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Abstract

BACKGROUND

Enhanced recovery after surgery (ERAS) program has been proved to improve
postoperative outcome for many surgical procedures, including liver resection.
There was limited evidence regarding the feasibility and benefit of ERAS in
patients who underwent liver resection for cholangiocarcinoma.

AIM
To evaluate the feasibility of ERAS in patients who underwent liver resection for
cholangiocarcinoma and its association with patient outcomes.

METHODS

We retrospectively analyzed 116 cholangiocarcinoma patients who underwent
hepatectomy at Srinagarind Hospital, Khon Kaen University between January
2015 and December 2016. The primary outcome was the compliance with ERAS.
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To determine the association between ERAS compliance and patient outcomes. the patients were
categorized into those adhering more than and equal to 50% (ERAS 2 50), and below 50% (ERAS <
50) of all components. Details on type of surgical procedure, preoperative and postoperative care,
tumor location, postoperative laboratory results, and survival time were evaluated. The
compliance with ERAS was measured by the percentage of ERAS items achieved. The Kaplan-
Meier curve was used for survival analysis.

RESULTS

The median percentage of ERAS goals achieved was 40% (+ 12%). Fourteen patients (12.1%) were
categorized into the ERAS > 50 group, and 102 patients were in the ERAS < 50 group.
Postoperative hospital stay was significantly shorter in the ERAS =50 group [8.9 d, 95% confidence
interval (CI): 7.3-10.4 d] than in the ERAS < 50 group (13.7 d, 95%CI: 12.2-15.2 d) (P = 0.0217). No
hepatobiliary-related complications or in-hospital mortality occurred in the ERAS > 50 group.
Overall survival was significantly higher in the ERAS > 50 group. The median survival of the
patients in the ERAS < 50 group was 1257 d (95%CI: 853.2-1660.8 d), whereas that of the patients in
the ERAS = 50 group was not reached.

CONCLUSION

Overall ERAS compliance for patients who underwent liver resection for cholangiocarcinoma is
poor. Greater ERAS compliance could predict in-hospital, short-term, and long-term outcomes of
the patients.

Key Words: Enhanced recovery program after surgery; Cholangiocarcinoma; Hepatectomy; Survival;
Enhanced recovery after surgery; Outcome

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The present study is the first and the largest study demonstrating the enhanced recovery program
after surgery (ERAS) compliance and its association with short-term and long-term outcomes of cholan-
giocarcinoma patients. This study demonstrated that overall ERAS compliance in patients who underwent
liver resection for cholangiocarcinoma was poor. The patients with high ERAS compliance were
significantly associated with shorter postoperative hospital stay, and, interestingly, longer overall survival.
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INTRODUCTION

Enhanced recovery after surgery (ERAS) program has been proven to be beneficial and become the
standard of care in colorectal surgery. Over the years, it gains considerable momentum and has been
implemented in other surgical specialties[1], even in emergency settings[2]. Since liver resection is a
relatively complex surgery, with unique perioperative procedures and complications[3,4], ERAS in liver
resection may be more difficult to implement and has different considerations from other abdominal
operations. There are several recommendations and evidence supporting ERAS in liver resection
procedures[5-7].

Despite a large amount of evidence supporting using ERAS in liver surgery, most of them did not
focus specifically on liver resection for cholangiocarcinoma, which has several unique features
including: (1) The requirement of anatomic major liver resection; (2) Being non-cirrhotic but having a
tense liver from various degree of biliary obstruction; and (3) The requirement of biliary-enteric
anastomosis in selected cases[8,9]. There was limited evidence regarding the feasibility and benefit of
ERAS in patients who underwent hepatic resection for cholangiocarcinoma. Although the feasibility of
applying ERAS in patients who underwent hepatic resection for cholangiocarcinoma has been
demonstrated by Yip et al[10] and Quinn et al[8], the association between ERAS compliance and patient
outcomes, both in short and long term, has not been reported. We, therefore, aimed to evaluate the
feasibility of ERAS in patients who underwent hepatic resection for cholangiocarcinoma, and determine
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its association with outcomes of the patients.

