ± 0.71, P = 0.060); C: In patients with intra-thoracic recurrence, mean number of APCT and CCT studies 
were higher in the recurrence group (APCT, 2.41 ± 1.21 vs 1.97 ± 1.09; CCT, 1.58 ± 1.34 vs 0.93 ± 0.66; P < 0.001, each). APCT: Abdomino-pelvic computed 
tomography; CCT: Chest computed tomography.

= 0.673; rectum, P = 0.318). PRS according to the curative intent after recurrence was 
significantly longer in patients who underwent curative resection (54 ± 30.96 mo vs 27 
± 26.82 mo, P < 0.001).

The mean OS was significantly longer in the LI group (68 ± 31.89 mo) than in the HI 
group (58 ± 27.35 mo, P < 0.001) (Figure 4). Analysis of survival according to tumor 
location showed that OS was longer in the LI group regardless of tumor location 
(colon, 74 ± 27.84 mo vs 56 ± 23.66 mo, P < 0.001; rectum, 65 ± 33.58 mo vs 59 ± 29.12 
mo, P = 0.001).

Factors associated with oncologic outcomes 
Univariate analysis identified factors affecting OS. Age, sex, surveillance intensity, 
pathologic differentiation, pathologic T and N stages, LVI, PNI, and CRM in rectal 
cancer significantly affected OS (P < 0.05). In the multivariate analysis, age, sex, 
surveillance intensity, differentiation, pathologic T stage, LVI, PNI, and CRM in rectal 
cancer were significantly associated with OS (Table 2).

Univariate analysis of factors affecting RFI indicated that surveillance intensity, 
differentiation, pathologic T stage, pathologic N stage, LVI, PNI, and CRM in rectal 
cancer significantly affected RFI (P < 0.05). In the multivariate analysis, surveillance 
intensity, pathologic T stage, PNI, and CRM in rectal cancer were significantly 
associated with RFI. Among patients who experienced intra-abdominal recurrence, 
APCT intensity, differentiation, pathologic T stage, PNI, and CRM in rectal cancer 
were significantly associated with RFI. In patients with intra-thoracic recurrence, CCT 
intensity, differentiation, pathologic T stage, LVI, PNI, and CRM in rectal cancer were 
significantly associated with RFI (Table 3).

Univariate analysis of patients who experienced recurrence to identify factors 
affecting PRS showed that age, differentiation, LVI, PNI, and curative resection were 
significantly associated with PRS. Multivariate analysis showed that age, differen-
tiation, PNI, and curative resection were significantly associated with PRS. In patients 
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Table 2 Factors affecting overall survival of participants

Univariate Multivariate
Factors

OR (95%CI) P value OR (95%CI) P value

Age (yr) 1.027 (1.019–1.035) < 0.001 1.031 (1.023–1.039) < 0.001

Sex 0.704 (0.592–0.836) < 0.001 0.711 (0.598–0.845) < 0.001

Surveillance intensity 1.650 (1.400–1.945) < 0.001 1.531 (1.295–1.808) < 0.001

Differentiation

WD/MD Ref. Ref.

PD/SRC/MUC 1.832 (1.424–2.356) < 0.001 1.660 (1.285–2.143) < 0.001

(y) pT stage

0–2 Ref. Ref.

3–4 1.937 (1.491–2.516) < 0.001 1.461 (1.111–1.921) 0.007

(y) pN stage

1c Ref. Ref.

1 5.136 (0.721–36.571) 0.102 4.754 (0.667–33.906) 0.12

2 9.322 (1.308–66.457) 0.026 7.067 (0.988–50.556) 0.051

Lymphovascular invasion 1.607 (1.365–1.891) < 0.001 1.256 (1.057–1.491) 0.01

Perineural invasion 1.818 (1.535–2.154) < 0.001 1.466 (1.224–1.755) < 0.001

Resection margin1 1.972 (1.360–2.860) < 0.001 1.603 (1.097–2.341) 0.015

1Resection margin indicated circumferential resection margin, and were calculated with rectal cancer patients. OR: Odds ratio; CI: Confidence interval; Ref: 
Reference; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell type; MUC: Mucinous carcinoma.

with intra-abdominal recurrence, age, differentiation, PNI, and curative resection were 
associated with PRS, whereas in patients with intra-thoracic recurrence, only sex and 
curative resection affected PRS (Table 4). The results of univariate and multivariate 
analyses of patients with rectal cancer were comparable to the results for all patients 
(Supplementary Table 1).

DISCUSSION
Existing guidelines recommend surveillance after primary surgery with a curative 
intent for CRC[22-26], although consistent guidelines are lacking. The European 
Society of Medical Oncology recommends abdominal and chest CT every 6 to 12 mo 
for 3 years, and then yearly for 2 years for patients with colon cancer; however, there 
are no imaging recommendations for patients with rectal cancer. The American Society 
of Clinical Oncology guidelines recommend abdominal and chest CT annually for 3 
years, and every 6 to 12 mo for the first 3 years for high-risk patients. The National 
Comprehensive Cancer Network guidelines suggest an abdominal CT scan for high-
risk patients with poorly differentiated cancer or those with perineural or venous 
invasion, although there are no guidelines regarding frequency. The American Society 
of Colorectal Surgeons guidelines recommend chest and abdominopelvic imaging 
annually for 5 years.

The Gruppo Italiano Lavoro per la Diagnosi Anticipata trial launched in 1998 found 
that an intensive surveillance program after curative treatment for CRC detects 
asymptomatic local or distant recurrences but does not affect OS[27]. Similarly, the 
Follow-up After Colorectal Surgery randomized trial, the results of which were 
recently publi-shed, changed the original endpoint of unmeasured OS to a practical 
endpoint of surgical treatment of recurrence with curative intent[16]. Several meta-
analyses and prospective randomized trials showed no survival benefit associated 
with intensive surveillance[15,18]. However, other studies showed an association 
between intensive surveillance and a significant reduction in mortality and increased 
OS[28,29].

https://f6publishing.blob.core.windows.net/3e0dc13b-d64d-4bb1-b15e-43c197d16fcf/WJGS-13-1012-supplementary-material.pdf
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Table 3 Factors affecting recurrence-free interval of participants

Univariate Multivariate
Factors

OR (95%CI) P value OR (95%CI) P value

Age (yr) 0.995 (0.987–1.002) 0.165 0.999 (0.991–1.006) 0.715

Sex 0.907 (0.765–1.076) 0.262

Surveillance intensity 2.218 (1.870–2.632) < 0.001 1.999 (1.680–2.377) < 0.001

Differentiation

WD/MD Ref. Ref.

PD/SRC/MUC 1.507 (1.151–1.974) 0.003 1.287 (0.979–1.694) 0.071

(y) pT stage

0–2 Ref. Ref.

3–4 2.118 (1.610–2.785) < 0.001 1.596 (1.197–2.127) 0.001

(y) pN stage

1c Ref. Ref.

1 2.737 (0.682–10.989) 0.156 2.501 (0.621–10.063) 0.197

2 5.260 (1.308–21.156) 0.019 3.813 (0.943–15.413) 0.060

Lymphovascular invasion 1.460 (1.236–1.724) < 0.001 1.143 (0.957–1.364) 0.140

Perineural invasion 1.949 (1.641–2.313) < 0.001 1.431 (1.192–1.719) < 0.001

Resection margin1 2.192 (1.529–3.144) < 0.001 1.565 (1.083–2.262) 0.017

1Resection margin indicated circumferential resection margin, and were calculated with rectal cancer patients. OR: Odds ratio; CI: Confidence interval; Ref: 
Reference; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell type; MUC: Mucinous carcinoma.

In this study, patients were divided into LI and HI groups according to the number 
of imaging studies during the follow-up period. The average number of imaging 
studies was higher in patients with recurrence regardless of the location of recurrence. 
Patients in the HI group had higher pathologic T and N stages and were more likely to 
have risk factors such as LVI and PNI. This suggests a tendency to perform survei-
llance more frequently in patients with a high risk of recurrence. Among rectal cancer 
patients, 50 had local recurrence, most of which were lateral pelvic lymph node 
recurrence except in four patients with anastomosis recurrence. Among patients with 
local recurrence, 21 were in the LI group and 29 were in the HI group, and the 
detection rate of local recurrence did not differ between the two groups. Of the 50 
patients with local resection, 16 underwent surgical resection, of which 10 achieved 
curative resection. Four patients (19%) in the LI group and six patients (21%) in the HI 
group were eligible for curative resection, and there was no difference according to 
surveillance intensity (P = 0.886) even after stratifying patients according to APCT 
intensity (P = 0.382). This result could be due to the small number of patients with 
local recurrence, of whom few underwent curative treatment. The remaining 17 
patients received palliative treatment, such as chemotherapy or radiotherapy, and had 
a short-term follow-up because metastasis was unclear when first detected. In these 
patients, metastasis to distant lymph nodes or distant organs was found during 
follow-up, and the patients were not eligible for curative treatment. These results 
indicate that the current imaging surveillance guidelines, which is based on CT, may 
result in a missed local recurrence that can be treated with curative resection in 
approximately 35% of patients. The accuracy of CT scans for detecting recurrence is 
limited regardless of imaging frequency. Therefore, additional examinations or 
surgical treatment rather than short-term follow-up could improve the chances of 
curative resection in patients suspected of recurrence.

Survival analysis showed that OS and RFI were longer in the LI group than in the 
HI group, whereas PRS did not differ between the two groups. The shorter OS and RFI 
could be related to the higher aggressive biology of the HI group. Analysis of patients 
who did not experience recurrence showed that OS was approximately 10 mo shorter 
in the HI group than in the LI group. Although not statistically significant, the proba-
bility of curative resection of recurrent lesions was slightly higher in the HI group. 
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Table 4 Factors affecting post-recurrence survival of participants

Univariate Multivariate
Factors

OR (95%CI) P value OR (95%CI) P value

Age (yr) 1.015 (1.007–1.024) < 0.001 1.015 (1.006–1.024) 0.001

Sex 0.824 (0.676–1.004) 0.054 0.842 (0.688–1.032) 0.098

Image intensity 0.971 (0.799–1.179) 0.767

Differentiation

WD/MD Ref. Ref.

PD/SRC/MUC 2.632 (1.779–3.137) < 0.001 2.072 (1.553–2.766) < 0.001

(y) pT stage

0–2 Ref.

3–4 1.146 (0.833–1.576) 0.401

(y) pN stage

1c Ref.

1 2.139 (0.300–15.256) 0.448

2 3.363 (0.471–24.009) 0.226

Lymphovascular invasion 1.456 (1.204–1.760) < 0.001 1.152 (0.940–1.412) 0.174

Perineural invasion 1.384 (1.141–1.677) 0.001 1.284 (1.045–1.579) 0.018

Resection margin1 1.416 (0.966–2.075) 0.075 1.266 (0.856–1.871) 0.237

Curative resection 0.296 (0.229–0.381) < 0.001 0.331 (0.255–0.428) < 0.001

1Resection margin indicated circumferential resection margin, and were calculated with rectal cancer patients. OR: Odds ratio; CI: Confidence interval; Ref: 
Reference; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell type; MUC: Mucinous carcinoma.

Figure 2 Kaplan–Meier analyses of recurrence-free interval according to surveillance intensity. Recurrence-free interval was significantly longer in 
low intensity group.

Analysis of survival according to surveillance intensity after dividing patients based 
on initial tumor location (colon and rectum) did not show statistically significant 
differences between the groups. Pathologic risk factors, such as degree of differen-
tiation, PNI, and LVI, had a greater effect on OS, RFI, and PRS than surveillance 
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Figure 3 Kaplan–Meier analyses of post-recurrence survival according to surveillance intensity. Surveillance intensity did not show difference in 
post-recurrence survival.

Figure 4 Kaplan–Meier analyses of overall survival according to surveillance intensity. High intensity group had lower overall survival rate than low 
intensity group.

intensity. In particular, curative resection had a greater effect on PRS than surveillance 
intensity. The PRS of recurred patients was 2-fold longer in those who received 
curative resection than in those who did not (54 mo vs 27 mo, respectively). The results 
of multivariate analysis confirmed that curative resection improves PRS. However, 
when analyzing only patients who underwent curative resection, there was no diffe-
rence in OS or PRS according to imaging intensity. This suggests that although 
imaging intensity itself does not improve OS or PRS, intensive surveillance can 
increase the possibility of curative resection, thereby improving PRS. Furthermore, the 
aggressive biology of the HI group may mitigate the benefit of curative resection of 
recurrence. Assessment of the effect of surveillance intensity on PRS may have been 
affected by the small number of patients who underwent curative treatment for 
recurrence in this study.

This study has several limitations. First, it was a retrospective, observational cohort 
study, and patients were not randomized. Surveillance intensity can vary according to 
the patient’s condition at the time of treatment, which may have resulted in selection 
bias. Second, the average surveillance schedule may have differed depending on the 
physician. Additional research is needed to determine the standard routine surve-
illance in our institution.
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CONCLUSION
In conclusion, in patients with stage III CRC, frequent postoperative image studies 
alone do not improve OS and RFI. Curative resection is the most important factors to 
improve PRS and we need to find a way to increase curative treatment of recurrent 
disease via optimal surveillance. Therefore, role of other imaging modalities according 
to risk of recurrence would be evaluated rather than increasing surveillance frequency 
to improve oncologic outcomes.

ARTICLE HIGHLIGHTS
Research background
Optimal surveillance strategies for stage III colorectal cancer (CRC) are lacking, and 
intensive surveillance has not conferred a significant survival benefit.

Research motivation
Evaluating appropriate surveillance intensity would be helpful to improve oncologic 
outcomes or decrease un-necessary imaging studies during surveillance.

Research objectives
We examined the association between surveillance intensity and recurrence and 
survival rates in patients with stage III CRC.

Research methods
Data from patients with pathologic stage III CRC who underwent radical surgery 
between January 2005 and December 2012 at Asan Medical Center, Seoul, Korea were 
retrospectively reviewed. Surveillance consisted of abdominopelvic computed 
tomography (CT) every 6 mo and chest CT annually during the 5 year follow-up pe-
riod, resulting in an average of three imaging studies per year. Patients who 
underwent more than the average number of imaging studies annually were cate-
gorized as high intensity (HI), and those with less than the average were categorized 
as low intensity (LI).

Research results
Among 1888 patients, 864 (45.8%) were in HI group. The HI group had more advanced 
T and N stage (P = 0.002, 0.010, each). A high degree of malignant differentiation was 
more common in the HI group than in the LI group (P = 0.027). Perineural invasion 
(PNI) was significantly more identified in the HI group (21.4% vs 30.3%, P < 0.001).

The mean overall survival (OS) and Recurrence-free interval (RFI) was longer in the 
LI group (P < 0.001, each). Multivariate analysis indicated that surveillance intensity 
was negatively associated with RFI [odds ratio (OR) = 1.999; 95% confidence interval 
(CI): 1.680–2.377; P < 0.001] and OS [OR = 1.531, 95%CI: 1.295–1.808; P < 0.001]. The 
mean post-recurrence survival (PRS) was significantly longer in patients who received 
curative resection (P < 0.001). Curative resection rate of recurrence was not different 
between HI (29.3%) and LI (23.8%) groups (P = 0.160). PRS did not differ according to 
surveillance intensity (P = 0.802).

Research conclusions
Frequent postoperative surveillance with CT scan alone do not improve OS and RFI. 
Curative resection is the most important factors to improve PRS and we need to find a 
way to increase curative treatment of recurrent disease via optimal surveillance.

Research perspectives
Role of other imaging modalities according to risk of recurrence would be evaluated 
rather than increasing surveillance frequency to improve oncologic outcomes.
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Abstract
BACKGROUND 
Distal cholangiocarcinoma (DCC) presents as one of the relatively rare malignant 
tumors in the digestive system and has a poor long-term prognosis. Curative 
resection is currently the most appropriate therapy for patients with DCC because 
of the lack of effective adjuvant therapies. Therefore, it is important to accurately 
predict the prognosis for formulating a reasonable treatment plan and avoiding 
unnecessary surgical trauma.

AIM 
To minimize the interference of obstructive jaundice on carbohydrate antigen 19-9 
(CA19-9) level by adapting CA19-9 to γ-glutamyltransferase (GGT) as an 
indicator, to determine the strong associations between CA19-9/GGT and 
postoperative neoplasm recurrence and long-term outcome of DCC.

METHODS 
We enrolled 186 patients who were diagnosed with DCC between January 2010 
and December 2019 and performed radical excision with strict criteria as follows 
in our hospital. Receiver operating characteristic curves were drawn according to 
preoperative CA19-9/GGT and 1-year survival. Based on this, patients were 
divided into two groups (group 1, low-ratio, n = 81; group 2, high-ratio, n = 105). 
Afterwards, by the way of univariate and multivariate analysis, the risk factors 
influencing postoperative tumor recrudesce and long-term prognosis of patients 
with DCC were screened out.

RESULTS 
Optimum cut-off value of CA19-9/GGT was 0.12. Patients in group 2 represented 
higher CA19-9 and lymphatic metastasis rate accompanied by lower GGT, when 
compared with group 1 (P < 0.05). The 1-, 3- and 5-year overall survival rates of 
patients in groups 1 and 2 were 88.3%, 59.2% and 48.1%, and 61.0%, 13.6% and 
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13.6%, respectively (P = 0.000). Multivariate analysis indicated that CA19-9/GGT, 
lymphatic metastasis and tumor differentiation were independent risk factors for 
tumor recurrence and long-term prognosis of DCC.

CONCLUSION 
Elevation of CA19-9/GGT performed better as a biomarker of aggressive 
carcinoma and predictor of poor clinical outcomes by reducing the effect of 
obstruction of biliary tract on CA19-9 concentration in patients with DCC.

Key Words: Distal cholangiocarcinoma; Pancreaticoduodenectomy; Carbohydrate antigen 
19-9; γ-Glutamyltransferase; Relapse; Prognosis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Distal cholangiocarcinoma (DCC) is a rare malignant tumor in the digestive 
system and has a poor long-term prognosis. Curative resection is currently the best 
treatment for patients with DCC because of the lack of effective adjuvant therapies. 
Therefore, it is important to accurately predict the prognosis for formulating a 
reasonable treatment plan and avoiding unnecessary surgical trauma. Carbohydrate 
antigen 19-9 to serum γ-glutamyltransferase (CA19-9/GGT) ratio was adapted as an 
indicator to minimize the interference of obstructive jaundice CA19-9 level, to 
determine the strong associations between CA19-9/GGT and postoperative neoplasm 
recurrence and long-term outcome of DCC.

Citation: Jiang T, Lyu SC, Zhou L, Wang J, Li H, He Q, Lang R. Carbohydrate antigen 19-9 as 
a novel prognostic biomarker in distal cholangiocarcinoma. World J Gastrointest Surg 2021; 
13(9): 1025-1038
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1025.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1025

INTRODUCTION
Cholangiocarcinoma is a primary biliary system malignant tumor that originates from 
bile duct epithelial cells and is one of the rare malignant tumors in the digestive 
system and has a poor long-term prognosis. The incidence of cholangiocarcinoma 
appears low, accounting for about 3% of malignant tumors of the digestive system[1]. 
Cholangiocarcinomas are usually classified as intrahepatic, hilar or distal, depending 
on their anatomical location. Treatment and long-term prognosis of cholangiocar-
cinoma differ according to location. Distal cholangiocarcinoma (DCC) refers to 
extrahepatic cholangiocarcinoma located outside the perihilar region, that is, the 
primary tumor originates from the bile duct malignant tumor in the middle and lower 
segments of the common bile duct. It accounts for about 20%–40% of cholangiocar-
cinoma and is relatively rare clinically[2,3]. Radical surgery remains the optimum 
therapy for curing DCC because of the lack of effective adjuvant therapies. However, 
the 5-year survival rate for postoperative patients remains poor at about 20%[4]. It is 
important to accurately predict the prognosis for formulating a reasonable treatment 
plan and avoiding unnecessary surgical trauma. At present, the differentiation of 
tumor, lymphatic metastasis and other related risk factors can only be obtained after 
surgery, and the information acquisition is delayed[5,6].

There is a strong association between carbohydrate antigen 19-9 (CA19-9) and the 
diagnosis, recurrence and prognosis of malignant tumors[7]. CA19-9 is not restricted 
to tumor cells; epithelial cells in the pancreas, bile duct, stomach and colon are also 
able to synthesize CA19-9[8]. Under the circumstance of biliary obstruction, CA19-9 
originating from bile duct epithelial cells cannot be excreted into the intestinal tract 
normally, and CA19-9 from pancreatic epithelial cells may flow back into the biliary 
tract abnormally. Local inflammation secondary to biliary obstruction leads to the 
proliferation of bile duct epithelial cells. All of these will induce an abnormal increase 
in serum CA19-9[9]. In the absence of specific symptoms, most patients with DCC do 
not seek treatment until they have jaundice symptoms. At that time, biliary obstruction 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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P-Editor: Li JH has already occurred; therefore, the concentration of CA19-9 would be inconsistent 
with the increase of tumor invasiveness, resulting in a decline in its predictive function 
for the prognosis of DCC.

γ-Glutamyltransferase (GGT) is widely distributed in the human body and located 
on the surface of cell membranes, and is a key enzyme involved in glutathione (GSH) 
metabolism. GGT participates in oxidative stress and plays a proinflammatory role, 
leading to the occurrence of various chronic metabolic diseases, and is closely related 
to the occurrence and development of tumors[10,11]. Serum GGT is mainly secreted 
from the hepatobiliary system and is excreted by bile[12]. After biliary obstruction 
leads to bile drainage obstruction, GGT produced by bile duct epithelial cells and 
hepatocytes increases, and, due to bile excretion obstruction, GGT enters the blood in 
reverse flow, and may result in an atypical increase in GGT. However, GGT is 
commonly used clinically as a diagnostic test; mainly as a biomarker of hepatobiliary 
disease and alcohol intake[13]. Although GGT is released in a variety of tumor types, 
its role in malignant tumor behavior and prognosis remains unclear.

In view of the above considerations, we adjusted CA19-9 by CA19-9/GGT, thereby 
eliminating or reducing the impact of biliary obstruction on the concentration of CA19-
9. The aim of our study was to establish the role of CA19-9/GGT in DCC and its 
influence as a prognostic biomarker.

MATERIALS AND METHODS
Ethics approval
This study was approved by the Ethical Committee of Beijing Chao-Yang Hospital 
(No. 2020-D.-301) and in accordance with the Declaration of Helsinki of the World 
Medical Association. Since this was a retrospective study design, participants’ 
informed consent was not required.

Inclusion and exclusion criteria
The data of patients who underwent pancreaticoduodenectomy (pancreaticoduoden-
ectomy, PD) for DCC between January 2010 and December 2019 at our hospital were 
collected and analyzed. We screened 186 patients with DCC who met the criteria 
(Figure 1). Inclusion criteria: (1) DCC patients who underwent PD from January 2010 
to December 2019; (2) Age 20–85 years; (3) Preoperative imaging showed no invasion 
of celiac vessels; (4) Tumor was completely removed during the operation; (5) 
Postoperative pathology confirmed bile duct adenocarcinoma; and (6) Informed 
consent of the patients and their families was obtained for the surgical methods and 
treatment strategies. Exclusion criteria: (1) Tumor was not removed for various 
reasons during the operation; (2) Patients with complicated cancers of other systems; 
(3) Pathological diagnosis was nonconventional ductal adenocarcinoma; and (4) 
Incomplete follow-up data or loss to follow-up.

Patients’ characteristics
Of 186 patients who were screened out, there were 73 women, with a male: female 
ratio of 1.5:1, mean age 64.9 ± 8.6 years. The primary symptoms mainly included 
jaundice (n = 156) and epigastric pain (n = 17) and the other 10 patients were identified 
during physical examination. Among the included patients, 62 (33.3%) had a history of 
smoking and 53 had diabetes (28.5%). Ninety of 158 patients who had jaundice 
received preoperative biliary drainage (PBD), which included 23 cases of endoscopic 
retrograde cholangiopancreatography and 67 of percutaneous transhepatic biliary 
drainage.

Patients grouping and determination of receiver operating characteristic (ROC) 
threshold
ROC curves were drawn based on preoperative CA19-9/GGT and 1-year survival. The 
best cut-off value of CA19-9/GGT was 0.12 [area under the curve, 0.695, 
95%confidence interval (CI): 0.613–0.777] (Figure 2), and the patients were divided into 
two different groups (group 1, low-ratio, n = 81; group 2, high-ratio, n = 105). The 
CA19-9 and GGT assays were used to obtain the results from the last blood sample 
before surgery. For the patients who underwent PBD, our center rechecked the CA19-9 
and GGT index the day before the surgery.
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Figure 1 Screening flow chart. DCC: distal cholangiocarcinoma; PHC: primary hepatic carcinoma.

Figure 2 Time-dependent receiver operating characteristic curve. The area under curve of the carbohydrate antigen 19-9 to γ-glutamyltransferase ratio 
to predict the 1-year overall survival was 0.695.

Clinicopathological data and follow-up strategies
The clinicopathological data during the perioperative period were extracted from the 
medical records. After surgery, routine laboratory tests were performed once every 3 
mo within 2 years and once every 6 mo thereafter, as were imaging examinations 
including abdominal enhanced computed tomography (CT), pulmonary CT, electro-
convulsive therapy, etc. and subsequent treatment regimens, tumor recurrence and 
survival were compared in different groups. The end points of follow-up were usually 
defined as tumor recurrence and death.

Statistical analysis
All data analysis was carried out by SPSS version 22.0 software, and each index was 
expressed as mean ± SD. Survival rates, including overall survival (OS) and disease-
free survival (DFS), were calculated using the Kaplan–Meier method and evaluated 
with the log-rank test. The Cox proportional model was used to analyze multivariate 
survival, and the independent risk factors affecting the survival time. Qualitative 
variables were compared using χ2 tests. Statistical significance was defined as P < 0.05.
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Figure 3 Long-term prognosis of the patients with distal cholangiocarcinoma. A: Overall DFS curve of patients; B: OS curve of patients. DFS: 
disease-free survival; OS: overall survival.

Figure 4 Overall long-term prognosis between two groups in patients with distal cholangiocarcinoma. A: Overall disease-free survival curve of 
two groups of patients; B: Overall survival curve of two groups of patients. CA19-9: carbohydrate antigen 19-9; GGT: γ-glutamyltransferase.

RESULTS
Patients’ background and surgical outcomes
During the perioperative period, bleeding volume was 500 (400–600) mL, and 66 
patients (35.5%) received blood transfusions. The duration of the operation was 9.8 ± 
1.9 h. Pathology showed the degree of tumor differentiation was as follows: poor in 52 
cases (28.0%), moderate in 109 (58.6%) and high in 25 (13.4%). Tumor size was 2.2 ± 1.0 
cm, and positive lymph nodes was detected in 75 patients (40.3%). Radical resection 
(R0) was performed in 178 cases (95.7%).

Fifty-four patients (29.0%) had postoperative complications. Among them, 19 were 
accompanied with biochemical fistula (10.2%), six with grade B pancreatic fistula 
(3.2%), seven with grade C pancreatic fistula (3.8%), 16 with intra-abdominal infection 
(8.6%), 11 with hemorrhage (5.9%), eight with disturbance of gastric emptying (4.3%), 
two each with biliary fistula, gastrointestinal bleeding or myocardial infarction (1.1%). 
There was one case each with intracranial hemorrhage or pulmonary embolism (0.5%). 
Among them, perioperative mortality was 3.8% in seven cases. Four patients died of 
grade C pancreatic fistula with abdominal hemorrhage, and one each with myocardial 
infarction, pulmonary embolism or intracranial hemorrhage.

