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ABSTRACT
Background: After success in many surgical disciplines, enhanced recovery after surgery pathways have been recently 
introduced to the care of patients after pancreatic surgery. The aim of this study is to share our improved outcomes with a 
modified pathway that allows patients to be discharged home on a full liquid diet.

Methods: A modified enhanced recovery pathway was based on published guidelines but included new changes aiming to 
improve outcomes after pancreaticoduodenectomy in a total of 60 consecutive patients.

Results: Patients included in this study had no significant differences in demographics and preoperative characteristics. 
By implementing a modified enhanced recovery protocol, we were able to improve post-operative parameters, including a 
decrease in the length of stay to a median of 5 days. Compliance rate with the program reached 88% and patients were able 
to maintain a similar weight compared to the regular pathway at 30 days. Time to adjuvant therapy was reduced without 
significantly increasing overall complications or readmission rates.

Conclusion: A modified enhanced recovery pathway after pancreaticoduodenectomy successfully improved short-term 
outcomes and reduced hospital stay.
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Introduction
The Whipple procedure, or pancreaticoduodenectomy (PD) 
remains one of the most complex abdominal surgical procedures, 
requiring superior surgical skills and resulting in high morbidity 
rates [1]. Even in high volume centers and in the hands of high 
volume surgeons, recovery from this procedure is still a lengthy 
process [2]. While 30-day mortality rates have reached a low of 
1-2% in specialized centers, morbidity rates remain in the range of 
40-60% [3,4]. Hospital length of stay (LOS) after PD, in the absence 
of complications, remains in the range of seven to eleven days in the 
United States and much higher internationally [5]. Postoperative 
pancreatic fistula (POPF), delayed gastric emptying (DGE) and 
other complications add additional delay to recovery [3,6].

In the face of increased health care costs, there has been a national 
push towards centralization of care in order to decrease mortality 
and morbidity, hence reducing health care expenditure on 
pancreatic resections [7-10]. Extended indications for pancreatic 
resections are being utilized now, increasing the number of 
PD performed annually for benign and malignant diagnoses 
and locally advanced tumors that did not get surgically treated 
previously [11,12]. Thus, new perioperative protocols were needed 
to meet all these requirements.

Enhanced recovery after surgery (ERAS) pathways are processes 
aimed to improve perioperative care and outcomes after surgical 
procedures [13]. Initially introduced by Kehlet et. al in 1997, these 
pathways, that started mainly in colorectal surgery, are now being 
used among many surgical disciplines [14]. ERAS in PD was slow 
to be adopted due to the complexity of its perioperative care and 
the high likelihood of morbidity and events that might skew any 
standardized pathway [15]. Guidelines were published by the ERAS 
society in 2012 to serve as roadmap for pancreatic surgeons to use 
[13]. In recent years, many variations of “fast track” recovery after 
PD have been published [5,16-20]. A main target in the majority 
of these pathways is reduction of hospital LOS after a PD without 
increasing 30-day readmissions and complications [5].

We have developed a modified ERAS protocol for our PD cases and 
were able to decrease the LOS to a median of five days. We believe 
that in addition to excellent surgical technique as a predictor for 
good outcomes, a significant reduction of LOS can be obtained 
by discharging patients home once they tolerate a full liquid diet. 
Our decision to use full liquids on discharge was extrapolated 
from bariatric and foregut surgery data where this diet is used. We 
describe herein our modified protocol and our outcomes before 
and after its implementation.

Methods
A prospectively-maintained database was used to analyze data in a 
retrospective fashion.
The database was saved at the division of hepatopancreatobiliary 
surgery at Virginia Surgery Associates (Fairfax, VA). Patients 
who underwent PD surgery with the two pancreatic surgeons 
of the group (GY and TRS), were identified and their charts 

reviewed. Patients demographics, preoperative, intraoperative 
and postoperative parameters were recorded. Data from August 
2016, when a fellowship-trained pancreatic surgeon (GY), joined 
the group and a pancreatic surgery program was collected. Sixty 
consecutive PD were performed in a period of twenty-eight months, 
until December of 2018. An ERAS protocol was introduced in 
October of 2017 and this was exclusively used for the rest of the 
study period, based on favorable outcomes. A total of 27 patients 
underwent a PD before ERAS and 33 patients after it, for a total of 
60 patients in this study.