MATERIALS AND METHODS
Study population

All patients undergoing hepatic resection for cholangiocarcinoma at Srinagarind Hospital, Khon Kaen
University (Khon Kaen, Thailand) between January 2015 and December 2016 were included in this
comparative study. We retrospectively reviewed the prospectively maintained medical and pathological
records of 116 patients with histologically-confirmed cholangiocarcinoma. During the study period, our
team was aware of ERAS of all abdominal operations but did not fully implement a formal ERAS
protocol for hepatobiliary surgery.

Preoperative preparation

All patients with radiologically diagnosed cholangiocarcinoma received a common preoperative
protocol, which included: (1) Resectability evaluation by reviewing cross-sectional imaging and patient
status. The criteria for resectability included: (a) Good performance status (ECOG 0-1); (b) Absence of
distant organ or lymph node metastasis on preoperative imaging; and (c) Sufficient volume of expected
future liver remnant; (2) Blood examination: Complete blood count, liver tests, coagulogram, hepatitis
panels, and tumor markers; and (3) Preoperative biliary drainage of future liver remnants, either
endoscopically or percutaneously, in patients with obstructive jaundice with the aim to reduce serum
total bilirubin to below 10 mg/dL. All patients were admitted to the hospital at least one day before the
operation. All clinical, laboratory, and radiological data were rechecked at the time of the admission.

Operative procedure

During the study period, we performed all liver resection by open surgery. Mirror-L incision was used
in all cases. The type of liver resection was determined by the extent of the tumor, with plans to achieve
at least all gross tumor removal. To optimize the surgical margin, surgeons preferred major hepatic
resection to minor hepatic resection, which was performed only in patients with intraoperatively found
limited future liver function. Liver parenchyma transection techniques and method of vascular inflow
occlusion depended on the surgeon’s preference. Biliary-enteric anastomosis, if needed, encompassed
ante-colic hepatico-jejunostomy in all cases.

Postoperative care plan

After surgery, all patients were admitted to the intensive care unit until their conditions were stable and
able to be extubated. Patients were allowed to be discharged from the hospital when they were on a full
oral diet, received adequate pain controls, and demonstrated acceptable clinical and laboratory results.
All patients were followed up in the hepatobiliary clinic with their respective attending surgeon at 2 wk
after discharge.

ERAS compliance assessment

Adherence to ERAS components was recorded. During the study period, our hepatobiliary team had
not fully implemented a formal ERAS protocol. Our protocol, as detailed in Table 1, contained 17
components, including preoperative counseling, preoperative fasting and preoperative carbohydrate
load, pre-anesthetic anxiolytic, venous thromboembolism (VTE) prophylaxis, antimicrobial prophylaxis
and skin preparation, prophylactic nasogastric intubation, preventing intraoperative hypothermia, fluid
management, prophylactic abdominal drainage, early mobilization, postoperative glycemic control,
preventing postoperative nausea and vomiting (PONV), multimodal analgesia, initial oral analgesic
drug at postoperative day 1 (POD1), early nasogastric (NG) tube removal at POD 1, postoperative
nutrition and early oral intake, and removal of urinary catheter at POD 2. Patients were then
categorized into those who adhered to more than and equal to 50% (ERAS 2 50), and below 50% (ERAS
< 50) of all ERAS components.

Data collection and statistical analysis

The primary outcome of this study was the compliance with ERAS, which was measured by the
percentage of ERAS items achieved. We also investigated the association between the ERAS compliance
and long-term outcomes of the patients. Descriptive analyses were performed and presented as
appropriate. Continuous data were analyzed using student’s t-test. Categorical data were compared
using the Pearson y? test. Survival analysis was presented using the Kaplan-Meier curve. Comparisons
amongst groups were analyzed using a log-rank test. A P-value of less than 0.05 was considered statist-
ically significant. All statistical analyses were performed using STATA version 13 (Lakeway, TX, United
States).
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Table 1 Hepatic resection enhanced recovery program after surgery pathway

ERAS item

Goals

Preoperative counseling

Preoperative fasting and preoperative
carbohydrates load

Pre-anesthetic anxiolytic

VTE prophylaxis

Antimicrobial prophylaxis and skin
preparation

Prophylactic nasogastric intubation

Preventing intraoperative hypothermia

Fluid management (CVP monitoring)
Prophylactic abdominal drainage
Early mobilization