Overall prognosis in DCC
The median follow-up period was 38 mo until March 2020. The median overall DFS 
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Table 1 Demographic and pathological findings in patients with distal cholangiocarcinoma

Variables Group 1 (n = 81) Group 2 (n = 105) P 

Gender (M/F) 50/31 63/42 0.811

Age, mean ± SD, yr 63.7 ± 9.1 65.8 ± 8.1 0.093

Smoking (Y/N) 24/57 38/67 0.347

Diabetes (Y/N) 18/63 35/70 0.096

PBD (Y/N) 35/46 55/50 0.215

TB (μmol/L) 76.7 (35.4–211.3) 110.0 (24.1–203.4) 0.78

CA19-9 (U/mL) 27.3 (11.7–45.6) 139.8 (42.7–316.2) 0

γ-GGT (U/L) 706 (395–1194) 207 (80–446) 0

Tumor size, mean ± SD, cm 2.1 ± 0.9 2.2 ± 1.1 0.82

Tumor differentiation (poor/moderate & high) 20/61 32/73 0.412

Nerve invasion (Y/N) 68/13 Nov-94 0.261

Intraoperative blood loss (mL) 500 (400–600) 500 (400–800) 0.222

Blood transfusion (Y/N) 30/51 36/69 0.697

OP time, mean ± SEM, h 9.5 ± 1.4 10.0 ± 2.1 0.079

LN metastasis (+/–) 18/63 57/48 0

Resection margin (R0/R1) Jan-80 Jul-98 0.141

Postoperative chemotherapy (Y/N) 20/61 19/86 0.273

PBD: preoperative biliary drainage; TB: total bilirubin; CA19-9: carbohydrate antigen 19-9; γ-GGT: γ-glutamyltransferase; OP: operation; LN: lymph node; 
R: resection margin.

was 20 mo (Figure 3A) and the median OS was 25 mo (Figure 3B).

Impact of CA19-9/GGT on survival of DCC in different groups
Patients in group 2 had higher CA19-9 and lymph node metastasis, accompanied by 
lower GGT, when compared with group 1 (P < 0.05) (Table 1). Postoperative morbidity 
between the groups was compared (Table 2), and there was no significant difference in 
postoperative mortality and morbidity rate (P > 0.05, Table 3). Patients had a median 
DFS of 37 mo in group 1 and 14 mo in group 2. The 1-, 3- and 5-year DFS rates were 
84.2%, 51.0% and 34.8% and 52.9%, 20.1% and 20.1% (P = 0.000, Figure 4A). The 
median OS of patients in groups 1 and 2 was 59 and 17 mo, respectively, and the 1-, 3- 
and 5-year OS rates were 88.3%, 59.2% and 48.1% and 61.0%, 13.6% and 13.6% (P = 
0.000, Figure 4B).

Risk factors affecting tumor recurrence for DCC
Postoperative tumor recurrence was taken as a dependent variable and preoperative 
data [gender, age, smoking history, diabetes, PBD, total bilirubin (TB), GGT, CA19-9, 
CA19-9/GGT], intraoperative data, pathological data, postoperative complications and 
chemotherapy as independent variables for univariate and multivariate analysis 
(Tables 3 and 4). CA19-9/GGT [relative risk (RR) = 2.134, 95% CI: 1.319–3.451), 
carcinoma differentiation (RR = 1.695, 95% CI: 1.115–2.576) and lymphatic node 
metastasis (RR = 2.145, 95% CI: 1.404–3.277) were independent risk factors for tumor 
recurrence in DCC. Patients with the smaller CA19-9/GGT, higher degree of tumor 
differentiation and the absence of lymphatic metastasis, the lower the risk of tumor 
recurrence.

Risk factors affecting long-term prognosis for DCC after surgery
The long-term outcome of DCC after surgery was considered as the dependent 
variable and intraoperative, preoperative, pathological and postoperative data were 
used as independent variables for univariate and multivariate analysis (Tables 5 and 
6). CA19-9/GGT (RR = 2.837, 95% CI: 1.727–4.660), carcinoma differentiation (RR = 
1.725, 95% CI: 1.140–2.690) and lymphatic metastasis (RR = 2.050, 95% CI: 1.336–3.144) 
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Table 2 Univariate analysis of risk factors for distal cholangiocarcinoma recurrence

Variable n 1-yr OS (%) 3-yr OS (%) χ2 P 

Gender 2.434 0.119

Male 113 69.6 42.9

Female 73 63 23.3

Age, yr 1.155 0.283

≤ 60 53 67.7 39.7

> 60 133 66.8 31.8

Smoking 0.883 0.347

Yes 62 69.3 32

No 124 65.9 35.5

Diabetes 0.734 0.391

Yes 53 61.6 32.7

No 133 69.1 34.9

PBD 0.519 0.471

Yes 90 67 31.3

No 96 67.1 36.8

TB (μmol/L) 2.556 0.11

≤ 21 38 82.4 34.3

> 21 148 63.3 32.4

CA19-9 (U/mL) 5.688 0.017

≤ 37 69 83.5 43.7

> 37 117 56.5 28

γ-GGT (U/L) 0.06 0.806

≤ 45 11 51.1 51.1

> 45 175 68 34

CA19-9/GGT 26.824 0

≤ 0.12 81 84.2 51

> 0.12 105 52.9 20.1

OP time, h 0.299 0.585

≤ 9 83 65.4 36.3

> 9 103 68.2 31.5

Intraoperative blood loss (mL) 1.282 0.258

≤ 500 117 69.3 35.5

> 500 69 62.6 30.7

Blood transfusion 7.235 0.007

Yes 66 56.3 24.7

No 120 72.7 37.9

Degree of differentiation 20.848 0

Poor 52 34.2 22.2

Moderate & high 134 79.9 39

Tumor size, cm 3.313 0.069

≤ 2 114 72.7 39.6
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> 2 72 57.7 24.5

LN metastasis 32.491 0

Yes 75 45.6 15.4

No 111 81.1 47.8

Nerve invasion 4.963 0.026

Yes 162 65.4 31.8

No 24 80 60

Resection margin 0.943 0.332

R0 178 67 34.8

R1 8 66.7 16.7

Postoperative complication 0.197 0.657

Yes 54 75.2 30.1

No 132 64.3 34.9

Postoperative chemotherapy 0.011 0.917

Yes 39 65.7 36.5

No 147 67.4 33.5

OS: overall survival; PBD: preoperative biliary drainage; TB: total bilirubin; CA19-9: carbohydrate antigen 19-9; γ-GGT: γ-glutamyltransferase; OP: 
operation; LN: lymph node; R: resection margin.

were independent risk factors for long-term outcome in DCC.

DISCUSSION
DCC is mainly managed by surgical resection to achieve DFS; however, the long-term 
outcome of patients remained unsatisfactory. The data of 1490 patients who were 
diagnosed with DCC and received PD in the USA were retrospectively analyzed by 
Andrianello et al[14]. They included patients with median OS of 31 mo and at 1-, 3- 
and 5-year postoperative survival of 89%, 40% and 18%, respectively. Further analysis 
indicated the independent risk factors for long-term prognosis in patients with DCC, 
including lymph node metastasis and tumor differentiation. However, these predictive 
factors had their own limitations in optimizing treatment decisions preoperatively in 
clinical practice since most of them were not available before surgery and were 
influenced by human factors. Therefore, developing noninvasive blood-based 
biomarkers that can make accurate prognostic prediction of DCC preoperatively will 
be of importance clinically.

CA19-9 is a glycolipid tumor-associated antigen on the cell membrane. As a 
serological marker, CA19-9 is important in clinical diagnosis of cholangiocarcinoma
[15]. It has also been proved to correlate with the long-term outcome of patients. 
Eighty-nine patients diagnosed with cholangiocarcinoma were reviewed by Coelho et 
al[16], from which they identified CA19-9 as an independent risk factor for long-term 
prognosis. Nevertheless, patients with DCC were not specifically distinguished. Tella 
et al[17] retrospectively analyzed the data from the National Cancer Database; 2100 
patients with extrahepatic cholangiocarcinoma were included and 1474 (70.2%) had 
elevated CA19-9. They observed a particularly lower median survival time in patients 
with increasing level of CA19-9 compared to those with normal level of CA19-9 (8.5 vs 
16.0 mo) and they confirmed CA19-9 as an independent risk factor for long-term 
prognosis in patients with extrahepatic cholangiocarcinoma. Nevertheless, some 
researchers have indicated that the efficacy of CA19-9 in the diagnosis and prognosis 
of biliary tract carcinoma is greatly reduced in the presence of biliary obstruction. Lin 
et al[18] showed that CA19-9 alone is not enough to distinguish malignant or benign 
biliary obstructive diseases, based on a group of patients with biliary obstruction. In 
their research 39 patients with benign biliary diseases were included whose level of 
CA19-9 was 401.9 U/mL on average, and the CA19-9 value of 10 patients was > 1000 
U/mL. In a study conducted by Tan et al[19], clinical data of 84 patients diagnosed 



Jiang T et al. CA19-9/GGT for prognosis of distal cholangiocarcinoma

WJGS https://www.wjgnet.com 1033 September 27, 2021 Volume 13 Issue 9

Table 3 Morbidity and mortality between two groups in patients with distal cholangiocarcinoma

Variables Group 1 (n = 81) Group 2 (n = 105) P 

Postoperative hospital stay (d) 21 (16–24) 20 (16–29) 0.368

In-hospital death 1 6 0.229

Complications 20 34 0.252

Biochemical fistula 12 7 0.069

Pancreatic fistula

Grade B 4 2 0.458

Grade C 3 4 0.726

Delayed gastric emptying 2 6 0.473

Intra-abdominal infection 7 9 0.986

Abdominal hemorrhage 4 7 0.856

Table 4 Multivariate analysis of independent risk factors for distal cholangiocarcinoma recurrence

Variable RR 95%CI P 

CA19-9 0.921 0.578–1.468 0.728

CA19-9/GGT 2.134 1.319–3.451 0.002

Blood transfusion 0.74 0.497–1.103 0.139

Degree of differentiation 1.695 1.115–2.576 0.013

LN metastasis 2.145 1.404–3.277 0

Nerve invasion 1.238 0.520–2.951 0.63

RR: relative risk; CI: confidence interval; CA19-9: carbohydrate antigen 199; GGT: γ-glutamyltransferase; LN: lymph node.

with DCC were reviewed. A lower level of CA19-9 indicated better long-term 
prognosis, but multivariate analysis revealed that CA19-9 was not an independent risk 
factor for poor outcome. Bolm et al[20] also demonstrated that CA19-9 could not be a 
prognostic indicator for patients with DCC, which is in urgent need of confirmation. In 
our study, 62.9% of patients with DCC were accompanied by elevated CA19-9 (> 37 
U/mL) and had worse long-term prognosis than those patients with normal level of 
CA19-9 (≤ 37 U/mL). Nevertheless, CA19-9 has been proved not to be an independent 
risk factor for poor long-term prognosis in multivariate analysis. We attribute it to the 
high proportion of patients (79.6%) who had combined biliary obstruction in this 
cohort. Due to bile excretion disorders resulting from biliary obstruction, these 
patients tended to have a higher overall level of CA19-9, making CA19-9 a less 
accurate indicator in evaluating the prognosis of DCC patients.

γ-GGT is a membrane-bound glycoprotein and a mitochondrial enzyme containing 
a sulfhydryl group. γ-GGT plays a key role in the metabolism of GSH and is mostly 
distributed in the liver, kidney, pancreas and other substantial organs[21]. GGT can be 
used in the diagnosis and prognosis of malignant tumors, kidney and cardiovascular 
diseases, and metabolic syndrome[22-25]. According to underlying biological 
mechanisms illustrating the relationship between GGT expression and cancer, GGT 
may facilitate the progression, invasion and drug resistance of tumor by modulating a 
series of vital redox-sensitive functions, including antioxidant/antitoxic defenses and 
the cellular proliferative/apoptotic balance[26-28]. GGT mainly originates from 
hepatic Kupffer cells and endothelial cells of the bile duct, and has a significantly 
higher expression level in hepatocellular carcinoma tissues and fetal liver[29]. 
However, no related research has been done to reveal the clinical value of GGT in 
patients diagnosed with DCC. Most patients with DCC are accompanied with various 
degrees of biliary obstruction, resulting in an abnormal increase in serum GGT, which 
accounts for up to 94.1% of the data in this group. Therefore, GGT can reflect the 
degree of biliary obstruction to some extent and is more sensitive than bilirubin. By 
aligning the ratio of CA19-9 to GGT, we corrected CA19-9 to minimize the effect of 
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Table 5 Univariate analysis of long-term survival in patients with distal cholangiocarcinoma

Variable n 1-yr OS (%) 3-yr OS (%) χ2 P 

Gender 1.351 0.245

Male 113 76.1 40.8

Female 73 67.9 25.9

Age, yr 2.381 0.123

≤ 60 53 80.9 36.4

> 60 133 69.5 32.3

Smoking 0.822 0.364

Yes 62 78.2 27.3

No 124 70.2 36.1

Diabetes 0.014 0.906

Yes 53 70.8 32.6

No 133 73.5 34.6

PBD 1.217 0.27

Yes 90 70.2 27.7

No 96 75.1 39.9

TB (μmol/L) 0.623 0.43

≤ 21 38 78.9 44.4

> 21 148 70.9 32.3

CA19-9 (U/ml) 8.239 0.004

≤ 37 69 85 49

> 37 117 65.5 25.5

γ-GGT (U/L) 0.169 0.681

≤ 45 11 71.6 43

> 45 175 72.9 34.1

CA19-9/GGT 38.091 0

≤ 0.12 81 88.3 59.2

> 0.12 105 61 13.6

OP time, h 0.008 0.929

≤ 9 83 68.8 38.4

> 9 103 76 31.6

Intraoperative blood loss (mL) 2.693 0.101

≤ 500 117 72.8 39.1

> 500 69 72.5 26.2

Blood transfusion 8.307 0.004

Yes 66 65.1 26.1

No 120 76.9 37.3

Degree of differentiation 21.212 0

Poor 52 51.5 19.4

Moderate & high 134 80.9 40

Tumor size, cm 1.544 0.214

≤ 2 114 78.4 35.7
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> 2 72 63.6 31.3

LN metastasis 30.845 0

Yes 75 59.8 15.8

No 111 81.4 48.4

Nerve invasion 1.861 0.173

Yes 162 73.7 30.3

No 24 66.2 66.2

Resection margin 3.343 0.067

R0 178 73.2 35.2

R1 8 62.5 12.5

Postoperative complication 2.357 0.125

Yes 54 67.8 28.8

No 132 74.9 36.3

Postoperative chemotherapy 0.073 0.788

Yes 39 70.4 36.8

No 147 73.4 33.5

OS: overall survival; PBD: preoperative biliary drainage; TB: total bilirubin; CA19-9: carbohydrate antigen 19-9; γ-GGT: γ-glutamyltransferase; OP: 
operation; LN: lymph node; R: resection margin.

biliary obstruction on the level of serum CA19-9. As far as we know, no similar 
retrospective studies uncovering the relationship between CA19-9/GGT and DCC 
have been done. Moreover, CA19-9/GGT is identified as an independent risk factor 
for long-term outcome in patients with DCC according to our results, and its 
predictive value even exceeds that of differentiation degree and lymph node 
metastasis due to the highest RR. Patients with smaller CA19-9/TB have a lower rate 
of postoperative tumor recurrence and better prognosis in the long term.

Our results also revealed an association between CA19-9/GGT and lymphatic 
metastasis. A smaller CA19-9/GGT indicated a higher rate of lymphatic metastasis; 
nevertheless, no significant relation between CA19-9/GGT and tumor size and differ-
entiation was observed in our research. Bergquist et al[30] asserted that, among 
patients with DCC, 28.7% whose CA19-9 was ≤ 37 U/mL presented with lymph node 
metastasis, which was significantly lower than 43.8% in patients whose CA19-9 was > 
37 U/mL. In addition, by mediating extracellular GSH cleavage and intracellular GSH 
synthesis, overexpression of GGT may increase the metastatic activity in melanoma, 
and intertissue flow of GSH may have a growth-promoting effect on GGT-positive 
tumors[31] . This emphasizes the significant correlation between higher GGT level and 
lymph node involvement. The exact mechanism for the relation between GGT level 
and lymph node metastasis remains unknown and requires further study, to elucidate 
the role that GGT plays in tumor invasion. Nevertheless, most patients with DCC are 
accompanied with various degrees of biliary obstruction, resulting in abnormal 
increase of serum GGT. It has also been confirmed that lymphatic metastasis is an 
independent risk factor for long-term prognosis of patients with DCC, and it is 
considered to be an important factor in judging the degree of malignancy and local 
spread of malignant tumor. Therefore, it is reasonable to assume that CA19-9/GGT 
can function as a better biomarker in reflecting the malignancy and aggressiveness of 
DCC.

Our study had some limitations. First, as a single-center retrospective study, a 
certain degree of bias was inevitable. Second, the proportion relationship between 
CA19-9 and bilirubin remained unclear, as did whether CA19-9 decreased in 
proportion to bilirubin after relief of biliary obstruction. Therefore, for patients with 
different degrees of biliary obstruction, however, the effect of GGT correction may be 
biased to a certain extent of DCC after curative resection.
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Table 6 Multivariate analysis of long-term survival in patients with distal cholangiocarcinoma

Variable RR 95%CI P 

CA19-9 0.974 0.607–1.561 0.911

CA19-9/GGT 2.837 1.727–4.660 0

Blood transfusion 0.763 0.513–1.135 0.182

Degree of differentiation 1.725 1.140–2.609 0.01

LN metastasis 2.05 1.336–3.144 0.001

CA19-9: carbohydrate antigen 19-9; GGT: γ-glutamyltransferase; LN: lymph node.

CONCLUSION
Elevation of CA19-9/GGT performed better as a biomarker of aggressiveness of DCC, 
as well as a predictor of poor clinical outcomes by reducing the effect of biliary tract 
obstruction of CA19-9 concentration. CA19-9/GGT might be a significant indicator for 
identifying DCC patients at high risk of early recurrence and unfavorable prognosis.

ARTICLE HIGHLIGHTS
Research background
Distal cholangiocarcinoma (DCC) is a rare malignant tumor in the digestive system 
and has a poor long-term prognosis. Curative excision is currently the most 
appropriate therapy for patients with DCC because of the lack of effective adjuvant 
therapies. Therefore, it is important to determine the long-term prognosis for 
formulating a reasonable treatment plan and avoiding unnecessary surgical trauma.

Research motivation
At present, tumor differentiation, lymphatic metastasis and other pathological risk 
factors for DCC can only be obtained after surgery, and the information acquisition is 
delayed.

Research objectives
We aimed to minimize the interference effect of obstructive jaundice on the concen-
tration of carbohydrate antigen 19-9 (CA19-9), so as to determine the strong 
association between CA19-9/γ-glutamyltransferase (GGT) and postoperative tumor 
recurrence and long-term outcome of DCC.

Research methods
We enrolled 186 patients. Receiver operating characteristic curves were drawn 
according to preoperative CA19-9/GGT and 1-year survival, and the patients were 
divided into two groups (group 1, low-ratio, n = 81; group 2, high-ratio, n = 105). By 
univariate and multivariate analyses, the risk factors influencing tumor recurrence and 
long-term outcome of patients with DCC were screened out.

Research results
The optimum value of CA19-9/GGT was 0.12. Patients in group 2 had higher CA19-9 
and lymphatic metastasis rate accompanied by lower GGT, when compared with 
group 1 (P < 0.05). The 1-, 3- and 5-year overall survival rates of patients in group 1 
and group 2 were 88.3%, 59.2% and 48.1% and 61.0%, 13.6% and 13.6%, respectively (P 
= 0.000). Multivariate analysis indicated that CA19-9/GGT, lymphatic metastasis and 
tumor differentiation were independent risk factors for tumor recurrence and long-
term prognosis of DCC.

Research conclusions
Elevation of CA19-9/GGT performed better as an indicator of aggressive tumor 
behavior, as well as a predictor of poor clinical outcomes by reducing the effect of 
biliary obstruction on CA19-9 concentration in patients with DCC. CA19-9/GGT 
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might be a significant indicator for identifying DCC patients at high risk of early 
recurrence and unfavorable prognosis.

Research perspectives
CA19-9/GGT is more valuable in judging DCC patients at high risk of early recurrence 
and unfavorable outcomes.
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Abstract
BACKGROUND 
Sutures have been used to repair wounds since ancient times. However, the basic 
suture technique has not significantly changed. In Phase I of our project, we 
proposed a “double diabolo” suture design, using a theoretical physical study to 
show that this suture receives 50% less tension than conventional sutures, and so 
a correspondingly greater force must be applied to break it.

AIM 
To determine whether these theoretical levels of resistance were met by the new 
type of suture.

METHODS 
An observational study was performed to compare three types of sutures, using a 
device that exerted force on the suture until the breaking point was reached. The 
tension produced by this traction was measured. The following variables were 
considered: Tearing stress on entry/exit points, edge separation stress, and suture 
break stress. The study sample consisted of 30 sutures with simple interrupted 
stitches (Group 1), 30 with continuous stitches (Group 2), and 30 with the “double 
diabolo” design (Group 3).

RESULTS 
The mean degree of force required to reach the breaking point for each of these 
variables (tearing, separation, and final breaking) was highest in Group 3 (14.56, 
18.28, and 21.39 kg), followed by Group 1 (7.36, 10.38, and 12.81 kg) and Group 2 
(5.77, 7.7, and 8.71 kg). These differences were statistically significant (P < 0.001) 
in all cases.
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CONCLUSION 
The experimental results show that with the “double diabolo” suture, compared 
with conventional sutures, greater force must be applied to reach the breaking 
point (almost twice as much as in the simple interrupted suture and more than 
double that required for the continuous suture). If these results are confirmed in 
Phase III (the clinical phase) of our study, we believe the double diabolo technique 
should be adopted as the standard approach, especially when the suture must 
withstand significant tension (e.g., laparotomy closure, thoracotomy closure, 
diaphragm suture, or hernial orifice closure).

Key Words: Suture; Technique; Physical principles; Tension

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The aim of this project was to design and validate a new technique that 
imposes the least possible tension on the suture threads and entry/exit points, thus 
creating a suture that is more stable and resistant. We manufactured a device to apply a 
progressively increasing separation force to the suture surfaces, and to measure the 
tension exerted until the breaking point is reached. With this device we compared three 
groups: Simple interrupted stitches, continuous stitches, and our proposed technique.

Citation: Pérez Lara FJ, Zubizarreta Jimenez R, Moya Donoso FJ, Hernández Gonzalez JM, 
Prieto-Puga Arjona T, Marín Moya R, Pitarch Martinez M. Novel suturing technique, based on 
physical principles, achieves a breaking point double that obtained by conventional techniques. 
World J Gastrointest Surg 2021; 13(9): 1039-1049
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1039.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1039

INTRODUCTION
Sutures are a vital element of almost all surgical procedures. They join tissues, close 
and stabilise wound margins, and promote healing[1]. The desirable characteristics of 
sutures are well documented, and include aspects such as high and predictable tensile 
strength, ease of application, and secure knotting[2].

On a daily basis, surgeons must draw wound tissues closer together and maintain 
this state, but their choice of suture design is often empirical, based on experience 
alone. To date, no methodical investigation has been conducted to determine the ideal 
suture design from the perspective of theoretical physics.

Needles were first used between 50000 and 30000 BCE, and from 20000 BCE until 
the Renaissance, bone needles were the best available. It is reasonable to assume that 
these needles were also used to stitch wounds[3]. Throughout history, materials such 
as linen, cotton, horsehair, animal tendons and intestines, and precious metal filaments 
have been used to draw wound edges together and to act as ligatures. Preferences and 
technologies have evolved over time, resulting in the highly sophisticated products 
used in current practice. Nevertheless, despite these advances[4-7], little progress has 
been made in suturing, and most surgeons continue to use the two classical techni-
ques: Continuous suture or simple interrupted suture.

The aim of this project was to design and validate a new technique that imposes the 
least possible tension on the suture threads and entry/exit points, thus creating a 
suture that is more stable and resistant. By examining the vector forces exerted on a 
suture, it can be seen that distribution of the tension on a thread that joins two 
diverging points will decrease according to the cosine of the angle between the thread 
and the perpendicular of the force applied to separate the points. In other words, the 
wider the angle of approach of the thread, the less tension it must support. For 
example, if the angle in question is expanded to 45º, the cosine will be 0.7; therefore, 
the tension on the thread is equal to 0.7 of the force exerted, that is, it is reduced by 
30%. In this project, our initial consideration is that the sutures currently in use, 
whether interrupted or continuous, join the points in a straight line. Therefore, the 
angulation is zero and the sutures are subjected to maximum tension.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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On the basis of this physical law, and as a proposal for an improved suture design, 
we recently published (in Phase 1 of our study[8]) details of the double diabolo suture, 
in which the suture point is supported by two central inverted double angles and by 
four lateral angles, thus creating eight 45º angles (Figure 1) and more widely 
distributing the stress exerted. In the earlier study, we showed theoretically that the 
tension on the thread was reduced by 65% compared to the interrupted suture and by 
50% compared to the continuous suture. Moreover, the tension on the entry/exit 
points was reduced by 33% and 50%, respectively.

However, these theoretical physical postulates must be confirmed experimentally, 
showing that with the suture design that we describe, both the suture thread and the 
entry/exit points are indeed subjected to less tension (for a given separation force 
applied) than is the case with conventional sutures, and therefore that a greater force 
can be applied to our sutures before they break.

MATERIALS AND METHODS
In this second phase of this project, an observational study was conducted to compare 
the two types of suture used in standard practice, the simple interrupted suture 
(Group 1) and the continuous suture (Group 2), with the proposed new design, the 
double diabolo (Group 3). To compare these three groups, we manufactured a device 
(Figure 2) to apply a progressively increasing separation force to the suture surfaces, 
and to measure the tension exerted until the breaking point is reached. These tests 
were performed on 90 sutures, 30 for each group, and the results obtained were 
compared.

Simple interrupted suture (Group 1)
Sutures were inserted perpendicular to the two surfaces to be joined, and each suture 
was knotted in the centre.

Continuous suture (Group 2)
The whole suture was created with a single thread via ligatures perpendicular to the 
two surfaces to be joined, knotting only the first and last points.

Double diabolo suture (Group 3)
With this suture, each stitch was addressed by eight 45º angles. We started with a 
central stitch that was perpendicular to the surfaces to be joined (Figure 3A). Then we 
created an X-shaped stitch to the right (Figure 3B), returned with a second central 
stitch (Figure 3C), created another X-shaped stitch, this time to the left (Figure 3D), and 
finally returned with a third central stitch to complete the “central column” 
(Figure 3E). The stitch assembly was then knotted with the thread that was centrally 
located at the outset (Figure 3F).

Measuring the force exerted: The measuring device (Figure 2) was composed of a base 
to which a metal frame was fitted, with a dynamometer and two plates attached to a 
screw mechanism (like a small garrotte), applied to two fragments of sutured material. 
With this device, the tension exerted on the suture can be progressively increased until 
it breaks. The amount of force exerted was measured with the dynamometer.

