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a b s t r a c t

Introduction: Enhanced recovery after surgery (ERAS) for peri-hilar cholangiocarcinoma (pCCA) has not
been described in the literature. This study examined patients undergoing pCCA resection within a
standard post hepatectomy ERAS pathway to define achievable targets suitable for these patients.
Methods: Patients undergoing pCCA resection at University Hospital Aintree (January 2009eOctober
2017) were identified. Achievement of key ERAS outcomes was assessed. Patients were stratified on
incidence of major complications and pre-operative cardiopulmonary exercise testing. Chi Square and
Mann Whitney analyses were undertaken as appropriate. Achievable ERAS targets were derived from
patients who did not develop a major complication.
Results: 46 patients underwent resection with enhanced recovery. Median age 65 (24 male: 22 female).
Key ERAS outcomes in patients who did not experience major complications are described as medians
(interquartile range): length of stay 8 days (6�13), duration critical care 2 days (2e4), inotropes 6 h
(0�24), epidural 3 days (3e4), early mobilization day 1 (1e2), full mobilization day 3 (3e4), urinary
catheter removal day 4 (3e5), NGT removal day 1 (1e2) and restoration oral nutrition day 2 (2e4).
Patients deemed high risk pre-operatively or those who developed major complications post-operatively
required significantly longer critical care (p¼ 0.008 and p¼ 0.002 respectively). Other ERAS targets
remained achievable in similar timeframes.
Conclusions: ERAS for pCCA is achievable. Applicable ERAS standards are defined which take into account
minor complications. High risk patients and those with major complications can be appropriately
managed in an ERAS pathway, though there is increased need for critical care support.

© 2019 Published by Elsevier Ltd.
Introduction

Enhanced recovery after surgery (ERAS) for patients undergoing
resection of peri-hilar cholangiocarcinoma (pCCA) has not been
adequately described, and an appropriate ERAS target based
pathway has not been defined. Significant variation exists in the
care of patients with pCCA [1]. ERAS employs a fast track multi-
modal strategy to minimize variation in post-operative care and
accelerate recovery [2]. Principles are derived from colorectal
low, Institute of Translational
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uinn).
surgery but distinct differences exist which may impede imple-
mentation in HPB surgery [3].

ERAS has been shown to be effective in patients undergoing
hepatectomy, but the addition of a biliary-enteric reconstruction
means current targets for standard hepatectomy may not be
appropriate. In colorectal liver metastasis (CRLM) resections, ERAS
shortens hospital inpatient stay and critical care admissions
without increases in morbidity or mortality [4]. Randomised clin-
ical trials of ERAS versus standard care in open hepatectomy
reaffirmed this and with improved quality of life [5]. Similar results
are demonstrated following primary liver cancer resection [6].
Systematic reviews on ERAS in CRLM surgery conclude ERAS is safe
and effective [7]. These studies had limited patient numbers, [8]
and peri-hilar CCA resection is poorly represented and sometimes
intentionally excluded from these studies. The ERAS society
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guidelines for liver surgery were published in 2016 [9] Significant
components of this guideline, such as omission of abdominal
drainage and nasogastric drainage may not be applicable to pCCA
resection.

The feasibility of applying ERAS in patients undergoing peri-
hilar cholangiocarcinoma resection was demonstrated by Yip
et al., where a small number of the overall series were included in a
standard ERAS hepatectomy model [10]. Studies describing specific
and achievable ERAS components in patients undergoing pCCA
resection are absent. This study sought to examine patients
undergoing peri-hilar CCA resection within a standard post hepa-
tectomy ERAS pathway to define a pathway with achievable targets
suitable for these patients.

Methods

Study population

All patients undergoing resection for peri-hilar chol-
angiocarcinoma at University Hospital Aintree (Liverpool, UK)
between January 2009 and October 2017 were identified from a
prospectively maintained database. Patients with tumours consid-
ered as peri-hilar disease and included in the study were those
considered type 2e4 using the modified Bismuth-Corlette system
[11]. Intra-hepatic cholangiocarcinoma, Bismuth-Corlette Type 1
and distal common bile duct disease were excluded. Peri-hilar
cholangiocarcinoma was histologically confirmed on the resected
specimen in all patients.

Study centre

The study centre was designated a UK test site for ERAS in liver
surgery supported by the UK Department of Health.