Postoperative glycemic control
Preventing PONV

Multimodal analgesia

Initial oral analgesic drug at POD1
Early NG tube removal at POD1

Postoperative nutrition and early oral
intake

Removal of urinary catheter POD2

Patients receive dedicated education, full care pathway, details of operation and associated complication, and
estimated length of hospital stay with clear verbal and wriinstruction

Preoperative fasting 6 h for solids and 2 h for liquids. Carbohydrate loading evening before the day of surgery
and 2 h before induction of anesthesia

Short-acting anxiolytics prior to the induction of anesthesia
Low-molecular weight heparin or unfragmented heparin administration 2-12 h before surgery

Single dose intravenous antibiotics administration before skin incision and less than 1 h before hepatectomy

No use of prophylactic nasogastric intubation

Maintenance of perioperative normothermia using forced air blankets and controlling temperature of the
operating room

The maintenance of low CVP (below 5 cm H,0) with close monitoring during liver transection phase
None or minimize the use of prophylactic abdominal drainage

Begin to walk around the ward at least 3 times a day

Insulin therapy to maintain normoglycemia before full oral intake

Patients should receive PONV prophylaxis with 2 anti-emetic drugs until POD3

Multimodal analgesia combined with wound infusion analgesia or intrathecal opiates. Removal of epidural
analgesia before POD3

Initial oral analgesic drug at POD1
Removal of NG tube at POD1 unless there was > 400 mL/d drainage

Patients can eat soft diet at POD2

Removal of urinary catheter POD2

VTE: Venous thromboembolism; POD: Postoperative day; ERAS: Enhanced recovery program after surgery; PONV: Postoperative nausea and vomiting;

NG: Nasogastric; CVP: Central venous pressure.

Ethical consideration

The Institutional Review Board, Office of Human Research Ethics, Khon Kaen University reviewed and
approved this study (No. HE611590).

RESULTS

Jaishideng®
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There were 116 cholangiocarcinoma patients who underwent hepatic resection during the study period.
The median age was 63 + 9.5 years. Male patients outnumbered female patients (62.1% vs 37.9%). None
of the patients achieved ERAS goal of at least 80%. The median percentage of ERAS goals achieved was
40% *12%. Only 14 patients (12.1%) achieved at least 50 percent of ERAS goal and were categorized into
the ERAS 2 50 group. The remaining were categorized into the ERAS < 50 group. All of the patients of
this cohort achieved goals in three components, including preoperative counseling, antimicrobial
prophylaxis and skin preparation, and preventing intraoperative hypothermia. None of the patients
achieved goals in preoperative fasting and preoperative carbohydrate load, avoiding NG intubation,
avoiding abdominal drainage, and early mobilization. The ERAS items that had a difference in goal
achievement between two groups included: Early removal of Foley catheter, early oral dietary intake,
early NG tube removal, initiate oral analgesic drug, postoperative glycemic control, prevention of
PONV, multimodal analgesia, VTE prophylaxis, pre-anesthetic anxiolytic, and fluid management, as
detailed in Figure 1. There were no differences in patients’ clinical and operative characteristics between
groups, except for a higher percentage of male patients in the ERAS < 50 group (65.7% vs 35.7%, P =
0.03), and a higher proportion of intrahepatic tumor location (85.7% vs 39.2%, P = 0.027) and higher
preoperative serum cholesterol level (P = 0.0445) in the ERAS 2 50 group (Table 2).

