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Effect of Enhanced Recovery After Surgery program on 
hospital stay and 90-day readmission after 
pancreaticoduodenectomy: a single, tertiary center 
experience in Korea
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Department of Surgery, Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam, Korea

INTRODUCTION
Pancreaticoduodenectomy (PD) is associated with high 

morbidity and mortality due to the innate complexity of 
the procedure. Although operative mortality at specialized 
centers have recently decreased to less than 1%–2%, morbidity 
continues to remain high ranging from 27% to 47%. This 

inevitably results in a prolonged postoperative hospital stay 
compared to other gastrointestinal surgeries [1,2].

Enhanced Recovery After Surgery (ERAS) programs were 
introduced to provide standardized management of patients and 
prevent dissipation of medical resources caused by increased 
hospital stay related to postoperative complications. They were 
initially implemented in colorectal surgery. Several studies have 
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Purpose: Despite increasing number of reports on Enhanced Recovery After Surgery program (ERAS) and readmission 
after pancreaticoduodenectomy (PD) from Western countries, there are very few reports on this topic from Asian countries. 
This study aimed to evaluate the effects of ERAS on hospital stay and readmission and to identify reasons and risk factors 
for readmission after PD.
Methods: This retrospective cohort study included 670 patients who underwent open PD from January 2003 to December 
2017. The patients were classified into ERAS (n = 352) and non-ERAS (n = 318) groups. Patients’ characteristics, 
perioperative outcomes, and readmission rates were compared.
Results: There were no significant differences in the postoperative complication rates between the groups. The mean 
postoperative hospital stay was significantly shorter in the ERAS group (24.5 vs. 18.0 days, P < 0.001), but the 90-day 
readmission rate was similar in the 2 groups (9.1% vs. 8.5%, P = 0.785). Complications associated with pancreatic fistula 
(42.4%) were the most common cause for readmission. In the multivariate analysis, diabetes mellitus (odds ratio [OR], 1.84; 
95% confidence interval [CI], 1.05–3.24; P = 0.034), preoperative non-jaundice (OR, 0.45; 95% CI, 0.25–0.82; P = 0.009) and 
severe postoperative complications (OR, 4.12; 95% CI, 2.34–7.26; P < 0.001) were identified as risk factors for readmission. 
Conclusion: The results confirmed that the ERAS program for PD was beneficial in reducing postoperative stay without 
increasing readmission risks. To decrease readmission rates, prudent discharge planning and medical support should be 
considered in patients who experience severe complications.
[Ann Surg Treat Res 2021;100(2):76-85]
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shown that earlier hospital discharge and reduced complications 
were associated with introduction of ERAS program after 
colorectal surgery [3,4]. With extension to a variety of surgical 
fields, the ERAS guideline for PD was proposed by the ERAS 
society in 2012 [5]. Some non-randomized studies and a recent 
randomized controlled trial have shown that utilization of 
ERAS protocols in patients undergoing PD contributed to early 
recovery without compromising surgical outcomes [6] like other 
abdominal surgeries [7-10]. However, concerns were raised that 
ERAS might inadvertently increase hospital readmission [11]. 
The advantage of ERAS against the risk of readmission remains 
unclear in patients undergoing PD, especially with its high risk 
of morbidity because full postoperative recovery compared to 
other gastrointestinal surgeries is known to take longer [12]. 
Unintended readmission after PD, that is reported to increase 
hospital cost for patients as well as morbidity and mortality, 
is considered to be a quality metric for surgery [13]. Therefore, 
it is important to evaluate the association between ERAS and 
readmission and to identify the risk factors for the same. This 
will help prepare strategies for such ‘high-risk patients’ and 
prevent unnecessary expenses caused by readmission. 

Several studies have analyzed the risk factors for readmission 
after PD in efforts to improve surgical standards and reduce 
preventable hospital expenses caused by readmission. However, 
most of studies were published from Western countries, 
especially from the United States, after implementation of the 
Medicare act. The impact of ERAS on postoperative hospital 
stay and readmission after PD has been rarely investigated in 
Asian institutions. They have a different healthcare system and 
hospital environment when compared to Western institutions. 
Hence, this study aimed to evaluate the effect of ERAS on 
postoperative hospital stay and readmission after PD and to 
identify common reasons and risk factors for readmission in a 
Korean tertiary care center.

