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    25.     Enhanced Recovery Pathways 
in Hepato-pancreato-biliary Surgery       

     Didier     Roulin      and     Nicolas     Demartines     

         In the last two decades enhanced recovery pathways (ERP) have been 
successfully implemented in various fields of surgery, notably in 
colorectal surgery where numerous meta- analyses have shown lower 
complication rates associated with reduced postoperative stay and 
diminished hospital costs [ 1 ,  2 ]. Following these encouraging results, 
ERP have been progressively implemented to hepato-pancreato-biliary 
(HPB) surgery, which is traditionally considered as high-risk surgery. 

    Review of the Current Literature 

 Although pancreatic surgery has become safer in high- volume special-
ized centers with a significant reduction of perioperative mortality to 5 %, 
reported morbidity rates still remain considerably high, ranging from 40 
to 60 % with a postoperative length of stay ranging from 14 to 20 days 
after pancreaticoduodenectomy [ 3 ]. Delayed recovery is mainly due to 
pancreatic fistula and delayed gastric emptying. A recently published sys-
tematic review in pancreatic surgery found that ERPs were associated 
with both a significant decrease in length of stay of 2–6 days and a reduc-
tion in complications without increased mortality or readmission rate [ 3 ]. 
However, the occurrence of pancreatic fistula or delayed gastric emptying 
did not differ [ 3 ]. On the other hand, the pathways were heterogeneous 
and important data like time to functional recovery and compliance to the 
ERP elements were scarcely described. Therefore, future prospective 
studies based on the published guidelines for perioperative care for pan-
creaticoduodenectomy by the ERAS ®  Society are required in order to 
assess the proper impact of ERP on functional postoperative recovery [ 4 ]. 



302

 ERP have also been recently implemented in liver surgery, which is 
associated with about 40 % morbidity, with specific complications like 
hemorrhage, biliary leakage, intra- abdominal abscess and liver failure. 
In a meta-analysis [ 5 ], hospital length of stay was reduced and func-
tional recovery was accelerated without compromising morbidity or 
mortality rates, and readmission rates were similar. In a recent random-
ized controlled trial on ERP for open liver resection [ 6 ], the median time 
to be medically fit for discharge was reduced with the ERP from 6 to 3 
days, as was overall length of stay (7 vs. 4 days). The medical complica-
tions were significantly reduced, while surgical complications were 
similar. The readmission rates and mortality remained unchanged but 
health related quality of life in the first month after surgery was signifi-
cantly better in the ERP group. However, there is until today no stan-
dardized protocol, and the guidelines on liver resection perioperative 
care from the ERAS Society are pending.  

    Specific Items in ERP for Pancreatic 
and Liver Surgery 

 In the patient population undergoing HPB surgery, preoperative 
nutrition is a significant concern. A nutrition screening assessing the 
Nutritional Risk Score (NRS) [ 7 ] is routinely performed, and malnour-
ished patients with a NRS ≥3 are referred to specific dietician consulta-
tion. As the majority of advanced HPB surgery is still performed by 
laparotomy, preoperative immunonutrition (Oral Impact ® , Nestlé) is 
given for 7 days before the surgery, as this intervention may reduce the 
infectious complications rate [ 8 ]. 

 In order to implement ERP in liver resection, there are two major 
elements requiring some adaptation from those applied in colorectal 
surgery: fluid management and prophylactic drainage. In liver surgery, a 
relative hypovolemia with a low central venous pressure less than 5 cm 
H 