ERAS and postoperative outcome

The postoperative outcomes are shown in Table 3. There were no hepatobiliary related complications in
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Table 2 Characteristics of the patients according to enhanced recovery program after surgery compliance

n (%) or mean (SD)

Variable P value'
ERAS < 50 (n = 102) ERAS 2 50 (n = 14)

Age 62.1 7.9 61.8 11.0 0.905

Gender (male) 67 65.7 5.0 35.7 0.031

Location 0.027

Intrahepatic 40 39.2 12.0 85.7

Bismuth I 0 0.0 0.0 0.0

Bismuth II 2 2.0 0.0 0.0

Bismuth IIIA 38 373 1.0 7.1

Bismuth IIIB 17 16.7 1.0 7.1

Bismuth IV 5 49 0.0 0.0

Type of CCA 0.442

MF 10 9.8 2.0 14.3

PI/EN 31 30.4 2.0 14.3

IG/PP 61 59.8 10.0 714

Procedure 0.285

Right hepatectomy 38 373 9.0 64.3

Extended right hepatectomy 18 17.7 0.0 0.0

Right trisectionectomy 12 118 0.0 0.0

Left hepatectomy 25 245 4.0 28.6

Extended left hepatectomy 8 29 0.0 0.0

Left trisectionectomy 2 2.0 0.0 0.0

Other 4 3.9 1.0 7.1

Vascular resection 7 6.9 1.0 7.1 0.969

Vascular inflow occlusion &) 38.2 7.0 50.0 0.399

EBL (mL) 647.1 490.5 446.4 273.5 0.138

Preoperative laboratory investigation

TB 21 2.6 0.8 0.7 0.070
AST 365.9 359.0 215.8 122.7 0.139
ALT 253.6 250.6 166.0 96.0 0.216
ALP 141.3 106.0 84.8 39.4 0.060
Alb 28 0.7 3.0 0.6 0.257
Cholesterol 133.7 39.7 156.9 29.7 0.045

1P < 0.05 by chi squared or #-test where appropriate.

MEF: Mass-forming; PI: Periductal infiltrating; FN: Flat-nodular; IG: Intraductal growth; PP: Papillary polypoid; ERAS: Enhanced recovery program after
surgery; CCA: Cholangiocarcinoma; EBL: Estimated blood loss; TB: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine transaminase; ALP:
Alkaline phosphatase; Alb: Albumin.

the ERAS > 50 group. Postoperative hospital stay was significantly shorter in the ERAS > 50 group [8.9
d, 95% confidence interval (CI): 7.3-10.4 d] than in the ERAS < 50 group (13.7 d, 95%CI: 12.2-15.2 d) (P =
0.0217). There were no differences in postoperative laboratory results between the two groups, except
for serum cholesterol level at POD3 and POD5.

There was no 30-d mortality in this cohort. There were three patients with 60-d mortality, all of which
were in the ERAS < 50 group. The patients died on POD 21, 37, and 45 from bleeding aneurysm of right
hepatic artery stump, severe pneumonia, and postoperative liver failure, respectively. With a median
follow-time of 1241 d, the median survival of this cohort was 1302 d (95%CI: 1130.6-1473.4 d). There was