METHODS 

Study design
A total of 867 patients who underwent PD from January 

2003 to December 2017 at Seoul National University Bundang 
Hospital were identified from a prospectively collected database. 
The operation was performed by 4 experienced surgeons who 
had specialized in hepato-pancreato-biliary surgery: 2 surgeons 
had mainly been performing PD for 15 years, 1 surgeon for 
10 years (from 2008 to 2017), and the other surgeon had been 
performing the same for 4 years (from 2011 to 2014). Operations 
by the first 2 surgeons accounted for 82% of all PD cases. 
Minimally invasive surgery was performed in 197 patients, 
mainly after the implementation of the ERAS protocol. These 
patients were excluded to rule out the possibility of minimally 
invasive surgery affecting hospital stay after PD. Finally, 670 

patients were enrolled in this retrospective study. 
Readmission was defined as ‘unintended readmission within 

90 days after discharge from the hospitalization for PD’. The 
patients were classified into 2 groups according to the timing of 
introduction of ERAS in 2012 as ERAS group (n = 352) and non-
ERAS group (n = 318). We compared postoperative outcomes 
between the groups to evaluate the effect of the ERAS program 
on length of postoperative hospital stay and readmission. We 
also investigated the incidence of and reasons for readmission 
within 90 days and analyzed the predictive factors for 
readmission. In the multivariate analysis for readmission, 16 
patients who died during index admission were excluded. 

This study was conducted in accordance with the principles 
of the Declaration of Helsinki and approved by the Institutional 
Review Board at Seoul National University Bundang Hospital 
(No. B-2006-618-111). Written informed consent was waived due 
to its retrospective nature. 

Study variables
The following data were retrieved from the database and 

analyzed. Preoperative variables (age, sex, body mass index 
[BMI], American Society of Anesthesiologists [ASA] physical 
status classification, underlying disease, operative indication, 
preoperative albumin, presence of jaundice, and preoperative 
biliary drainage), operative data (type of surgery, combined 
resection of other organs, operative time, estimated blood 
loss, and intraoperative transfusion), and postoperative data 
(complication rate and severity according to the Clavien-Dindo 
classification, clinically relevant postoperative pancreatic 
fistula [CR-POPF], delayed gastric emptying, biliary fistula, 
ileus, wound complications, postoperative hemorrhage [PPH], 
pulmonary complications, and postoperative hospital stay). 
CR-POPF and delayed gastric emptying was based on the 
definitions laid down by the International Study Group of 
Pancreatic Surgery [14,15].

Details of clinical pathway and conventional 
protocol
Enhanced recovery after surgery (ERAS) protocol and 

conventional protocol were presented in Table 1. An ERAS 
program was implemented for all patients who underwent 
PD from January 2012. Patients were allowed to have food 
till midnight on the day before the operation, without bowel 
preparation. Nasogastric tube was not inserted preoperatively. 
To prevent deep vein thrombosis, intermittent pneumatic 
compression was applied from the operation room till the 
patient was transferred to the ward after surgery. Patients 
were allowed to drink water on postoperative day (POD) 1 
and soft blended diet from POD 2. Meanwhile, patients on the 
conventional management protocol were allowed to have a soft 
blended diet only after passage of flatus. Intravenous patient-
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controlled pain relief was administered till POD 3–5 following 
which oral analgesics were used. One of the major differences 
between ERAS and conventional protocol is the establishment 
of criteria for specific management. Abdominal drains were 
removed after performing an abdominal CT scan on POD 5 if 
the following criteria were met: (1) drain fluid amylase of <600 
U/L, (2) drain volume of <300 mL, and (3) no complicated intra-
abdominal fluid collection observed on CT. Patients who (1) 
had no evidence of infection, (2) had their abdominal drain 
removed, (3) could tolerate an oral diet without intravenous 
fluid infusion, and (4) had achieved adequate pain control with 
oral analgesics were discharged.