ERAS design

The ERAS pathway applied to those patients undergoing peri-
hilar CCA resection required modification on an individual patient
basis from the standard hepatectomy pathway applied in non-CCA
resection. The standard ERAS pathway has been previously
described in the literature (Fig. 1).

Pre-operative assessment and risk stratification

The integrated ERAS liver pathway commences at the suprare-
gional hepatobiliary specialist multi-disciplinary team (MDT)
meeting where those patients with potentially resectable peri-hilar
CCA are identified.

Preoperative assessment included a clinical review by a single
lead anaesthetist, and a preoperative cardio-pulmonary exercise
test (CPET). Patients were classified as low, intermediate or
high risk by a dedicated hepatobiliary consultant anaesthetist in
conjunctionwith CPET outcome. All patients with a relative oxygen
uptake <11ml/kg/min on CPET were classified as high risk [12].

Patients with obstructive jaundice underwent pre-operative
biliary drainage with either endoscopic retrograde cholangio-
pancreatography and metallic stenting or a percutaneous trans-
hepatic approach. Where indicated, biliary drainage was under-
taken prior to CPET assessment. Adequate drainage of the future
liver remnant was undertaken to reduce the risk of postoperative
hepatic failure (PHF) [13].

Staging laparoscopy was undertaken in all patients to exclude
the presence of radiologically occult metastases [14]. All resected
patients were admitted electively to level 2 or 3 care on completion
of resectional surgery.
Anaesthetic management

Patients could eat and drink until 6 h pre-operatively, with clear
fluids up until 2 h before surgery. All patients underwent a thoracic
epidural (unless contraindicated). Two large bore cannula, internal
jugular central venous lines and urinary catheter were used prior to
incision.

An arterial line with cardiac output monitoring was used to
guide fluid management and perfusion optimization. The pulse
contour continuous cardiac output (PiCCO) was employed for all
resections.

Low central venous pressures were achieved with a combina-
tion of thoracic epidural, fluid restriction, and nitrate infusion as
required. All patients received prophylactic intravenous antibiotics.
Hypothermia was prevented using routine intra-operative moni-
toring and air warming systems. Calf compression stockings and
devices were used throughout for venous thrombotic prophylaxis.
Optimal glycaemic control was ensured throughout.

Surgical procedure

A reverse L-shaped incision was used in all cases. Frozen sec-
tions of proximal and distal bile duct resection margins were sent
for histopathological analysis prior to completion of resection. Liver
parenchyma was transected with Cavitron Ultrasonic Surgical
Aspirator, with or without intermittent inflow occlusion. Biliary
reconstruction encompassed retrocolic hepatico-jejunosotomy
formation and a jejuno-jejunostomy. Blakes drains were routinely
used in all patients. Where portal venous or arterial resection was
indicated, IV unfractionated heparin was administered for 48 h or
until conversion to low molecular weight heparin on the critical
care unit.

Post-operative analgesia

Epidural analgesia was delivered using Levobupivacaine 0.1%
and Fentanyl 2mcg via thoracic epidural. Ideally this was dis-
continued by the 3rd post-operative daywith application of a single
Fentanyl patch to facilitate transition to oral analgesia. The dedi-
cated pain management team supported all pain management.

Peri-operative care plan

Patients were admitted on the morning of surgery unless this
was precluded by clinical or social circumstances. Patients were
considered eligible for discharge when tolerating full oral dietary
intake, pain control was adequate, passing flatus and urine
satisfactorily, and demonstrating normal clinical and acceptable
biochemical indices (daily routine blood tests were tailored ac-
cording to patient progress). Patients had to be deemed indepen-
dently mobile and safe for discharge by both the ward nursing staff
and physiotherapist ensuring all discharge criteria were met.
Adherence to all ERAS components were documented in the case
notes. All patients were followed up in the hepatobiliary outpatient
clinic within 1 week of discharge. All patients received specialist
nurse telephone clinic appointment follow-up after discharge.

Data collection and statistical analysis

Standard demographic and clinico-pathological data were
retrieved from paper and electronic case notes on each patient.