2
 O is maintained before and during liver resection, in order to mini-

mize the amount of intra-operative blood loss. The blood pressure is 
controlled by vasopressors and blood transfusion when required. The 
central venous pressure can be lowered by the use of intravenous nitro-
glycerin during the liver resection. Once the resection is completed, 
euvolemia, as assessed by the central venous pressure, is restored by 
balanced crystalloid and colloid infusion, and hypoalbuminemia less 
than 20 g/L is compensated by intravenous albumin (20 %). For open 
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liver surgery, a high thoracic epidural (T5–8) is placed and continued in 
the post-resection phase. Although not used in our center, a prophylactic 
drain placed close to the hepatic resection surface is still widely used, 
with the idea to prevent intra-abdominal collection, detect postoperative 
bleeding and bile leakage, as well as to drain ascites. However, a 
Cochrane Review did not show any statistically significant difference in 
terms of occurrence of postoperative infection or biloma or detection of 
bile leak and hemorrhage between the drain and no drain groups after 
elective liver resection [ 9 ]. Moreover, in a separate meta-analysis, there 
was a trend toward an increased rate of infected collections for drained 
patients [ 10 ]. There is currently no evidence to support the routine use 
of prophylactic drainage after liver resection. However, the use of 
abdominal drainage in order to prevent the accumulation of ascites, 
which can lead to ascitic leakage and wound dehiscence, remains 
debated in the current literature [ 11 ,  12 ]. Further trials are needed to 
assess its use in the specific group of cirrhotic patients. 

 In order to apply enhanced recovery principles to pancreatic surgery, 
and especially to pancreaticoduodenectomy, there are two main issues, 
which differ widely from colorectal ERP pathways: prophylactic drain-
age and postoperative nutrition. Following pancreatic resection, the use 
of prophylactic drains, placed in relation to both the biliary and pancre-
atic anastomoses, is still considered mandatory by many experts. Up to 
now there is only one randomized trial comparing prophylactic drainage 
vs. no drainage after pancreatectomy for pancreatic cancer [ 13 ]. This 
study found no significant difference in the mortality or the overall rate 
of complications whether intraperitoneal drains were present or not. 
Furthermore, drained patients were significantly more likely to develop 
an intra-abdominal collection or fistula (pancreatic and enterocutaneous). 
However, these data arise from a highly selected population of patients 
with pancreatic tumors treated in a specialized and experienced cancer 
center. In a meta-analysis comparing early vs. late drain removal, the 
incidence of pancreatic fistula was significantly lower in the early-
removal group for patients at low risk of pancreatic fistula (amylase value 
in drains ≤5000 U/L at postoperative day 3) [ 14 ]. A recently published 
randomized multicenter trial comparing pancreaticoduodenectomy with 
or without routine drainage was interrupted by the data safety monitoring 
board because of increased mortality in the patients without drainage 
[ 15 ]. However, in this study all patients were randomized, irrespective of 
the pancreas consistency or the pancreatic duct size, and further trials 
specifically assessing the use of drainage in patients with higher risk of 
pancreatic fistula are warranted. Another intervention frequently used to 
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prevent pancreatic fistula is somatostatin analogue, which reduces 
splanchnic blood flow and pancreatic secretion. In the current literature, 
somatostatin and its analogues do not reduce the rate of clinically signifi-
cant fistula or overall morbidity and mortality [ 16 ] and are not systemati-
cally recommended [ 4 ]. Recently, new somatostatin analogues with 
longer half-life and broader binding profile such as pasireotide have been 
developed, and their use was found to be associated with a reduction of 
the rate of clinically significant pancreatic fistula following pancreatic 
resection in a randomized trial of 300 patients [ 17 ]. Further trials, with 
subgroup analyses specifically assessing the pancreatic texture and duct 
size, are necessary to evaluate the role of systematic somatostatin ana-
logues in the prevention of postoperative pancreatic fistula. 

 Postoperative nutrition after a pancreatic resection is a key issue. 
A naso-gastric tube is routinely placed during surgery in order to evacu-
ate air. However, there is high-level evidence that prophylactic nasogas-
tric decompression increases the risk of pulmonary atelectasis and 
pneumonia and alters return of bowel function [ 18 ]. Therefore, the pro-
phylactic use of nasogastric tube postoperatively should be avoided. In 
the postoperative period, a recent multicenter randomized controlled trial 
in patients undergoing major upper gastrointestinal and HPB surgery, 
including 82 pancreaticoduodenectomy, concluded that allowing early 
diet was safe for these patients and that enteral tube feeding did not con-
fer benefit [ 19 ]. Therefore, patients should be allowed to gradually 
increase oral food intake over 3–4 days according to their tolerance. The 
use of enteral or parenteral nutritional should be reserved for patients 
developing major complications, with parenteral nutrition indicated only 
in those patients who cannot tolerate enteral nutrition [ 4 ]. A frequent 
complication after pancreaticoduodenectomy is delayed gastric emptying 
which can occur in up to a quarter of the patients. If prolonged delayed 
gastric emptying occurs, it may be necessary to insert a naso-jejunal feed-
ing tube. In this case, supplemental nutrition should be established within 
ten postoperative days in order to resume a regular diet sooner [ 20 ].  