In testing the three suture designs, three moments were taken as points of reference: 
First, when the entry/exit points began to tear (tearing force, TF); Second, when the 
edges of the sutured material began to separate (separation force, SF); and Third, when 
complete separation of the sutured elements occurred, either because of the thread 
breaks or due to complete rupture of the sutured material (breaking point, BP). The 
tension exerted at each moment was measured and compared for the three types of 
suture.

In order to avoid bias in our results, the same parameters were applied to each of 
the three groups. Thus, in every case the same material was used (PVC sheets, 6 cm 
long and 2 mm thick). In every case, three stitches were formed, at 1 cm from the edge, 
with the same separation between them. The thread used was always the same 
(monofilament gauge 0) and all knots were tied six times, and cut at 1 cm from the 
knot. The statistical study is shown in Table 1.

Statistical analyses
A descriptive analysis was performed of the sample (90 elements). Summary statistics 
(mean, standard deviation, median, minimum and maximum) were calculated for each 
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Table 1 The statistical study

Aim To compare the force exerted at which the breaking point is reached, for the three types of suture (Groups 1, 2 and 3) 
according to the measurements of tearing (TF), separation (SF) and rupture (BP)

Method The study sample was composed of 90 elements

Clinical variables (1) Tearing (the force applied at which the suture points begin to tear); (2) Separation (the force applied at which the suture 
edges begin to separate); and (3) Break (the force applied at which the suture breaks)

Classification of the variables 
(suture type)

(1) Group 1 (simple interrupted suture); (2) Group 2 (continuous suture); and (3) Group 3 (double diabolo suture)

BP: Breaking point; SF: Separation force; TF: Tearing force.

Figure 1 Theoretical model to reduce tension via an 8-angle suture pattern.

of the clinical variables. The Kolmogorov-Smirnov test of normality was performed to 
determine the most suitable means of comparing the suture types. This test considered 
the following hypotheses:

\ (H_0 = \text{The sample follows a normal distribution}\)
\ (H_1 = \text{The sample does not follow a normal distribution}\)
Therefore, if P < 0.05, the hypothesis that the sample had been drawn from a 

population with a normal distribution was rejected. The comparative analysis based 
on the suture-type classificatory variable was performed by analysis of variance when 
the variables followed a normal distribution and otherwise by the non-parametric 
Kruskal-Wallis test. The following hypotheses were considered:

\(H_0= \text{Groups 1, 2 and 3 react to exerted pressure in the same way}\)
\(H_1= \text{At least one of the groups reacts differently }\)
Therefore, if P < 0.05, the hypothesis that Groups 1, 2 and 3 react in the same way to 

the pressure exerted was rejected. In both of these evaluations, if intergroup 
differences were detected, two-by-two tests were performed, using the Bonferroni 
correction. The Student's t-test was used in the parametric case and the Mann-Whitney 
U test in the non-parametric case. In both cases, when P < 0.05, the hypothesis that the 
groups were equal was rejected.

RESULTS
Descriptive analysis of the sample
The 90 cases considered were divided equally among the three types of suture. For 
each case, the above-described device was used to apply a separation force to the two 
surfaces of the suture, and the resulting measurements were obtained for the study 
variables. The summary statistics (mean, standard deviation, median, minimum and 
maximum) obtained for the variables TF, SF, and BP are detailed in Table 2. For the 
overall sample of 90 sutures, the average TF of the entry/exit points was 9.23 ± 4.41 kg, 
the average SF of the suture edges was 12.12 ± 4.96 kg, and the average BP was 14.3 ± 
5.82 kg. The variables TF, SF, and BP were not normally distributed, producing 
statistics of D = 0.12, 0.16 and 0.10 and P values of < 0.01, < 0.01 and < 0.05 respec-
tively, according to the Kolmogorov-Smirnov test.
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Table 2 The summary statistics (mean, standard deviation, median, minimum and maximum) obtained for the variables tearing force, 
separation force and breaking point

mean ± SD Median Min Max

TF 9.23 ± 4.41 7.9 2.4 19.5

SF 12.12 ± 4.96 10.7 2.6 21.7

BP 14.3 ± 5.82 12.98 2.85 25.2

BP: Breaking point; SF: Separation force; TF: Tearing force.

Figure 2 Device to apply a progressively-increasing separation force to the suture surfaces, and to measure the tension exerted until the 
breaking point is reached.

Comparative analysis
The results of the comparative analysis are detailed in Figure 4. In brief, the mean 
values for TF, SF, and BP were highest in Group 3 (14.56, 18.28, and 21.39 kg), followed 
by Group 1 (7.36, 10.38, and 12.81 kg) and Group 2 (5.77, 7.7, and 8.71 kg). The 
differences among the three groups were statistically significant (P < 0.001). A two-by-
two test was carried out to determine whether the pairs of suture types presented 
differences, showing that in every case (TF, SF, and BP), the differences between 
Groups 1 and 3, Groups 2 and 3, and Groups 1 and 2 were statistically significant (P < 
0.005).

DISCUSSION
Inserting sutures is one of the most challenging and time-consuming surgical tasks[9]. 
The limitations associated with the work of a human operator, together with the 
repetitive nature of this operation make it a suitable candidate for automation.

The purpose of sutures in general is to approximate wound tissues, without excess 
tension, minimising ischaemia and tissue injury. As the wound heals, the strength of 
the scar increases until the tissue approaches or regains its original tensile strength. For 



Pérez Lara FJ et al. “Double-diabolo” suturing technique

WJGS https://www.wjgnet.com 1044 September 27, 2021 Volume 13 Issue 9

Figure 3 Steps to create the proposed “double-diabolo” suture. A: We started with a central stitch that was perpendicular to the surfaces to be joined; B: 
Then we created an X-shaped stitch to the right; C: We returned with a second central stitch; D: We created another X-shaped stitch, this time to the left; E: We finally 
returned with a third central stitch to complete the “central column”; F: Then the stitch assembly was knotted with the thread that was centrally located at the outset.

either single- or multi-layer wound closure, the suture size or diameter chosen should 
be the smallest for purpose, thus minimising both the tissue trauma with each needle 
pass and the amount of foreign material inserted. However, smaller-diameter sutures 
are associated with lower tensile strength, and so a balance must be struck between the 
size of the suture and the need to maintain the tissue approximation[2].

Since ancient times, mankind has used materials in one way or another to bond the 
edges of wounds and promote healing. However, despite much progress in the 
development of new suture materials and efforts to enhance techniques, little 
significant improvement has been achieved for decades[10,11] and indeed, concerns 
the distribution of stress angles for millennia.

On the other hand, numerous proposals have been made to improve the stability of 
the suture. Thus, Sen et al[12] proposed an algorithm to minimise the length of the 
suture and to maintain the needle at an orthogonal angle to the tissue entry point. 
Another study by Wieskötter et al[13] compared different types of suture and the 
biomechanical stability provided to the tendons in each case.

Israelsson et al[14-17] addressed the question of which technique should best be 
used to achieve continuous closure, and in accordance with their experimental and 
clinical data recommended the short stitch technique.

On the other hand, a meta-analysis by Henriksen et al[18] found no significant 
differences between the results obtained by the interrupted and the continuous suture 
techniques. This meta-analysis concluded that the best evidence was obtained for 
laparotomy incision closure by means of the “small bites” technique with a 2-0 slowly 
absorbable suture in which aponeurosis was only present in a suture: Wound length 
ratio of at least 4:1. Kubota et al[19] studied the mechanical properties of six types of 
circumferential sutures for the tendon, and reported that the suture termed "Lin-
locking" supported the greatest tensile force. However, to the best of our knowledge, 
no high-quality evidence has been reported on the best suture material or technique to 
reduce, for example, the rate of incisional hernia after a laparotomy closure.

As Albert Einstein said, "The important thing is not to stop questioning," and this 
notion has been applied by Srivastava et al[20] and by Srivastava et al[21]. These 
authors highlight the fundamental importance of physical laws in the field of surgery, 
noting that the basic mechanisms by which living and non-living beings function are 
guided by the laws of the pure sciences, that is, physics, chemistry, and mathematics. 
In this respect, Srivastava et al[21] performed a systematic search in Medline 
(1960–2008) using keywords such as mechanics, Laplace's Law, Pascal's Law, the laws 
of vectors and suture techniques, etc. and discussed, among other topics, the laws of 
mechanics, thermodynamics and the vectors applied to soft tissue and bone and 
Laplace's Law, with respect to colon perforation, compression therapy, childbirth, 
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Figure 4 Results of the comparative analysis (A and B).

ruptured varicose veins, herniated discs, etc. Moreover, consideration of Pascal's Law 
is necessary when conducting hernia repair and the Heimlich manoeuvre. The 
components of the forces derived from trigonometry, which come into play when a 
suture is inserted, reveal how the wound may be closed. The thickness and the bite of 
the suture determine the extent of the tissue reaction, and the tension exerted may be 
reduced, according to the cosine of the angle. However, to date no suture design 
taking advantage of this physical law has been proposed.
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Figure 5 Final model of “double-diabolo” suture with central points sited approximately 1-1.5 cm.

Thus, our review of the literature did not reveal any prior in-depth study of the 
physical laws that govern the tensions generated in sutures, conducted in order to 
create a new, more effective suture design. The real-world situation continues 
unchanged, and so the use of continuous sutures and simple interrupted stitches (with 
minor variations) remains standard practice, with stitches perpendicular to the traction 
forces and therefore without achieving any reduction in the tension exerted on the 
thread.

Sutures, therefore, continue to fail, either due to the thread breaking or to tissue 
tearing, in both cases due to their inability to withstand the tension exerted. For this 
reason, and in view of our finding, after evaluating the physical formulations of many 
possible suture structures, that the greater the angle of the thread path with respect to 
the direction of the force exerted on it, the less tension will need to be withstood, we 
have designed a new type of suture. The design we propose obtained the best results 
in the theoretical model, and features four 45º angles on each part of the surfaces to be 
joined (forming eight angles in all), which rest upon a triple-column central structure.

The relatively poor performance of continuous sutures was highlighted both in our 
theoretical study and under experimental conditions. It is important to note that the 
tension generated in continuous sutures includes a lateral force at each entry/exit 
point which is equivalent to the force on the cosine of the angle, and that this force can 
provoke lateral tears, destabilising the suture even when relatively little force is 
applied. In the design we propose, however, although the lateral angles are also 
subjected to tension, the vertical force applied is only half that received by the 
continuous suture. Because it is multiplied by the cosine of the angle, the resulting 
lateral force on each entry/exit point is only half that exerted on the continuous 
suture. Therefore, the new suture design is twice as resistant to lateral tearing.

As observed in our earlier study on this question, the weakest version of the new 
suture design was that obtained when the central stitches were passed through the 
same entry/exit point, in which case the tension exerted was much greater. This 
variable was considered in our preliminary tests, which showed that even this weaker 
version of the new design withstood 30% more force than the continuous suture or the 
simple interrupted suture methods before reaching the breaking point.

Finally, we considered a suture design with separate central points. This reduced 
the tension on each of the entry/exit points, which meant that the suture was almost 
three times stronger than continuous sutures and almost twice as strong as the 
interrupted suture method.

In view of these considerations, and for maximum suture stability, for Phase 3 of 
our project (the clinical study) these central points will be sited approximately 1-1.5 cm 
apart, producing the suture model shown in Figure 5. It is also interesting to note that 
with this design each point of the double-diabolo suture can unite 6 cm of tissue, 
which makes it very useful in practical terms; for example, a 24 cm laparotomy could 
be closed with just four sutures, making the procedure much less laborious and time 
consuming.

In this context of clinical application, it is also important to note that the surgical 
closure of laparotomies is associated with a failure rate of approximately 15% and a 
corresponding occurrence of incisional hernias[4,14,22]. This incidence of incisional 
hernias has remained constant over the last decade despite numerous technical and 
material modifications[23]. While the early failure of laparotomy closure and the 
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development of an evisceration is almost always attributed to technical errors, the 
development of an incisional hernia is assumed to be of multifactorial origin[24,25].

Deerenberg et al[26] reported that the annual cost of incisional hernia repair in the 
United States was $3.2 billion. Therefore, if the results of our work are confirmed in the 
clinical study (Phase 3) and if the breaking point of our suture is proven to be almost 
twice that of conventional sutures, it would be possible to reduce the incidence of 
laparotomic hernias by half, producing an annual financial saving, in the United States 
alone, of $1.6 billion.

CONCLUSION
In summary, the results obtained in this study experimentally confirm our hypothesis 
that the double diabolo suture design results in less tension being exerted on the 
thread and on the entry/exit points (for a given separation force) than is the case with 
conventional sutures. In consequence, the double diabolo design has a breaking point 
that is almost twice that of the simple interrupted suture and more than twice that of 
the continuous suture. As observed above, in vivo results have still to be obtained. For 
this purpose, Phase III of our study is now in progress, in which we will evaluate the 
results of laparotomy closure comparing the performance of the double diabolo suture 
with that of the two traditional techniques. We believe that if the theoretical and 
experimental findings are reproduced in the clinical phase, the technique we describe 
should enter into standard practice, especially in cases in which the suture must 
withstand significant tension, as is the case for example with laparotomy closure, 
thoracotomy closure, diaphragm suture and the closure of a hernial orifice.

ARTICLE HIGHLIGHTS
Research background
The basic suture technique has not changed significantly since ancient times.

Research motivation
To find a suture more resistant than the usual ones.

Research objectives
To compare the two types of suture used in standard practice with the proposed new 
design, the double diabolo.

Research methods
The authors manufactured a device to apply a progressively-increasing separation 
force to the suture surfaces, and to measure the tension exerted until the breaking 
point is reached.

Research results
With the “double diabolo” suture, in comparison with conventional sutures, greater 
force must be applied to reach the breaking point.

Research conclusions
The results obtained in this study experimentally confirm our hypothesis that the 
double diabolo design has a breaking point that is almost twice that of the simple 
interrupted suture and more than twice that of the continuous suture.

Research perspectives
Phase III of our study is now in progress, in which we will evaluate the results of 
laparotomy closure comparing the performance of the double diabolo suture with that 
of the two traditional techniques.
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Abstract
BACKGROUND 
Although radical surgery for colorectal cancer improves the oncological outcomes, 
a significant portion of patients suffer from alterations in their quality of life 
(QoL). There are many studies investigating the QoL of patients who have 
colorectal cancer but none of these focus on the QoL of spouses.

AIM 
To compare the QoL of patients after colorectal surgery to the QoL of spouses.

METHODS 
This prospective study consisted of patients who were married and who 
underwent surgery at the University of Ankara, Department of Surgery between 
March 2006 and November 2010. Patients’ spouses were also enrolled. The study 
was approved by the Ethics Committee of the Faculty of Medicine, Ankara 
University, and all patients provided written informed consent. The study 
included patients who underwent curative surgery for colorectal carcinoma [n = 
100; abdominoperineal excision (n = 33), low anterior resection (n = 33), left 
hemicolectomy (n = 34)] and their spouses (n = 100). The patients and spouses 
completed the Medical Outcome Study 36-item Short Form Survey (SF-36) and the 
World Health Organization Disability Assessment Schedule II (WHODAS-II) 
preoperatively and at postoperative months 15 to 18.

RESULTS 
During this 4.5-year study period, 273 patients with sigmoid or rectal cancer were 
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admitted to the hospital. Of these patients, 119 were eligible and willing to 
participate. Eleven patients had either systemic or locally inoperable disease, three 
patients had a severe surgical complication, and five patients were lost to follow-
up. Therefore, a total of 100 patients completed the follow-up period. There was a 
statistically significant positive correlation between the disability scores of 
patients and the scores of their spouses for some of the WHODAS-II subscales, 
such as “self-care,” “life activities,” and “participation in society,” as well as for 
the total WHODAS-II score. There was also a positive correlation between the 
QoL of patients and the QoL of their spouses in most of the SF-36 subscales. 
Statistically significant correlations were observed for the “bodily pain,” “general 
health,” ”vitality,” “social function,” “emotion,” “mental health,” and mental 
component summary score subscales of the SF-36. When gender differences were 
evaluated, the QoL of male patients’ spouses changed more when compared with 
female patients’ spouses for all of the WHODAS-II subscales. Colorectal cancer 
surgery has a significant effect on the QoL of both patients and their spouses, 
these effects were more significant among male patients’ spouses.

CONCLUSION 
Preoperative counseling regarding potential problems should therefore 
collectively address patient and their spouse as a couple rather than the patient 
alone, particularly for patients undergoing low anterior resection and abdomin-
operineal resection procedures.

Key Words: Quality of life; Colorectal surgery; Patients' spouses; Prospective study; Male 
spouses; Preoperative counseling

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Although radical surgery for colorectal cancer improves the oncological 
outcomes, a significant portion of patients suffer from alterations in their quality of life 
(QoL). There are many studies investigating the QoL of patients who have colorectal 
cancer but none of these focus on the QoL of spouses. To the best of our knowledge, 
this is the first prospective and comparative study investigating the QoL following 
colorectal cancer surgery in both the patients and their spouses during the same time 
frame. The results of this study showed that patients as well as their spouses QoL was 
affected following colorectal cancer surgery.

Citation: Aylaz G, Akyol C, Kocaay AF, Gökmen D, Yavuzarslan AB, Erkek AB, Kuzu MA. 
Quality of life after colorectal surgery: A prospective study of patients compared with their 
spouses. World J Gastrointest Surg 2021; 13(9): 1050-1062
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1050.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1050

INTRODUCTION
There is no doubt that radical colorectal surgery improves the oncological outcomes of 
patients with cancer. However, the literature has clearly documented that social, 
physical, sexual, and psychological aspects of life, as well as religious worship, are 
severely impaired after this treatment[1-5]. A significant portion of patients suffer 
from alterations in their quality of life (QoL), particularly after surgery on distal rectal 
tumors. Patients who require a stoma or who have low anterior resection (LAR) 
syndrome may face difficulty adapting to their new anatomy, managing the stoma, 
defecating, and continuing normal activities in their sociocultural environment. 
Patients pay an immense price following both sphincter-saving and sphincter-
sacrificing surgery. Moreover, these psychological and social difficulties, as well as 
sexual dysfunction, may affect patients’ relationships with their spouses, who are 
generally the primary informal caregivers for patients with cancer. In addition to 
caring for their sick partners, the spouses also have to deal with their own anxiety, 
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fatigue, and depression. Previous studies on patients with breast and prostate cancer 
have also revealed such changes in spouses’ QoL7[6-8]. Therefore, both patients’ and 
spouses’ QoL should be taken into consideration following surgery for colorectal 
cancer.

Although there are many studies investigating the QoL of patients who have 
colorectal cancer[1-5,9] none of these focus on the QoL of spouses. Therefore, we 
hypothesized that radical rectal cancer surgery affects not only patients’ physical, 
social, and psychological wellbeing but also the QoL of their spouses. The aim of this 
prospective comparative study was to investigate the QoL of patients and their 
spouses. To the best of our knowledge, this is the first prospective comparative study 
to investigate QoL following colorectal cancer surgery in both patients and their 
spouses during the same time frame.

MATERIALS AND METHODS
Participant selection
This prospective study consisted of patients who were married and who underwent 
surgery at the University of Ankara, Department of Surgery between March 2006 and 
November 2010. Patients’ spouses were also enrolled. The study was approved by the 
Ethics Committee of the Faculty of Medicine, Ankara University, and all patients 
provided written informed consent.

Inclusion criteria
Patient demographics, surgical details, follow-up data, and disease-related data were 
recorded. To be eligible, patients had to meet the following inclusion criteria: (1) 
Curative surgery for colorectal adenocarcinoma; (2) Living with a spouse; (3) No other 
primary malignant tumors; (4) No additional complicating or disabling disease that 
necessitated nursing assistance (e.g., mental illness); (5) No chemo-radiotherapy within 
8 wk prior to the interview; (6) No admittance to a hospital except for stoma closure 
during the study period (no interview during stoma closure); (7) No major morbidity (
e.g., anastomotic leakage, abdominal sepsis, stoma-related problems, and intensive 
care unit transfer); (8) No evidence of disease recurrence or metastasis, which was 
determined at the time of follow-up interviews; (9) Aged over 18 years; and (10) 
Muslim faith.

Groups
Patients and their spouses were grouped by the type of surgery they received: 
Abdominoperineal resection (APR), sphincter-saving resection with an anastomosis 
within 6 cm of the anal verge on rigid sigmoidoscopy (LAR), or anterior resection with 
anastomosis at or above 7 cm, including sigmoid colectomy (AR).

Scales and questionnaires
Medical outcomes (36-item short form health survey): The 36-item short form health 
survey (SF-36) was used as a measure of health-related QoL because it is an interna-
tionally recognized global measure[4,10]. It comprises 36 items that measure perceived 
health on eight scales (i.e., physical functioning, physical role, bodily pain, general 
health, vitality, social functioning, emotional role, and mental health) with higher 
scores (range 0-100) reflecting better perceived health. Additionally, two summary 
scores can be obtained: The physical component summary score (PCS) and the mental 
component summary score (MCS). In addition, this tool has been validated in Turkish 
patients with chronic illnesses, with an internal consistency of 0.92 and a test-retest 
reliability of 0.94, which are consistent with published work[11]. Higher SF-36 scores 
indicate better health-related QoL.

The World Health Organization disability assessment schedule II
The World Health Organization disability assessment schedule II (WHODAS-II) is an 
instrument developed by the World Health Organization to assess behavioral 
limitations and restrictions regarding participation in specific activity domains 
experienced by an individual independent of their medical diagnosis. The conceptual 
frame of reference of this instrument is the International Classification of Functioning, 
Disability, and Health (ICF). Specifically, the instrument is a 36-item, generic, multidi-
mensional questionnaire designed to evaluate the functioning of the individual in six 
activity domains (i.e., understanding and communicating, getting around, self-care, 
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getting along with people, life activities, and participation in society)[5]. This 
questionnaire has been validated in Turkish patients with chronic illnesses, with an 
internal consistency of 0.92 and a test–retest reliability of 0.94, which are consistent 
with published work[6,7]. A higher WHODAS-II score reflects a higher level of 
disability.

Ankara university life standards questionnaire
To identify how surgery affected the life standards of patients and their spouses, a 
questionnaire was designed by the Department of Public Health, General Surgery and 
Psychology, Ankara University (Life Standards Questionnaire)[12,13]. It covers the 
following areas: (1) Employment, including changes in work capability and changes in 
household chores in daily practice for unemployed women; (2) Social activity; (3) 
Colostomy care (if applicable); and (4) Religious worship. Religious worship in 
Muslims was emphasized because their belief structure is particularly affected by the 
presence of both a stoma and fecal incontinence[13].

Counseling
Surgical details, possible complications, and temporary or permanent stoma formation 
were explained preoperatively by the surgeon, and ostomy education was given by the 
stomatherapist. Religious education and counseling were also performed. Patients had 
direct access to doctors, the stomatherapist, appliance suppliers, and a religious leader 
(Imam) at the hospital during the study period.

Interviews
Patients and spouses were interviewed at the Department of Surgery of Ibni Sina 
Hospital. The coauthors of the study were trained to administer the questionnaires in a 
standard fashion and practiced by using the questionnaires on healthy volunteers 
before the study began. Patients and spouses were interviewed in a private room by a 
person of the same gender. The same interviewer was used in the preoperative and 
postoperative period for each patient and spouse, but the interviewer was not blinded 
to the type of surgery that the patient had undergone. Patients were first asked to 
complete a demographic questionnaire designed to determine their age, gender, 
marital status, educational level, income level, and preoperative employment. The SF-
36, WHODAS-II, and Ankara University Life Standards Questionnaire were 
administered together and consisted of a total of 92 items, which took approximately 
35 min to 45 min to complete. Both patients and spouses completed the SF-36, 
WHODAS-II, and Ankara University Life Standards Questionnaire preoperatively and 
at postoperative months 15 to 18.

Statistical analysis
Statistical analyses were performed with SPSS for Windows 11.5 (SPSS Inc., Chicago, 
IL, United States). Descriptive statistics were given as the mean ± SD [median 
(minimum-maximum)] for metric variables and frequency (percent) for categorical 
variables. Data from the questionnaires are expressed as the percent change 
[(postoperative months 15 to 18 – preoperative)/preoperative × 100]. To compare two 
(or more than two) independent groups in terms of metric variables, the Mann-
Whitney U test (or Kruskal-Wallis analysis of variance) was used. When the Kruskal-
Wallis test revealed a significant difference between the groups, a multiple comparison 
test was used to determine which groups differed from each other. Bonferroni 
correction was used for multiple testing. The Wilcoxon signed-rank test was used to 
evaluate within-group differences between ordinal variables. For categorical variables, 
independent groups were compared with the chi-squared test, and dependent groups 
were evaluated using the McNemar test. The degree of association between ordinal 
variables was evaluated by Spearman’s correlation coefficient. A P value of < 0.05 was 
considered statistically significant.

RESULTS
During this 4.5-year study period, 273 patients with sigmoid or rectal cancer were 
admitted to the hospital. Of these patients, 119 were eligible and willing to participate. 
Eleven patients had either systemic or locally inoperable disease, three patients had a 
severe surgical complication, and five patients were lost to follow-up. Therefore, a 
total of 100 patients completed the follow-up period. The sociodemographic features 
of patients and their spouses are shown in Table 1. Correlation of the percentage 
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Table 1 Sociodemographic features of patients and their spouses (n = 100)

Sociodemographic features Number of patients (male/female) Number of spouses (male/female)

Type of surgery

APR (male/female) 33 (24/9) 33 (9/24)

LAR (male/female) 33 (17/16) 33 (16/17)

AR (male/female) 34 (15/19) 34 (19/15)

Age (yr) 57.4 ± 12.3 [57 (28-83)] 56.7 ± 12.1 [58 (26-85)]

Gender (male/female) 56/44 44/56

Educational level

Illiterate 6 12

Primary education 51 41

High school 26 32

College 17 15

Preoperative employment

Government employee 7 11

Self-employed 20 17

Retired 37 25

Unemployed 5 3

Housewife 31 44

Cells represent frequency except for age, mean ± SD [median (minimum-maximum)]. APR: Abdominoperineal resection; LAR: Low anterior resection; AR: 
Anterior resection.

change in quality of life scores between patients and their spouses are shown in 
Table 2. The surgery groups were comparable with respect to age, gender, 
preoperative employment status, tumor–node–metastasis stage, and length of 
postoperative follow-up.

For all the subscales of the WHODAS-II, there was an increase in postoperative 
disability across all surgery types. This increase in disability was minimal in patients 
who underwent AR compared with patients who underwent LAR or APR: The LAR 
group had a significantly greater increase in disability scores for the “getting around” 
and “life activities” subscales, whereas the AR group had significantly less change in 
disability scores for the “getting along with people” and “participation in society” 
subscales and the WHODAS-II total score compared with the other two groups. 
Similar changes were found for the disability levels of patients’ spouses. The “life 
activities” and WHODAS-II total scores were the least changed in the AR group, 
whereas the increase in disability level for the “participation in society” subscale was 
highest in the LAR group (Table 3).