Statistical analysis
Continuous data are presented as the mean ± standard 

deviation. The chi-square test was used to compare categorical 
variables. Independent samples (Student t-test), one-way 
analysis of variance, and repeated-measures analysis of variance 
were used, as appropriate, to compare continuous variables 
between the groups. The linear regression model was used in 

multivariate analysis to determine the prognostic significance 
of the variables that were found to be significant in univariate 
analyses. In all analyses, a P-value of <0.05 (2-sided) was 
considered statistically significant. IBM SPSS ver. 21.0 (IBM 
Corp., Armonk, NY, USA) was used for all analyses. 

Segmented regression of interrupted time series 
analysis
To estimate the yearly trend effect of ERAS on hospital stay, 

we considered a segmented linear regression, which is one of 
the interrupted time series analyses. We regarded the year 2012 
as the intervention time point for the implementation of ERAS 
and divided the time series into pre- and post-2012 segments. 
Segmented linear regression was able to compare the changes in 
trends of the hospital before and after the introduction of ERAS 
protocol. Segmented regression requires data collected regularly 
over time, and organized at equally spaced intervals. The 
time series of the outcome of interest is used to establish an 
underlying trend, which is “interrupted” by an intervention at 
a known point in time. Segmented regression models fit a least 

Table 1. Details of Enhanced Recovery After Surgery (ERAS) protocol and conventional protocol after pancreaticoduodenectomy

Item ERAS Conventional protocol

Oral bowel preparation No mechanical bowel preparation Mechanical bowel preparation on the day before 
the operation (glycerin enema and bisacodyl 
medication)

Preoperative fasting Normal diet till midnight on the day before the 
operation

Normal diet till afternoon of the day before the 
operation

Antimicrobial 
prophylaxis 

Antimicrobial prophylaxis initiated 30–60 min 
before skin incision

Prophylactic antibiotics till POD 2

Antimicrobial prophylaxis initiated 30–60 min 
before skin incision

Prophylactic antibiotics till POD 4–5
Nasogastric intubation No routine of nasogastric tubes Routine use of nasogastric insertion on the day of 

the operation
Anti-thrombotic 

prophylaxis
Intermittent pneumatic compression
LMWH for high risk

LMWH for high risk

Drain Removal of Foley’s catheter on POD 2 unless 
otherwise indicated

Removal of abdominal drains after checking CT on 
POD 5

   1) Drain fluid amylase of <600 U/L 
   2) Drain volume of <300 mL 
   3)  No complicated intra-abdominal fluid 

collection on CT

No specific criteria for removal of Foley’s catheter 
and abdominal drains

Oral feeding Sips of water on POD 1
Soft blended diet from POD 2

Sips of water after flatus is confirmed
Soft blended diet if there is no symptom after taking 

sips of water 
Pain control Intravenous patient-controlled analgesia till POD 

3–5
Conversion to oral analgesics thereafter

Intermittent intravenous analgesia 

Conversion to oral analgesics after diet
Discharge criteria No sign of infection

Abdominal drain removed
Ability to tolerate diet without intravenous fluid 

infusion
Adequate pain control with oral analgesics

No specific criteria for discharge

POD, postoperative day; LMWH, low molecular weight heparin.
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squares regression line to each segment of the independent 
variable, time, and thus, assume a linear relationship between 
time and the outcome within each segment.

RESULTS 

Comparison of patient demographics and 
postoperative outcomes according to the clinical 
pathway
A comparison of patient demographics between the ERAS and 

non-ERAS groups is shown in Table 2. There were no significant 
differences between the groups in terms of sex, BMI, ASA 
classification, preoperative albumin level, preoperative jaundice, 
preoperative biliary drainage, and combined resection of other 
organs. However, the non-ERAS group was significantly older 
than the ERAS group (68.5 vs. 72.6 years, P = 0.009). The ERAS 
group had more patients with diabetes mellitus (DM) than 
the non-ERAS group (37.8% vs. 28.6%, P = 0.012). Proportions 
of pancreatic cancer (36.8% vs. 46.6%, P = 0.010) and Whipple 
operation (15.1% vs. 26.7%, P < 0.001) were higher in the 
ERAS group. When postoperative outcomes were compared 
between the groups (Table 3), the operative time (405.3 ± 79.4 
minutes vs. 346.2 ± 83.5 minutes, P < 0.001), estimated blood 
loss (586.7 ± 377.4 mL vs. 503.1 ± 360.3 mL, P = 0.001) and 
the rate of intraoperative transfusion (28.0% vs. 18.5%, P = 
0.003) were significantly greater in the non-ERAS group. There 