WIJGS | https://www.wjgnet.com 366 March 27,2023 | Volume15 | Issue3 |

Jaishideng®



Table 3 Postoperative outcomes

Jongkatkorn C ef al. ERAS in cholangiocarcinoma

n (%) or mean (95%Cl)
Variable P value'
ERAS < 50 (n = 102) ERAS 2 50 (n = 14)
Overall morbidity 51 50.0% 4 28.6% 0.132
Hepatobiliary complications 0.281
Post-hepatectomy liver failure 14 13.7% 0 0%
Bile leakage 4 3.9% 0 0%
Stricture/cholangitis 1 0.9% 0 0%
Transient hyperbilirubinemia 9 8.8% 0 0%
General complications
Wound complications 18 18.8% 0 0% 0.076
Pulmonary complications 9 8.8% 2 14.3% 0.513
Cardiac complication 5 4.9% 0 0% 0.397
Acute kidney injury 2 1.9% 0 0 0.597
Post-operative stay (d) 13.7 12.2-15.2 8.9 7.3-10.4 0.022
Cholesterol
Postoperative day 1 1315 123.9-138.9 151.1 141.2-160.9 0.057
Postoperative day 3 107.3 101.5-113.1 127.7 116.7-138.7 0.013
Postoperative day 5 96.6 90.8-102.5 118.1 109.1-127.2 0.009
Serum albumin
Postoperative day 1 3.0 29-3.1 3.1 2.9-3.3 0.271
Postoperative day 3 29 2.8-29 3.0 29-32 0.224
Postoperative day 5 2.8 2.7-2.9 29 2.8-3.1 0.425
Total bilirubin
Postoperative day 1 32 24-39 1.6 1.1-2.2 0.142
Postoperative day 3 2.7 21-34 14 0.9-2.0 0.171
Postoperative day 5 2.8 2.0-3.5 1.3 0.9-1.6 0.157
Alanine aminotransferase
Postoperative day 1 294.9 242.6-347.2 231.1 166.9-295.3 0.376
Postoperative day 3 169.4 142.6-196.3 177.6 124.1-231.1 0.829
Postoperative day 5 89.7 74.5-104.9 97.1 72.5-121.8 0.726
Aspartate aminotransferase
Postoperative day 1 386.5 323.4-449.7 285.2 196.4-373.9 0.247
Postoperative day 3 169.4 142.6-196.3 177.6 124.1-231.1 0.829
Postoperative day 5 89.7 74.5-104.9 97.1 72.5-121.8 0.726
International normalized ratio (PT/INR)
Postoperative day 1 1.27 1.2-1.35 1.27 1.18-1.35 0.939
Postoperative day 3 1.42 1.37-1.47 1.34 1.24-1.45 0.293
Postoperative day 5 1.39 1.3-1.49 1.26 1.17-1.35 0.295
Postoperative mortality
30d 0 0% 0 0%
60d 3 2.9% 0 0%
Survival (95%CI) 0.019
WIJGS | https://www.wjgnet.com 367 March 27,2023 | Volume15 | Issue3
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Median (d) 1257 853.2-1660.8 Not reached
1-yr survival 77.5% 63.1-89.1 100%
3-yr survival 50.9% 37.1-67.9 85.7 53.9-96.2

1P < 0.05 by chi squared or t-test where appropriate.

ERAS: Enhanced recovery program after surgery; CI: Confidence interval; PT: Prothrombin time; INR: International normalized ratio.
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Figure 1 Comparison of enhanced recovery program after surgery compliance between enhanced recovery program after surgery 2 50
and enhanced recovery program after surgery < 50 groups. The numbers indicate the percentage of patients achieving enhanced recovery program after
surgery goal in each component. 2P < 0.05, °P < 0.001. VTE: Venous thromboembolism; POD: Postoperative day ERAS: Enhanced recovery program after surgery.

a statistically significant difference in overall survival between the two groups (P = 0.0187) (Figure 2A).
The median survival of the patients in the ERAS < 50 group was 1257 d (95%CI: 853.2-1660.8 d), whereas
that of the patients in the ERAS > 50 group was not reached - more than 50% of the patient with ERAS >
50 were still alive at the time of the last follow-up. The respective 1- and 3-year survival rate of the
patients in the ERAS < 50 was 77.5% (95%CI: 63.1-89.1) and 50.9% (95%CI: 37.1-67.9), and that of the
patients in the ERAS 2 50 group was 100% and 85.7% (95%CI: 53.9-96.2). The survival between the
groups seem to differ in both intrahepatic (Figure 2B) and extrahepatic tumors (Figure 2C), but the
difference was not statistically significant.

DISCUSSION

This study demonstrated that overall ERAS compliance in patients who underwent liver resection for
cholangiocarcinoma was poor. The patients with ERAS > 50 were significantly associated with shorter
postoperative hospital stay, and, interestingly, longer overall survival.