    Practical Implementation of ERP 
in Hepato-pancreato- biliary Surgery 

 Following successful implementation of ERP in elective and emer-
gency colorectal surgery in our Department starting 2011 [ 21 ,  22 ], ERP 
was introduced in October 2012 for elective pancreas surgery and in 
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June 2013 for elective liver surgery. Separate pathways were  implemented 
for pancreaticoduodenectomy and spleno-pancreatectomy, as the latter, 
which does not include any digestive anastomosis, is less prone to 
delayed gastric emptying. For liver surgery, all different types of resec-
tion up to four segments were included in a single pathway. Based on 
the previously introduced ERP team for colorectal surgery, a similar 
group was organized (Fig.  25.1 ). Under the direction of the chair of the 
Department for Visceral Surgery, the three pillars of the ERP team were 
the surgeons, anesthesiologists, and nurses. For pancreas and liver, the 
surgeons in charge of the respective units were designed as leaders of 
the team and supported by two to three designated surgeons. The anes-
thesia leader was the same as for the colorectal ERP and also benefited 
from the support of other anesthetists. On the nurses’ part, a dedicated 
ERP nurse was involved in each of these pathways. The administrative 
direction was involved from the beginning and played a substantial role 
in obtaining the required resources. In addition, nutritionists, physio-
therapists, and stoma- therapists were also involved in regular ERP team 
meetings in order to monitor and improve our protocols, which are 
detailed on Table  25.1 . Specific documentation including patient educa-
tion booklets and logbooks where the patients record their own prog-
ress, anesthesia protocols, standardized care maps and medical orders, 
were established.

  Fig. 25.1.    Organization chart of enhanced recovery team.       
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    Table 25.1.    Perioperative care elements for hepato-pancreato- biliary surgery.   

 Liver resection  Duodenopancreatectomy 

 Preoperative 
counseling 

 Preadmission counseling (surgeon, dedicated 
nurse) + written information 

 Preoperative biliary 
drainage 

 –  Endoscopic biliary drainage if 
serum bilirubin higher than 
250 μmol/L 

 Preoperative 
smoking and 
alcohol 
consumption 

 Smoking and alcohol abstinence 1 month before surgery 

 Preoperative 
nutrition 

 Nutritional status assessment by the dedicated nurse (NRS 
score) and referral to dietician if at risk (NRS ≥3) 

 Oral bowel 
preparation 

 Avoidance of oral bowel preparation 

 Fasting  Clear fluids until 2 h, solids 6 h before surgery 
 Carbohydrate drinks  800 ml on evening and 400 ml 2 h before surgery 
 Preanaesthetic 

medication 
 No long-acting sedative premedication 

 Antithrombotic 
prophylaxis 

 LMWH 12 h before surgery and continued for 4 weeks after 
surgery 

 Intermittent pneumatic compression when in bed until POD 4 
 Antimicrobial 

prophylaxis and 
skin preparation 

 Antibioprophylaxis: Cefuroxime 1.5 g + metronidazole 
500 mg iv 30–60 min before incision 

 Skin preparation with a scrub of chlorhexidine-alcohol 
 Analgesia  Thoracic epidural analgesia (T5–8) until POD 4 

 If no epidural: intravenous lidocaine or transversus 
abdominis plane block/wound infiltration 

 PONV prophylaxis  Perioperative: Droperidol 1 mg iv and betamethasone 4 mg 
iv at the beginning of operation, ondansetron 4 mg iv at 
the end of operation 

 Postoperative: ondansetron 4 mg 3×/day and betamethasone 
4 mg 1–2×/day if needed, until POD 3–5 

 Hypothermia 
prevention 

 Active warming (cutaneous and perfusions warming) to 
maintain body temperature ≥36.1 °C 