In all the subscales of the SF-36, there was a decrease in the QoL of patients with all 
surgery types from the preoperative to postoperative period. However, the change in 
patients’ SF-36 scores was significantly lower in the AR group than in the LAR and 
APR groups. The most significant decrease in QoL scores was detected in the LAR 
group. Changes in spousal SF-36 scores echoed patients’ scores (i.e., they were 
significantly less changed in the LAR group than in the other groups for the “vitality,” 
“social function,” “emotional role,” “mental health,” “PCS,” and “MCS” subscales) 
(Table 3).

Comparison of the disability and QoL changes in patients and their spouses by 
gender
There were increases in the postoperative disability level for all subscales of the 
WHODAS-II in both genders, but these increases were not statistically significant, 
except for the “life activities” subscale, which showed a significant increase in female 
patients and male patients’ spouses compared with males, and the “participation in 
society” subscale, which showed a significant increase in female patients’ spouses 
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Table 2 Correlation of the percentage change in quality of life scores between patients and their spouses

Scale Subscale Spearman’s correlation coefficient

Understanding and communication 0.183

Getting around 0.037

Self-care 0.349b

Getting along with people 0.189

Life activities 0.323 b

Participation in society 0.312 b

WHODAS-II

Total 0.636c

Physical function 0.071

Role physical -0.170

Bodily pain 0.246a

General health 0.233a

PCS -0.035

Vitality 0.271b

Social function 0.487c

Role emotional 0.483c

Mental health 0.359c

SF-36

MCS 0.536c

Cells represent Spearman’s correlation coefficients.
aP < 0.05.
bP < 0.01.
cP < 0.001.
WHODAS-II: World Health Organization Disability Assessment Schedule II; SF-36: 36-item Short Form Survey; PCS: Physical component score; MCS: 
Mental component score.

(Table 4).
There was a decrease in QoL scores between the preoperative and postoperative 

measurements for both genders as assessed by the subscales of the SF-36. Although 
these decreases tended to be greater in female patients, they were not significantly 
different when compared with the decreases observed among male patients. 
Regarding the spouses’ QoL, similar changes were found in both genders (Table 4).

When the data were analyzed with respect to gender and type of surgery, no 
significant difference was detected in most of the WHODAS-II and SF-36 scores, with 
the exception of disability level, which showed higher scores on the “life activities” 
subscale for the female LAR patient group and on the “understanding and 
communicating” subscale for the female LAR patients’ spouses group.

Ankara university life standards questionnaire
A comparison of patients’ and spouses’ feelings regarding their own general health 
and their QoL preoperatively and 18 mo postoperatively revealed significant decreases 
in self-rated health and QoL following surgery (P < 0.001). This negative effect was 
observed across all types of surgery, but the most significant decrease was found in the 
LAR group when compared with the AR group (Table 5). However, there were no 
gender differences in either the patient group or spouse group for these measures 
(data not shown).

The time it takes to return to former activities of daily living and work capabilities 
was increased following APR and LAR, but these increases were not statistically 
significant (Table 5). Furthermore, no gender differences were detected (data not 
shown). Patients who underwent either LAR or APR spent more time together with 
their spouse and more time at home following surgery than patients in the AR group 
(Table 5). Moreover, male patients’ spouses spent significantly more time with their 
husbands (P = 0.009; while 71.4% of male patients’ spouses reported that they spent 
more time with their husbands, only 40.9% of female patients’ spouses said the same) 
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Table 3 Comparison of quality of life changes in patients and their spouses according to type of surgery

Scale Subscale Patient Spouse

APR LAR AR P value APR LAR AR P value

Understanding and communication 16 ± 29 [0 (-33; 100)] 1 ± 27 [0 (-100; 50)] 7 ± 19 [0 (0; 86)] 0.103 14 ± 30 [0 (0; 100)] 15 ± 53 [0 (-100; 151)] 2 ± 7 [0 (0; 25)] 0.241

Getting around 24 ± 54 [0 (-100; 200)] 77 ± 133 [46 (-100; 500)] 10 ± 26 [0 (0; 100)] 0.0011 8 ± 27 [0 (-33; 100)] 4 ± 26 [0 (-80; 100)] -3 ± 17 [0 (-100; 11)] 0.467

Self-care 4 ± 19 [0 (0; 100)] 1 ± 34 [0 (-100; 133)] 2 ± 13 [0 (0; 75)] 0.830 0 -3 ± 18 [0 (-100; 0)] 2 ± 9 [0 (0; 50)] 0.226

Getting along with people 107 ± 173 [50 (-100; 800)] 64 ± 70 [88 (-33; 200)] 3 ± 23 [0 (-100; 50)] <0.0012 25 ± 47 [0 (-100; 100)] 53 ± 67 [58 (-80; 200)] 15 ± 30 [0 (0; 150)] 0.099

Life activities 34 ± 86 [0 (-33; 400)] 54 ± 86 [0 (-100; 300)] 11 ± 71 [0 (-100; 300)] 0.085 92 ± 128 [38 (0; 400)] 128 ± 210 [0 (-100; 800)] 10 ± 38 [0 (-100; 100)] 0.0132

Participation in society 84 ± 66 [71 (-45; 300)] 97 ± 123 [71 (-100; 550)] 59 ± 70 [47 (-58; 300)] 0.0362 50 ± 52 [43 (-100; 200)] 63 ± 185 [13 (-100; 799)] 38 ± 36 [31 (-50; 114)] 0.0131

WHODAS-II

Total 83 ± 61 [57 (-41; 218)] 112 ± 150 [66 (-100; 635)] 55 ± 76 [29 (-57; 301)] 0.0122 69 ± 67 [67 (-100; 349)] 79 ± 89 [59 (-95; 301)] 34 ± 40 [27 (-33; 200)] 0.0022

Physical function -6 ± 10 [-4 (-44; 12)] -8 ± 7 [-8 (-30; 3)] 0 ± 4 [0 (-11; 15)] < 0.0013 0 ± 1 [0 (-7; 0)] 2 ± 12 [0 (-11; 65)] -1 ± 4 [0 (-24; 0)] 0.936

Physical role -10 ± 20 [0 (-50; 14)] -24 ± 32 [-29 (-50; 101)] 9 ± 29 [0 (0; 101)] < 0.0013 0 ± 14 [0 (-50; 61)] 3 ± 13 [0 (-25; 33)] 1 ± 20 [0 (-50; 101)] 0.389

Bodily pain -16 ± 12 [-18 (-48; 12)] -20 ± 15 [-19 (-53; 35)] -8 ± 12 [-10 (-26; 24)] < 0.0013 0 ± 9 [0 (-19; 24)] -1 ± 15 [0 (-27; 68)] -2 ± 7 [0 (-31; 11)] 0.690

General health -17 ± 12 [-18 (-50; 0)] -20 ± 12 [-22 (-48; 15)] -10 ± 8 [-13 (-21; 16)] 0.0013 -3 ± 4 [-2 (-18; 8)] -5 ± 6 [-5 (-22; 7)] -3 ± 5 [0 (-16; 0)] 0.077

PCS -10 ± 11 [-8 (-45; 13)] -15 ± 11 [-19 (-35; 11)] -3 ± 8 [-5 (-18; 32)] < 0.0013 2 ± 7 [0 (-12; 18)] 8 ± 7 [9 (-4; 19)] -0 ± 9 [0 (-30; 27)] < 0.0011

Vitality -7 ± 10 [-5 (-43; 5)] -8 ± 13 [-10 (-19; 54)] -4 ± 8 [-4 (-18; 28)] 0.0191 -4 ± 7 [-4 (-23; 12)] -6 ± 16 [-5 (-21; 70)] -3 ± 5 [0 (-16; 5)] 0.0294

Social function -18 ± 14 [-19 (-37; 16)] -22 ± 23 [-24 (-46; 61)] -10 ± 17 [-13 (-47; 40)] 0.0033 -11 ± 13 [-12 (-38; 0)] -22 ± 24 [-24 (-59; 61)] -9 ± 11 [-12 (-40; 13)] < 0.0011

Emotional role -18 ± 38 [0 (-57; 133)] -39 ± 39 [-57 (-57; 133)] 11 ± 39 [0 (-31; 133)] < 0.0013 -3 ± 36 [0 (-57; 133)] -30 ± 39 [-47 (-57; 133)] 3 ± 25 [0 (-47; 133)] < 0.0011

Mental health -9 ± 10 -6 (-33; 19)] -12 ± 21 [-11 (-33; 91)] -6 ± 9 [-5 (-31; 16)] 0.0021 -7 ± 11 [0 (-31; 13)] -8 ± 25 [-10 (-36; 115)] -3 ± 8 [0 (-31; 8)] 0.0071

SF-36

MCS -16 ± 19 [-14 (-51; 44)] -24 ± 30 [-32 (-45; 123)] -4 ± 12 [-5 (-23; 25)] < 0.0013 -11 ± 18 [-5 (-55; 28)] -29 ± 34 [-38 (-62; 124)] -4 ± 10 [-3 (-33; 35)] < 0.0011

Cells represent the mean ± SD [median (minimum-maximum)].
1Low anterior resection (LAR) is different.
2Anterior resection (AR) is different from others.
3All are different.
4LAR is different from AR.
PCS: Physical component score; MCS: Mental component score; WHODAS-II: World Health Organization Disability Assessment Schedule II; SF-36: 36-item Short Form Survey; APR: Abdominoperineal resection; LAR: Low anterior 
resection; AR: Anterior resection.

and spent more time at home (P < 0.001) than female patients’ spouses (the proportion 
of spouses who spent more time at home was 82.1% and 43.2% for male patients’ 
spouses and female patients’ spouses, respectively). Alterations to the patients’ sex 
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Table 4 Comparison of the changes in patients’ and spouses’ quality of life according to gender

Patient Spouse

Scale Subscale Male Female P value Male Female P value

Understanding 
andcommunication

8 ± 28 [0 (-100; 
100)]

9 ± 24 [0 (-27; 86)] 0.829 6 ± 30 [0 (-100; 
100)]

14 ± 37 [0 (-100; 
150)]

0.127

Getting around 43 ± 103 [0 (-
100; 500)]

27 ± 57 [0 (-100; 
300)]

0.900 5 ± 29 [0 (-100; 
100)]

2 ± 20 [0 (-80; 
100)]

0.247

Self-care 5 ± 24 [0 (0; 
133)]

-1 ± 20 [0 (-100; 
75)]

0.343 -1 ± 17 [0 (-100; 
50) ]

0 ± 0 [0 (0; 0)] 1.000

Getting along withpeople 69 ± 138 [25 (-
100; 800)]

38 ± 66 [0 (-100; 
200)]

0.317 37 ± 58 [17 (0; 
200)]

25 ± 47 [0 (-100; 
100)]

0.322

Life activities 8 ± 47 [0 (-100; 
150)]

59 ± 104 [0 (-100; 
400)]

0.008 39 ± 96 [0 (-100; 
350)]

101 ± 174 [0 (-100; 
800)]

0.046

Participation insociety 72 ± 66 [69 (-
100; 240)]

91 ± 112 [60 (-50; 
550)]

0.593 77 ± 156 [37 (-
17; 799)]

29 ± 51 [20 (-100; 
200)]

0.044

WHODAS-II

Total 74 ± 85 [58 (-
100; 400)]

92 ± 123 [44 (-12; 
635)]

0.500 72 ± 74 [50 (-25; 
301)]

51 ± 66 [41 (-100; 
349)]

0.453

Physical function -4 ± 7 [-4 (-24; 
15)]

-5 ± 9 [0 (-44; 3)] 0.664 -1 ± 4 [0 (-24; 
7)]

1 ± 9 [0 (-11; 65)] 0.237

Physical role -7 ± 34 [0 (-50; 
101)]

-10 ± 26 [0 (-50; 
101)]

0.833 0 ± 13 [0 (-50; 
33)]

1 ± 19 [0 (-50; 
101)]

0.894

Bodily pain -14 ± 15 [-18 (-
40; 35)]

-15 ± 13 [-11 (-53; 
11)]

0.842 -3 ± 9 [0 (-31; 
22)]

0 ± 12 [0 (-27; 68)] 0.456

General health -15 ± 12 [-14 (-
36; 16)]

-16 ± 11 [-14 (-50; 
0)]

0.655 -3 ± 5 [-0 (-22; 
7)]

-4 ± 5 [0 (-18; 8)] 0.766

PCS -8 ± 11 [-6 (-27; 
32)]

-11 ± 11 [-8 (-45; 
7)]

0.465 3 ± 9 [1 (-30; 
18)]

3 ± 8 [1 (-15; 27)] 0.911

Vitality -6 ± 11 [-7 (-22; 
54)]

-7 ± 8 [-4 (-43; 5)] 0.414 -5 ± 7 [-4 (-21; 
6)]

-4 ± 13 [-2 (-28; 
70)]

0.760

Social function -13 ± 20 [-15 (-
40; 61)]

-21 ± 16 [-19 (-47; 
18)]

0.090 -14 ± 15 [-12 (-
53; 18)]

-14 ± 19 -13 (-59; 
61)]

0.615

Emotional role -15 ± 50 [0 (-57; 
133)]

-15 ± 34 [0 (-57; 
133)]

0.447 -14 ± 23 [0 (-57; 
23)]

-7 ± 44 [0 (-57; 
133)]

0.832

Mental health -8 ± 18 [-11 (-33; 
91)]

-10 ± 10 [-7 (-33; 
4)]

0.613 -8 ± 11 [-6 (-31; 
7)]

-5 ± 19 [-5 (-36; 
115)]

0.674

SF-36

MCS -14 ± 27 [-16 (-
44; 123)]

-15 ± 16 [-10 (-51; 
25)]

0.542 -17 ± 18 [-6 (-
61; 2)]

-14 ± 28 [-8 (-62; 
124)]

0.955

Cells represent the mean ± SD [median (minimum-maximum)] of the percentage change in score between the preoperative value and the postoperative 
value at 15-18 mo for each subject. WHODAS-II: World Health Organization Disability Assessment Schedule II; SF-36: 36-item Short Form Survey; PCS: 
Physical component score; MCS: Mental component score.

lives were significantly more common following LAR and APR than AR (Table 5). 
Regarding the religious worship of patients, praying and fasting activities were 
decreased after surgery; these decreases were significant in the LAR and APR groups 
compared with the AR group. There were no changes in the praying and fasting 
activities of spouses (Table 5). The fulfillment of religious activities decreased in male 
patients compared with female patients (data not shown).

DISCUSSION
The evaluation of the consequences of diseases and treatments on patient-reported 
outcomes, such as QoL, has gained extensive attention[8,13-17]. In fact, the diagnosis 
of cancer and the associated treatment process have considerable social, physical, 
psychological, and sexual impacts for both patients and their spouses. Little 
information is available regarding spouses’ QoL following colorectal cancer surgery. 
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Table 5 Evaluation of the Ankara University Life Standards Questionnaire according to the type of surgery

Patient Spouse

Questions APR LAR AR P 
value APR LAR AR P 

value

General health status1 0.58 ± 0.97 [1 (-
2; 2)]

0.75 ± 0.51 [1 
(0; 2)] 

0.18 ± 0.72 [0 (-
2; 2)] 

0.002 0.42 ± 0.66 [0 
(0; 2)]

0.66 ± 0.75 [1 (-
1; 2)]

0.15 ± 0.44 [0 (-
1; 1)]

0.006

General quality of life1 0.76 ± 0.71 [1 (-
1; 2)]

0.81 ± 0.59 [1 
(0; 2)]

0.50 ± 0.66 [0 
(0; 2)]

0.068 0.48 ± 0.71 [0 (-
1; 2)]

1.06 ± 0.84 [1 
(0; 3)]

0.32 ± 0.77 [0 (-
2; 2)]

0.001

Time to return to old life and 
activity (mo)2

4.17 ± 1.37 [5 
(0; 5)]

4.03 ± 1.52 [5 
(0; 5)]

3.70 ± 1.16 [4 
(1; 5)]

0.077 4.07 ± 1.14 [4 
(0; 5)]

3.57 ± 1.75 [4 
(0; 5)]

3 ± 1.53 [3 (0; 
5)]

0.018

Amount of time spent with 
spouse3

Unchanged 6 (18.2) 10 (31.3) 21 (61.8) 5 (15.2) 5 (15.6) 22 (64.7)

Decreased 8 (24.2) - 8 (23.5) 4 (12.1) 1 (3.1) 5 (14.7)

Increased 19 (57.6) 22 (68.8) 5 (14.7) < 0.001 24 (72.7) 26 (81.3) 7 (20.6) < 0.001

Amount of time spent at home3

Unchanged 5 (15.2) 8 (25) 26 (76.5) 4 (12.1) 4 (12.5) 21 (61.8)

Decreased 3 (9.1) - 3 (8.8) < 0.001 3 (9.1) 1 (3.1) 2 (5.9) < 0.001

Increased 25 (75.8) 24 (75) 5 (14.7) 26 (78.8%) 27 (84.4) 11 (32.4)

Sex life3

Unchanged 13 (39.4) 18 (56.3) 32 (94.1) < 0.001 20 (60.6) 19 (59.4) 31 (91.2) 0.005

Unavailable 20 (60.6) 14 (43.8) 2 (5.9) 13 (39.4) 13 (40.6) 3 (8.8)

Praying3

Unchanged 13 (46.4) 17 (68) 26 (100) < 0.001 27 (96.4) 25 (96.2) 22 (100) NA

Decreased 15 (53.6) 8 (32) - 1 (3.6) 1 (3.8) -

Fasting3

Unchanged 10 (35.7) 16 (64) 24 (92.3) < 0.001 25 (89.3%) 25 (96.2) 22 (100) NA

Decreased 18 (64.3) 79 (36) 2 (7.7) 3 (10.7) 1 (3.8) -

Purifying aims3

Unchanged 22 (78.6) 18 (72) 25 (96.2) 0.064 27 (96.4) 25 (96.2) 22 (100) NA

Decreased 6 (21.4) 7 (28) 1 (3.8) 1 (3.6) 1 (3.8) -

1Cells represent the mean ± SD [median (minimum-maximum)] of the percentage change in score between the preoperative value and the postoperative 
value at 15-18 mo- for each subject.
2mean ± SD [median (minimum-maximum)].
3Frequency (percent).
APR: Abdominoperineal resection; LAR: Low anterior resection; AR: Anterior resection.

Depending on the localization of the colorectal carcinoma, either sphincter-saving or 
sphincter-sacrificing radical surgery can be performed. All procedures have a 
significant impact on patients’ QoL. The stoma itself can disrupt rectal function owing 
to the presence of a low anastomosis. Moreover, significant sexual and urological 
dysfunction has also been reported, mainly due to damage to the autonomic pelvic 
nerve plexus[1]. Colorectal cancer diagnosis and treatment are not isolated experiences
[18]. Spouses are the most frequent providers of support to patients with colorectal 
cancer. Patients with cancer and their caregivers (e.g., spouses) experience emotional 
distress, physical problems, psychological difficulties, and sexual problems related to 
changes in their life[19,20]. The present study aimed to evaluate the QoL following 
surgery for colorectal cancer, namely, AR, LAR, and APR, in both patients and their 
spouses during the same time frame.

The present study revealed a significant relationship between the disability levels of 
patients and their spouses in terms of both the total score and subscales (self-care, life 
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activities, and participation in society) of the WHODAS-II. There were also positive 
correlations between the QoL of patients and their spouses for most of the subscales 
(bodily pain, general health, vitality, social function, emotional role, mental health, 
and MCS) of the SF-36. When the evaluations were conducted separately for each 
surgical procedure, there was an increase in postoperative disability levels in patients 
for all surgery types; however, the level of disability was minimal in patients following 
AR when compared with patients who underwent LAR or APR. Similarly, there was a 
decrease in the patient QoL for all surgery types during the postoperative period as 
measured by all subscales of the SF-36. However, this deterioration was minimal in the 
AR group when compared with the LAR and APR groups.

As hypothesized, we found decreases in the QoL scores over time in the spouses of 
patients with colorectal cancer when measured with the SF-36, specifically in the 
“vitality,” “social function,” “emotional role,” “mental health,” and MCS subscales. 
Additionally, we found an increase in spousal disability over time for the “life 
activity” and “participation in society” subscales and the total score of the WHODAS-
II. Similarly, Badger et al[21] showed that 25% of partners often suffer the same or 
higher levels of emotional distress compared with cancer survivors. In fact, cancer 
treatment, with its collateral side effects, produces physical and emotional 
disturbances that influence QoL. A study by Graça Pereira et al[3], which compared 
different modes of treatment (i.e., surgery, surgery plus chemotherapy, or surgery 
followed by radiotherapy) in colorectal cancer, demonstrated that patients who 
received only surgery had lower levels of depression, anxiety, and traumatic stress 
symptoms when compared with patients who received surgery plus chemotherapy or 
surgery plus radiotherapy. Similar results were found for the spouses of patients 
undergoing these treatments.

Previous studies on changes in the QoL of spouses of patients with breast and 
prostate cancer have not explored gender-related differences in QoL, as doing a 
gender-based comparison is only meaningful in gender nonspecific cancers such as 
colorectal cancer[2,22,23]. In the present study, there was an increase in postoperative 
disability for all subscales of the WHODAS-II for both genders, but these increases 
were not statistically significant except for the “life activities” subscale, which showed 
a significant increase the score among female patients and male patients’ spouses. The 
“participation in society” subscale also showed a significant increase among female 
patients’ spouses.

The results of the Ankara University Life Standards Questionnaire show that 
patients’ and spouses’ perceptions of their own general health and general QoL 
significantly decreased following patients’ surgeries. Many studies in the literature 
have compared patients who underwent LAR with patients who underwent APR, and 
the general consensus in these publications is that there exists a possibility of LAR 
syndrome in patients with very low-level anastomosis, which has a negative effect on 
QoL. In these patients, constipation, diarrhea, frequent stools, and the development of 
fecal incontinence is a major problem that decreases QoL[24-26]. In our study, when 
the types of surgery were compared, there was a distinct deterioration in the LAR 
group. However, there were no gender differences between the patients and spouses. 
We found that patients and their spouses tended to spend more time together and at 
home following surgery, especially in the LAR and APR groups. Interestingly, we 
found that male patients’ spouses spent significantly more time with their husbands 
and spent more time at home than female patients’ spouses. This situation 
significantly impacts the lifestyle of male patients’ spouses. As mentioned previously 
by Cakmak et al[27], this may be because male patients are more willing to have their 
colostomy care managed by their wives. Changes in sex life were significantly more 
common following LAR and APR than in the AR group.

With regard to the religious attitudes of patients, the literature suggests that religion 
is an important factor in coping with cancer[28,29]. Shaheen Al Ahwal et al[28] found 
that religiosity is associated with fewer depressive symptoms and fewer suicidal 
thoughts in Muslim patients with colorectal cancer. We found that religious activities, 
such as praying and fasting, decreased significantly in the LAR and APR groups when 
compared with the AR group, whereas there were no changes in praying and fasting 
in spouses. This is probably because of the importance of cleanliness and the desire to 
be free of any fecal material, especially when praying in Islam. We also found that 
fulfillment of religious duties decreased more among male patients than among female 
patients.

Although the present study has shown valuable findings, its design is not without 
certain flaws. The main limitations could be counted as followed: The first concern is 
to include the patients who underwent AR for sigmoid colon cancer. AR is a different 
type of surgery compared to LAR and APR. It is already known that these patients 
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have better functional and sexual outcomes. Another limitation is about the exclusion 
criterias; patients with major morbidity were excluded from the study. Complications 
are an unavoidable aspect of colorectal surgery. It may be better to eveluate the effects 
of major complications in QoL scoring.

CONCLUSION
Colorectal cancer surgery has a significant effect on the QoL of both patients and their 
spouses, with a greater impact on male patients’ spouses. Preoperative counseling 
regarding potential problems should therefore collectively address the patient and 
their spouse as a couple rather than the patient alone, particularly for patients 
undergoing LAR and APR procedures.

ARTICLE HIGHLIGHTS
Research background
We hypothesized that colorectal cancer surgery affects not only the patient’s physical, 
social, and psychological aspects of lifestyle, but also the quality of life (QoL) of the 
patient’s spouse.

Research motivation
Although there are many studies investigating the QoL in patients who have colorectal 
cancer none of these focus on the spousal QoL. To the best of our knowledge, this is 
the first prospective and comparative study investigating the QoL following colorectal 
cancer surgery in both the patients and their spouses during the same time frame.

Research objectives
The aim of this prospective and comparative study was to investigate the QoL of 
patients and their spouses.

Research methods
Patients who remained well a minimum of 5 years after curative surgery for colorectal 
carcinoma and their spouse's as well were included in this prospective study. Both 
patients (n: 100) and their spouses (n: 100) filled SF-36 (Medical Outcome Study 36-
item Short Form Survey) and WHODAS-II (World Health Organization-Disability 
Assessment Schedule II) preoperatively (preop), and postop 15-18 mo.

Research results
There were statistically significant positive correlations between the disability scores of 
both patients and their spouses for the ”self-care”, ”life activities” and ”participation 
in society” subscales of WHODAS II and the total score for WHODAS II (P < 0.01; for 
each). There were also positive correlations between the life quality of both patients 
and their spouses in most of the subscales of SF-36. Statistically significant correlations 
were found for ”bodily pain”, “general health”, ”vitality”, ”social function”, ”role 
emotional”, ”mental health” and MCS subscales of SF-36 (P < 0.05; for each). When the 
gender differences were evaluated, it was found that the QoL of female spouses 
changed more than male spouses for all subscales of WHODAS-II.

Research conclusions
Patients as well as their spouses QoL was affected following colorectal cancer surgery. 
These changes detected more significantly in female spouses.

Research perspectives
Randomized controlled trials are expected to be conducted to measure the effect of 
counseling of the patients with colorectal cancer and their spouses.
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Abstract
BACKGROUND 
Rectocele is commonly seen in parous women and sometimes associated with 
symptoms of obstructed defecation syndrome (ODS).

AIM 
To assess the current literature in regard to the outcome of the classical 
transperineal repair (TPR) of rectocele and its technical modifications.

METHODS 
An organized literature search for studies that assessed the outcome of TPR of 
rectocele was performed. PubMed/Medline and Google Scholar were queried in 
the period of January 1991 through December 2020. The main outcome measures 
were improvement in ODS symptoms, improvement in sexual functions and 
continence, changes in manometric parameters, and quality of life.

RESULTS 
After screening of 306 studies, 24 articles were found eligible for inclusion to the 
review. Nine studies (301 patients) assessed the classical TPR of rectocele. The 
median rate of postoperative improvement in ODS symptoms was 72.7% (range, 
45.8%-83.3%) and reduction in rectocele size ranged from 41.4%-95.0%. Modific-
ations of the classical repair entailed omission of levatorplasty, addition of 
implant, concomitant lateral internal sphincterotomy, changing the direction of 
plication of rectovaginal septum, and site-specific repair.

CONCLUSION 
The transperineal repair of rectocele is associated with satisfactory, yet variable, 
improvement in ODS symptoms with parallel increase in quality-of-life score. 
Several modifications of the classical TPR were described. These modifications 
include omission of levatorplasty, insertion of implants, performing lateral 
sphincterotomy, changing the direction of classical plication, and site-specific 
repair. The indications for these modifications are not yet fully clear and need 
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further prospective studies to help tailor the technique to rectocele patients.

