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This study assessed whether our enhanced recovery after surgery (ERAS) program for

pancreaticoduodenectomy (PD) is safe and feasible. The subjects included 109

consecutive patients who underwent PD between 2012 and 2014 at the Department of

Gastrointestinal Surgery, Kanagawa Cancer Center. They received perioperative care

according to the ERAS program. All data were retrieved retrospectively. Outcome

measures included postoperative mortality, morbidity, hospitalization, and 30-day

readmission rate. Our ERAS program included 12 elements (4 preoperative, 3

intraoperative, and 5 postoperative elements). Of the 109 patients studied, the overall

incidence of morbidity was 51.4%, the incidence of mortality was 1.8%, and the incidence

of readmission was 1.8%. The median postoperative hospital stay (23 days) was

significantly shorter than the pre-ERAS value (29 days). Though 4 preoperative and 2

intraoperative elements were feasible, only 1 among 5 postoperative elements was

applicable. Our ERAS program for PD has succeeded in shortening the postoperative
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hospital stay without increasing the risk of morbidity or mortality. The cutoff values of

postoperative ERAS elements, however, were not feasible and should be reconsidered.
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Pancreaticoduodenectomy (PD) remains the
mainstay of surgical treatment for hepatobiliary

and pancreatic malignancy and offers the only
chance of long-term survival.1,2 However, the mor-
bidity after PD has been reported to range from 30%
to 65%, and the complications are sometimes
fatal.3–8 Moreover, previous studies have demonstrat-
ed that the development of postoperative complica-
tions increases the risk of both disease recurrence and
overall survival.9,10 Therefore, it is important to
determine the most appropriate perioperative care.

Enhanced recovery after surgery (ERAS), fast-
track, or clinical pathway programs are multimodal
strategies that aim to attenuate the loss of or to
improve the restoration of functional capacity after
surgery.11,12 ERAS programs have many elements,
including preoperative education, preoperative car-
bohydrate loading, omission of bowel preparation,
epidural analgesia without opioids, early postoper-
ative enteral feeding, and early mobilization of
patients.13 ERAS is considered to reduce the rate of
morbidity and shorten the length of hospital
stay.12–14 Several studies have reported that ERAS
programs are feasible and useful in gastric cancer
surgery and colorectal surgery.12,15

Recently, an international working group within
the ERAS society published a comprehensive and
evidence-based framework to enhance perioperative
care in patients undergoing PD.16 However, few
studies have assessed the implementation of an
ERAS program following PD.17–19 Some studies
have reported the effect of ERAS on reducing the
postoperative length of hospital stay and hospital
costs. Other studies have demonstrated lower
morbidity, mortality, and readmission rates follow-
ing the implementation of fast-track programs.
However, the safety and feasibility of ERAS has
not been well evaluated in patients undergoing PD.

The aim of this study was to evaluate the safety
and feasibility of implementing an ERAS program
for patients undergoing PD in a high-volume center.

Patients and Methods

Patients and surgical procedure

The patients were selected from the medical records
of 109 consecutive patients who underwent PD at

Kanagawa Cancer Center from 2012 to 2014. All
operations were performed by 4 surgeons of the
pancreatic unit. All pancreatic surgeries were
performed in accordance with standardized proce-
dures described elsewhere.6,20–22 In brief, we per-
formed subtotal stomach-preserving PD as the
standard procedure. Lymph node groups resected
en bloc included both the anterior and posterior
pancreatic duodenal lymph nodes, nodes in the
lower hepatoduodenal ligament, and nodes along
the right lateral aspect of the superior mesenteric
artery and vein. In our institution, we cut the
pancreas using the energy device. Modified Child
method of reconstruction, including an end-to-side
pancreaticojejunostomy and an end-to-side hepati-
cojejunostomy was performed. In the end-to-side
pancreaticojejunostomy, a duct-to-mucosa anasto-
mosis with 5-French lost stent tube was performed
with eight 5-0 monofilament absorbable sutures,
and an approximation of the pancreas stump and
jejunal wall by four 3-0 monofilament absorbable
interrupted sutures was performed.23 An end-to-
side hepaticojejunostomy was performed without a
stent. Anastomosis between the jejunum and the
stomach with retrocolic reconstruction was made.
Multiple intraperitoneal drains were placed: the first
was posterior to the hepaticojejunostomy and the
second was on the anterior surface of the pancreat-
icojejunostomy. To prevent hypothermia, a blanket-
warming system and warming set for intravenous
infusions were used.