 Glycemic control  Perioperative intravenous/postoperative subcutaneous insulin 
if glycemia more than 10 mmol/L 

(continued)
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 Liver resection  Duodenopancreatectomy 

 Intraoperative fluids  Before liver resection: 
   – Minimal 

intravenous fluids 
(aim central venous 
pressure <5 cm 
H 

2
 O), vasopressors 

 During liver resection: 
   – Venous 

vasodilatation with 
nitroglycerin to 
maintain low 
central venous 
pressure 

 After liver resection: 
   – Euvolemia 

restoration with 
balanced 
crystalloids and 
colloids if necessary 

 Balanced crystalloids 3–5 mL/
kg/h. Goal directed 
crystalloids or colloid 
(according to pulse pressure 
variation/transesophageal 
doppler or minimally 
invasive cardiac output 
monitors) 

 Postoperative fluids  Balanced crystalloids 
1000 ml during the 
first 24 h then 
500 mL/day until 
POD 6 

 Balanced crystalloids 1000 ml 
during the first 24 h, then 
500 mL/day until POD 4, 
and then 250 mL/day until 
POD 8 

 Nasogastric 
intubation 

 No routine postoperative gastric tube 

 Abdominal drains  No routine abdominal 
drain 

 Perianastomotic drain removal 
on POD 3 if amylase content 
in drain less than 5000 U/L 

 Somatostatin 
analogues 

 –  Not used routinely 

 Bladder catheter  Removal on POD 3 
 Nutrition  Free fluid and 2 

nutritional 
supplements 
(300 kcal each) on 
day of surgery. 
Normal diet from 
POD 1 with 2 
nutritional 
supplements per day 

 Free fluid and 2 nutritional 
supplements (300 kcal each) 
on day of surgery. 
Progressive realimentation 
from POD 1 with 2 
nutritional supplements per 
day 

 Pancreatic enzyme replacement 
therapy at each meal 

Table 25.1. (continued).

(continued)
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    In the preoperative phase, immunonutrition is provided to all patients 
undergoing major open abdominal surgery. As this is done in outpatient 
clinic, a specific organization needs to be put in place. In our institution, 
the ERP dedicated nurse is in charge of this task. The immunonutrition 
supplement is given three times a day for 7 days before surgery. In our 
experience, this was well tolerated by the patients with a range of 15–20 
doses ingested by each patient. 

 Our preliminary results in the implementation of ERP in pancreatec-
tomy were assessed in a before/after design comparing the first 43 
consecutive pancreaticoduodenectomy performed after ERP implemen-
tation with a historic control cohort of 43 patients operated immediately 
before implementation. Overall postoperative morbidity was 63 % with 
the ERP compared to 79 % in the control group ( p  = 0.128). Severe 
complications (Clavien grade of ≥3a) occurred in 35 % and 44 %, 
respectively ( p  = 0.51), with fewer surgical and medical complications 
in ERP patients without reaching statistical significance. Postoperative 
median length of stay was significantly reduced from 20 days in the 
pre-ERP group to 14 days with ERP care ( p  = 0.003). In a preliminary 
subgroup analysis, the reduced length of stay seemed to be among 
patients with postoperative complications. The ERP implementation 
resulted in a significant change in the management of postoperative 
nutrition. As an illustration,  prophylactic nasogastric tube use was 
reduced from 86 to 12 % with no modification in the reinsertion rate 
(37 % in the ERP group compared to 33 % in the traditional group) or 
occurrence of delayed gastric emptying (28 % vs. 40 %,  p  = 0.36). 
Another example of an important change in our practice was the use of 
somatostatin analogue. Its use was abandoned in the ERP group with no 
impact on the rate of pancreatic fistula (14 % vs. 28 %,  p  = 0.18). In 
October 2014, we compared 127 patients treated with the ERP with 61 
non-ERP pancreaticoduodenectomy patients: length of stay was lower 

 Liver resection  Duodenopancreatectomy 

 Bowel movement 
stimulation 

 Oral Magnesium hydroxide 2×/day. Chewing gum at will 

 Mobilization  First mobilization on the day of surgery, at least 6 h out 
of bed with 2 ward rounds per day thereafter 

 Incentive spirometry 4×/day 

   NRS  nutritional risk score,  POD  postoperative day,  LMWH  low molecular 
weight heparin,  PONV  postoperative nausea and vomiting  

Table 25.1. (continued).
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after ERP implementation (24 vs. 18 days,  p  = 0.055) and morbidity in 
the ERP group was significantly lower (66 % in ERP, vs. 82 % in non-
ERP,  p  = 0.02). 