Postoperative care for liver resection has many unique challenges that have a large impact on the
physiologic outcomes, such as having a large abdominal incision that requires the use of spinal
anesthesia, significant intraoperative hemodynamic disturbance, and having a decreased liver volume
postoperatively. These factors explain why overall ERAS compliance is lower compared to other
abdominal operations, despite the fact that this group of patients might gain the most benefit from
ERAS implementation. We initially intended to use 80% ERAS adherence as the cut point for
categorizing the patients. However, at the time of the study, there was poor compliance to the ERAS
protocol and none of the cases were able to achieve more than 80% of ERAS components. Consequently,
a cut point at 50% ERAS was used instead. In the future, when ERAS is more routinely adopted, a
higher cut point for components achieved may result in more tiers and more pronounced difference in
patient outcomes. It should be noted that some ERAS components might not be suitable for cholan-
giocarcinoma resection, including the omission of nasogastric tube and abdominal drainage[8]. In our
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Figure 2 Kaplan-Meier survival curves stratified by percentage of enhanced recovery program after surgery goal achievement. A: All cohort;
B: Intrahepatic cholangiocarcinoma; C: Extrahepatic cholangiocarcinoma. ERAS: Enhanced recovery program after surgery.
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study, none of the patients achieved these component goals. Gastric dilation during the operation
would preclude a good exposure of the operative field. Liver transection created a large raw surface of
the liver that could cause postoperative bleeding and bile collection, therefore placement of abdominal
drainage is almost unavoidable. Instead, several intraoperative manners should be further evaluated
and considered to be ERAS components, such as intraoperative vascular inflow occlusion, controlling of
central venous pressure, and inferior vena cava clamping[9,11]. These make liver transection safer, and
would enhance patient recovery. We found that ERAS components that showed difference in
compliance between the groups were mostly related to analgesic and dietary-related components. This
finding is compatible with a previous study[12]. These components could be modified easily without
any additional costs, and should be prioritized for implementation. Effective pain management might
be a key to successfully enhancing recovery after liver resection. Lower postoperative pain, incorporated
with early removal of Foley catheter, leads to early mobilization and, subsequently, early returns of
bowel movement[8]. The delayed oral intake in the patients with extrahepatic cholangiocarcinoma, who
require biliary-enteric anastomosis, preclude enhanced recovery. This leads to several delays, including
oral analgesia, NG tube removal, mobilization, and, ultimately, recovery. This explains why we found a
higher proportion of extrahepatic cholangiocarcinoma in the ERAS < 50 group. Improvement of ERAS
for liver resection is crucial. Since a number of cases are required for achieving the optimal recovery and
compliance[13], the large center with a high number of cholangiocarcinoma cases should be the initiator
of ERAS development. Since 2016, we have been able to consistently apply these ERAS components:
Pre-anesthetic anxiolytic, VTE prophylaxis, preventing intraoperative hypothermia, preventing PONV,
early NG tube removal at POD1, and early oral intake. Moreover, we started to perform minimally
invasive surgery for liver resection procedure.

Another way in which operative outcomes could be improved is through laparoscopic surgery, as
previous studies have shown that laparoscopic liver resection is associated with shorter length of stay
[14]. Therefore, ERAS in laparoscopic liver resection should be considered separately from open liver
resection. Since laparoscopic liver resection is typically performed in selected patients that require less
complicate operative procedure, our study was intentionally conducted when all cholangiocarcinoma
cases, at our center, received open resection in order to minimize selection bias.

369 March 27,2023 | Volume15 | Issue3 |



Jongkatkorn C et al. ERAS in cholangiocarcinoma

Jaishideng®

Recent evidence from other randomized controlled trials reaffirmed that the ERAS protocol for
patients who underwent liver resection was associated with decreased length of hospital stay and lower
overall morbidity[15-17]. Our study confirmed that these findings are also valid in cholangiocarcinoma
patients. We found that the patients with higher ERAS compliance had significantly shorter length of
hospital stay. This is comparable with a previous report, which stated that patients undergoing major
liver resection that were on ERAS protocol experienced the greatest benefit in terms of decreased length
of hospital stay and decreased rate of 30-d complications[12]. Alteration of postoperative liver tests
could be used as an indicator for liver recovery and risk of postoperative liver failure[4]. In our study,
the postoperative serum cholesterol level was significantly higher in the ERAS > 50 group. It might
indirectly indicate that liver recovery is faster in this group. Other explanations include: (1) The patients
in this group already had higher cholesterol level preoperatively; and (2) Higher proportion of
intrahepatic tumors, which require less extensive liver resection. None of our patients in the ERAS > 50
group experienced hepatobiliary-related complications. There might be synergistic effects between
absence of complications and achieving ERAS goals. Both of them promote patient recovery and,
ultimately, shorten length of hospital stay. One study reported that even in high risk or with major
postoperative complications, high ERAS compliance was achievable[8]. However, it is safe to say that
achievement of ERAS 2 50 can be used to predict in-hospital, postoperative hepatobiliary-related
complications, especially postoperative liver failure.