Key Words: Transperineal repair; Rectocele; Review; Modifications; Outcome

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: An organized literature search for studies that assessed the outcome of 
transperineal repair of rectocele was performed. Out of 306 studies, 24 were found 
eligible for inclusion to this review. Nine studies (301 patients) assessed the classical 
transperineal repair of rectocele. The median rate of postoperative improvement in 
obstructed defecation syndrome symptoms was 72.7% (range, 45.8%-83.3%), whereas 
reduction in rectocele size ranged from 41.4%-95.0%. Modifications of the classical 
repair entailed omission of levatorplasty, addition of implant, concomitant lateral 
internal sphincterotomy, changing the direction of plication of rectovaginal septum, 
and site-specific repair.

Citation: Fathy M, Elfallal AH, Emile SH. Literature review of the outcome of and methods 
used to improve transperineal repair of rectocele. World J Gastrointest Surg 2021; 13(9): 1063-
1078
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1063.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1063

INTRODUCTION
Anatomic background
Rectocele is a variant of pelvic organ prolapse (POP) that is defined as the herniation 
of the rectum into the posterior vaginal lumen through a weakness or defect of the 
rectovaginal septum (RVS)[1]. The RVS is the connective tissue fascia that separates 
the genital system from the digestive tract[2]. It is more firmly adherent and closely 
attached to the vagina than to the anorectum[3]. The thickness of the RVS varies from 
0.1 mm to 2.6 mm, being thicker medially and looser and more adipose laterally[4].

Incidence and pathogenesis 
Rectocele affects nearly two-thirds of parous women at variable degrees that may or 
may not be associated with symptoms[3]. A recent study suggested a strong 
association between vaginal delivery, namely the first delivery, and the development 
of rectocele and its size[5]. However, it was reported that nearly 12% of nulliparous 
women may also develop rectocele secondary to congenital defects[6].

The pathogenesis of rectocele is multifactorial including a variety of modifiable and 
non-modifiable factors that result in loss of integrity of the RVS and the development 
of rectocele. Non-modifiable risk factors include advanced age and genetic suscept-
ibility whereas the modifiable risk factors include greater parity, history of vaginal 
delivery, history of pelvic surgery, obesity, level of education, constipation, and 
chronic increase in the intra-abdominal pressure[4].

Basically, rectoceles are based on defects in the RVS. According to Diets and 
Steensma[7], vaginal delivery leads to increased prevalence and size of already 
present, asymptomatic defects in the RVS. Richardson[8] suggested that the etiology of 
rectocele may be related to discreet defects in the RVS. The most common form of 
these defects is a transverse break just above the perineal body.

Further factors that may contribute to the development of rectocele include the loss 
of natural fixation that impairs the ability of the posterior wall to resist pressures from 
behind[8]. In addition, long-standing denervation of the pelvic floor and widening of 
the genital hiatus during delivery may worsen the condition[9]. Also, the change in 
orientation of the levator ani muscles, which are important elements in vaginal 
support, in response to birth trauma can contribute to the pathogenesis of rectocele. It 
was observed that the levator ani muscles are stretched more than 200% beyond the 
threshold for stretch injuries during the second stage of labor[10].

https://www.wjgnet.com/1948-9366/full/v13/i9/1063.htm
https://dx.doi.org/10.4240/wjgs.v13.i9.1063


Fathy M et al. Review of transperineal repair of rectocele

WJGS https://www.wjgnet.com 1065 September 27, 2021 Volume 13 Issue 9

Clinical features 
Rectocele usually presents with many symptoms that may not be constant and may 
vary from day to day. These symptoms include pelvic pain or feeling of pressure, 
feeling of the posterior vaginal bulge, manifestations of obstructed defecation 
syndrome (ODS), constipation, and dyspareunia[11]. Physical examination includes 
both rectal and vaginal assessment. Rectocele can be graded according to the Baden-
Walker system, which measures the distance of the most distal point of the prolapsed 
wall from the hymen during Valsalva maneuver[12]. To ensure better accuracy and 
reliability, the POP quantification system is used to assess the rectocele with a two-
point assessment method followed by grading[13].

Assessment 
Fluoroscopic defecography is usually used for the anatomical assessment of rectocele. 
It involves the introduction of a contrast medium into the rectum and the assessment 
of the anatomy and function at rest and during straining using an X-ray machine and a 
special commode[14]. It is worthy to note that up to 93% of healthy, asymptomatic 
women were found to have a radiologic evidence of rectocele in fluoroscopic defeco-
graphy. Therefore, the indication for surgical treatment of rectocele should be predom-
inantly based on clinical symptoms and not just the radiologic evidence of an 
anatomical rectocele.

More superior to X-ray defecography is the dynamic magnetic resonance imaging 
defecography that can confer more detailed diagnosis and can easily reconstruct the 
sequence of images into a video to assess the condition more precisely[15]. Also, 
endoanal ultrasonography dynamic scan (echodefecography) and transperineal 
ultrasonography are used successfully in the assessment of rectocele, perineal body, 
and anal sphincters[16,17].

Management 
Non-surgical management of rectocele involves eating a high-fiber diet, increasing 
water intake, and stool softeners. In addition, pelvic floor physiotherapy, such as 
Kegel exercises, is used to improve rectocele symptoms, but they appear to be more 
successful in anterior compartment prolapse[18]. Vaginal pessaries have been used 
with good results and succeed to avoid surgery in nearly two-third of patients[19].

Surgical management of rectocele is reserved for those who fail to improve after 
conservative treatment[20]. Surgery aims at correcting the anatomy and strengthening 
the rectal wall as well as correcting any coexisting pathology. Rectocele repair can be 
achieved through transvaginal, transperineal, transanal, or abdominal approaches. 
Transvaginal repair is the most common and preferable approach to gynecologists, 
while transanal and transperineal repairs are the preferable approaches to coloprocto-
logists[3]. The transabdominal approach, namely ventral mesh rectopexy, is mainly 
indicated for high-level rectoceles, rectoceles associated with internal rectal prolapse, 
and/or descending perinium syndrome, associated genital prolapse, or when 
transperineal and transvaginal repairs are contraindicated[3,20].

The transperineal approach may have an advantage over the transvaginal and 
transanal approaches in that it does not involve the vaginal mucosa and does not 
induce stretching of the anal sphincter muscles and therefore does not compromise 
sexual functions or the continence mechanism[21].

Classical technique of transperineal repair of rectocele 
The procedure is usually done under spinal anesthesia. Patients are placed in the 
lithotomy position, and the buttocks are separated. A curvilinear incision is made 
between the anal verge and the posterior fourchette to allow for proper dissection of 
rectovaginal space anterior to the anal sphincter complex. Using a combination of 
blunt and sharp dissection, with the help of digital palpation, the separation of vaginal 
mucosa from the rectal wall is achieved taking care to avoid injury of the vagina and 
rectum. The dissection is continued until the rectocele bulge is fully exposed. Then, 
plication of the RVS is performed in a side-to-side manner with interrupted absorbable 
sutures. The transperineal approach is usually combined with levatorplasty to restore 
the normal vaginal hiatus. Anal sphincteroplasty can be also performed in case of 
sphincter defects. After adequate hemostasis, perineorrhaphy is performed, and the 
skin is closed with interrupted absorbable sutures[22].
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MATERIALS AND METHODS
Strategy of literature search 
This was a comprehensive literature review in which an organized literature search 
was completed using the following keywords “rectocele,” “anterior rectocele,” 
“perineal repair,” “transperineal repair,” “pelvic organ prolapse,” “transperineal 
approach,” and “rectocele repair.” Eligible studies were identified by searching 
PubMed/Medline database and Google Scholar in addition to manual search of 
reference lists of retrieved studies. The search process started from January 1991 
through December 2020.

The inclusion criteria comprised prospective or retrospective case series and cohort 
studies and randomized clinical trials that reported the outcome of classical 
transperineal rectocele repair and its technical modifications with at least 6 mo of 
follow-up. We excluded irrelevant studies, studies assessing techniques for rectocele 
repair other than the transperineal repair, studies that did not report the outcome of 
transperineal repair clearly, and articles without an English full text.

RESULTS
Literature analysis
The preliminary search yielded 306 articles. After duplicates subtraction, 264 articles 
were initially screened. After screening, we excluded irrelevant studies, other study 
types (review articles, case reports, letters, and conferences papers), and articles in 
languages other than English, and finally 24 studies were eligible for analysis. The 
studies included were 13 retrospective studies, 7 prospective studies, and 4 
randomized trials. The literature search and study selection process are outlined in 
Figure 1.

The 24 studies included 1349 patients, 821 (60.9%) of whom underwent TPR of 
rectocele, either using the classic repair or modified repair techniques as shown in 
Figure 2.

Classical transperineal repair
A total of 301 patients from nine studies underwent the classical TPR of rectocele. The 
average age of the patients ranged from 43.2-63.3 years, and the mean follow-up 
duration ranged from 6-48 mo (Table 1).

The median rate of postoperative improvement in ODS symptoms was 72.7% 
(range, 45.8%-83.3%)[23-31]. More specifically, a significant decline in the symptom 
score used to measure ODS symptoms ranged from 54.8%-78.0%[23,24,27,28]. The 
studies that used fluoroscopic defecography for assessment reported a reduction in 
rectocele depth ranging from 41.4%-95.0%[23-25,27,31]. In regard to changes in the 
continence state, Mills[26] reported an improvement in fecal incontinence in all 
patients during follow-up, including patients with combined ODS and fecal 
incontinence who reported significant improvement in both complaints.

Anal pressure and sensation assessment of the patients showed variable results. 
According to Balata et al[23], there was a significant increase in the maximum resting 
pressure (MRP) and maximum squeeze pressure after TPR. In contrast, Ayabaca et al
[30] reported a non-significant decline in the MRP and maximum squeeze pressure 
after repair. Two studies reported a significant decrease in the threshold of rectal 
sensation after TPR[24,27].

Patient satisfaction with the procedure was not commonly assessed in the literature. 
Balata et al[23] documented a significant improvement in the 12-Item POP/Urinary 
Incontinence Sexual Questionnaire score. Also, they reported a non-significant 
improvement in sexual satisfaction and a decreased incidence of dyspareunia at 12 mo 
after repair[23]. Another study[27] reported an improvement in dyspareunia reaching 
up to 50%, whereas Hirst et al[29] reported satisfaction in 78.8% of their patients.

Farid et al[27] reported a correlation between the reduction in rectocele size and the 
improvement in ODS symptoms, in contrast to another study that failed to find 
significant correlation between the two parameters[31]. Overall, recurrence of rectocele 
was recorded in 7 (2.3%) patients after TPR, and the rates of recurrence ranged from 
6.3%-15.2% across the studies reviewed[23,29]. Complications developed in 43 (14.3%) 
patients, and the most common complication of TPR was wound infection. Other 
complications included wound dehiscence, hematoma, and urine retention[23-31].
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Table 1 Results of classical transperineal repair (transperineal repair + levatorplasty ± sphincteroplasty)

Ref. Methodology n Age Follow-
up

Diagnosis and 
assessment Outcome Complications

Significant improvement 
(decline) in Wexner score 
(Pre = 18.3 ± 0.7, PO = 7.2 ± 
1.4, P < 0.0001)

Significant decline in rectocele 
depth (Pre = 4.6 ± 0.8 cm, PO 
= 1.4 ± 0.9 cm, P < 0.0001)

Significant rise of MRP (Pre = 
60.7 ± 8.5 mmHg, PO = 67.1 ± 
4.2 mmHg, P = 0.0003)

Significant rise of MSP (Pre = 
136.4 ± 3.5 mmHg, PO = 141.2 
± 2.1 mmHg, P < 0.0001)

Significant improvement 
(decline) in PISQ-12 score (Pre 
= 26.4 ± 2.1, PO = 18.2 ± 0.7, P 
< 0.0001)

Balata et al
[23], 2020 
(Egypt)

RCT 32 
(entire 
cohort 
n = 64)

45.1 ± 
3.5 

12 mo Wexner constipation score; 
Fluoroscopic 
defecography; ARM; 
PISQ-12; Satisfaction

Sexual satisfaction (Pre = 23 
patient, PO = 24 patient, P = 
0.8)

Complications (n = 6); 
Dyspareunia (Pre = 11, 
PO =13, P = 0.8); 
Recurrence (n = 2)

Significant improvement (n = 
30), no improvement (n = 16)

Significant improvement 
(decline) in Wexner score (Pre 
= 17.8 ± 2.7, PO = 9.2 ± 4.7, P < 
0.001)

Significant decline in rectocele 
depth (Pre = 4.7 ± 1.2, PO = 
2.2 ± 1.4, P < 0.001)

Emile et al
[24], 2020 
(Egypt)

Retrospective 
case series

46 43.2 ± 
10.7

13.9 mo 
(12.0-
18.0)

Wexner constipation score; 
Fluoroscopic 
defecography; ARM

Significant improvement 
(decline) in rectal sensation 
volumes

Wound dehiscence (n = 6), 
hematoma (n = 2)

Symptom improvement 
[excellent (n = 6 patient), good 
(n = 4 patient), fair (n = 2 
patient)]

Significant decline in rectocele 
depth (Pre = 4 ± 0.8 cm, PO = 
0.2 ± 0.5 cm, P <0.001)

Tomita et al
[25], 2012 
(Japan)

Prospective 
case series

12 63.3 
(33.0-
82.0)

24 mo Symptom assessment; 
Fluoroscopic 
defecography

Complete resolution of 
rectocele (n = 10 patient)

Wound infection (n = 2)

Negative trans-illumination 
immediately after repair (n = 
50 patient)

Rectocele wall thickness 
increased from 2.4 mm to 4.8 
mm immediately after repair (
n = 50 patient)

No PO manifestations of FI (n 
= 109 patient)

Mills[26], 2011 
(South Africa)

Retrospective 
case series

117 24-85 6 mo (at 
least)

Symptom assessment; 
Trans-labial US; Rectocele 
wall thickness by 
Harpenden Skinfold 
Caliper (n = 50 patient); 
Trans-illumination (n = 50 
patient)

Patients with combined ODS 
and FI became normal (n = 43 
patient) 

Wound infection (n = 2)

Significant improvement 
(decline) in modified ODS 
score (Pre = 17.3 ± 5.1, PO = 
3.8 ± 1.7, P < 0.0001)

Significant reduction in 
rectocele depth (Pre = 4.2 ± 0.8 

Farid et al[27], 
2010 (Egypt)

RCT 16 
(entire 
cohort 
n = 47)

48.4 ± 
12.6

6 mo Modified ODS score; 
Fluoroscopic 
defecography; ARM

Wound infection (6.4%)
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cm, PO = 0.9 ± 0.7 cm, P < 
0.0001)

Significant improvement in 
rectal sensation volumes; 
Non-significant decline of 
dyspareunia (Pre = 6 patients, 
PO = 3 patients)

Complete rectal evacuation (n 
= 13 patient)

Significant correlation 
between rectocele depth and 
ODS score (P = 0.01)

Significant decline in PO score 
(Pre = 4.2, PO = 1.9, P < 
0.0001)

Improvement: complete 
improvement [no symptoms] 
(42.9%), partial improvement 
[only one symptom] (5.7%), 
partial improvement [with ≥ 2 
symptom] (31.4%), unchanged 
(20%)

Improvement of constipation (
n = 11 patient)

Puigdollers et 
al[28], 2007 
(Spain)

Prospective 
cohort

24 
(entire 
cohort 
n = 35)

52 (28-
79)

12 mo Questionnaire based on 
ROME-II criteria (Y/N)

Results were worse after 
hysterectomy

Hematoma (n = 2)

Surgery outcome: All patients: 
Cured (n = 21 patient), initial 
improvement (n = 5 patient), 
no improvement (n = 7 
patient), further surgery (n = 8 
patient)

Hirst et al[29], 
2005 (United 
Kingdom)

Retrospective 
cohort

33 
(entire 
cohort 
n = 82)

51, 
median 
(25-83)

NP Clinical assessment; 
Satisfaction assessment

Patients with rectocele only (n 
= 6 patients): Cured (n = 5), 
initial improvement (n = 1), 
further surgery (n = 0) 
Satisfaction: (n = 26)

Complications (n = 0); 
Recurrence (n = 5)

ODS symptoms improvement: 
Improved (n = 8 patient), lost 
to follow-up (n = 3 patient)

FI score improved (declined: 
Pre = 4.9 ± 0.9, PO = 4.2 ± 0.8); 
Non-significant decline in 
MRP and MSP in patients 
with FI

Ayabaca et al
[30], 2002 
(Italy) 

Retrospective 
cohort

11 
(entire 
cohort 
n = 60)

56 (21-
70)

48 mo (9-
122)

Symptom assessment; FI 
score; ARM

No improvement of FI (n = 1 
patient)

Urine retention (10%), 
wound dehiscence (6.6%), 
wound infection (n = 
3.3%), other complications 
(10%); Recurrence: n = 0

Ability to evacuate rectum: 
Improved (72.7%), unchanged 
(22.7%), deteriorated (4.5%)

Significant decline in rectocele 
depth (Pre = 2.9 cm, PO = 1.7 
cm, P < 0.01)

Significant decline in rectocele 
area (Pre = 7.8 cm, PO = 4.3 
cm, P < 0.01)

Van 
Laarhoven et 
al[31], 1999 
(United 
Kingdom)

Retrospective 
cohort

10 
(entire 
cohort 
n = 22)

48 (31-
63)

27 mo, 
median 
(5-54)

Symptom assessment; 
Fluoroscopic 
defecography; Pudendal 
nerve motor latency

No correlation between 
rectocele reduction and 
symptoms improvement

Wound infection (9.1%)

ARM: Anorectal manometry; FI: Fecal incontinence; MRP: Maximum resting pressure; MSP: Maximum squeeze pressure; NP: Not provided; ODS: 
Obstructed defecation syndrome; PISQ-12: 12-Item Pelvic Organ Prolapse/Urinary Incontinence Sexual Questionnaire; PO: Postoperative; Pre: 
Preoperative; RCT: Randomized controlled trial; ROME-II: 2nd edition of criteria of functional gastrointestinal disorders; US: Ultrasonography.

Modifications of the classical transperineal repair
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Figure 1 PRISMA diagram outlining study selection process.

Insertion of implant with or without performing the classical repair: Six studies 
including 86 patients inserted an implant to reinforce the RVS, with or without 
performing the classical TPR. The average age of patients ranged from 50.0-58.7 years, 
and the average follow-up ranged from 9-29 mo (Table 2).

When the classical repair was omitted and an implant only was inserted the median 
improvement in ODS was 90.9% (range, 70%-100%)[32-35]. A significant drop in ODS 
score was reported in 30.9%-64.9% of patients[32-34], and significant satisfaction was 
reported by 83.3% of the patients according to Azanjac and Jorovic[35].

On the other hand, when a synthetic mesh implant was inserted to reinforce the 
classical transperineal repair, the improvement in ODS ranged from 71.4%-88.9% with 
a median of 80.1%[29,36]. Watson et al[36] reported a reduction in rectocele size and 
barium entrapment equal to 35.1% and 64.3%, respectively[36], and Hirst et al[29] 
reported complete or partial satisfaction in 85.7% of patients.

Mercer-Jones et al[34] compared two types of meshes, polypropylene mesh and 
composite mesh of polypropylene and polyglycolic acid. The authors reported better 
outcome with the composite mesh, reaching 100% as compared to 64.3% with polypro-
pylene mesh. New-onset dyspareunia was reported after both techniques[34,36]. 
Additionally, Watson et al[36] reported improvement in dyspareunia in 1 patient and 
persistence of symptoms in another 2 patients[36].

Overall, only two rectocele recurrences (2.3%) were reported after insertion of mesh 
implant[29,34]. Twelve (13.9%) patients developed complications. The most common 
reported complication was wound infection, whereas the most serious complication 
was mesh erosion, reported in 1.1% of patients[29]. Other complications included 
wound dehiscence, hematoma, and urine retention[32-36].

Omission of levatorplasty: Seven studies including 245 patients performed the 
classical TPR without performing levatorplasty. The average age of patients ranged 
from 41.4-52.0 years, and the mean follow-up ranged from 6-54 mo (Table 3).

Omission of levatorplasty only (n = 71): The omission of levatorplasty resulted in 
postoperative improvement in ODS symptoms in 66.7%-78.2% of patients[27,37,38-
40]. The reduction in ODS scores ranged between 32.8% and 53.0%[27,37,40]. A 
significant reduction in rectocele size was recorded in 45.8%-76.3% of patients[27,37]. 
Youssef et al[40] reported an increase in MRP, in contradiction to another study that 
reported a decrease in anal pressures[40]. Satisfaction was reported in 70% of patients
[40]. Two studies reported an improvement in dyspareunia in 16.7%-35.7% of patients
[27,37], whereas another study documented de novo dyspareunia[40]. Two studies 
reported recurrence rates ranging between 10% and 15%, whereas Sari et al[38] did not 
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Table 2 Results of modification of classic transperineal repair

Ref. Methodology Technique n Age Follow-
up

Diagnosis and 
Assessment Outcome Complications

Improvement of BBUSQ-
22 individual items (total 
improvement 30.9%): 
Significant improvement 
(decline) in 6 items

Significant deterioration 
(raise) in pain with 
bowel movements

Ellis[32], 
2010 (United 
States)

Retrospective 
cohort

TPI [porcine 
intestinal 
submucosal 
collagen implant 
(Surgisis®)] ± SP

32 
(entire 
cohort 
n = 
120)

58.7 ± 
8.9

12 mo BBUSQ-22

Non-significant changes 
in 2 items

Urine retention (n = 
2), Recurrence (n = 0)

All patients (100%) had 
improvement in 2 or 
more symptoms, and 
70% in three or more

Smart and 
Mercer-Jones
[33], 2007 
(United 
Kingdom)

Prospective 
case series

TPI [porcine 
dermal collagen 
implant 
(Permacol®)]> 
Suction drain 
(last 8 patients)

10 51, 
median 
(33-71)

9 mo, 
median 
(5-16)

Watson score

Decline of Watson score 
(Pre = 10.5, PO = 4.5)

Hematoma (n = 2)

Hirst et al
[29], 2005 
(United 
Kingdom)

Retrospective 
cohort

TPR + LP + 
Implant 

7 
(entire 
cohort 
n = 82)

51, 
median 
(25-83)

NP Clinical assessment Surgery outcome: cured 
(n = 5 patient), initial 
improvement (n = 1 
patient), no 
improvement (n = 1 
patient), further surgery 
(n = 2 patient); 
Satisfaction: n = 6 patient

Mesh erosion (n = 1); 
Recurrence (n = 1)

Decline in Watson score 
(Pre = 11.1, PO = 3.9); 
Significant (P < 0.05) 
symptomatic 
improvement (n = 20 
patient)

Subjective outcome (P < 
0.05) in favor of Vypro II
® mesh: Moderate to 
excellent [Prolene (n = 9 
patient), Vypro II® (n = 8 
patient)]

Mercer-Jones 
et al[34], 2004 
(United 
Kingdom)

Retrospective 
case series

TPI ± SPProlene 
mesh (n = 
14),Prolene + 
PGA mesh 
[Vypro II®] (n = 
8) 

22 53, 
median 
(28-66)

12.5 mo 
(3.0-47.0)

Watson score

Poor [prolene (n = 5 
patient), Vypro II® (n = 0 
patient)]

Wound infection (n = 
2), wound infection 
and dehiscence (n = 
1), dyspareunia (n = 1) 
Recurrence (n = 1)

Successful rectal 
evacuation without 
digitation (n = 6 patient); 
Symptom improvement 
[markedly (n = 2 
patient), completely (n = 
4 patient)]

Azanjac and 
Jorovic[35], 
1999 (Serbia)

Prospective 
case series

TPI [prolene 
mesh (Atrium®)]

6 56 (46-
68)

11 mo 
(7-18)

Symptom 
assessment; 
Satisfaction 
assessment

Satisfaction [very 
satisfied (n = 5 patient), 
somewhat (n = 1 
patient)]

Urine retention (n = 1)

Significant decline in PO 
score (Pre = 11.7, PO = 
1.9, P < 0.05); No further 
need for digital 
evacuation (n = 8); 
Significant decline in 
rectocele depth (Pre = 
3.7, PO = 2.4, P < 0.05)

Watson et al
[36], 1996 
(United 
Kingdom)

Prospective 
case series

TPR + LP + 
Implant [prolene 
mesh (Marlex®)]

9 50, 
median 
(32-61)

29 mo, 
median 
(8-36)

Watson 
scoreFluoroscopic 
defecography

Significant decline in 
barium trapping (Pre = 
14%, PO = 5%, P < 0.005)

Wound infection (n = 
1); Dyspareunia: 
Resolved (n = 1), 
abstained (n = 2), 
acquired (n = 1)

BBUSQ-22: 22-Item Birmingham Bowel and Urinary Symptoms Questionnaire; NP: Not provided; PGA: Polyglycolic acid; PO: Postoperative; Pre: 
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Preoperative; SP: Sphincteroplasty; TPI: Transperineal implant; TPR: Transperineal repair (classic vertical plication); LP: Levatorplasty.

report any recurrence. Complications included wound dehiscence, wound infection, 
bleeding, and hematomas[27,37,38,40].

Addition of implant (n = 6): Only a small number of patients had a synthetic 
implant along with omission of levatorplasty. There were not differential results from 
the entire cohort. The rate of improvement in ODS symptoms after this technique was 
78.2%, and the rate of complications was 6.4% with no reported recurrence[38].

Addition of limited internal sphincterotomy (LIS) (n = 30): Only one study[40] 
combined LIS with transperineal repair in patients with type-I anterior rectocele 
associated with high resting pressure. This technique resulted in a greater 
improvement in ODS symptoms in 93.3% of patients as compared to 70.0% when LIS 
was not performed. Also, the quality-of-life score was better in patients with 
concomitant LIS than in patients without LIS (12.9 vs 11.4, P = 0.02, respectively). 
Obviously, lower MRP was recorded after LIS as compared to patients without LIS 
(74.4 mmHg vs 87.5 mmHg, P < 0.0001). Complications included fecal incontinence in 
2 patients and new-onset dyspareunia in 1 patient. Only 1 patient experienced 
recurrence of rectocele at 12 mo after TPR combined with LIS.

Horizontal plication (n = 20): Omar et al[37] replaced the classical vertical plication 
of the RVS with craniocaudal or horizontal plication. Although the rate of complete 
cure of rectocele after horizontal plication was lower than the classical plication (55% 
vs 65%), the postoperative constipation scores were comparable. Horizontal plication 
managed to confer a more significant reduction in rectocele size, more improvement in 
dyspareunia, and lower recurrence rate than the classical repair.

Site-specific repair with an implant (n = 118): Replacement of the classical repair 
with site-specific repair along with the insertion of implants resulted in a greater 
improvement in ODS symptoms, reaching up to 100%. The improvement in Watson 
score ranged from 78.8% up to 83.8%. Additionally, three studies[39,41,42] that used 
site-specific repair reported a significant reduction in rectocele size. Leventoğlu et al
[42] used POP quantification to assess postoperative anatomic correction. At 6 mo after 
surgery, 10.8% remained POP quantification stage II, which then increased to 12% at 
14 mo. Lisi et al[39] reported a non-significant increase in anal pressures. Two studies 
reported normal sexual functions in sexually active patients[39,41], while another 
study reported postoperative dyspareunia in 9.6% of patients[42]. Two studies used 
the 36-Item Short Form Survey to assess the quality of life with non-significant 
increase in both composites of the tool[39,41]. Leventoğlu et al[42] reported that 96.4% 
of the patients were satisfied and would redo the surgery if the symptoms recurred. 
Two studies reported recurrence in 16%-20% of patients[39,41]. Complications were 
delayed wound healing, wound infection, urinary tract infection, and bleeding[39,41,
42].