were no differences between the groups in terms of overall/
severe (Clavien-Dindo classification ≥ IIIa) postoperative 
complications and mortality. The postoperative hospital stay 
was notably shorter in the ERAS group (24.5 ± 14.4 days vs. 18.0 
± 12.4 days, P < 0.001) regardless of complications, but 90-day 
readmission rates were similar between the groups (9.1% vs. 
8.5%, P = 0.785). 

The incidence and reasons for readmission within 
90-days
Among 670 patients, 59 patients (8.8%) were readmitted 

after their index admission for surgery. The median time 
from discharge to readmission was 14 days. Fig. 1A shows 
the temporal change in readmission rate and length of 
postoperative hospital stay per year. While a steadily decreasing 
trend was seen in postoperative hospital stay, a slight increase 
was noted in the trend of readmission rates. Fig. 1B shows that 
the decreasing rate of postoperative hospital day was faster 
after introduction of ERAS protocol (2012) and its trend was 
statistically significant (adjusted R square = 0.6893, P < 0.001). 
Table 4 describes the reasons for readmission and outcomes 
of readmission. The most common cause of readmission was 
intra-abdominal abscess (n = 15, 25.4%) followed by bleeding 
(n = 14, 23.7%), wound complication (n = 8, 13.6%), fever (n = 
6, 10.2%), small bowel obstruction (n = 4, 6.8%), delayed gastric 
emptying (n = 4, 6.8%), abdominal pain (n = 3, 5.1%), and poor 

Table 2. Perioperative data of ERAS group and non-ERAS group

Variable Total (n = 670) Non-ERAS (n = 318) ERAS (n = 352) P-value

Age (yr) 68.8 ± 9.2 72.6 ± 13.5 68.5 ± 8.7 0.009
Sex
   Male 408 (60.9) 192 (60.4) 216 (61.4) 0.794
   Female 262 (39.1) 126 (39.6) 136 (38.6) 0.794
Body mass index (kg/m2) 23.1 ± 3.0 23.0 ± 3.0 23.3 ± 3.0 0.220
ASA PS classification 
   I 139 (20.7) 75 (23.6) 64 (18.2) 0.085
   II 455 (67.9) 209 (65.7) 246 (69.9) 0.249
   III 75 (11.2) 34 (10.7) 41 (11.6) 0.695
   IV 1 (0.1) 0 1 (0.3) >0.999
Diabetes mellitus 224 (33.4) 91 (28.6) 133 (37.8) 0.012
Albumin (g/dL) 3.7 ± 0.5 3.7 ± 0.4 3.7 ± 0.5 0.590
Jaundice 324 (48.4) 166 (52.2) 158 (44.9) 0.058
Preoperative biliary drainage 380 (56.7) 182 (57.2) 198 (56.3) 0.798
Malignancy 588 (87.8) 274 (86.2) 314 (89.2) 0.230
   Pancreatic cancer 281 (41.9) 117 (36.8) 164 (46.6) 0.010
   Bile duct cancer 182 (27.2) 86 (27.0) 96 (27.3) 0.947
   AOV cancer 109 (16.3) 62 (19.5) 47 (13.4) 0.031
   Duodenal cancer 16 (2.4) 9 (2.8) 7 (2.0) 0.647
Whipple operation 142 (21.2) 48 (15.1) 94 (26.7) <0.001
Combined resection of other organs 65 (9.7) 26 (8.2) 39 (11.0) 0.205

Values are presented as mean ± standard deviation or number (%). 
ERAS, Enhanced Recovery After Surgery; ASA, American Society of Anesthesiologists; PS, physical status; AOV, ampulla of Vater.
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oral intake (n = 2, 3.4%) (Table 4). There were no significant 
differences of readmission reasons between the groups, except 
intra-abdominal abscess that was associated with POPF. The 
intra-abdominal abscess was treated by percutaneous drainage 
and antibiotics. Bleeding was controlled by transcatheter arterial 
embolization and transfusion. Wound complications were 
mostly treated by antibiotics and frequent dressing, but wound 
revision was required in some severe cases. The duration of 

hospital stay, requirement of intensive care unit admission, and 
mortality after readmission were similar between the ERAS 
and non-ERAS groups.