ERAS program

In their Cochrane review, Spanjersberg et al regard
ERAS protocols as programs that include 7 or more
of 17 ERAS items.13 Our ERAS program included 12
items: parameter 1 (preoperative counseling); pa-
rameter 2 (use of oral bowel preparation); parameter
3 (preoperative fasting and preoperative treatment
with carbohydrates); parameter 4 (no preanesthetic
medication); parameter 5 (use of epidural analge-
sia); parameter 6 (use of short-acting anesthetic
agent); parameter 7 (use of warm-air body heating
in operating room); parameter 8 (mobilization-care
pathway); parameter 9 (prevention of nausea and
vomiting); parameter 10 (stimulation of gut motili-
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ty); parameter 11 [early removal of catheters:
removal of nasogastric tube (NGT) at day 1, removal
of epidural and urinary catheter at day 3, and
removal of drain at day 7]; and parameter 12
(perioperative oral nutrition; start solid food at day
5). In the present study, we set the cutoff values of
parameters 11 and 12 as follows: we removed the
NGT at day 1, since NGTs are unnecessary in
PD,24,25 and abundant high-level evidence of early
removal in abdominal surgery,26 including pancre-
atic ERAS,17–19 has been reported. The epidural
analgesia catheter was removed at day 3, since its
usefulness is limited to ,72 hours after open
abdominal surgery.27 The urinary catheter was
scheduled to be removed at day 3, following the
epidural analgesia removal.18,19 Our standard re-
moval of the abdominal drain at day 7 seems late
compared with the recent trend toward early
removal.5 Oral intake of solid food at day 5 was
implemented since this is the standard in previous
ERAS program for major upper gastrointestinal (GI)
and hepatobiliary-pancreatic surgery, including
PD.17–19

Preoperative care

Preoperative counseling was held in the outpatient
clinic before hospitalization and in the ward after
admission. Patients were allowed to eat a normal
diet until dinner of the day before surgery. Magne-
sium oxide was administered on the day before
surgery (Table 1).

Perioperative care

The patients, excluding those who had gastric
obstruction with decreased output, were allowed
to eat until midnight on the day before the surgery
and were required to drink the contents of two 500-
mL plastic bottles containing oral rehydration
solution, finishing 3 hours before surgery. Anesthe-
sia consisted of a combination of epidural analgesia
and general anesthesia.

Postoperative care

On the day of surgery and for 2 to 4 days post surgery,
a continuous thoracic epidural infusion of analgesics
was given. On postoperative day (POD) 1, the NGT
was removed if the drainage volume was ,500 mL,
and patients were encouraged to sit out of bed. On
POD 2, oral intake was started with water, and
patients were encouraged to walk the length of theT
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ward. On POD 3, epidural analgesia and urinary
catheter were removed. On POD 5, patients started to
eat soft food; they were stepped up to regular food
every 2 days (3 steps). Intra-abdominal drain moni-
tored daily drain output volumes. Assessment of
amylase content was performed at POD 1, POD 3,
POD 5, and POD 7. Intra-abdominal drains were
removed if (1) drain volume was ,100 mL per day, (2)
fluid was clear in color, and (3) amylase was less than
500 IU/L. The criteria for discharge were as follows:
adequate pain relief, soft diet intake, normal labora-
tory data, and return to preoperative mobility level.

Definition of surgical complications

Complications of grade 2 to 5, according to the
Clavien-Dindo classification, occurring during hos-
pitalization and/or within 30 days after surgery
were retrospectively determined from each patient’s
record. Pancreatic fistula was defined according to
the International Study Group on Pancreatic Fistula
(ISGPF) criteria.28 Delayed gastric emptying (DGE)
was indicated by an NGT that remained in situ or
was reinserted after POD 3 (ISGPS definition).29

Grade 1 complications were not evaluated to
exclude the possibility of a description bias in the
patient’s records.

Data collection and evaluations

The ERAS program evaluated in the present study
was developed by a team of surgeons and anesthe-
siologists working in close cooperation with a data
safety monitoring committee (DSMC). This study, a
retrospective analysis, was performed upon the
approval of the Institutional Review Board of
Kanagawa Cancer Center (Study No.: 2015.KCCH
epidemiologic study - 32). Before surgery, informed
consent was obtained, and the clinical date was used
without identifying personal information. Continu-
ous data are expressed as medians (range). This study
was in compliance with the Declaration of Helsinki.