Omission of RVS plication: In five studies comprising 189 patients, plication of the 
RVS was not done, and only levatorplasty or implant insertion was done. The average 
age of patients ranged from 52.1-59.0 years, and the average follow-up ranged from 14-
42 mo (Table 4).

Transperineal levatorplasty (n = 178): This modification resulted in improvement of 
ODS symptoms in 87.9% to 93.6% of patients[43-45] with lower rates of improvement 
(72.7%) observed when sphincteroplasty was added to treat coexisting fecal 
incontinence[44]. Reduction in the rectocele size ranged between 44.1%-50.0%[43,44]. 
According to two studies, there were non-significant increases in both MRP and 
maximum squeeze pressure[43,44]. The incidence of continence improvement reached 
100% in one study[43]. Satisfaction ranged between 87.5% and 90.0%[43,45], while in 
patients with baseline fecal incontinence, satisfaction rates were 91% at 12 mo and 
54.5% at 36 mo postoperatively[45]. The most serious complication was rectovaginal 
fistula, and other complications were mostly wound infection[43-45].

Transperineal implant with levatorplasty (n = 11): Only a small number of patients 
underwent this technique[31,44,46]. Two cohort studies did not report differential 
results of subgroups[31,44]. Parker and Phillips reported successful rectal evacuation 
in 75% of patients, and all patients were satisfied with the procedure. No complic-
ations were recorded[46].

Combined approaches
Three studies used the transperineal approach as an auxiliary procedure for the main 
approach. D’Hoore et al[47] performed laparoscopic ventral mesh rectopexy combined 
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Table 3 Results of modification of classic transperineal repair (with the omission of levatorplasty ± other additions or substitutions)

Ref. Method-
ology

Technique 
(TPR) n Age Follow-

up
Diagnosis and 
assessment Outcome Complications

Cure rate: Complete cure: 
TPR (n = 13 patient), HP (n 
= 11 patient)

Significant improvement 
TPR (n = 6 patient), HP (n = 
8 patient)

No improvement TPR (n = 1 
patient), HP (n = 1 patient)

Comparable significant 
improvement (decline) in 
Wexner score in both

More decline in rectocele 
depth with HP [TPR = 2.6 ± 
0.5 cm, HP = 1.7 ± 0.5 cm, P 
< 0.0001]

Omar et al
[37], 2020 
(Egypt)

Pilot RCT Omission of 
levatorplasty 
only (n = 20) HP 
instead of 
classical plication 
(n = 20)

40 44.9 (± 
7.7)

12 mo Wexner 
constipation 
score; 
Fluoroscopic 
defecography; 
ARM

More improvement of 
dyspareunia with HP [TPR 
= 9 patient, HP = 2 patient, 
P = 0.03]

TPR [wound dehiscence 
(n = 3), bleeding (n = 1), 
recurrence (n = 3)], HP 
[wound dehiscence (n = 
1), bleeding (n = 1) 
recurrence (n = 1)]

Patients free of symptoms 
(78.2%)

Sari et al
[38], 2019 
(Turkey)

Retrospective 
cohort

Omission of 
levatorplasty 
only (n = 6)+ 
Implant [prolene 
mesh without 
fixation (n = 6)]

12 
(entire 
cohort 
n = 78)

52 (31-
88)

54 mo (3-
218)

Symptom 
assessment 
Fluoroscopic 
defecography Patients had remaining 

urinary or defecatory 
symptoms or PO pain 
(21.8%)

Wound infection 
(3.8%), bleeding (2.6%); 
Recurrence (n = 0)

No complaint regarding 
bowel functions at 2 mo and 
no sexual 
problemsSignificant decline 
in Watson score (Pre = 9.9 ± 
2.5, PO = 2.1 ± 0.3, P < 
0.0001)

All PO rectocele depths 
were < 2 cm

Non-significant rise in MRP 
and MSP

Lisi et al
[39], 2018 
(Italy)

Prospective 
case series

SSR + Implant 
[porcine dermal 
collagen implant 
(Permacol®)]

25 47 (30-
62)

12-24 mo Watson score; 
Fluoroscopic 
defecography; 
ARMSF-36

Non-significant 
improvement of both 
composites of SF-36

UTI (n = 2), delayed 
wound healing (n = 4), 
Recurrence (n = 3)

Complete clinical 
improvement 70% (TPR) vs 
93.3% (TPR + LIS)

TPR [ecchymosis (n = 
1), wound dehiscence (
n = 2), dyspareunia (n = 
1), recurrence (n = 3)]

More decline in Wexner 
score with addition of LIS 
(TPR = 11.1 ± 2.1, TPR + LIS 
= 8 ± 2, P < 0.0001)

More satisfaction with TPR 
+ LIS 

Score: (TPR = 11.4 ± 2.7, TPR 
+ LIS = 12.9 ± 2.3, P = 0.02); 
n of patients: (TPR = 21 
patient, TPR + LIS = 28 
patient, P = 0.04)

Youssef et 
al[40], 
2017 
(Egypt)

RCT Omission of 
levatorplasty 
only (n = 30)+ LIS 
(n = 30)

60 41.4 
(17.0-
70.0)

17.8 mo 
(6.0-36.0)

Wexner score; 
Fluoroscopic 
defecography; 
ARMPAC-QOL

More improvement 
(decline) in MRP with TPR 
+ LIS (TPR = 87.5 ± 5.1 
mmHg, TPR + LIS = 74.4 ± 
3.5 mmHg, P < 0.0001)

TPR + LIS [wound 
infection (n = 1), wound 
dehiscence (n = 3), FI (n 
= 2), dyspareunia (n = 
1), recurrence (n = 1)]

Farid et al Omission of 15 48.4 ± Modified ODS Significant improvement RCT 6 mo Wound infection (6.4%)
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(decline) in ODS score (Pre 
= 16.4 ± 6.3, PO = 7.7 ± 2.5, P 
< 0.001)

Significant decline in 
rectocele depth (Pre = 3.8 ± 
1 cm, PO = 0.9 ± 0.8 cm, P < 
0.001)

Significant improvement in 
rectal sensations

Decline of dyspareunia (Pre 
= 6 patient, PO = 5 patient)

Complete rectal evacuation (
n = 10 patient)

[27], 2010 
(Egypt)

levatorplasty 
only

(entire 
cohort 
n = 47)

12.6 score; 
Fluoroscopic 
defecography; 
ARM

Significant correlation 
between rectocele depth and 
ODS score (P = 0.001)

Significant decline in 
Watson score (Pre = 9.6 ± 
1.8, PO = 1.6 ± 0.6, P < 
0.0001)

Milito et al
[41], 2010 
(Italy)

Retro-spective 
case series

SSR + Implant 
[porcine dermal 
collagen implant 
(Permacol®)]

10 47.7 
(25.0-
70.0)

2-20 mo Watson score; 
Fluoroscopic 
defecography; 
ARMSF-36

Significant decline in 
rectocele depth (Pre = 3.8 
cm, PO < 2 cm, P < 0.0001)

UTI (n = 1), delayed 
wound healing (n = 1); 
Recurrence (n = 2)

Significant improvement of 
Watson score (Pre = 9.9 ± 
1.9, PO = 1.6 ± 0.6, P < 
0.0001)

Subjective cure rate (n = 83 
patient); PO rectocele depth 
< 2cm (n = 21 patient)

At 6m, anatomical cure (n = 
74 patient), POP-Q stage II (
n = 9 patient), at 14 m, POP-
Q stage II (n = 10 patient)

Leventoğ
lu  
et al[42], 
2007 
(Turkey)

Prospective 
case series

SSR + Implant 
[PGA mesh (Soft 
PGA Felt®)]

83 49, 
median 
(29-56)

14 mo, 
median 
(6-36)

Watson score; 
Fluoroscopic 
defecography (n 
= 55); POP-Q

Would redo surgery if 
symptoms recur (n = 80 
patient) 

Bleeding (n = 3), wound 
infection (n = 4), 
dyspareunia (n = 8); 
Recurrence (NP)

ARM: Anorectal manometry; FI: Fecal incontinence; HP: Horizontal plication; LIS: Limited internal sphincterotomy; MRP: Maximum resting pressure; 
MSP: Maximum squeeze pressure; NP: Not provided; ODS: Obstructed defecation syndrome; PAC-QoL: Patient Assessment of Constipation Quality of 
Life; PGA: Polyglycolic acid; PO: Postoperative; POP-Q: Pelvic Organ Prolapse Quantification System; Pre: Preoperative; RCT: Randomized controlled trial; 
TPR: Transperineal repair (classic vertical plication); SF-36: 36-Item Short Form Survey; SSR: Site-specific repair; UTI: Urinary tract infection.

with TPR to facilitate proper mesh placement in large rectoceles[47]. Altomare et al[48] 
adopted the transanal approach and used a circular stapler to repair rectoceles. The 
combination with transperineal approach helped proper placement of rectal wall into 
the stapler with sparing of the vaginal wall[48]. Finally, Boccasanta et al[44] combined 
transperineal levatorplasty with different transanal procedures including Block’s 
obliterative suture, Sarles’ procedure, and stapled mucosectomy to augment the 
repairs.

DISCUSSION
The transperineal repair of rectocele is associated with satisfactory, yet variable, rates 
of improvement in ODS symptoms with a parallel increase in quality-of-life score. 
Several modifications of the classical TPR are described. These modifications include 
omission of levatorplasty, insertion of implants, performing LIS, changing the 
direction of classical plication, and site-specific repair. The indications for these 
modifications are not yet fully clear and need further prospective studies to help tailor 
the technique to rectocele patients.

One of the important modifications of TPR is the insertion of mesh implant to 
reinforce the repair of the RVS. The insertion of mesh implant along with TPR 
appeared to reduce the recurrence of rectocele significantly, down to less than 5%, 
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Table 4 Results of modification of classic transperineal repair (with the omission of rectovaginal septum plication ± other additions or 
substitutions)

Ref. Methodology Technique n Age Follow-
up

Diagnosis and 
assessment Outcome Complications

Symptom improvement 
(cured): n = 9 patientAll 
patients (n = 7) showed 
improvement in FI

3 out of 6 patients showed 
no rectocele with 
defecography

Non-significant rise of both 
MRP and MSP

Fischer et al
[43], 2005 
(Germany)

Retrospective 
cohort

TPLP 10(entire 
cohort n = 
36)

59 
(30-
79)

36 mo 
(8-110)

Symptom assessment; 
Fluoroscopic 
defecography; ARM

Satisfaction with functional 
outcomes: n = 9 patient

RVF (n = 1), 
wound infection (
n = 1), 
dyspareunia (n = 
1)

Outcome (n = 110 patient) 
at 12 m: excellent (n = 45 
patient), fair (n = 58 
patient), poor (n = 7 patient)

Boccasanta 
et al[44], 
2001 (Italy)

Retrospective 
cohort

TPLP 
(addition of 
prolene 
mesh in 2 
patients)

126(entire 
cohort n = 
317)

52.4 
(28.0-
80.0)

22.8 – 
27.5 mo

Symptom assessment; 
Fluoroscopic 
defecography; ARM

PO defecography: complete 
absence (44.1%), residual 
(55.9%); Non-significant rise 
of both MRP and MSP

Vaginal stenosis (
n = 2)

Symptom assessment: TPLP 
(n = 33 patient): 
improvement of lump 
sensation (n = 28 patient), 
improvement of defecation 
(n = 29 patient); TPLP + SP (
n = 11 patient): 
improvement of one or both 
(n = 8 patient)

Continence (n = 11 patient): 
at Pre [continent (n = 0), 
incontinent (n = 11)], at 12 
mo [continent (n = 5), 
incontinent (n = 6)], at 24 
mo [continent (n = 3), 
incontinent (n = 8)], > 36 mo 
[continent (n = 3), 
incontinent (n = 8)]

Sexual function: TPLP 
[Improved (n = 8), 
unchanged (n = 9), 
deteriorated (n = 2), 
declined (n = 10)]; TPLP + 
SP [Improved (n = 2), 
unchanged (n = 2), 
deteriorated (n = 0), 
declined (n = 5)]

Lamah et al
[45], 2001 
(United 
Kingdom)

Retrospective 
case series

TPLP ± SP> 
suction 
drain

44 57.5 
(35.0-
82.0)

42 mo 
(6-84)

Symptom assessment; 
Continence assessment; 
Sexual function 
assessment; Satisfaction 
assessment

Satisfaction (satisfied / 
total): TPLP [at 2 yr: (n = 
30/33), at 3.2 yr (n = 
21/24)]; TPLP + SP [at 2 yr 
(10/11), at 3.2 yr (6/11)]

Wound infection (
n = 2), 
deteriorated FI (n 
= 1), dyspareunia 
(n = 2)

Ability to evacuate rectum: 
improved (72.7%), 
unchanged (22.7%), 
deteriorated (4.5%); 
Significant decline in feeling 
of incomplete evacuation 
(Pre = 86.4%, PO = 45.5%, P 
= 0.01); Significant decline 
in rectocele depth (Pre = 2.9 
cm, PO = 1.7 cm, P < 0.01); 
Significant decline in 
rectocele area (Pre = 7.8 cm, 
PO = 4.3 cm, P < 0.01); No 
correlation between 

Van 
Laarhoven 
et al[31], 
1999 
(United 
Kingdom)

Retrospective 
cohort

TPI + LP 
[prolene 
mesh 
(Marlex®)]

5 (entire 
cohort n = 
22)

52.1 
(31.0-
81.0)

27 mo, 
median 
(5-54)

Symptom 
assessmentFluoroscopic 
defecographyPudendal 
nerve motor latency

Wound infection 
(9.1%)
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rectocele reduction and 
symptoms improvement

Parker and 
Phillips
[46], 1993 
(United 
Kingdom)

Retrospective 
case series

TPI + LP 
[prolene 
mesh 
(Marlex®)]

4 42-65 14 mo 
(6-18)

Symptom assessment Successful rectal evacuation 
without digitation (n = 3), 
digitation occasionally (n = 
1); Satisfaction (n = 4)

NP

ARM: Anorectal manometry; FI: Fecal incontinence; LP: Levatorplasty; MRP: Maximum resting pressure; MSP: Maximum squeeze pressure; NP: Not 
provided; PO: Postoperative; Pre: Preoperative; RVF: Rectovaginal fistula; SP: Sphincteroplasty; TPI: Transperineal implant; TPLP: Transperineal 
levatorplasty.

Figure 2 Diagram illustrating different techniques of transperineal repair assessed in the studies reviewed. 1The total number of patients in the 
whole selected studies; LIS: Limited internal sphincterotomy.

with acceptably low complication rates that mostly comprised of wound infections. 
Mesh-related complications such as erosion were reported only once after TPR[29]. In 
contradiction, the Food and Drug Administration has recommended stopping the use 
of mesh implants to augment transvaginal repair because the agency did not receive 
sufficient evidence to assure that the potential benefits of mesh implants outweigh 
their probable risks that include mesh fistulation and erosion[49].

Limitations of the review
The present review has a few limitations that include the small number of studies that 
assessed the outcome of transperineal repair of rectocele, namely those describing 
technical modifications. The heterogeneity of data reported in the studies precluded 
the conduction of a formal meta-analysis of the success and complications of the 
procedure. Further randomized trials comparing transperineal repair to other repair 
techniques would add more evidence on the efficacy of this approach.
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CONCLUSION
The transperineal repair of rectocele is associated with satisfactory, yet variable, 
improvement in ODS symptoms with a parallel increase in quality-of-life score. 
Several modifications of the classical TPR were described. These modifications include 
omission of levatorplasty, insertion of implants, performing lateral sphincterotomy, 
changing the direction of classical plication, and site-specific repair. The indications for 
these modifications are not yet fully clear and need further prospective studies to help 
tailor the technique to rectocele patients.

ARTICLE HIGHLIGHTS
Research background
Rectocele is a common finding in women. However; it may require surgical treatment 
when associated with symptoms of obstructed defecation. Transperineal repair is one 
of the common procedures used for rectocele repair with variable outcomes.

Research motivation
The variable outcomes after transperineal repair of rectocele moved us to review the 
current literature for different technical modifications described to improve the 
procedure.

Research objectives
To review the technique and outcomes of transperineal repair of rectocele and to 
investigate the different technical modifications introduced to the original technique of 
repair.

Research methods
An organized literature search for studies that assessed the outcome of transperineal 
repair of rectocele was performed. PubMed/Medline and Google Scholar were 
queried in the period of January 1991 through December 2020.

Research results
Twenty-four studies were included to this review. Nine studies including 301 patients 
assessed the classical transperineal repair of rectocele. The median rate of 
postoperative improvement in symptoms was 72.7% (range, 45.8%-83.3%), and 
reduction in rectocele size ranged from 41.4%-95.0%. Modifications of the classical 
repair entailed omission of levatorplasty, addition of implant, concomitant lateral 
internal sphincterotomy, changing the direction of plication of rectovaginal septum, 
and site-specific repair.

Research conclusions
The transperineal repair of rectocele is associated with satisfactory, yet variable, 
improvement in obstructed defecation symptoms with parallel increase in quality-of-
life score. Several modifications of the classical transperineal repair were described.

Research perspectives
The indications for the technical modifications of transperineal rectocele repair are not 
yet fully clear and need further prospective studies to help tailor the technique to 
rectocele patients.
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Abstract
BACKGROUND 
Hepatic resection (HR) results in an inflammatory response that can be modified 
by perioperative steroid administration. However, it remains to be determined if 
this response's attenuation translates to a reduction in complications.

AIM 
To evaluate if perioperative administration of steroids reduces complications 
following HR.

METHODS 
A systematic review of randomized controlled trials (RCTs) was conducted on 
PubMed, Embase, and Cochrane Central Register of Controlled Trials to evaluate 
the effect of perioperative steroid (compared to placebo or no intervention) use in 
patients undergoing HR. Clinical outcomes were extracted, and meta-analysis was 
performed.

RESULTS 
8 RCTs including 590 patients were included. Perioperative steroid administration 
was associated with significant reduction in postoperative complications [odds 
ratios: 0.58; 95% confidence intervals (CI): 0.35-0.97, P = 0.04]. There was also 
improvement in biochemical and inflammatory markers, including serum 
bilirubin on postoperative day 1 [MD: -0.27; 95%CI: (-0.47, -0.06), P = 0.01], C-
reactive protein on postoperative day 3 [MD: -4.89; 95%CI: (-5.83, -3.95), P < 
0.001], and interleukin-6 on postoperative day 1 [MD: -54.84; 95%CI: (-63.91, 
-45.76), P < 0.001].
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CONCLUSION 
Perioperative steroids administration in HR may reduce overall complications, 
postoperative bilirubin, and inflammation. Further studies are needed to 
determine the optimal dose and duration and patient selection.
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Core Tip: Hepatic resection results in an inflammatory response that can be modified by 
perioperative steroid administration. However, it remains to be determined if this 
response's attenuation translates to a reduction in complications. This systematic 
review compares eight randomized controlled trials including 590 patients. We found 
that perioperative steroid administration was associated with a significant reduction in 
postoperative complications. There was also improvement in biochemical and inflam-
matory markers.

Citation: Hai HH, Aw P, Teng TZJ, Shelat VG. Perioperative steroid administration reduces 
overall complications in patients undergoing liver resection: A meta-analysis. World J 
Gastrointest Surg 2021; 13(9): 1079-1094
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1079.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1079

INTRODUCTION
Stress from major surgery results in an inflammatory response secondary to cytokine 
and free radical release. This inflammatory response is essential for healing and 
restoring physiologic function; however, it can increase morbidity, mortality and 
worsen postoperative outcomes if excessive[1]. Modifying the inflammatory response 
by perioperative steroid administration could improve surgical outcomes. In a rabbit 
experiment conducted almost five decades ago, Santiago Delpín et al[2] demonstrated 
that preoperative methylprednisolone administration attenuated the inflammatory 
response secondary to hepatic inflow occlusion[2] and improved survival as compared 
to postoperative or no steroid administration and concluded that methylprednisolone 
protects liver during warm ischemia.

With a better understanding of liver anatomy, advances in surgical technology, and 
improvements in critical care, hepatic resection (HR) is accepted as a gold standard 
treatment for primary and metastatic liver cancers[3]. HR is major abdominal surgery 
with the potential for blood loss, tissue hypoperfusion, and acidosis[4]. Further, low 
central venous pressure anesthesia and hepatic inflow occlusion with resulting 
ischemia-reperfusion injury aggravate the inflammatory response[5,6]. Perioperative 
morbidity and mortality following elective HR, though has reduced, further 
improvements[7] are needed. Besides, inflammatory markers are increasingly shown 
to predict short-term perioperative and long-term oncologic outcomes following HR
[8]. Thus, modulation of inflammatory response to improve surgical outcomes remains 
an unmet need in hepatic surgery. In a systematic review and meta-analysis on the 
benefit of preoperative steroid administration in patients undergoing HR, Yang et al[9] 
has shown a reduction in postoperative day 1 bilirubin, postoperative day 1 
interleukin-6 (IL-6), and postoperative day 3 C-reactive protein (CRP) levels but no 
difference in liver failure, bile leak, infectious complications, wound complications and 
pleural effusion. It is unclear if the advantages of perioperative steroid immunomodu-
lation are nullified by inherent risks associated with steroid therapy itself: 
Hyperglycemia, predisposition to infection, impairment of wound healing, and 
reactivation of the hepatitis virus[10]. Thus, it remains to be determined if an inflam-
matory response's attenuation translates to a reduction in perioperative complications, 
and more evidence is needed. We report an updated meta-analysis on the benefits of 
perioperative steroid administration in patients undergoing HR.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1948-9366/full/v13/i9/1079.htm
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MATERIALS AND METHODS
Literature search 
The search was conducted according to the PRISMA statement[11]. A literature search 
of published studies on perioperative use of steroids in PubMed, EMBASE, and 
Cochrane Library databases was independently conducted by two co-authors (Aw P 
and Hai HH). A combination of subject headings and text words were used as needed 
to define the use of steroids in liver resection. We employed the terms ("Liver surger*" 
OR "Liver resection*" OR "Resection of Liver" OR "Resection Liver" OR "HR*" OR 
Hepatectom* OR "Liver remov*" OR "Liver lobectom*" OR "Hepatic Lobectom*" OR 
"Lobectomy of Liver" OR "Hemihepatectom*") and ("Steroids" OR "Betamethasone" 
OR "Dexamethasone" OR "Prednisone" OR "Prednisolone" OR "Fluprednisolone" OR 
"Methylprednisolone" OR "Fluocortolone" OR "Paramethasone" OR "Cortisone" OR 
"Cortisol" OR "Hydrocortisone" OR "Fludrocortisone" OR "Hydroxycorticosteroids" 
OR "Glucocorticoids" OR "Corticosteroids").

Inclusion criteria and study selection 
Only prospective randomized controlled trials (RCTs), either open-label, single or 
double-blinded, were included in this study. Inclusion criteria were major or minor 
HR, regardless of pathology. Studies that involved perioperative prophylactic 
administration of steroids in improving the outcome of HR and which contained a 
control group (placebo or no intervention) were included. For studies to be included, 
the outcomes measured should include the following postoperative liver function 
tests: Bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), or 
prothrombin time. When there was a duplication of data, the most recent and compre-
hensive study was included. Articles not written in English or Mandarin language 
were excluded. The co-author (Aw P) is a native Mandarin language speaker and 
translated the Mandarin report into English. We excluded case series and non-human 
studies. Identified studies were assessed independently by two co-authors (Aw P and 
Hai HH) for potential inclusion, initially by title and abstract. After the initial 
screening, the full text was obtained and reviewed in its entirety. Any conflict was 
resolved by consensus or in consultation with the senior author (Shelat VG). 
References of included studies were screened to identify for additional study.

Data extraction and analyses 
From each included study, two co-authors (Aw P and Hai HH) independently 
extracted the following information: Publication details (first author, year of 
publication), study characteristics (study design, intervention and control group 
sample, gender, age, type of resection), and study outcomes (postoperative outcomes, 
morbidity, and mortality). A meta-analysis was performed with data available on 
postoperative outcomes following perioperative steroids administration using Review 
Manager Version 5.3 (Cochrane Collaboration). Odds ratios (OR) and 95% confidence 
intervals (CI) were calculated using the Cochrane Mantel Haenszel method test based 
on the random effects model or dichotomous data, while continuous data were 
calculated using weighted mean differences and 95%CI. The level of statistical 
significance was set at P < 0.05. To assess heterogeneity between the studies, I2 was 
calculated to estimate the variability among the included studies. An I2 of > 50% 
suggested considerable heterogeneity. Studies that presented data in graphical form 
were omitted as it was not possible to extract the data accurately and attempts to 
contact the authors of the original studies were unsuccessful. Data excluded are 
postoperative day 1 (POD1) AST and ALT in the study by Hayashi et al[12] and POD1 
Bilirubin and ALT from the study by Donadon et al[13].

Outcomes of review 
The primary outcomes of interest included the clinical outcomes–postoperative 
morbidity, length of hospital stay, and mortality. Where possible, data on specific 
subcategories of complications (hepatobiliary, pulmonary, and infectious complic-
ations) were extracted and analyzed. The secondary outcomes of interest included 
serological outcomes - postoperative liver function parameters (bilirubin, AST, ALT, 
prothrombin time) and postoperative inflammatory markers (CRP, IL-6).

Risk of bias and quality assessment 
Two co-authors (Aw P and Hai HH) independently assessed and checked the included 
studies to ensure consistency and check for bias risk. The various risks of bias 
assessment were done using Review Manager Version 5.3. The biases involving 
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random sequence generation, allocation concealment, blinding of participants and 
personnel, blinding of outcome assessment, incomplete outcome data, selective 
outcome reporting, and other potential sources of bias, were considered. The GRADE 
approach[14] was used to evaluate the quality of the body of evidence for each 
outcome measure.

RESULTS
Data extraction
A systematic search identified 4684 studies, of which 242 duplicate studies were 
excluded. Subsequent screening of title and abstract was performed independently by 
two authors (Aw P and Hai HH), and 61 studies were identified for full-text 
evaluation. Finally, eight prospective RCTs involving 590 patients were included in 
this meta-analysis (Table 1 and Table 2). A detailed diagram showing the search 
process is shown in Figure 1. In total, 296 patients were randomized into the 
intervention group, consisting of various regimens of perioperative administration of 
steroids, and 294 patients into the control group (Table 3).

Use of steroids
The steroids used (Table 3) included methylprednisolone[13,15-20] and hydrocortisone
[12], with varying methods of administration. All except one study[12] administered 
the steroid regime preoperatively, with Hayashi et al[12] administering steroids 
intraoperatively immediately before hepatic-pedicle clamping and subsequent steroid 
administration on postoperative days 1-3. We elected not to exclude the study by 
Hayashi et al[12] merely due to the difference in choice of steroid as the dose and 
duration were appropriately modified for equipotency for efficacy.