Predictive factors for postoperative days of more 
than 14 days
In the univariate analysis, preoperative biliary drainage (P = 

0.035), long operation time (>7 hours, P < 0.001), intraoperative 

Table 3. Postoperative outcomes of non-ERAS group and ERAS group

Variable Total (n = 670) Non-ERAS (n = 318) ERAS (n = 352) P-value

Operation time (min) 368.4 ± 86.9 405.3 ± 79.4 346.2 ± 83.5 <0.001
Estimated blood loss (mL) 534.5 ± 369.1 586.7 ± 377.4 503.1 ± 360.3 0.001
Intraoperative transfusion 154 (23.0) 89 (28.0) 65 (18.5) 0.003
Overall complication 509 (76.0) 236 (74.2) 273 (77.6) 0.312
Severe complicationa)  212 (31.6) 99 (31.1) 113 (32.1) 0.787
Delayed gastric emptying 42 (6.3) 26 (8.2) 16 (4.5) 0.053
POPF grade B/C 87 (13.0) 34 (10.7) 53 (15.1) 0.093
Biliary fistula 6 (0.9) 4 (1.3) 2 (0.6) 0.431
Postoperative ileus 36 (5.4) 13 (4.1) 23 (6.5) 0.161
Wound complication 66 (9.9) 34 (10.7) 32 (9.1) 0.487
Postpancreatectomy hemorrhage 46 (6.9) 23 (7.2) 23 (6.5) 0.721
Pulmonary complication 121 (18.1) 56 (17.6) 65 (18.5) 0.774
Postoperative hospital stay (day) 21.1 ± 13.8 24.5 ± 14.4 18.0 ± 12.4 <0.001
   Without complication 14.2 ± 4.4 16.7 ± 4.1 11.6 ± 3.0 <0.001
   With complications 23.3 ± 15.0 27.2 ± 15.6 19.9 ± 13.5 <0.001
      Severe complicationsa) 30.6 ± 18.4 34.0 ± 19.3 27.6 ± 17.0 0.012
Readmission within 90 days 59 (8.8) 29 (9.1) 30 (8.5) 0.785
Mortality 16 (2.4) 6 (1.9) 10 (2.8) 0.419

Values are presented as mean ± standard deviation or number (%). 
ERAS, Enhanced Recovery After Surgery; POPF, postoperative pancreatic fistula.
a)Clavien-Dindo classification ≥ IIIa.

Fig. 1. (A) Temporal change of postoperative hospital stay (PHS) and readmission rate. (B) Comparison of the changes in trends 
of PHS before and after Enhanced Recovery After Surgery (ERAS). 
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transfusion (P < 0.001), and other severe complications (P < 
0.001) were significantly associated with prolonged hospital 
stay (>POD 14) (Table 5). ERAS was negatively associated with 
prolonged hospital stay (P < 0.001). In the multivariate analysis, 

intraoperative transfusion (odds ratio [OR] 1.79; 95% confidence 
interval [CI], 1.07–3.00; P = 0.026) and severe complications (OR, 
5.66; 95% CI, 3.51–9.13; P < 0.001) were identified as significant 
risk factors for prolonged hospital stay, whereas ERAS was a 