Results

Patients

One hundred nine patients were eligible for this
study and underwent PD following the introduction
of an ERAS protocol. Patient background and
operative data are shown in Table 2. There were 59
men and 50 women. The median age was 70 years
(range, 49–86 years). The American Society of
Anesthesiologists physical status classification was

2 in most patients. The median body mass index
(BMI) was 21.5 (range, 14.9–31.2).

Surgical morbidity and mortality

Postoperative complications were found in 56 of the
109 patients (51.4%). Surgical mortality was ob-
served in 2 patients (1.8%) as a result of pneumonia.
The details of the complications are shown in Table
3. Pancreatic fistula was the most frequently
diagnosed complication, followed by abdominal
abscess, and DGE. Grade 2 complications occurred
in 64.2% of the patients, grade 3 in 28.6%, grade 4 in
3.6%, and grade 5 in 3.6%.

Implementation of the ERAS protocol

Implementation of the ERAS protocol was as
follows: parameter 1 (preoperative counseling), 109

Table 2 Clinicopathological features

Parameter
No. of

patients Percentage

Age, y (range)a 70 (49–86)
Sex

Male 59 54.1
Female 50 45.9

BMI, kg/m2 (range)a 21.5 (14.9–31.2)
ASA-PS

1 10 9.2
2 92 84.4
3 7 6.4

Previous smoking habit
Yes 54 49.5
No 55 50.5

Hypertension
Yes 44 40.4
No 65 59.6

Diabetes mellitus
Yes 27 24.8
No 82 75.2

Chronic pulmonary obstruction
Yes 7 6.4
No 102 93.6

Indication for surgery
Head of pancreatic carcinoma 75 68.8
Ampullary carcinoma 13 11.9
Distal common bile duct carcinoma 16 14.7
Endocrine neoplasm 2 1.8
Other 3 2.8

Operation time, min (range)a 460 (300–715)
Bleeding, mL (range)a 750 (90–6730)
Transfusion

Yes 57 52.3
No 52 47.7

ASA-PS, American Society of Anesthesiologists physical status.
aData are shown as median (range).
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of 109 patients (100%); parameter 2 (use of oral
bowel preparation), 109 of 109 patients (100%);
parameter 3 (preoperative fasting and preoperative
treatment with carbohydrates), 109 of 109 patients
(100%); parameter 4 (no preanesthetic medication),
109 of 109 patients (100%); parameter 5 (use of
epidural analgesia), 87 of 109 patients (79.8%) [87
patients (79.8%) were commenced on epidural
analgesia; in 22 (20.2%) patients, an epidural
catheter was not placed owing to a coagulation
disorder (n ¼ 4), spinal-related disease (n ¼ 14), or
technical problem (n¼4)]; parameter 6 (use of short-
acting anesthetic agent), 109 of 109 patients (100%);
parameter 7 (use of warm-air body heating in
theatre, 109 of 109 patients (100%); parameter 8
(mobilization-care pathway), 87 of 109 patients
(79.8%); parameter 9 (prevention of nausea and
vomiting), 109 of 109 patients (100%); parameter 10
(stimulation of gut motility), 102 of 109 patients
(93.6%); parameter 11 (early removal of catheters):
(1) removal of NGT at day 1, 102 of 109 patients
(93.6%), (2) removal of epidural catheter at day 3, 27
of 87 patients (31.0%), (3) removal of urinary
catheter at day 3, 16 of 109 patients (14.7%), (4)
removal of drain at day 7, 40 of 109 patients (36.7%);
parameter 12 (perioperative oral nutrition; start
solid food at day 5), 86 of 109 patients (78.9%). In
the present study, preoperative elements (parame-
ters 1–4) and intraoperative elements (parameters 5–
7) seemed feasible, but parameter 5 (87 of 109
patients (79.8%). Among the 5 postoperative ele-
ments (parameters 8–12), only parameter 9 and NGT
removal (in parameter 11) seem feasible, accounting

90% , performance rate; however, the rest of the
parameters seem unfeasible.