Data collected included preoperative assessment (including
cardiopulmonary exercise testing), operative factors, duration of
critical care, duration of inotropes/vasopressors, duration of
epidural analgesia, post-operative mobilization (sat out of bed at



Fig. 1. Standard hepatectomy ERAS pathway.
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least 8 h, 4 walks of 30m or more), duration of urinary catheteri-
zation, duration of nasogastric drainage and restoration and
maintenance of enteral nutrition as tolerated, use of surgical
and radiological drains, complications, discharges and 30 day re-
admissions.

Complications were stratified using the Dindo-Clavien system
[15]. Major complicationwas defined as having complication Grade
IIIa or above.

To identify achievable ERAS targets, statistical analyses
compared outcomes in those who experienced major complica-
tions with those who experienced minor or no complications at all.
An achievable ERAS target was considered as the median achieved
in those patients without a major postoperative complication.

To determine the applicability of ERAS to higher risk patients a
separate analysis examined their achievement of these ERAS
targets. All statistical analyses were undertaken using IBM SPSS
Statistics (version 25) software. Continuous variables were ana-
lysed with Mann Whitney U test and categorical data with Chi-
Square test. Continuous data is presented as medians with range
and interquartile range (IQR).
Results

Study cohort

60 patients underwent resection of peri-hilar chol-
angiocarcinoma. Patients had a median age of 65 years (range
54e76 years) and were evenly distributed between gender (32
male and 28 female). Disease demographics and operative
approaches are described in Table 1.

Preoperative biliary drainage of the future remnant liver was
undertaken in the majority of patients (54 of 60).

Resection of the portal veinwas undertaken in 20 of 60 patients.
R0 resection margin was achieved in 45 of 60 of cases (75%).

There were ten inpatient deaths, eight of these occurring in
patients who underwent extended parenchymal resection with
portal vein resection.

Complications are outlined in Table 2.
Four further patients were excluded from ERAS analysis due to

incomplete datasets.
46 patients completed the ERAS pathway with full datasets and



Table 1
pCCA patient and disease demographics.

Characteristic Value (n¼ 60)

Sex, no (%)
-Female 28 (47%)
-Male 32 (53%)
Age (median) 65
ASA
1e2 48 (80%)
3e4 12 (20%)
Preop drainage, no (%) 54 (90%)
Anaerobic Threhold, median (range) mls/kg/min 11.7 (7.6e25.1)
Operation type, no (%)
-Radical bile duct resection 11 (18%)
-Left hemihepatectomy, seg 1 þ Extra-hepatic Bile Duct (EHBD) Resection 13 (22%)
-Right hemihepatectomy, seg 1 þ EHBD 6 (10%)
-Left trisectionectomy, seg 1 þ EHBD 15 (25%)
-Right trisectionectomy, seg 1 þ EHBD 15 (25%)
Portal vein resection, no (%) 20 (33%)
T stage, no (%)
-T1 9 (15%)
-T2 42 (70%)
-T3 7 (12%)
-T4 2 (3%)
N stage, no (%)
-N0 38 (63%)
-N1 22 (37%)
R0 margin, no (%) 45 (75%)
Grade, no (%)
-Poor 14 (23%)
-Moderate 31 (52%)
-Well 16 (27%)
Lymphovascular invasion, no (%) 29 (48%)
Perineural invasion, no (%) 51 (85%)
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underwent further analysis. 20 (44%) were classified as high risk on
pre-operative CPET.
Morbidity

Major complications (Clavien-Dindo� IIIa) occurred in 18
patients (39%). 22 patients experienced minor complications
(Clavien-Dindo� IIa). 6 patients had a complication free index
admission.
ERAS parameters

Achievements of key ERAS parameters are demonstrated in
Table 3. An achievable ERAS pathway in pCCA resection based on
those patients who developed minor complications or had a
complication free admission is summarised in Fig. 2.
Table 2
Complications.

Grade Complications before 90 days

Grade 2
Sepsis requiring IV antibiotics 38
Bile leak without IR drainage 12
Ascites (medically managed) 7
Acute coronary syndrome 3
Thromboembolic event 3
Grade 3
Abdominal abscess with IR drainage 7
Bile leak with IR drainage 6
Repeat laparotomy 4
Grade 4
Multi-organ dysfunction syndrome 10
Critical care admission

Median duration of admission to high dependency/intensive
care unit was 3 days (range 1e21 days, IQR 2e5 days). Examining
those patients without major complications, the median critical
care duration reduced significantly to 2 days (range 1e7 days, IQR
2e4 days, p¼ 0.002).