Table 4. Reasons for 90-day readmission and outcomes after readmission

Reason Total (n = 59) Non-ERAS (n = 29) ERAS (n = 30) P-value Treatment

Infection
   Intra-abdominal abscess 15 (25.4) 4 (13.8) 11 (36.7) PCD, antibiotics
      Related to POPF 12 (20.3) 2 (6.9) 10 (33.3) 0.021
      Not related to POPF 3 (5.1) 2 (6.9) 1 (3.3) 0.612
   Wound infection 8 (13.6) 4 (13.8) 4 (13.3) >0.999 Wound dressing, antibiotics
   Fever 6 (10.2) 4 (13.8) 2 (6.7) 0.424 Antibiotics
Gastrointestinal complication
   Small bowel obstruction 4 (6.8) 2 (6.9) 2 (6.7) 0.424 Reoperation, stent insertion
   Delayed gastric emptying 4 (6.8) 3 (10.3) 1 (3.3) 0.353 TPN, NG tube insertion
   Abdominal pain 3 (5.1) 1 (3.4) 2 (6.7) 0.353 TPN, antibiotics
   Poor oral intake 2 (3.4) 1 (3.4) 1 (3.3) >0.999 TPN
Bleeding
   Related to POPF 13 (22.0) 8 (27.6) 5 (16.7) 0.360 Angioembolization, transfusion
   Not related to POPF 1 (1.7) 1 (3.4) 0 (0) 0.492 Angioembolization, transfusion
Othersa) 3 (5.1) 1 (3.4) 2 (6.7)
Length of hospital stay (day) 14.6 ± 13.5 17.6 ± 16.3 11.7 ± 9.3 0.105
ICU admission 12 (20.3) 8 (27.6) 4 (13.3) 0.209
Mortality 2 (3.4) 1 (3.4) 1 (3.3) >0.999

Values are presented as number (%) or mean ± standard deviation. 
ERAS, Enhanced Recovery After Surgery; PCD, percutaneous tube drain; POPF, postoperative pancreatic fistula; TPN, total parenteral 
nutrition; NG, nasogastric tube; ICU, intensive care unit. 
a)Others including the following: chylous ascites, portal vein thrombosis, and bile reflux gastritis.

Table 5. Univariate and multivariate analysis of risk factors for prolonged hospital staya) 

Variable POD > 14
(n = 421)

POD ≤ 13
(n = 233)

Univariate analysis Multivariate analysis

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Age, ≥70 yr 171 (40.6) 95 (40.8) 0.99 0.72–1.38 0.972
Male sex 250 (59.4) 145 (62.2) 0.89 0.64–1.23 0.484
Body mass index, ≥25 kg/m2 114 (27.1) 52 (22.3) 1.29 0.89–1.88 0.181
ASA PS classification, III/IV 50 (11.9) 24 (10.3) 1.17 0.70–1.97 0.543
Diabetes mellitus 141 (33.5) 75 (32.2) 1.06 0.75–1.49 0.734
Albumin, <3.5 g/dL 84 (20.0) 40 (17.2) 1.20 0.79–1.82 0.385
Preoperative non-jaundice 214 (50.8) 102 (43.8) 1.33 0.96–1.83 0.084
Preoperative biliary drainage 251 (59.6) 119 (51.1) 1.41 1.03–1.95 0.035
Malignancy 369 (87.6) 207 (88.8) 0.89 0.54–1.47 0.652
Operation type, Whipple 81 (19.2) 53 (22.7) 0.81 0.55–1.20 0.288
Combined resection 40 (9.5) 25 (10.7) 0.87 0.52–1.48 0.615
Operation time, >7 hr 186 (44.2) 50 (21.5) 2.90 2.01–4.18 <0.001
Intraoperative transfusion 116 (27.6) 32 (13.7) 2.39 1.56–3.67 <0.001 1.79 1.07–3.00 0.026
Severe complicationb) 166 (39.4) 30 (12.9) 4.41 2.87–6.77 <0.001 5.66 3.51–9.13 <0.001
ERAS 153 (36.3) 18 (7.7) 0.13 0.09–0.20 <0.001 0.12 0.08–0.18 <0.001

Values are presented as number (%) unless otherwise specified.
POD, postoperative day; CI, confidence interval; ASA, American Society of Anesthesiologists; PS, physical status; ERAS, Enhanced 
Recovery After Surgery. 
a) > POD 14. b)Clavien-Dindo classification ≥ IIIa.
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significantly negative factor (OR, 0.12; 95% CI, 0.08–0.18; P < 
0.001). 

Predicting factors for readmission within 90-days
In the univariate analysis, DM (P = 0.017), preoperative non-

jaundice (P = 0.009), and severe complications (P < 0.001) were 
significantly associated with readmission after PD (Table 6). In 
the multivariate analysis, DM (OR, 1.84; 95% CI, 1.05–3.24; P = 
0.034), preoperative non-jaundice, and severe complications (OR, 
4.12; 95% CI, 2.34–7.26; P < 0.001) were statistically significant 
risk factors for 90-day readmission. 