The surgical technique was consistent in all cases. Both surgeons 
were present in the majority of cases and the reconstruction 
was exclusively done by one surgeon (GY) based on published 
steps [21]. We performed the standard PD procedure without 
preserving the pylorus. A duct-to-mucosa retrocolic end-to-side 
pancreaticojejunostomy was exclusively performed in all cases. 
One 19 French blake drain was placed in the majority of cases 
in the right paracolic gutter posterior and lateral to both biliary 
and pancreatic anastomoses, another anterior drain was used 
only twice in the whole cohort based on surgeon preference.  The 
drain amylase was not measured in any case and drain removal 
was standardized on patients first post-operative visit to the 
hepatobiliary clinic in the majority of cases. Post-operative care 
was standardized for all cases and an ERAS pathway was used after 
October of 2017. 

Antibiotics prophylaxis was used in all cases and kept for three to 
five consecutive days depending on post-operative white blood cell 
counts and bile culture results. Deep vein thrombosis prophylaxis 
was performed with compression devices and chemical prophylaxis 
was not used until post-operative day number one. Octreotide 
subcutaneous injections were prophylactically used in all cases 
before the ERAS protocol was implemented and never used after 
that. A multimodality pain pathway protocol was developed in 
conjunction with the anesthesia department. Nerve blocks were 
used in a minority of cases initially and the drug of choice was non-
liposomal Bupivacaine, however after ERAS, all patients received 
nerve blocks with liposomal Bupivacaine.

All patients were followed by an acute pain service post-
operatively as they all received intravenous narcotics through 
a patient-controlled analgesia pump until they were switched to 
oral narcotics once started on a liquid diet. All patients were given 
scheduled acetaminophen and gabapentin around the clock post-
operatively. Patients were admitted to monitored hepatobiliary 
unit beds after their procedures and did not need intensive care 
unit stay unless indicated (Table 1). Shows the comparison of the 
pre and post-ERAS pathway protocols. Patients nasogastric tubes 
were left until output was less than 500ml/24hrs initially in the 
regular pathway group, diets were advanced thereafter on a daily 
basis up to a low residue diet.

After ERAS, all nasogastric tubes were left in for a standard of 
three days, all patients received a clear liquid diet on POD#3 and 
advanced to a full liquid diet on POD#4 and stayed on that diet 
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when discharged home. All patients received additional high-
calorie, high-protein liquid supplements on a daily basis. Patients 
diets were advanced to low residue diets when they were seen in 
the office for their weekly, and sometimes biweekly post-operative 
visit, once ready for that. We allowed patients to participate in 
that decision during regular phone call checkups after discharge. 
Patients were kept on oral promotility agents after discharge.

Regular Pathway ERAS Pathway
Pre-operative

   Tumor board None Multidisciplinary 
biweekly meeting

   Bowel preparation None Miralax bowel 
preparation

   Preoperative 
medications None Acetaminophen and 

Gabapentin

   Nerve block pre-
incision Rarely used

Always with 
Liposomal 

Bupivacaine
Intra-operative 

   Intraoperative fluids As needed policy Restrictive policy
   Intraoperative 

narcotics As needed policy Restrictive policy

Post-operative
   Nasogastric tube 

(NGT)
Depending on 

output
Removal POD#3 if 
drainage < 500cc

   Promotility agents As needed Scheduled Reglan 
starting POD#2

   Oral clear liquids Once NGT 
removed POD#3

   Oral low residue food Once clears are 
tolerated After discharge

   Pain pathway As needed Always
   Octreotide Always None

   Supplemental 
nutrition Most cases None

   Mobilization Ad lib Walking program

Table 1: Comparison of regular and ERAS pathways.

The steps of the modified ERAS protocol were printed on large 
boards and placed in patient rooms, as to set expectations for 
patients, their families and nursing staff. Patients were discharged 
home after meeting several criteria including: the absence of 
complications, comfort of patients of being discharged home, 
tolerance of a full liquid diet and absence of the need of intravenous 
medications. Passage of bowel movements was not a criterion for 
discharge in the absence of obvious signs of post-operative ileus.

Complications were measured using published guidelines from 
the International Study Group on Pancreatic Surgery and the 
Pancreas Club calculators [22-24]. The international definition of 
DGE was partially applied as our patients were not advanced to 

a regular diet before discharge. We relied only on NGT days or 
reinsertion after surgery. Patients who had their tubes for 4-7 days 
were grade A and 8-14 days were grade B. We did not have grade 
C DGE in our cohort. Patient outcomes were compared using 
standard statistical methods. We compared outcomes of surgeries 
before and after ERAS was implemented, upon approval from the 
institutional review board as an outcomes study. Statistical analysis 
was done using GraphPad Prism (Lajolla, CA) and p-value <0.05 
was considered significant.