Inotropic support

Median duration of inotropic/vasopressor support was 12 h
(range 6e60 h, IQR 6e36 h). In those without major complications,
duration of inotropic support was significantly less (median 6 h,
range 0e48 h, IQR 0e24 h, p¼ 0.003).

Epidural analgesia

Median duration of epidural analgesia was 72 h (range
24e120 h, IQR 72e96 h) with no significant difference observed in
those without major complications (median 72 h, range 48e96 h,
IQR 72e96 h, p¼ 0.294).

Mobilization

Median time to sitting out of bed >8 h was 2 days (range 1e4
days, IQR 1e2 days). In patients who did not experience major
complications this reduced to post-operative day 1 (range 1e4
days, IQR 1e2 days) but did not achieve statistical significance
(p¼ 0.156).

The median time to patients achieving 4 walks of 30m was 4
days (range 2e11, IQR 3e4 days). In the subgroup without major
complications this improved significantly to 3 days (range 1e6
days, IQR 3e4 days, p¼ 0.042).



Table 3
Achievement of key ERAS targets.

ERAS Parameter (Median time
to achievement/IQR)

Full cohort Major
complication
subgroup

Minor/no
complication
subgroup

Significance
(Mann-Whitney
U test)

High risk
cohort

Low risk
cohort

Significance
(Mann-Whitney
U test)

Critical care admission 3 days [2e5] 5 days [3e7] 2 days [2e4] P¼ 0.002 4 days [3e7] 2 days [1e3] p¼ 0.008
Inotropic/vasopressor support 12 h (0�24) 24 h (24e48) 6 h (0�24) P¼ 0.003 24 h (0�48) 12 h (0�24) p¼ 0.258
Epidural duration 72 h (72e96) 96 h (72e96) 72 h (72e96) P¼ 0.294 3 days [3,4] 3 days [3,4] p¼ 0.197
Urinary catheterization duration 4 days [3e6] 6 days [4e10] 4 days [3e5] P¼ 0.001 2 days [1,2] 2 days [1,2] p¼ 0.656
Time to sitting out of bed >8 h 2 days [1,2] 2 days [1e3] 1 day [1,2] P¼ 0.156 4 days [3e5] 3 days [3,4] p¼ 0.177
Time to full mobilization 4 days [3,4] 4 days [3e6] 3 days [3,4] P¼ 0.042 5 days [3e8] 4 days [3e5] p¼ 0.407
Duration of nasogastric drainage 1 day [1e3] 1 day [1e6] 1 day [1,2] P¼ 0.422 1 day [1e5] 1 day [1,2] p¼ 0.139
Time to restoration of

enteral nutrition
2 days [2e4] 2 days [2,3] 2 days [2e4] P¼ 0.881 2 days [2e4] 2 days [1e3] p¼ 0.197

Length of stay 13.5 days (8�21) 23 days (18e46) 8 days [6e13] P¼ 0.00001 14 days (8�27) 8 days [7e16] p¼ 0.095
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Urinary catheterization

Median duration of urinary catheterization was 4 days (range
3e30 days, IQR 3e6 days), which in those without major compli-
cations was largely unchanged (median 4 days, range 3e6 days, IQR
3e5 days, p¼ 0.001) despite achieving statistical significance.

Restoration of enteral nutrition

Median duration of nasogastric drainagewas 1 day (range 1e30,
IQR 1e3 days) and unchanged in those without major complica-
tions (median 1 day, range 1e10 days, IQR 1e2 days day, p¼ 0.422).

Median time to enteral feeding (full diet as tolerated) was post-
operative day 2 (range 1e11, IQR 2e4 days). In those without major
complications, this remained 2 days (range 1e7 days, IQR 2e4 days,
p¼ 0.881).

11 patients had temporary ileus requiring further nasogastric
drainage.
Surgical drainage

Drains were inserted in all patients at surgery and cannot
represent an enhanced recovery target. 23 of the 46 patients (50%)
were discharged with surgical drains in situ, with subsequent
removal at the outpatient clinic.

Length of stay

Median length of stay for the entire cohort was 13.5 days (range
5e76 days, IQR 8e21 days). In those without major complications
this reduced significantly to 8 days (range 5e17 days, IQR 6e13
days, p¼ 0.001).