Study quality
Heterogeneity of the primary outcomes and secondary outcomes was analyzed. Of 
note, there was statistically significant heterogeneity in the length of hospital stay (I2 
60%, P = 0.02). Other primary outcomes did not show statistically significant hetero-
geneity-overall morbidity (I2 = 35%, P = 0.15), hepatobiliary complications (I2 = 0%, P = 
0.95), liver dysfunction (I2 = 0%, P = 0.98), bile leakage (I2 = 0%, P = 0.89), pulmonary 
complications (I2 40%, P = 0.52), pleural effusion (I2 3%, P = 0.36), surgical site infection 
(I2 = 40%, P = 0.21), ascites (I2 = 0%, P = 0.81), and hemorrhage (I2 = 0%, P = 0.99). All of 
the secondary outcomes showed statistically significant heterogeneity except POD1 IL-
6 Levels (I2 53%, P = 0.08). The heterogeneity for secondary outcomes was as follows: 
POD1 bilirubin (I2 = 73%, P < 0.001), POD1 AST (I2 = 69%, P = 0.04), POD1 ALT (I2 = 
79%, P = 0.003), POD1 prothrombin (I2 = 72%, P = 0.003), and postoperative day 3 
(POD3) CRP (I2 = 60%, P = 0.04). Due to the small number of studies, a funnel plot 
analysis was not conducted. The studies included in this systematic review were 
assessed with a summary of the Risk of Bias assessment shown in Figure 2. Biases 
assessed were detailed previously under the "Material and Methods" section.

Primary outcomes: Postoperative clinical parameters
All 8 studies including a total of 590 patients (296 in the steroids group and 294 in the 
control group) reported postoperative morbidity. Overall morbidity was lower in the 
steroid group compared to the control group [OR: 0.58, 95%CI: (0.35, 0.97), P = 0.04] 
(Figure 3A). Six out of eight studies[12,15-19] including a total of 475 patients (240 in 
the steroids group and 235 in the control group) reported on hepatobiliary complic-
ations, and no statistically significant difference was found between the two groups 
[OR: 0.65; 95%CI: (0.28, 1.50); P = 0.31] (Figure 3B). 7 out of 8 studies[12,13,15-17,19,20] 
including a total of 540 patients (271 in the steroid group and 269 in the control group) 
reported length of hospital stay, and this was not different between the steroid group 
and the control group [MD: -0.06, 95%CI: (-1.47, 1.35), P = 0.93] (Figure 3C).

Regarding specific hepatobiliary complications, three out of eight studies reported 
on liver dysfunction or failure[15-17] and five out of eight studies reported on bile 
leakage[12,16-19]. No statistically significant difference could be found between the 
two groups in both liver dysfunction or failure [OR: 1.02, 95%CI: (0.20, 5.21), P = 0.98] 
(Figure 4A) and bile leakage (OR: 0.56, 95%CI: (0.20, 1.52), P = 0.25) (Figure 4B).

Four out of eight studies[12,15,17,20], including a total of 396 patients (198 in the 
steroids group and 198 in the control group), reported pulmonary complications. For 
pulmonary complications, no significant difference was detected between the two 
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Table 1 Patient profile of included studies (distribution, age, sex, and pathology)

Number Age Sex (M/F) Pathology
Ref.

Steroid Control Steroid Control Steroid Control Steroid Control

Metastasis 6 12

HCC 6 2

Cholangiocarcinoma 4 0

Donadon et al[13], 2016 16 16 65 (27-80)1 63 (22-77)1 10/6 9/7

Others 0 2

Hasegawa et al[15], 2020 50 50 67 (59-74)2 68 (62–75)2 30/20 31/19 Metastasis 21 14

Metastasis 32 23

HCC 63 66

Cholangiocarcinoma 6 5

Hayashi et al[12], 2011 102 98 69 (39-81)1 70 (35-82)1 - -

Others 1 4

Muratore et al[20], 2003 25 28 65.4 ± 10.83 64.1 ± 11.73 8/17 11/17 - - -

Metastasis 16 14

HCC 12 14

Cholangiocarcinoma 5 4

Hemangioendothelioma 1 1

Pulitanò et al[17], 2007 37 36 63 (31-85)4 61.8 (21-78)4 23/14 22/14

Benign 3 3

HCC 2 1

Metastasis 4 4

Cholangiocarcinoma 0 2

Schmidt et al[18], 2007 10 10 575 655 3/7 4/6

Benign 4 3

HCC 13 8

Metastasis 0 3

Cholangiocarcinoma 0 1

Yamashita et al[16], 2001 17 16 60.3 ± 1.86 56.8 ± 3.96 4/13 11/5 

Living donor of transplant 4 4

Malignant 31 34Zi et al[19], 2015 40 39 57.55 ± 8.813 57.51 ± 10.323 23/17 17/22

Benign 9 5

1Median (range).
2Median (interquartile range).
3mean ± SD.
4Mean with range.
5Mean.
6mean ± SE.
M: Male; F: Female; HCC: Hepatocellular carcinoma.

groups (OR: 0.79, 95%CI: (0.42, 1.47), P = 0.45) (Figure 5A). There was also no 
significant difference in pleural effusion between the two groups (OR: 0.89, 95%CI: 
(0.43, 1.88), P = 0.77) (Figure 5B).

Six out of eight studies[12,15-19] including a total of 475 patients (240 in the steroids 
group and 235 in the control group) reported on postoperative infection rates. There 
was no statistically significant difference between the two groups (OR: 0.84, 95%CI: 
(0.39, 1.81), P = 0.66) for infectious complications (Figure 6).

Lastly, five out of eight studies[12,13,15,16,19] including a total of 444 patients (225 
in the steroids group and 219 in the control group) reported on postoperative 
mortality. Mortality was defined as 90-d mortality in Donadon et al[13] and Hasegawa 
et al[15]. The remaining three authors did not define mortality. There were no 
postoperative deaths reported.
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Table 2 Surgical details of included studies (type of resection, duration, blood loss and volume resected)

Type of resection Duration of 
operation/min

Volume of blood 
loss/mL

Volume of liver 
resected/gRef.

Steroid Control Steroid Control Steroid Control Steroid Control

Minor 9 11Donadon et al[13], 
2016

Major 7 5

383.5 (235-
546)1

351 (226-
640)1

275 (100-
1000)1

200 (0-700)1 - -

Minor 40 39Hasegawa et al
[15], 2020

Major 10 11

215 (170-
294)2

233 (157-
270)2

52 (29-149)2 34 (17-76)2 - -

Hemihepactectomy 11 15

Segmentectomy 59 57

Hayashi et al[12], 
2011

Limited resection 32 26

330 (165-
834)1

316 (136-
697)1

324 (5-1577)1 257 (10-
1972)1

77 (4-1930)1 75 (6-1300)1

Minor 12 13Muratore et al[20], 
2003

Major 13 15

- - 322.8 ± 
261.43

294.6 ± 
271.93

- -

Right hepactectomy 11 10

Left hepatectomy 6 8

Extended right 
hepatectomy

5 4

Extended left 
hepatectomy

2 2

Bisegmentectomy 6 4

Segmentectomy 4 5

Pulitanò et al[17], 
2007

Wedge resection 3 3

440 (220-
480)1

408 (240-
460)1

662 (300-
800)1

621 (350-
720)1

40.4 ± 203 

(%)
39.5 ± 183 
(%)

Segment II/III 4 5Schmidt et al[18], 
2007

Segment V-VIII 6 5

2224 2524 3404 7804 - -

Lobectomy or more 5 6

Segmentectomy 2 1

Yamashita et al
[16], 2001

Subsegmentectomy or 
less

10 9

338 ± 215 352 ± 145 892 ± 1065 822 ± 555 239 ± 505 187 ± 335

Major 22 12Zi et al[19], 2015

Minor 18 27

342.38 ± 
129.733

353.21 ± 
168.363

481.25 ± 
415.983

496.15 ± 
391.593

- -

1Median (range).
2Median (interquartile range).
3mean ± SD.
4Mean.
5mean ± SE.

Secondary outcomes: Liver function parameters
Six out of eight studies[12,15,16,18-20] including a total of 485 patients (244 in the 
steroids group and 241 in the control group) reported bilirubin levels on POD1. We 
found a statistically significant decrease in POD1 bilirubin levels in the steroid group 
compared to the control group [MD: -0.27, 95%CI (-0.47, -0.06), P = 0.01] (Figure 7A).

Three out of eight studies[15,16,19] including a total of 212 patients (107 in the 
steroids group and 105 in the control group) reported AST on POD1. For POD1 AST 
levels, no statistically significant difference was found between the intervention group 
and control group [MD: 39.22, 95%CI: (-41.19, 119.63), P = 0.34] (Figure 7B).

Four out of eight studies[15,16,18,19] including a total of 232 patients (117 in the 
steroids group and 115 in the control group) reported ALT on POD1. For POD1 ALT 
levels, no statistically significant difference was found between the intervention group 
and control group [MD: 46.79, 95%CI: (-45.55, 139.12), P = 0.32] (Figure 7C).
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Table 3 Perioperative steroid protocols of included studies

Ref. Study 
design Country Steroid protocol Control protocol

Donadon et al
[13], 2016

RCT Italy Preoperative bolus infusion (5%) of 500 mg methylprednisolone in 250 mL 
glucose for 1 h prior to hepatectomy, then continuous infusion for 6 h

250 mL glucose-5% as bolus and 
subsequent continuous infusion

Hasegawa et al
[15], 2020

RCT Japan Preoperative, up to 500 mg methylprednisolone in saline solution Saline only

Hayashi et al
[12], 2011

RCT Japan Intraoperative 500 mg hydrocortisone immediately prior to hepatic-pedicle 
clamping 300 mg hydrocortisone on POD1 200 mg on POD 2, 100 mg on 
POD3

0

Muratore et al
[20], 2003

RCT Italy Preoperative (30 min before surgery) 30 mg/kg per body weight IV 
methylprednisolone

0

Pulitanòet al
[17], 2007

RCT Italy Preoperative 500 mg methylprednisolone 0

Schmidt et al
[18], 2007

RCT Germany Preoperative (90 min before surgery) 30 mg/kg per body weight IV 
methylprednisolone

50 mL IV saline

Yamashita et al
[16], 2001

RCT Japan Preoperative (2 h before surgery) 500 mg IV methylprednisolone 0

Zi et al[19], 2015 RCT China Intraoperative 500 mg methylprednisolone prior to liver resection Hepatectomy only

RCT: Randomized controlled trial; IV: Intravenous; POD: Postoperative day.

Six out of eight studies[12,15-18,20] including a total of 449 patients (225 in the 
steroids group and 224 in the control group) reported data on prothrombin time on 
POD1. For POD1 prothrombin time, no statistically significant difference was found 
between perioperative administration of steroids and postoperative prothrombin time 
[MD: -0.02, 95%CI: (-0.07, 0.03), P = 0.40] (Figure 7D).

Secondary outcomes: Postoperative inflammatory markers 
Five out of eight studies[12,15,16,18,19] including a total of 432 patients (219 in the 
steroids group and 213 in the control group) reported CRP levels on POD3. We found 
a statistically significant decrease in POD3 CRP levels in the steroids group compared 
to the control group [MD: -4.89, 95%CI: (-5.83, -3.95), P < 0.001] (Figure 8A).

Five out of eight studies[12,15,16,18,20] including a total of 239 patients (119 in the 
steroids group and 120 in the control group) reported POD1 IL-6 levels. We found a 
statistically significant decrease in the POD1 IL-6 levels between the intervention 
group and control group [MD: -54.84, 95%CI: (-63.91, -45.76), P < 0.001] (Figure 8B).

DISCUSSION
Steroids were introduced in medicine for almost a century, and their use has evolved 
with an enhanced understanding of human physiology, pharmacokinetics, and critical 
care principles. There is substantial evidence for continuing perioperative "stress dose" 
steroids in patients who are already taking steroids as part of chronic disease 
management. Recently, the anti-inflammatory and immune-modulating benefits of 
steroids are exploited to reduce postoperative nausea and vomiting (PONV) and pain. 
PONV is associated with general anesthesia and implicated in causing aspiration 
pneumonia, wound complications, psychological distress, and prolonged hospital 
length of stay; and thus, perioperative steroid use remains attractive to improve 
clinical outcomes. In a systematic review including 17 clinical trials, Karanicolas et al
[21] reported that prophylactic dexamethasone decreases the incidence of PONV after 
laparoscopic cholecystectomy relative to placebo [RR: 0.55, 95%CI: (0.44, 0.67)][21], and 
the effect was dose-dependent and independent of the use of other anti-emetics. 
However, there are concerns that the hyperglycemia and immunosuppressive effect of 
corticosteroids may increase the risk of infectious complications, delay wound healing, 
and increase hospital length of stay[22].

Further, in patients undergoing HR, coagulation disturbance, and ischemia-
reperfusion injury may impact clinical outcomes. The studies reporting perioperative 
steroid use in patients undergoing HR have shown inconsistent benefits. In a meta-
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Figure 1 PRISMA flow diagram of preoperative administration of steroids in liver resection.

Figure 2 Risk of bias assessment using Cochrane collaboration’s risk of bias tool.

analysis including six prospective RCTs and 411 patients undergoing HR, Yang et al[9] 
has reported that preoperative administration of steroid promotes the recovery of liver 
function and inhibits the inflammatory response without increasing postoperative 
complications[9]. However, there was no benefit in reducing overall morbidity [OR: 
0.57, 95%CI: (0.27, 1.17), P = 0.13]. This updated meta-analysis includes 43.6% more 
patient sample (590 vs 411) and shows that perioperative steroid administration 
reduces overall morbidity. Also, POD1 bilirubin and IL-6 and POD3 CRP levels were 
lower in patients receiving perioperative steroids. However, perioperative steroid 
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Figure 3 The pooled results comparing steroids group to the control group. A: Overall complications; B: Hepatobiliary complications; C: Length of 
stay, illustrated by forest plots. Random effects model was used. M-H: Mantel-Haenszel; IV: Inverse variance; CI: Confidence interval.

administration did not reduce individual hepatobiliary specific (liver dysfunction and 
bile leak), pulmonary or infectious complications. The effect of reduction in 
cumulative overall morbidity could be explained due to small and non-significant 
reductions in individual organ-specific complications.

Patients undergoing HR are routinely monitored postoperatively with serologic 
investigations including lactate, blood gas analysis, renal function, liver function, 
coagulation screen, and full blood count. Elevated serum bilirubin predicts 
postoperative liver dysfunction and is an important determinant of perioperative 
outcomes[3,23]. Serum bilirubin is dependent on the prehepatic load of heme, hepatic 
function, and biliary excretory function. International Study Group of Liver Surgery
[24] proposed an elevated international normalized ratio together with hyperbiliru-
binemia on or after POD5 to predict post-hepatectomy liver failure. Similarly, in a 
study of 775 patients, Balzan et al[25] showed that a prothrombin time less than 50% of 
normal combined with serum bilirubin > 50 μmol/L on POD5 predicted mortality. 
Our results show that perioperative steroid administration was associated with lower 
serum bilirubin at POD1 but did not reduce liver dysfunction incidence, consistent 
with the previous report by Yang et al[9]. This could be due to few possible explan-
ations. The definition of liver dysfunction or failure is heterogeneous in various 
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Figure 4 Pooled results comparing steroids group to the control group. A: Liver failure; B: Bile leakage, illustrated by forest plots. Random effects 
model was used. M-H: Mantel-Haenszel; CI: Confidence interval.

Figure 5 Pooled results comparing steroids group to the control group. A: Pulmonary complications; B: Pleural effusion, illustrated by forest plots. 
Random effects model was used. M-H: Mantel-Haenszel; CI: Confidence interval.

included studies. In addition, POD1 bilirubin is not a reliable predictor of liver 
dysfunction as liver regeneration occurs over time, and bilirubin trends over the next 
few days are more critical than POD1 Levels. Lastly, CRP levels that fall too quickly on 
POD1 are associated with a higher risk of postoperative liver failure[26].

AST/ALT are markers of hepatocellular injury, and their levels tend to peak during 
the early postoperative period[27]. The levels following HR are influenced by hepatic 
ischemia and the duration of surgery[28]. Our results show that perioperative steroid 
modulation does not attenuate AST/ALT elevation, consistent with previous reports
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Figure 6 Pooled results comparing steroids group to the control group. Postoperative infection rate illustrated by forest plots. The pooled results 
comparing steroids group to the control group regarding Postoperative infection rate illustrated by forest plots. Random effects model was used. M-H: Mantel-
Haenszel; CI: Confidence interval.

[9,20]. In a prospective RCT including 53 patients undergoing HR, Muratore et al[20] 
reported that preoperative administration of methylprednisolone (30 mg/kg 30 min 
before HR) reduced serum IL-6 levels in all patients. However, the effect on AST/ALT 
was mostly observed in patients with chronic liver disease[20]. Heterogeneity in 
patient demography and clinic profile, duration of surgery, blood loss, and anesthetic 
care may mask the effect of steroids on AST/ALT. Asians have a higher body fat 
percentage than Caucasians of similar body mass indices[29], which may lead to 
higher AST and ALT levels.

Inflammatory biomarkers are simple, cheap, readily available, and are increasingly 
reported to predict short-term perioperative and long-term oncologic outcomes in 
patients undergoing HR[8]. IL-6 is an acute phase cytokine transiently released in 
response to tissue injury and infections. Elevated IL-6 is associated with postoperative 
morbidity[5,17]. Previous studies have linked postoperative cytokines with a higher 
risk of complications in patients undergoing lung and abdominal surgery, there being 
a direct relationship between lower cytokine levels and reduced postoperative 
complications[1]. IL-6 levels also aid risk stratification of postoperative complications
[6].

Interestingly, our study revealed a reduction in overall morbidity but not hepato-
biliary complications after steroids. This is consistent with previous reports of thoracic 
and abdominal surgeries. In the context of HR, Hoffmann et al[5] showed that IL-6 has 
a pivotal role in postoperative hepatic regeneration, and patients with a deficient IL-6 
response have impaired liver regeneration. Thus, the attenuation of IL-6 response by 
perioperative steroid administration could negatively influence hepatic regeneration 
and paradoxically increase liver dysfunction. This needs to be further investigated.

CRP is an acute-phase protein synthesized by the liver, and it depends on IL-6 
regulation[30]. CRP upregulates pro- and anti-inflammatory cytokines, enhances 
phagocytosis, and increases the expression of endothelial adhesion molecules. CRP has 
a utility to monitor and predict postoperative complications and perioperative sepsis. 
De Jong et al[31] compared perioperative changes in CRP in 24 patients undergoing 
HR with nine patients undergoing laparotomy only due to unresectable tumors. They 
observed that CRP response was more significant in the laparotomy group than the 
HR group, and CRP response returned to normal by POD4[31]. Our study found that 
the use of steroids lowers the POD1 CRP levels. Thus, the CRP response's blunting 
could negate the beneficial effects of steroid administration, especially in patients with 
HR. It is possible that the effect may be different in minor resections with adequate 
future liver remnant and major resections with diminished capacity of the liver 
functional reserve, and further studies are warranted. POD1 CRP has a high negative 
predictive value for postoperative morbidity, which is consistent with our study[32].

Overall, we found that the perioperative administration of steroids did not increase 
the incidence of ascites, pleural effusion, and hepatobiliary complications following 
HR. Similarly, the length of hospital stay was also not altered by the administration of 
steroids. This is akin to the conclusions drawn by Yang et al[9] and Richardson et al
[33]. However, our analysis showed that the use of steroids did not increase the risk of 
infectious complications. This is corroborated by the conclusion drawn from a meta-
analysis, including 379 patients by Li et al[34]. There are currently trials being 
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Figure 7 Pooled results comparing steroids group to the control group. A: Postoperative day 1 bilirubin level, mg/dL; B: Postoperative day 1 aspartate 
transaminase level, U/L; C: Postoperative day 1 alanine transaminase level, U/L; D: Postoperative day 1 prothrombin time, international normalized ratio, illustrated 
by forest plots. Random effects model was used. IV: Inverse variance; CI: Confidence interval.

conducted to precisely evaluate the effect of high dose corticosteroids on postoperative 
complications[35]. The results of these trials can influence future surgical practice. 
Rapid increases in postoperative pro-inflammatory cytokines are associated with 
increased risk of postoperative complications and poorer prognosis; however, 
postoperative cytokines profile is diverse and nuanced[36]. Increased values of some 
cytokines such as IL-6 and tumor necrosis factor-α improve hepatic regeneration[37], 
while decreased CRP levels could either mean liver dysfunction due to reduced 
hepatic production or association with reduced overall postoperative morbidity. Also, 
laparoscopic surgery is known to reduce the inflammatory response, and the impact of 
perioperative steroids could be diverse in patients with open vs laparoscopic liver 
resection. Hasegawa et al[15] showed that corticosteroids help to suppress inflam-
mation following laparoscopic liver resection[15].

Further studies need to be done to elucidate the relationship between the different 
corticosteroid therapies and the degree of effect on different inflammatory cytokines, 
which might impact open or laparoscopic HR outcomes. This is especially so as the 
studies included have different steroid administration methods, using steroids of 
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Figure 8 Pooled results comparing steroids group to the control group. A: Postoperative day 3 C-reactive protein, mg/dL; B: Postoperative day 1 
interleukin 6 levels, pg/mL illustrated by forest plots. Random effects model was used. IV: Inverse variance; CI: Confidence interval.

different potency and dosage. While no significant difference in postoperative 
complications is noted between laparoscopic and open HR in general, perioperative 
steroids could impact the incidence of complications[38]. Zi et al[19] illustrate different 
specific instances in which perioperative steroids would be useful in HR, such as when 
enteral feeding is required. Early enteral feeding is shown to reduce inflammation and 
overall morbidity following HR[39].

CONCLUSION
Our meta-analysis has inherent strengths and limitations. The inclusion of two 
additional studies[15,19] with an increase in 43.6% of sample size enhanced our 
updated meta-analysis's statistical power. We only included prospective RCTs in our 
meta-analysis to reduce heterogeneity and increase the reliability and validity of 
results. Since the studies publishing statistically significant results are more likely to be 
published in English[40], the exclusion of non-English articles may affect the 
conclusions' reliability as population factors could be a compounding factor, an issue 
we have attempted to overcome in our study. However, due to various steroid regimes 
and different authors reporting different primary and secondary outcomes, we still 
found significant heterogeneity in many reported variables. The International Study 
Group on Liver Surgery needs to make recommendations to standardize the periop-
erative use of steroids in patients undergoing HR liver resection as type, dose, and 
time of administration of perioperative steroids could impact clinical outcomes. We 
omitted the data points for variables presented in graphical form as we were unable to 
contact the authors of the original studies to extract raw data, which could introduce 
bias. Lastly, there was also a lack of long-term follow-up data, and thus, the impact on 
survival outcomes is not established. This meta-analysis also reveals the limitations of 
RCTs. RCTs are traditionally considered higher in the hierarchy of medical scientific 
evidence. Only one study reported morbidity outcomes using an established classi-
fication system, thus limiting the clinical utility of morbidity data[13]. As evidenced in 
our meta-analysis, all the included RCTs did not report single mortality in patients 
undergoing HR, where in clinical practice, this is unlikely. RCTs are conducted in a 
controlled environment with strict inclusion-exclusion criteria with close monitoring 
and oversight by the study team, and results of RCTs are not generalizable in routine 
clinical practice, and this needs to be considered by all clinicians who read our results. 
Lastly, this study also highlights the fact that despite 90 d mortality outcomes are 
considered as essential key performance indicators for HR, even RCTs continued to be 
conducted without reporting this essential metric. In conclusion, perioperative steroid 



Hai HH et al. Meta-analysis of steroids use in hepatectomy

WJGS https://www.wjgnet.com 1092 September 27, 2021 Volume 13 Issue 9

administration reduces overall morbidity in patients undergoing HR.

ARTICLE HIGHLIGHTS
Research background
Hepatic resection (HR) results in an inflammatory response that can be modified by 
perioperative steroid administration. However, it remains to be determined if this 
response's attenuation translates to a reduction in complications.

Research motivation
Stress from major surgery results in an inflammatory response secondary to cytokine 
and free radical release. This inflammatory response is essential for healing and 
restoration of physiologic function; however, it can increase morbidity, mortality, and 
worsen postoperative outcomes if excessive. Modifying the inflammatory response by 
perioperative steroid administration could improve surgical outcomes. Besides, 
inflammatory markers are increasingly shown to predict short-term perioperative and 
long-term oncologic outcomes following HR. Thus, modulation of inflammatory 
response to improve surgical outcomes remains an unmet need in hepatic surgery.

Research objectives
To evaluate if perioperative administration of steroids reduces complications 
following HR.

Research methods
A systematic review of randomized controlled trials (RCTs) was conducted on 
PubMed, Embase, and Cochrane Central Register of Controlled Trials to evaluate the 
effect of perioperative steroid (compared to placebo or no intervention) use in patients 
undergoing HR. Clinical outcomes were extracted, and meta-analysis was performed.

Research results
Eight RCTs including 590 patients were included. Perioperative steroid administration 
was associated with significant reduction in postoperative complications [odds ratios: 
0.58; 95% confidence intervals (CI): (0.35, 0.97), P = 0.04]. There was also improvement 
in biochemical and inflammatory markers, including serum bilirubin on postoperative 
day 1 [MD: -0.27; 95%CI: (-0.47, -0.06), P = 0.01], C-reactive protein on postoperative 
day 3 [MD: -4.89; 95%CI: (-5.83, -3.95), P < 0.001], and IL-6 on postoperative day 1 
[MD: -54.84; 95%CI: (-63.91, -45.76), P < 0.001].

Research conclusions
Perioperative steroids administration in HR may reduce overall complications, 
postoperative bilirubin, and inflammation. Further studies are needed to determine 
the optimal dose and duration, and patient selection.

Research perspectives
The International Study Group on Liver Surgery needs to make recommendations to 
standardize the perioperative use of steroids in patients undergoing HR liver resection 
as type, dose, and time of administration of perioperative steroids could impact 
clinical outcomes. Lastly, there was also a lack of long-term follow-up data, and thus, 
the impact on survival outcomes is not established.
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Abstract
BACKGROUND 
Synchronous colonic cancer incidence is uncommon, and awareness about this 
rare condition is improved recently. However, in the presence of acute colonic 
obstruction, investigation and management of synchronous colonic cancer can be 
difficult and challenging.

CASE SUMMARY 
A patient presented with acute colonic obstruction with impending rupture and 
complete examination of this patient revealed the presence of three colonic can-
cers, of which two were completely occluding.

CONCLUSION 
The presence of multiple colonic cancers must be ruled out in order to plan the 
best management. We present the case with a review of literature and discuss the 
management of the case.
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Core Tip: Synchronous colorectal cancer is not unusual. More than two colon cancers 
may be encountered occasionally. Consequently, the colon has to be fully evaluated 
before definitive surgery. However, in emergency situations such as obstructive cancer, 
investigation and management may become very challenging. We present and discuss 
about a case with three colon cancers at the same time, of which two were completely 
occlusive, rendering the management even more difficult.

Citation: Bergeron E, Maniere T, Do XV, Bensoussan M, De Broux E. Three colonic cancers, 
two sites of complete occlusion, one patient: A case report. World J Gastrointest Surg 2021; 
13(9): 1095-1101
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1095.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1095

INTRODUCTION
Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the 
fourth leading cause of cancer death in the world[1]. The frequency of synchronous 
CRC (sCRC) may reach 20% in patients with familial adenomatous polyposis, 
hereditary non-polyposis colorectal cancer, chronic ulcerative colitis[2] and serrated 
polyposis syndrome[3]. In patients without these risk factors, prevalence of sCRC is 
estimated to be 3.5%[4], while the current improved awareness increased these 
estimates from 5% up to 8.4%[5-7].