Results
Sixty consecutive PD were done by our new pancreatic surgery 
program from August 2016 to December 2018. The ERAS pathway 
was introduced in October of 2017 and was exclusively used 
thereafter. Twenty-seven PD were done before and thirty-three 
after the implementation of the program.

There was no difference in patient demographics before and after 
ERAS was implemented and this is shown in Table 2. Patients 
were of similar age (64 vs, 63 years), gender (66 vs. 60% males), 
body mass index (26.1 vs. 26.3 kg/m2) and American Society 
of Anesthesiologists (ASA) class. Additionally, indications for 
surgery were not significantly different, 74% were done for a cancer 
diagnosis, 13% for a pre-malignant lesion and 13% for chronic 
pancreatitis.

Intraoperative results and post-operative outcomes are shown in 
Table 2. After implementation of the ERAS program, there was 
a significant decrease in surgical operative time (344 and 273 
minutes, p<0.01) and estimated blood loss of the procedure (312 
and 146 ml, p<0.01). There a significant difference in the use of 
liposomal Bupivacaine nerve blocks after ERAS and all patients 
received that before surgical incision, whereas only 30% of patients 
received a nerve block before ERAS and these received the regular 
non-liposomal Bupivacaine.

Post-operative blood transfusions were reduced from 7.4% to 3% 
however these results did not reach statistical significance. There 
was no difference in pancreatic gland texture or pancreatic duct 
diameter between patients. These features increase the complexity 
of reconstruction after PD and are known risk factors for post-
operative pancreatic fistulae [25].

Overall delayed gastric emptying was reduced from 14.8% to 6%, 
equally divided between grades A and B. There was no Grade C 
delayed gastric emptying in this study. Pancreatic leak rates were 
similar between the two hospitals; there was one Grade B leak and 
one Grade C leak before ERAS, versus one grade B and no Grade 
C leaks after ERAS. There was no difference in intra-abdominal 
infections, which included any abscesses or fluid collections that 
needed to be treated with percutaneous drains or antibiotics and 
these included all pancreatic fistulae, (11% and 6%, p=0.65).

We had no deep vein thrombosis or pulmonary emboli, all patients 
received mechanical prophylaxis during and after surgery and 
chemical prophylaxis on post-operative day one. Only one patient 
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after ERAS had a urinary tract infection requiring treatment with 
antibiotics. R0 resection rates were excellent and similar between 
the two groups (92% and 97%).

Length of hospital stay was significantly reduced after ERAS from 
7.1 to 5.2 days (p <0.01). This resulted in an increase in 30-day 
readmission rates from 7.4% to 15%. Patients were readmitted 
different reasons, three of them for social reasons and having no 
support at home. We had one reoperation for sepsis and multi-
organ failure and that one case was also the only 30-day mortality. 

When we followed patients for 30 days, we measured their percent 
body weight change, all patient weights were lower than their pre-
surgery weights, however there was no difference between the two 
groups. Patients who were sent home on a full liquid diet did not 
lose more weight compared to patients who were advanced to a 
regular diet before discharge (.6.6% vs. -6.8%, p=0.84). Patients 
on the ERAS pathway were able to start adjuvant therapy when 
indicated significantly earlier than those before the program was 
implemented, (62 vs. 44 days, p<0.01).

 Pre-ERAS Post-ERAS p value
Number of Procedures 27 33

Age (Median, Years) 64 63 0.78
Male Gender (%) 18 (66%) 20 (60%) 0.83

BMI (kg/m2) 26.1 26.3 0.9
ASA Class 0.36

2 4 6
3 13 19
4 10 8

Preop Total Bilirubin 3.1 4.9 0.2
Preop Albumin 3.1 3.2 0.52

Preop Biliary Stent 13 (48%) 17 (51%) 1
Indication of Procedure 0.76

  Malignancy 21 23
  Pre-malignancy 2 6

  Pancreatitis 4 4  

Table 2: Patient demographics and preoperative variables.