DISCUSSION
This study evaluated the effect of ERAS on postoperative 

hospital stay and readmission after PD in a Korean medical 
care milieu that is different from institutions in Western 
countries. The results showed that implementation of ERAS in 
patients who underwent PD did not significantly decrease the 
postoperative complication rate, but it reduced postoperative 
hospital stay without increasing 90-day readmission rate. 
Segmented regression analysis of interrupted time series data 
showed an additional yearly decline of hospital stay after the 
implementation of ERAS. The effect of ERAS on reduction of 
postoperative hospital stay was present in patients, with and 
without postoperative complications. These findings were 
similar to reports published from Western countries. In the 
multivariate analysis, ERAS was seen to significantly reduce 
postoperative hospital stay but was not associated with an 

increased readmission rate. In comparison, DM and severe 
postoperative complications were identified as significant 
risk factors for readmission. These findings suggest that 
the beneficial effect of ERAS on reduction of postoperative 
hospital stay in patients who underwent PD is not attenuated 
by the increased risk of readmission. They further indicate 
that expedient discharge of patients who experienced severe 
postoperative complications may lead to a higher rate of 
readmission. 

PD is a complex procedure that has been associated with 
prolonged postoperative hospital stays compared with 
other gastrointestinal operations. Hospital stay after PD is 
determined by various factors, including patient comorbidities, 
postoperative complications, hospital volumes, and the 
healthcare system. Postoperative hospital stay after PD 
documented in several studies ranged from 13 to 41 days [16] 
with longer durations in Asia than in Western countries. A 
recent comparative study of German and Dutch audits showed 
that hospital stay and readmission were different between the 
2 countries, despite no distinction in mortality rate or pancreas-
specific complications. An analysis of the United States 
Nationwide Inpatient Sample data showed that nonprivate 
insurance status was associated with prolonged hospital stay. 
These findings indicate that the disparity in healthcare or 
insurance systems in each country may contribute to varied 
outcomes of hospital stay in actual clinical practice. Despite the 
above, most studies from both Western and Asian countries 
demonstrated that ERAS had contributed to reduction in 
hospital stay after PD without compromising surgical outcomes. 

Table 6. Univariate and multivariate analysis of risk factors for 90-day readmission 

Variable Readmission
(n = 57)

No readmission
(n = 597)

Univariate analysis Multivariate analysis

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Age, ≥70 yr 27 (47.4) 239 (40.0) 1.35 0.78–2.33 0.283
Male sex 30 (52.6) 365 (61.1) 0.71 0.41–1.22 0.211
Body mass index, ≥25 kg/m2 15 (26.3) 151 (25.3) 1.06 0.57–1.96 0.865
ASA PS classification, III/IV 6 (10.5) 68 (11.4) 0.92 0.38–2.21 0.844
Diabetes mellitus 27 (47.4) 189 (31.7) 1.94 1.12–3.36 0.017 1.84 1.05–3.24 0.034
Albumin, <3.5 g/dL 10 (17.5) 114 (19.1) 0.90 0.44–1.84 0.775
Preoperative non-jaundice 18 (31.6) 298 (49.9) 0.46 0.26–0.83 0.009 0.45 0.25–0.82 0.009
Preoperative biliary drainage 30 (52.6) 340 (57.0) 0.84 0.49–1.45 0.530
Malignancy 47 (82.5) 529 (88.6) 0.60 0.29–1.25 0.175
Operation type, Whipple 17 (29.8) 117 (19.6) 1.74 0.96–3.19 0.070
Combined resection 5 (8.8) 60 (10.1) 0.86 0.33–2.24 0.758
Operation time, >7 hr 18 (31.6) 218 (36.5) 0.80 0.45–1.44 0.459
Intraoperative transfusion 14 (24.6) 134 (22.4) 1.13 0.60–2.12 0.715
Severe complicationb) 34 (59.6) 162 (27.1) 3.97 2.27–6.94 <0.001 4.12 2.34–7.26 <0.001
Age, ≥70 yr 29 (50.9) 313 (52.4) 0.94 0.55–1.62 0.823
Postoperative day, >14 36 (63.2) 385 (64.5) 0.95 0.54–1.66 0.841