Postoperative course

The median postoperative hospital stay was 23 days
(range, 7–76 days). Between 2007 and 2011, there
were 71 patients who received PD in our institution.
In this period, the median length of hospital stay
was 29 days (range, 18–86 days). The median length
of hospital stay was significantly shorter in the
patients who received ERAS program (P ¼ 0.018).
Moreover, in patients without complications, the
median postoperative hospital stay was 18 days
(range, 7–30 days). However, in patients with
complications, the median postoperative hospital
stay was 36 days (14–76 days). Two (1.8%) patients
were readmitted within 30 days after surgery. The
reason for readmission was abdominal abscess.

Discussion

This study evaluated the safety and feasibility of the
ERAS program in patients who underwent PD. In
our study, the overall incidence of morbidity was
51.4% and the incidence of mortality was 1.8%.
These results obtained with our ERAS program are
safe compared with morbidity and mortality rates
without the ERAS program (30%–65% and 1%–5%,
respectively). Our ERAS program included 12
elements. Among the 12 elements, 4 of the preop-
erative elements and 2 of the intraoperative ele-
ments seemed feasible. However, of the 5
postoperative elements, only 1 parameter and
NGT removal seemed feasible, while the rest of the
parameters seemed unfeasible. Moreover, the medi-
an postoperative hospital stay was 23 days. The
median length of stay was significantly shorter than
our pre-ERAS value, while the median length of stay
was longer than previous ERAS reports.

In the present study, the postoperative complica-
tions were found in 56 of the 109 patients (51.4%)
and surgical mortality was observed in 2 patients
(1.8%). Further, pancreatic fistula was the most
frequently diagnosed complication, followed by
abdominal abscess and DGE. The overall incidence
of postoperative complications and mortality were
similar to other PD fast-track studies. For example,
Robertson et al evaluated the safety and efficacy of
implementing an ERAS program for 50 consecutive
patients undergoing PD.18 They found that the
postoperative complication rate was 46% (23 pa-
tients), and the mortality rate was 4% (2 patients).

Table 3 Details of complications

Grade
2

Grade
3a/3b

Grade
4a/4b

Grade
5 Percentage

Pancreatic fistula 11 4/1 0/0 0 14.7
Abdominal abscess 5 5/3 0/1 0 12.8
Anastomotic leakage 1 2/0 0/0 0 2.8
Pneumonia 1 0/0 0/0 2 2.8
Postoperative bleeding 1 1/0 0/0 0 1.8
Wound abscess 2 0/0 0/0 0 1.8
DGE 13 0/0 0/0 0 11.9
Portal vein thrombosis 1 0/0 0/0 0 0.9
Paralytic ileus 1 0/0 0/0 0 0.9
Bile leak 2 0/0 0/0 0 1.8
Delirium 2 0/0 0/0 0 1.8
Cholangitis 1 0/0 0/0 0 0.9
Chylous ascites 2 0/0 0/0 0 1.8
Ascites 4 0/0 0/0 0 3.6
Upper GI bleeding 2 1/0 0/0 0 1.8
Urinary tract infection 1 0/0 0/0 0 0.9
Pulmonary edema 0 0/0 1/0 0 0.9
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DGE was the most common complication (14%). In
addition, Braga et al assessed compliance with an
ERAS protocol and its impact on short-term out-
come in 115 consecutive patients undergoing PD.17

They found the overall postoperative complication
rate was 60.0% (69 patients), and the mortality rate
was 3.5% (4 patients). Complications of grade 2–5
according to the Clavien-Dindo classification affect-
ed 60 patients (52.2%). Moreover, Balzano et al
compared a large group of patients treated accord-
ing to a fast-track program group (n ¼ 252) with a
conventionally treated group after PD (n ¼ 252).19

They found that the rates of pancreatic fistula and
other intra-abdominal complications were similar in
the 2 groups. In addition, DGE was significantly
reduced in the fast-track group (13.9% versus 24.6%,
respectively; P ¼ 0.004). These results suggest that
the ERAS program is safe and feasible without an
increase in postoperative complications and mortal-
ity, and the application of the ERAS program was
not associated with any harmful effect.