Pre-ERAS Post-ERAS p value
Operative Time (Minutes) 344 273 0.0001
Estimated Blood Loss (ml) 312 146 0.0002

Liposomal Anesthetic Nerve Block 8 (29.6%) 33 (100%) 0.01
PD Diameter (Median, mm) 3 4 0.54

Gland Texture (Soft %) 17 (63%) 16 (49%) 0.66
Tube Feeds or TPN 16 (59%) 0 (0%) 0.0001

Delayed Gastric Emptying
   Grade A 2 (7.4%) 1 (3.0%)

0.4   Grade B 2(7.4%) 1 (3.0%)
   Grade C 0 0

Post-operative Blood Transfusion 2 (7.4%) 1 (3.0%) 0.59

Pancreatic Leak
   Garde B 1 (3.7%) 1 (3.0%)

0.59
   Grade C 1 (3.7%) 0 (0%)

Intra-abdominal Infection 3 (11.1%) 2 (6%) 0.65
ICU Stay Requirement 3 (11.1%) 3 (9%) 1

R0 Resection 25 (92%) 32 (97%) 1
DVT/PE/UTI 1 (3.7%) 1 (3.0%) 1

Length of Hospital Stay (Days) 7.1 5.2 0.0002
30-day Readmission 2 (7.4%) 5 (15%) 0.69

Reoperation 1 (3.7%) 0 (0%) 0.45
30-day Mortality 1 (3.7%) 0 (0%) 0.45

Percent Change in Body Weight at 30 Days -6.60% -6.80% 0.84
Time to Adjuvant Therapy (Days) 62 44 0.0026

Table 3: Postoperative outcomes.
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Discussion
The pancreatic surgery program was initiated after a fellowship-
trained pancreatic surgeon (GY), joined an already established 
hepatobiliary surgeon (TRS) in Northern Virginia. In October of 
2017, both surgeons implemented a new modified ERAS protocol 
for PD based on both of their training preferences. This study 
compares procedures done since the start of the program and until 
ERAS was introduced, to the procedures done after that. Outcomes 
of the program improved with time, due to many factors, one 
of them is the learning curve of the newly trained surgeon 
(GY), however we believe that the ERAS pathway had a major 
contribution to many of our short-term post-operative outcomes. 
The components of the pathway were a combination of published 
literature, in addition to our surgeon preference that reflects their 
respective training [13,17,26]. The majority of pancreatic surgeries 
in this program were done in a specialized community center that 
is a center of excellence in bariatric surgery. Most bariatric surgery 
patients were sent home in 24-48 hours after their procedures on 
a liquid diet.

The pancreatic surgery program patients shared the same surgical 
ward with those patients and nurses were very comfortable with an 
already established pathway. We decided to use that same pathway 
for our PD patients, knowing that a liquid diet offers more calories 
per volume compared to a solid diet. To our surprise, the rates of 
nausea after surgery dropped significantly and patients were very 
comfortable going home on that type of diet. In preparation for 
discharge, patients and their families were educated on the types of 
liquids to prepare and stock at home, in addition to high-calorie, 
high-protein drinks and electrolyte-rich juices at home. All patients 
were given an oral form of a promotility agent to take and this 
was reassessed on their first clinic visit after discharge. With our 
protocol we were able to eliminate the use of enteral or parenteral 
nutrition at discharge. Delayed gastric emptying was reduced from 
15% to 6% using this program, these results were not statistically 
significant. However, clinically speaking, our protocol was very 
successful in reducing nausea symptoms and allowing patients to 
be discharged earlier as long as their full liquid diet is tolerated.

A key factor to these results is the combination of full liquids and a 
promotility agent. The two patients who had vomiting after ERAS 
were the ones who failed to take promotility agents at home. Of 
note, once they restarted that, all symptoms resolved and they 
resumed their diets. We were able to treat one of them while at 
home and the other patient had to be readmitted for hydration 
for less than one day. When we followed our patients for 30 
days, we were able to prove the safety of full liquids on discharge. 
Percentage body weight change at 30 days was similar between the 
two groups, (-6.6% and-6.8%), knowing that 60% of patients from 
the conventional pathway additionally received either enteral or 
parenteral nutrition after discharge to home.

There is one main study in the literature where investigators used 
full liquids on discharge, this was published by Lavu et. al in 2018, 
and in their study, which was happening around the same time 
of our study, patients were also advanced to a regular diet while 

at home through a telehealth follow-up program. They were able 
to send 75% of their patients home on POD#5 while using this 
pathway [5].