Reports on the occurrence of triple or more sCRC range from 0.1% to 0.7%[8-13], 
and up to 1.6% in a recent review[7]. This review described a series of 1005 patients, of 
whom seven patients (0.7%) had four CRC and one patient (0.1%) had 5 CRC[7]. In 
another case, up to seven CRC in the same patient have been reported[14]. The 
importance of preoperative endoscopic examination of the entire colon to rule out 
polyps or secondary cancers is well established. However, in emergency situations 
such as obstruction, perforation or ischemic disease, management may become partic-
ularly challenging[1,15,16].

We report a patient who presented with acute and severe obstruction of the sigmoid 
colon due to a cancer, which was managed initially with a loop colostomy. The patient 
was subsequently discovered to have two more cancers on the right side, one of which 
was also completely occluding the caecum. The case and its management are discu-
ssed.

CASE PRESENTATION
Chief complaints
A 77-year-old patient presented at the emergency room on February 13th, 2019, with an 
overly distended abdomen.

History of present illness
The patient was vomiting fecaloid material for the last 24 h. He passed no stools or gas 
in the last three days.

History of past illness
The patient reported rectal bleeding for almost one year. He never had colonoscopy.

Personal and family history
The patient is a diabetic male with obesity (Body mass index = 35). There is no 
personal or familial history of polyposis or inflammatory bowel disease. There was no 
colonic cancer in the family of the patient.

Physical examination
Upon arrival, vital signs were within the normal limits. The patient was afebrile. The 
abdomen was very tense but without signs of peritonitis. There was no mass on rectal 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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exam.

Laboratory examinations
Hemoglobin, white cell count, liver and renal function tests were within normal limits. 
Carcinoembryonic antigen (CEA) was 2.3 µg/L; (Normal: 0-4.9 µg/L). Colonoscopy 
was well tolerated. An obstructive cancer of the proximal sigmoid colon was 
confirmed. Two other cancers were found on the right side: one at the caecum and 
another one at the mid part of the ascending colon. No polyposis was found.

Imaging examinations
Computed tomography (CT)-scan showed significant dilatation of the small bowel 
loops and colon, secondary to a neoplastic sigmoid lesion (Figure 1). Some free fluid 
was also seen. There was no evidence of metastatic disease. Retrospectively, caecal 
(Figure 2A) and middle right colonic tumors (Figure 2B) could be identified on CT-
scan but were difficult to diagnose prospectively in an emergency setting without 
associated acute bowel caliber change.

FINAL DIAGNOSIS
Three colonic cancers. Occlusive cancers at the ileocaecal valve and at sigmoid colon. 
Final pathology report identified three adenocarcinomas. The sigmoid cancer was a 
pT4 adenocarcinoma, invading the surrounding tissues. Incidentally, there was a con-
cealed perforated diverticulitis. The cancer of the caecum was a pT3 obstructing 
adenocarcinoma at the ileocaecal valve. The lesion of the ascending colon was a 
circumferential pT3 adenocarcinoma. It was situated 10 cm distally from the cancer of 
the caecum. Seven nodes were positive for the presence of metastasis. There was no 
polyp and no evidence of inflammatory bowel disease. TNM classification was 
T4N2M0.

TREATMENT
The patient was initially hydrated. A nasogastric tube was installed, which evacuated 
brownish material. The patient was brought to the operating room during the evening 
and a left-sided loop colostomy was carried out. The colostomy was fashioned through 
a small left paramedian incision directly over the junction of the descending and 
sigmoid colon.

During the postoperative period, the colostomy was functional and allowed the 
stools to evacuate. The size of the abdomen significantly reduced. This window permi-
tted the evaluation and stabilization of the medical condition of the patient. A 
colonoscopy was done through the rectum and to the proximal colon via the 
colostomy.

The patient was planned for a total colectomy with ileorectal anastomosis, nine days 
after the first intervention. Meanwhile, there was recurrence of abdominal distension 
and the discharge from colostomy had become minimal. The intervention was done 
through a midline incision. It was technically difficult owing to the distended small 
bowel, secondary to an evident occlusion from the tumor of the caecum. The intestinal 
wall was diffusely thickened demonstrating a process originating for many weeks. 
There was no evidence of peritoneal metastases. A subtotal colectomy was carried out 
keeping as much distal sigmoid as possible to allow a side-to-side ileosigmoid anasto-
mosis and alleviate potential postoperative diarrheas.

One week later, postoperative course became complicated with an anastomotic leak 
that was treated with reoperation, drainage and proximal ileostomy. The patient had a 
further complicated course with abdominal abscesses, pneumonia, and enterocu-
taneous fistula originating from small bowel proximal to the ileostomy. This latter was 
treated with bowel rest and parenteral nutrition.

OUTCOME AND FOLLOW-UP
Hospital stay was for almost six months. Before discharge, the patient was reoperated 
after ensuring that the ileocolonic anastomosis was free of leakage and permeable. A 
short resection of the small bowel was done at the site of fistula and the ileostomy was 
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Figure 1 Axial contrast-enhanced computed tomography image. A short segment circumferential soft tissue mass within the sigmoid colon and luminal 
narrowing (arrow) consistent with a tumor. There is a small lymph node adjacent to the lesion.

Figure 2 Coronal contrast-enhanced computed tomography image. A: The proximal right colonic tumor (long arrow) at the level of the ileocecal valve, 
evidenced by a focal mild circumferential wall thickening. Sigmoid cancer is partially seen (short arrow); B: The middle right colonic tumor (long arrow), evidenced by 
a focal circumferential wall thickening without obstruction. Sigmoid cancer is partially seen (short arrow).

closed. Postoperative period was uneventful. Because of the complicated postoperative 
course and the delay at discharge from the surgery, adjuvant chemotherapy was not 
planned.

One year later, there was no clinical or radiologic evidence of recurrent or metastatic 
disease. CEA was 5.8 µg/L (Normal: 0-4.9 µg/L). Endoscopic examination of the 
remaining 30 cm of the rectum and colon showed no lesion. An incisional hernia was 
repaired. Two years later, the patient is still functioning well and in good condition. 
However, CEA was found to be increased to 17.1 µg/L (Normal: 0-4.9 µg/L) 
subsequently, but no recurrent disease could be demonstrated with thoracoabdominal 
CT scan and positron emission tomography-CT. However, favourable clinical 
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evolution notwithstanding, locoregional recurrence remains of concern.

DISCUSSION
CRC is the second and third most common malignancy in males and females, respe-
ctively[1,3,7]. Synchronous CRC is reported between 3% and 8% in recent reports on 
large groups of patients[5,6,11,12,17]. Incidence of sCRC reaches 20% in patients with 
risk factors[2,3]. Mean prevalence of sCRC is estimated at 3.5%[4].

Occurrence of three or more colon cancers at the same time in an individual is an 
unusual situation[7-13,15,18,19] but such incidence has been reported to be up to 1.6%
[7]. Reports of the occurrence of two or more sCRC up to 12%[20] emphasize the 
mandatory investigation of the entire colon to rule out synchronous tumors and plan 
proper management[21].

The more challenging cases occur in patients presenting with a surgical emergency. 
Fifteen to 30% of sCRC cases present as an emergency occlusive situation[1,22,23]. The 
sigmoid colon is the most common location of CRC obstruction; 75% of the tumours 
are located distal to the splenic flexure[21].

In the present case, initial management was dictated by the overly distended 
abdomen in the patient in bad condition. Facing an occlusive sigmoid cancer while 
unaware of the concurrent occlusive caecal cancer, the possible management options at 
this time were proximal colostomy, Hartmann’s procedure or total colectomy[1]. 
However, the last two options take longer time and may be technically challenging, 
because of intestinal distension as well as potentially threatening procedures for the 
patient[1].

The colostomy allowed the patient to be stabilized and medically evaluated for 
subsequent procedure. Impending rupture of the colon and presence of stools contra-
indicated colonoscopy right after creating the colostomy. The colostomy should have 
allowed the obstruction to resolve but in this particular case, the occlusion of the 
ileocaecal valve, imperceptible at the time of initial intervention, eventually failed to 
achieve this goal. On the other hand, the necessity to investigate the entire colon and 
rectum was realized. Moreover, the obstruction at ileocecal valve was not complete 
initially since the oral preparation for the colonoscopy was effective.

It is important to completely visualize the proximal colon through the colostomy, as 
well as the distal part of the large bowel through the rectum. Colonic stenting as a 
bridge to definitive surgery[24-26] was not considered in this situation due to potential 
impending rupture and immediate unavailability of this modality. Moreover, stent of 
an obstructing cancer is yet to be recommended as a standard treatment, and colo-
noscopy may be dangerous through a colonic stent even though feasible[26]. The colon 
may also be satisfactorily evaluated with imaging modalities (virtual coloscopy, CT-
colonography, magnetic resonance colonography, intra-operative or post-operative 
coloscopy)[1,15,20,27]. Thus, every reasonable effort should be made to evaluate the 
entire colon before planning definitive intervention[26].

If the obstructing lesion of the caecum had been identified initially, a total colectomy 
with or without ileostomy could have been carried out. However, due to the bad 
condition of the patient, such a procedure would have been technically difficult and 
potentially risky. A simple ileostomy would have left in place a close loop obstruction 
of the colon with a remaining risk of rupture. The proper management would have 
probably been damage control procedure with laparotomy, loop colostomy and 
ileostomy, leaving an open abdomen, stabilizing the medical condition, allowing the 
intestine to decompress, and proceeding with total or subtotal colectomy and 
ileocolonic anastomosis. Whatever the contemplated intervention, either of the options 
was associated with major concerns.

The complicated and prolonged postoperative course is unfortunate and beyond the 
scope of discussion. Consequently, the patient could not receive adjuvant chemo-
therapy. In spite of the complicated issues, primary ileocolonic anastomosis remained, 
in our opinion, the proper choice either at the first procedure or subsequently[1]. The 
presence of two completely obstructing lesions at two different sites is very unique but 
complicated the management of the patient and surely contributed to the outcome.

This case emphasizes the importance to keep in mind, the possibility of additional 
colonic cancers that could be difficult to identify particularly in emergency and 
complicated situations. Reasonable efforts must be made to evaluate the entire colon in 
order to plan definitive management. A temporary colostomy in severe colonic 
obstruction allows the obstruction to resolve, the colon to be entirely evaluated, and 
the patient to be stabilized for definitive management. A total colectomy cannot be 
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recommended straightaway[1] since a frequency of 3.5% for synchronous cancers[4] 
does not justify such an extensive procedure. Similarly, if a Hartmann’s procedure is 
done, investigation of the colon is mandatory before reoperation.

CONCLUSION
Considering this case and the review of literature, we can draw the following 
conclusions and recommendations: (1) Colon cancer has a high incidence, with a rate 
of sCRC between 3% and 12%, and thus represents a not so rare condition; (2) 
Obstructing colonic cancer is frequent at initial presentation and carries the same 
prevalence of sCRC; (3) A colostomy allows relieving obstruction of the colon and 
stabilization of a patient and gives access to the entire colon for investigation; (4) Every 
effort should be made to evaluate the entire colon and rectum before definitive 
treatment; and (5) The presence of two obstructing cancer at the same time remains a 
unique situation and management can be difficult.
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Abstract
BACKGROUND 
Although acute graft-vs-host disease (aGvHD) is a rare complication of liver 
transplantation, it is poorly understood and has an extremely high mortality rate. 
No standardized diagnostic criteria or treatment regimens currently exist.

CASE SUMMARY 
The present study investigated the etiology, diagnosis, and treatment of aGvHD 
following liver transplantation. Presentation, diagnosis, disease course, histology, 
and treatment of an aGvHD case are reported, and associated literature is 
reviewed. A 64-year-old female required LTx due to primary biliary cirrhosis. The 
donor was a 12-year-old male. Three weeks following liver transplantation, the 
recipient developed pyrexia, diarrhea, rashes, and antibiotic-unresponsive 
pancytopenia. Clinical symptoms together with laboratory investigations 
suggested a diagnosis of aGvHD, which was confirmed via peripheral blood 
fluorescent in situ hybridization. Donor XY chromosome fluorescent in situ 
hybridization indicating early chimerism achieved 93% sensitivity in the detection 
of GvHD. Existing immunosuppressants were discontinued, and high-dose 
intravenous methylprednisolone was initiated along with antibiotics. While 
diarrhea resolved, the patient’s general condition continued to deteriorate until 
demise due to multi-system organ failure at 37 d post-liver transplantation. This 
case illustrates the life-threatening nature of aGvHD.

CONCLUSION 
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Herein, we have summarized a post-LTx aGvHD case and reviewed associated 
literature in order to increase awareness and provide potentially risk-mitigating 
recommendations.
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Core Tip: At present, the risk factors, pathogenesis, optimal treatment, and prognosis 
associated with acute graft-vs-host disease following liver transplantation are unclear. 
Currently, the most reliable diagnostic method is specific immunostaining for donor-
specific antigens. If the donor is male and the recipient is female, fluorescent in situ 
hybridization-based detection of the Y chromosome is a diagnostic option. In the 
present case, acute graft-vs-host disease was confirmed via fluorescent in situ hybrid-
ization, demonstrating the presence of male donor DNA.

Citation: Xiao JJ, Ma JY, Liao J, Wu D, Lv C, Li HY, Zuo S, Zhu HT, Gu HJ. Fluorescence in 
situ hybridization-based confirmation of acute graft-vs-host disease diagnosis following liver 
transplantation: A case report. World J Gastrointest Surg 2021; 13(9): 1102-1109
URL: https://www.wjgnet.com/1948-9366/full/v13/i9/1102.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i9.1102

INTRODUCTION
Acute graft-vs-host disease (aGvHD) is one of the most dangerous complications 
following liver transplantation (LTx)[1]. It involves overactivation of donor helper T 
lymphocytes by recipient antigen-presenting cells, leading to a local inflammatory 
reaction against recipient tissue. Although the rate of aGvHD incidence after LTx is 
low (1%-2%), the mortality rate is extremely high (85%-90%)[2]. Skin rash and pyrexia 
are the most frequently noted early signs, followed by leukopenia. Although aGvHD 
was first proposed as a clinical entity in 1988, its mechanisms and optimal treatment 
strategies remain controversial[3]. Modification of the post-transplant treatment plan, 
including incorporation of more effective immunosuppressants, has a limited effect on 
the course of aGvHD[4,5]. In most cases, death results from overwhelming sepsis or 
gastrointestinal hemorrhage as a consequence of bone marrow involvement[6]. Due to 
the low incidence (but high mortality) of aGvHD following LTx, analysis of the 
present case with respect to existing literature is worthwhile in order to raise 
awareness regarding the condition, which may assist in the early diagnosis of 
suspected cases. It will also help improve diagnostic criteria and establish 
standardized evidence-based treatment regimens. Moreover, we wish to draw atten-
tion to the diagnostic utility of sex chromosome fluorescent in situ hybridization 
(FISH) when the donor and recipient are of different chromosomal sexes.

CASE PRESENTATION
Chief complaints
The patient was a 64-year-old female with primary biliary cirrhosis, esophageal-fundal 
variceal hemo-rrhages, and decompensated hepatocirrhosis in September 2017.

History of present illness
A 64-year-old female received a liver from an ABO-matched (A-positive) 12-year-old 
male cadaveric donor. The donor and recipient details are shown in Table 1. The donor 
was a 12-year-old male. Three weeks following liver transplantation, the recipient 
developed pyrexia, diarrhea, rashes, and antibiotic-unresponsive pancytopenia.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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Table 1 Recipient and donor demographic, clinical, and typing data

Recipient Donor

Age 64 12

Sex Female Male

Primary complaint PBC Hypoxic-ischemic encephalopathy

Special history Low-dose glucocorticoids NA

Blood group A A

HLA NA NA

PBC: Primary biliary cirrhosis; HLA: Human leukocyte antigen; NA: Not applicable.

History of past illness
A 64-year-old female with primary biliary cirrhosis, esophageal-fundal variceal 
hemorrhages, and decompensated hepatocirrhosis.

Personal and family history
The patient grew up in her locality, denies any contact with contaminated water or 
radiation exposure, and denies smoking and alcohol consumption.

Physical examination
On physical examination, we found her poor nutritional status, the abdomen was 
moderately distended with mild tenderness, and there was moderately yellow staining 
of the skin and mucous membranes. The rest of the physical examination revealed no 
abnormal findings.

Laboratory examinations
The following timeline of events refers to post-operative days. On day 22, the patient 
developed pyrexia of unknown origin, fluctuating between 38.2 °C and 39.3 °C. On 
day 26, sex chromosome FISH was performed on peripheral venous blood samples. 
No gastrointestinal tract lesions were apparent, and no evidence of aGvHD was noted 
on gastrointestinal endoscopic biopsy (histologically normal esophagus, stomach, and 
ileum). On day 31, the presumptive diagnosis of GvHD was made based on the 
following clinical ground observations: Generalized maculopapular eruption (largely 
involving the back, neck, and face), pyrexia, pancytopenia, low blood pressure, and 
watery diarrhea (Figure 1 and Table 2). FISH revealed chimerism (presence of the 
fluorescently stained donor XY chromosome) consistent with aGvHD (Figure 2).

Two days following the development of thrombocytopenia, a bone marrow biopsy 
revealed marked hypocellularity. No skin rash was yet apparent. The findings of detai
-led post-operative laboratory investigation are summarized in Table 3. Because no 
sample of indwelling peripheral blood from the donor prior to LTx was available, 
donor lymphocytes could not be identified in recipient peripheral blood using short 
tandem repeat sequencing or human leukocyte antigen (HLA) typing.

Imaging examinations
Abdominal computed tomography and color ultrasound findings suggested laminar 
portal vein, inferior vena cava, hepatic artery, and hepatic venous flow (Figure 3).

FINAL DIAGNOSIS
aGvHD, primary biliary cirrhosis, esophageal-fundal variceal hemorrhages, and 
decom-pensated hepatocirrhosis.

TREATMENT
Initial treatment involved tapering the dosage of immunosuppressants to allow the 
recipient immune system to reject donor lymphocytes. Due to the inefficacy of this 
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Table 2 Clinical manifestation and treatment timeline

Manifestations Drugs

PO day Temperature 
(°C) Skin rash Diarrhea Myelosuppression Tacrolimus 

(mg/d)
MMF 
(g/d) MP IgG (g/d) Antibiotics

22 38.3 Palm 2 NA 3 0.25 500 10 Yes

24 38.6 Neck 3 NA 2 0 500 10 Yes

26 38.5 Face 6 Yes 2 0 120 NA Yes

28 38.2 Trunk 7 Yes 2 0 40 NA Yes

30 39 > 35% 6 Yes 2 0 20 NA Yes

32 38.6 > 50% 5 Yes 1.5 0 20 10 Yes

34 38.7 > 55% 4 Yes 1.5 0 20 10 NA

36 Demise

PO: Post-operative; NA: Not applicable; MMF: Two oral formulations of mycophenolate mofetil; MP: Methylprednisolone; IgG: Immunoglobulin G. 
Antibiotics: Melophenan (1 g every 8 h) + carpophennet (50 mg per day) + vancomycin (0.5 g every 6 h).

Table 3 Post-operative laboratory investigation timeline

Post-operative laboratory investigation timeline

Value/PO day 0 4 8 12 16 20 24 26 30 34 36

AST (U/L) 643 47.6 56 48 64 75 63 56 44 52 74

ALT (U/L) 772 88.1 96 86 107.3 62 59 64 66 71 83

Total bilirubin (mg/dL) 231.4 123.5 119.5 76.9 65.5 23.7 25.8 24.2 35.1 45.6 48.7

Direct bilirubin (mg/dL) 146.1 63.2 59.3 43.2 38.1 13.3 15.6 16.5 24.7 28.5 31.2

Leukocyte count × 109/L 17.5 8.7 12.4 17.3 7.2 6.7 1.3 0.39 0.24 0.12 0.08

Neutrophil % 93 79 86 92 81 80 63 17.9 0 0 0

Hemoglobin (g/L) 89 92 176 113 92 85 75 63 58 53 47

Hematocrit % 42 46 50 32 26.5 23.3 22 17.6 16.5 15.6 14.8

Platelets × 109/L 21 26 44 58 77 73 71 56 47 46 41

Prothrombin time (s) 17.9 19.9 16.5 22.4 13.5 13.1 12.7 13.1 12.8 13.2 13.6

INR 1.82 1.7 1.34 1.98 1.05 1.01 0.97 0.99 0.98 1.02 1.07

Sodium (mmol/L) 147 145 142 139 136 134 143 141 138 139 143

Potassium (mmol/L) 3.8 4.5 3.1 3.4 3.6 3.8 3.9 4.2 4.1 3.9 3.7

Urea (mmol/L) 32.52 29.8 16.42 4.55 4.77 4.46 4.13 3.8 4.17 3.74 4.02

Creatinine (μmol/L) 89.73 85.64 64.59 43.78 58.44 53.76 49.19 46.52 27.26 24.54 30.45

PCT (ng/mL) 5.73 3.86 11.5 5.1 1.86 2.65 2.58 2.45 2.18 3.65 4.53

PO: Post-operative; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio; PCT: Procalcitonin.

approach, the following treatment was administered subsequently: High-dose (500 
mg/d) intravenous methylprednisolone, antibiotics, and immunoglobulin G (Table 2).

OUTCOME AND FOLLOW-UP
Severe inflammation induced multi-system organ failure, which led to the patient’s 
demise on post-operative day 37.
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Figure 1 Clinical ground observations of graft-vs-host disease. A: Anterior cervical rash on post-operative day 24; B: Oral ulcers on post-operative day 
25; C: Dorsal rash on post-operative day 25; D and E: Palmar rash on post-operative day 22; F: Scalp rash on post-operative day 27; G: Passage of three or more 
loose or liquid stools per day.

DISCUSSION
At present, the risk factors, pathogenesis, optimal treatment, and prognosis associated 
with aGvHD following LTx are unclear. Current (incomplete) understanding of 
aGvHD pathogenesis may be summarized as follows. The conditioning regimen 
induces initial recipient tissue damage, followed by auto- and alloantigen denudation 
in the recipient concomitant with antigen-presenting cell activation and massive 
inflammatory cytokine release (a “cytokine storm”). If a sufficient number of donor 
lymphocytes, especially T lymphocytes, of the correct specificity are present, direct 
recognition of and activation by antigen-presenting cell (either locally or within 
secondary lymphoid tissues) results in T lymphocyte interleukin (IL)-2 and IL-2R 
expression. Activated T-cells then stimulate donor monocytes to produce significant 
levels of myeloid cytokines (e.g., IL-1 and tumor necrosis factor) and also trigger a 
cascade of cytotoxic signal transduction pathways, such as the perforin/granzyme B or 
Fas/FasL pathways (although direct cytokine-mediated injury is also possible). 
Finally, inflammatory infiltration in the digestive tract, skin, and bone marrow leads to 
severe clinical presentations[7]. In the present case, abnormally high numbers of CD8+ 
T lymphocytes were present during the acute phase of GvHD, while the CD4+ T 
lymphocyte:CD8+ T lymphocyte ratio was less than 0.1. This indicates that perhaps 
cytotoxic T lymphocytes (with a minor contribution by helper T lymphocytes) are the 
cells primarily involved in GvHD pathogenesis. In summary, the necessary conditions 
for the occurrence of aGvHD[8-10] include the presence of donor immunoreactive cells 
within graft tissue, presence of recipient tissue antigens not present in donor organ 
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Figure 2 Twelve erythrocytes analyzed, 11 showed an XY signal pattern, while one showed an XX signal pattern (91.7% showed one X 
and one Y signal, and 8.3% showed two X signals). Y is the red fluorescent signal; X is the green fluorescent signal.

Figure 3  The portal vein, inferior vena cava, hepatic artery, and hepatic venous blood flow were smooth.

tissue, and inability of the recipient immune system to eliminate effectively donor 
leukocytes.

Triulzi et al[9] have described the diagnostic criteria for aGvHD following LTx in the 
following three requirements: (1) Characteristic clinical symptoms affecting related 
organ systems (e.g., skin, gastrointestinal tract, and bone marrow), including rash, 
diarrhea, and pancytopenia, among others; (2) Abnormal skin or digestive tract 
histology; and (3) HLA or DNA evidence of donor immunoreactive lymphocytes in 
involved organs or peripheral blood of the recipient. In addition to the above criteria, 
T lymphocyte counts and cytokine quantitation provide clear diagnostic support. 
Currently, the most reliable diagnostic method is specific immunostaining for donor-
specific antigens. If the donor is male and the recipient is female, FISH-based detection 
of the Y chromosome is a diagnostic option[9,11,12]. At present, no false negatives 
have been reported for this method. In the present case, aGvHD was confirmed via 
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FISH, demonstrating the presence of male donor DNA.
Due to inter-individual differences in post-operative GvHD pathogenesis and 

presentation, no unified treatment plan exists. Each hospital follows a unique treat-
ment plan associated with unique advantages and disadvantages. A commonality 
across most centers is reduction of the tacrolimus dose, cessation of anti-metabolic 
immunosuppressants, decreasing the steroid dose, and administering antilymphocyte 
globulin[13-15]. Successful treatment via increasing immunosuppressant dosages has 
also been reported, with recommendations for cessation of all immunosuppressants in 
favor of isolated anti-human thymocyte globulin treatment[16]. Certain patients also 
exhibit drug resistance or even resistance to the effects of some hormones[17]. 
Treatment with anti-tumor necrosis factor-α or anti-IL-2 receptor monoclonal anti-
bodies may prove beneficial[18,19]. Currently, corticosteroids are the best-recognized 
first-line treatment agents for GvHD. Glucocorticoids exert efficient anti-inflammatory 
effects and can induce donor lymphocyte apoptosis. High-dose corticosteroid pulse 
therapy is administered during the acute phase of GvHD. It can inhibit inflammatory 
cell activation, thereby blocking the inflammatory cytokine cascade to improve 
systemic signs and symptoms. In cases of observation of GvHD symptoms 
(gastrointestinal disturbance, immunodeficiency despite overzealous inflammation, 
and deficient coagulation), hydration, electrolyte and acid-base rebalancing, 
nutritional support, restoration of gastrointestinal mucosal integrity, correction of 
microfloral imbalance, and transfusion of plasma and platelets can help mitigate poor 
outcomes, including severe infection[13,20].

In order to lessen mortality resulting from aGvHD, early detection and optimal 
standardized treatment are paramount. Additionally, an improved understanding of 
pathogenesis may assist in the prevention and treatment of this disorder. Based on our 
experience and the literature review, we make the following recommendations: 
Baseline (presurgical) donor and recipient blood samples should be obtained and 
cryopreserved. High-risk patients should routinely undergo HLA typing as a preli-
minary risk evaluation step. Ideally, the age difference between matched donors and 
recipients should not exceed 20 years. Pre-existing use of oral immunosuppressants 
should be minimized or discontinued prior to transplantation wherever possible. 
During perfusion of the donor abdominal aorta and portal vein, the effluent should 
run clear and the liver texture should soften. Finally, minimizing blood product 
infusion may lessen the rate of complications[15].

CONCLUSION
In the present case, aGvHD was confirmed via FISH, demonstrating the presence of 
male donor DNA. If the donor is male and the recipient is female, FISH-based dete-
ction of the Y chromosome is a diagnostic option.
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