30-day readmission

The 30-day readmission rate was 9/46 (20%). Indications for
readmission included sepsis in 4 patients (1 collection required
radiological drainage) and hepatic artery pseudo-aneurysm for-
mation in 2 patients (stented successfully). 3 additional patients
were readmitted for liver insufficiency, poor oral intake and
anaemia respectively.

High risk patients

Comparative analysis of ERAS achievement in the pre-operative
CPET determined high and low risk cohort, demonstrated no sig-
nificant difference in the majority of key ERAS targets (Table 3).
However, patients considered high risk on pre-operative CPET
required significantly longer critical care admission (median 4 days,
range 2e21 days, IQR 3e7 days) than those deemed low risk
(median 2 days, range 1e7 days, IQR 1e3 days) (p¼ 0.008).

High risk patients required longer duration of inotropic/vaso-
pressor support (median 24 h, range 12e60 h, IQR 12e48 h)
compared to low risk patients (median 12 h, range 0e48 h, IQR
0e24 h), however this did not achieve statistical significance
(p¼ 0.258).

High risk patients had a trend towards longer duration of in-
patient length of stay (median 14 days, IQR 8e27 days, compared
to 8 days in low risk patients, IQR 7e16 days) but this was not
statistically significant (0.095).

Discussion

Enhanced recovery after resection for peri-hilar chol-
angiocarcinoma is achievable, and targets have been defined
(Table 3). ERAS principles can be applied to both high and low risk
anaesthetic groups and those who develop major and minor
complications. Morbidity following pCCA resection is high and
adjustments for this must be incorporated into ERAS care.

pCCA patients require significant pre-operative work-up. The
ERAS pathway begins at the time of decision to operate. We utilized
CPET outcome to stratify patients as high or low risk and success-
fully identified those patients requiring increased critical care
admission.

Patients who develop major complications and those at higher
pre-operative risk as defined by CPET, [16] require a tailored
approach and expectations of ERAS target achievement should be
lower. These patients required longer inotropic support and pro-
longed critical care admission with increased length of inpatient
stay. Crucially, ERAS remains achievable across the remaining core
components and being deemed high risk pre-operatively or the
development of a complication should not preclude engagement
with ERAS pathways.

Effective pain management is fundamental to successful
enhanced recovery. Epidural usage reduces the need for systemic
opioids and reduced impairment of gut motility [17]. Our findings
are in keeping with this. The incidence of ileus was low. Early
commencement of oral clear fluid and diet in a stepwise fashion is
feasible.

Adherence to early mobilization is key to successful enhanced
recovery following standard liver resection.10 Early mobilization is
achievable by sitting patients out of bed at day 2 and mobilizing at
day 3e4 (when appropriate). Early removal of urinary catheters
may help facilitate this.

Biliary anastomoses above the confluence are high risk for
anastomotic leak [18]. Surgical drains were used in all patients and



Fig. 2. ERAS pathway for peri-hilar cholangiocarcinoma resection.
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therefore cannot be considered an ERAS target. Minor bile leak was
prevalent with the surgically placed drain providing adequate
control. Patients were safely discharged home when medically fit
with surgical drains in situ reducing length of stay without impact
on 30-day readmission.

Length of stay is an objective component for measuring the
success of an ERAS program [19]. We have demonstrated a safe and
achievable discharge at 8 post-operative days in patients with
minor or no complications, without impact on readmission rate.

This is the first study to examine ERAS in peri-hilar CCA resec-
tion and defines achievable enhanced recovery pathway parame-
ters. This retrospective study was undertaken in an established
ERAS centre. We did not seek to demonstrate superiority of ERAS
to standard post-operative care in minimizing complications.
Prospective randomised studies with increased patient numbers
would further elucidate the potential benefits of ERAS in this
complex cohort.

Enhanced recovery should be considered for all peri-hilar chol-
angiocarcinoma patients undergoing resection. Patients deemed
high risk on pre-operative assessment or those who develop major
complications may require increased critical care admission,
cardiovascular support and overall length of stay, but should not be
precluded from ERAS enrolment. ERAS standards have been defined
which take into account development ofminor complications. These
standards are safe, achievable and should be applied.
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