Our pathway led to decrease in the LOS after PD from 7.1 to 5.2 
days, and this is one of the lowest averages in hospital stay that we 
could find in the literature. All major enhanced pathways after a 
PD aimed to discharge patients in 5 days [5,16]. The percentages 
of patients who were discharged home on POD#5 in the literature 
ranges from 60 to 80% in general [5,16]. Patients who were able 
to be discharged home on or before POD#5 were deemed “high-
performers” in a study by Lee et. al. [3] We were able to discharge 
88% of our patients’ home on POD#5 after PD.

When studying the factors leading to the success of the ERAS 
pathway, multiple interventions were used in combination 
allowing improved outcomes. First is in the preoperative stage, 
where a multidisciplinary team is involved in patient selection and 
all decisions and expectations are shared with patients during the 
planning part of the treatment. Patients are involved in planning 
their early discharge, and dates of surgery and dates of discharge 
home are set and known. Food and drink supplies are made ready 
at home, days before discharge home [13].

Second is an efficient and robust perioperative stage, starting the 
morning of surgery, going through goal-directed intraoperative 
fluid and narcotic management by an experienced anesthesia team 
and ending with a good surgical technique, minimizing procedure-
related complications like intraoperative blood loss requiring 
blood transfusions, pancreatic anastomotic leaks and length of the 
surgical procedures [20,27]. These intraoperative variables directly 
influence short-term outcomes like DGE and LOS after pancreatic 
surgery [17,28-30]. 

Third is a well-planned recovery pathway after surgery that will 
help drive and improve outcomes once other technique-related 
morbidities are prevented [19]. Delaying oral feeding to POD#3 in 
our model was used for a variety of reasons. Debate regarding the 
best nasogastric decompression strategy continues and different 
institutions use different strategies [31,32]. We believe that 
after a Billroth-II type reconstruction of the gastrojejunostomy 
anastomosis after PD, decompression helps decreasing the 
intraluminal pressure in the afferent jejunal limb draining both 
pancreatic and biliary anastomoses and thus we needed to safely 
maximize decompression for at least three days. It is also believed 
that delaying oral feeding reduces the rate of postoperative ileus 
and allows the freshly-constructed gastrojejunostomy to have less 
swelling and inflammation allowing improved liquid transit [5].

A very important aspect of the pathway is that active care by our 
team continued after discharge with a very close phone-based 
follow up. Active management of patients does not end when they 
are discharged home, and in fact, the major part of functional and 
physical recovery happens at home in their baseline environment.  
Many variables play into the decision of starting adjuvant 
chemotherapy after PD for cancer patients. Recovery from PD 
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is a lengthy process and the majority of patients need weeks to 
months before reaching an acceptable performance status before 
embarking on another debilitating type of systemic treatment. 
Enhanced recovery plays a crucial role in improving overall 
oncological outcomes once systemic therapy can be started earlier. 
We were able to reduce time to adjuvant therapy from 62 to 44 
days after PD, and this is ab acceptable duration when compared 
to national benchmarks.5 We believe that a shorter wait can be 
achieved through multidisciplinary teams that involve medical 
oncologists early on during the overall treatment process. 

This study has several limitations, including the low number of 
patients in each group, in addition to its retrospective nature. 
After ERAS was implemented, and after the team solidified its 
presence and leadership in the community program, all variables 
were strictly regulated. This was not the case before ERAS and 
there was room for variations, per example, the decision to insert 
a jejunostomy tube or to send patients home on total parenteral 
nutrition. An additional limitation is the switch from an academic 
program where residents were involved in the care of these patients 
early in the study, to a community program that did not involve 
residents. Using liposomal Bupivacaine was also one element that 
changed throughout the implementation of the pathway, whether 
or not it had an effect in decreasing narcotics use, DGE and LOS 
is still to be determined in a future study. A relative limitation of 
the study is the low numbers of complex PD that required vascular 
resections and the low percentage of patients who were given 
neoadjuvant therapy and that was less than ten percent of the cases.

This study adds to the growing body of evidence showing that care 
of post-PD patients can be safely done at home after recovering 
for 5 days at the hospital [5,33]. A full liquid diet on discharge is 
safe and confers adequate nutritional value [34]. The safety of this 
diet on discharge should act as an incentive for larger institutions 
to adopt this pathway and advocate for a modification in the 
international guidelines definition of delayed gastric emptying as 
not to include tolerance of solid food as a requirement.

Conclusion
A modified ERAS pathway after PD successfully reduced hospital 
stay and improved short-term recovery. Patients had reduced 
rates of DGE symptoms and were able to recover faster and start 
adjuvant therapy earlier.
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