 For liver resection, in a preliminary comparison of 32 consecutive 
ERP patients with a control group of 71 patients operated on before ERP 
implementation, we found a significant reduction in length of stay, 
which decreased from 16 to 8 days ( p  = 0.004). Postoperative complica-
tions were also decreased, from 35 % in the control patients to 16 % in 
the ERP patients ( p  = 0.032). In October 2014, a comparison between 74 
ERP vs. 78 non ERP liver resections confirmed both that the significant 
reduction in length of stay and complication rate were sustained. 

 Once the ERP for pancreatic and liver resection were implemented 
in our institution, all elective patients were systematically included 
without any exclusion criteria. According to our own experience, every 
patient can benefit from the ERP interventions, regardless of age or 
comorbidities. The standardized pathways (Table  25.1 ) are a starting 
point, and the individual items are adapted whenever required, accord-
ing to the postoperative evolution. Postoperative complications that led 
to deviations from the proposed pathway generally concerned drains, 
nutrition, and supplementary investigations, and were adapted accord-
ing to clinical evaluation. A recently published retrospective cohort 
study identified factors associated with “failure” of a HPB pathway 
[ 23 ], defined as length of stay in the intensive care unit (ICU) more 
than 24 h after surgery, unplanned admission to ICU within 30 days, 
readmission to the hospital within 30 days after surgery, reoperation for 
complications and/or 30-day mortality. Predictive factors of ERP fail-
ure were smoking, high preoperative alanine transaminase/glutamic-
pyruvic transaminase concentration (defined as more than 67 IU/L in 
men and more than 55 IU/L in women), or postoperative complications. 
Therefore, smoking cessation before surgery seems to play an impor-
tant role and the patients with high preoperative alanine transaminase 
may require specific attention.  

    Conclusion 

 The implementation of an ERP in HPB surgery is safe and feasible 
with a significant reduction of length of stay and postoperative compli-
cations, both for major pancreas and liver resection. Presently, many of 
the principles of HPB ERP are extrapolated from colorectal 
ERP. Therefore, implementation of ERP in HPB surgery based on 
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 previous experience in colorectal surgery is probably easier to achieve, 
as this was the case in our institution. However, there are distinct differ-
ences like the role of prophylactic drainage as well as the specific fluid 
management in liver resection, and the postoperative nutrition following 
pancreaticoduodenectomy. Further prospective cohort studies assessing 
the association of adherence to individual pathway items with functional 
recovery and outcome after HPB surgery are required. The development 
of laparoscopy for HPB surgery also needs specific assessment within 
ERP, as this might lead to some adaptations of the protocol. Moreover, 
the management of colorectal carcinoma patients with synchronous liver 
metastases might be influenced by the use of ERPs for liver and colon 
resections, as a quicker recovery might enable earlier adjuvant chemo-
therapy (Fig.  25.2 ). The occurrence of postoperative complications not 
only impedes the achievement of an enhanced recovery but also has an 
impact on long-term survival [ 24 ,  25 ]. As ERP reduces early postopera-
tive complications in HPB surgery, it might also have a potential impact 
on long-term survival, but this still need to be specifically addressed.

  Fig. 25.2.    Reverse treatment of colorectal carcinoma with synchronous liver 
metastasis within an enhanced recovery pathway (ERP). A 73-year-old female 
patient was diagnosed with a right colon carcinoma with synchronous left liver 
metastasis. After neoadjuvant chemotherapy, she successively underwent a left 
liver lobectomy followed by a right hemicolectomy, both within an ERP. After 
uneventful recovery, she then underwent adjuvant chemotherapy.  POD  postop-
erative day.       
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