Although ERAS protocol has been proven to be beneficial amongst patients who underwent liver
resection in terms of short-term outcomes[6,7,12], there was no study demonstrating these associations
with long-term outcomes. We demonstrated the association between higher ERAS achieving and longer
survival of the patients. This issue had been addressed in other cancers[18,19]. ERAS improved survival
through various ways: (1) Reduction of postoperative stress leads to better immunologic function
against the remaining tumor micro-metastases; and (2) Promoting quick recovery prevents the delay of
adjuvant treatment. However, since there is no solid evidence of benefit of postoperative adjuvant
chemotherapy for resectable cholangiocarcinoma[20-22], and cholangiocarcinoma is a heterogeneous
disease with various progression pathways[23,24], it could not be concluded that improvement of ERAS
compliance leads to an improvement of overall survival of cholangiocarcinoma patients. Even so, higher
ERAS achievement could at least be used as a marker of better survival of cholangiocarcinoma patients.

To the best of our knowledge, our study was the first to demonstrate the association between greater
ERAS achievement and long-term outcome of the patients who underwent liver resection. Moreover,
this study was the largest study that focused only on cholangiocarcinoma patients who underwent liver
resection by various hepatobiliary surgeons. However, there were several limitations that should be
acknowledged. Bias might be introduced due to the following: (1) Being retrospective in nature; (2)
Having a short interval of study period when a standard, full-ERAS protocol has not completely been
developed. Due to the aforementioned limitations, only a correlation between better ERAS compliance
and better outcome can be drawn; we were unable to interpret that better ERAS achievement caused
better outcome; and (3) The sample size of the ERAS > 50 group is quite small and could cause a
significant type 2 error. Future prospective study should be conducted with full implementation of
ERAS protocol specifically for the cholangiocarcinoma patients to demonstrate this association.

CONCLUSION

Overall ERAS compliance for cholangiocarcinoma is poor. There is a room for improvements of ERAS in
patients who underwent liver resection for cholangiocarcinoma. Greater ERAS compliance could predict
not only in-hospital, short-term outcomes but also long-term outcomes of the patients.

ARTICLE HIGHLIGHTS

Research background

Enhanced recovery after surgery (ERAS) protocol has shown to be beneficial to patient outcomes in
various abdominal surgeries, including hepatectomy. However, no previous study has demonstrated
this association for hepatectomy in cholangiocarcinoma patients.

Research motivation

The present study explored the ERAS compliance and its association with outcomes of the patients who
underwent open liver resection for cholangiocarcinoma during the first period of ERAS implementation.

Research objectives
To demonstrate the association between good ERAS compliance and short-term and long-term
outcomes in cholangiocarcinoma patients.
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Research methods

Cholangiocarcinoma patients who underwent open hepatectomy between January 2015 and December
2016 were retrospectively analyzed. Patient’s compliance to ERAS was measured by the percentage of
ERAS items achieved and categorized into more than and equal to 50% (ERAS > 50), and below 50%
(ERAS < 50) of of all ERAS components. Details on operative procedure, patient care, and survival were
analyzed.

Research results

A total of 116 patients were identified - 14 patients (12.1%) were categorized into the ERAS > 50 group,
and 102 patients were in the ERAS < 50 group. Postoperative hospital stay was significantly shorter in
the ERAS 2> 50 group [8.9 d, 95% confidence interval (CI): 7.3-10.4 d] than in the ERAS < 50 group (13.7
d, 95%ClI: 12.2-15.2 d) (P = 0.0217). No hepatobiliary-related complications or in-hospital mortality
occurred in the ERAS 2 50 group. Overall survival was significantly higher in the ERAS > 50 group.

Research conclusions
Good ERAS compliance is associated with decreased length of hospital stay, decreased morbidity, and
better survival.

Research perspectives
Current overall ERAS compliance is poor. Future improvements in ERAS compliance could result in
better short-term and long-term outcomes.
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