ERAS is a structured, multimodal, perioperative
strategy aimed at reducing surgical stress and
improving patient functional capacity and quality
of life after surgery.30 It provides the patient with
preoperative education regarding their expectations
in recovery, and it is also intended to give a
structured timeline for health care personnel in the
management of patients. Preoperative elements and
intraoperative elements were met by the majority of
patients in the present study. However, postopera-
tive elements, especially early removal of catheters,
were more challenging. The number of patients
having their urinary catheter removed on POD 3
was lower than expected. This was mainly because
the epidural catheter was removed on POD 5 in a
majority of patients. Urinary catheters were often
removed only after epidural analgesia had been
stopped. Why was the epidural catheter removed on
POD 5? One possibility is that neither a nonsteroidal
antiinflammatory drug (NSAID) nor acetaminophen
was routinely used in the postoperative course in
this study. Baseline NSAID analgesics could be
sufficient for the prevention of postoperative pain
regardless of the short-term action of the epidural
analgesic.31 Less pain facilitated early mobilization.
Moreover, Lassen et al previously recommended the
use of NSAIDs or acetaminophen oral multimodal
analgesia in their guidelines for perioperative care
for PD.16 A revised ERAS protocol should include
the use of NSAIDs or acetaminophen and earlier
epidural catheter and urinary catheter removal.
Another concern was the removal of intra-abdom-

inal drains. When comparing the previous reports
and our present study, the removal of intra-
abdominal drains were trend to later in the present
study. There is still debate on whether or not drains
should be routinely placed following PD, and their
use is based on low-level evidence. However, a
randomized controlled trial found significantly
decreased rates of pancreatic fistula, abdominal,
and pulmonary complications with early drain
removal (POD 3) compared with late drain removal
(POD 5 and later) in patients at low risk for
pancreatic fistula (amylase values of ,5000 U/L
on POD 3).32,33 A revised ERAS protocol should
perhaps include earlier analysis of drain fluid
amylase, with the target of achieving earlier drain
removal.

The overall median length of stay was 23 days.
Although the median length of stay was significant-
ly shorter than our pre-ERAS value, the median
length of stay was longer than previous ERAS
reports. This discrepancy can be explained by
several factors. One possible reason is the late
removal of intra-abdominal drains. A randomized
controlled trial found that a prolonged period of
drain insertion is associated with increased hospital
stay.15 A second possible reason is that physicians
are reluctant to discharge PD patients too soon after
surgery, since major complications can even occur
with some delay after surgery. In a recent study in
patients undergoing colonic surgery, only half of the
patients were discharged when all discharge criteria
were met, and 43% of this group was kept in
hospital because of surgeons’ judgment. For this
reason, several authors advise to at least add data on
time-to-recovery compared with length-of-stay as
outcome of ERAS programs.34 A third possible
reason is that the medical system after discharge is
different in Japan than in other countries. Almost all
the patients were discharged to home in this study,
while discharge with home health care or discharge
to a nursing facility might be used in other studies
in other countries.35

There were many limitations in this study. First,
this was a retrospective single-center study with a
relatively small sample size. A randomized con-
trolled trial comparing ERAS with traditional care in
PD would be the strongest way to assess the true
effect of ERAS. However, this brings up ethical
questions, since the majority of ERAS protocol
elements have been separately proven to be effective
in randomized controlled trials and meta-analysis,
and several ERAS protocol elements have now
become standard care.36 Second, our ERAS program
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did not include fluid management, which is one of
the key elements of an ERAS program. Third, the
optimal period of starting nutrition support was
unclear in the present study. Oral intake of solid
food stimulates pancreatic gland secretion of pan-
creatic juice; pancreatic surgeons have largely been
conservative in starting early enteral feeding for
pancreatic surgery patients. One concern of pancre-
atic surgeons is how early to start patients on a solid
diet without causing a severe adverse event. It
seems appropriate in settling the clinical question.
However, there is a lack of evidence to support the
optimal period for starting solid food, and early diet
has been shown to be safe following major upper GI
and hepatobiliary-pancreatic surgery, including PD.
Therefore, we chose this period from the previous
ERAS program for PD. However, it is unclear
whether this period is fast or not. Fourth, most
patients had good performance status. Patients with
poor performance status (e.g., Eastern cooperative
oncology group performance status �3, severe
dementia, swallowing difficulty) could not be
treated in our hospital because we specialize in
cancer treatment. This could be selection bias.

In conclusion, this study showed the feasibility
and safety of an ERAS program following PD.
However, some targets, especially postoperative
elements, were challenging. Further modification
of the protocol and additional education of patients
and health professionals may help to improve
recovery, shorten hospital stay, and enhance the
return of normal function.
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