Values are presented as number (%) unless otherwise specified.
CI, confidence interval; ASA, American Society of Anesthesiologists; PS, physical status.
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In this study, the mean duration of postoperative stay under 
the conventional postoperative program was approximately 25 
days, which was much longer than that seen in the Western 
countries. However, implementation of ERAS effectively reduced 
postoperative hospital stay by 7 days. These findings suggest 
that the impact of ERAS on hospital stay is universal, and is not 
specific for a particular healthcare system. It is presumed that 
preoperative counseling and standardized postoperative care 
based on established discharge criteria contributed to reduction 
in the postoperative hospital stay. 

Despite the advantage of the ERAS program in reducing 
the hospital stay, its effect on postoperative complications 
is controversial in the field of pancreatic surgery. Although 
the ERAS programs are intended to reduce postoperative 
complications and promote recovery in patients, the results of 
this study revealed that implementation was not associated 
with reduction of severe postoperative complications including 
CR-POPF. Nonetheless, the ERAS program effectively reduced 
the hospital stay even in patients who experienced severe 
complications. These findings suggest that ERAS programs 
for high-risk procedures may have limitations in reducing 
postoperative complications but standardized perioperative 
care as per ERAS protocols may be helpful in promoting 
recovery from and preventing the progression of complications. 
No bowel preparation before surgery and early oral intake after 
surgery could possibly promote recovery of gastrointestinal 
function, protect the mucosal barrier, and reduce the incidence 
of complications such as delayed gastric emptying and sepsis. In 
this study, the ERAS program reduced the incidence of delayed 
gastric emptying with a minor significance. Early drain removal 
might have mitigated POPF-associated complications and 
shortened hospital stay by avoiding prolonged drain insertions 
as demonstrated in previous studies [17], although it was not 
associated with reduction in POPF rate in this study. 

One of major concerns regarding implementation of 
ERAS in high-risk procedures including hepatobiliary and 
pancreatic surgery is that early discharge may lead to increased 
readmission. In our study, the 90-day readmission rate after 
PD was 8.8%, which is lower than our Western counterparts 
who reported a 19%–42% incidence [18-20]. This was probably 
because longer hospital stays in Korea potentially allowed more 
time for healing in patients and reduced the risk of readmission. 
In contrast to other studies [21], our results demonstrated 
that a decreased postoperative hospital stay under the ERAS 
program was not associated with an increased readmission 
rate. Multivariate logistic regression analysis revealed that 
severe postoperative complications and DM were independent 
risk factors for readmission, while preoperative jaundice was 
a negative predictive factor. Among those risk factors, severe 
postoperative complication was the strongest predictor of 
readmission, which is similar to the findings of past studies [22]. 

There are some controversies about the relationship between 
postoperative hospital stay and readmission. Reddy et al. [23] 
reported longer postoperative length of stay (≥10 days) as a 
risk factor for readmission, while contrastingly Valero et al. 
[21] showed that a shorter length of stay (≤10 days) had higher 
risk of readmission. In this study, late discharge (>POD 14) in 
patients with no or minor complications did not increase the 
readmission rate. However, the readmission rate of patients 
with severe complications after early discharge (≤POD 14) 
was approximately 43%, which was significantly higher than 
that (12%) after late discharge. These findings emphasize that 
discharge planning in patients who had experienced severe 
postoperative complications requires careful consideration. The 
risk of potential readmission should be informed to patients 
and their families before discharge. 

POPF-associated complications such as intra-abdominal 
abscess and bleeding were the main causes for readmission 
followed by wound infection and delayed gastric emptying. 
These findings were similar to the results of previous studies 
[18,19,24]. A unique finding of this study was that POPF-
associated complications such as abscesses or bleeding were 
recurring reasons for readmission, after implementation of 
ERAS. Therefore, it should be noted that incompletely managed 
POPF during the index admission or delayed POPF may cause 
severe complications requiring readmission, especially bleeding 
which could lead to fatality even after discharge. 

This study has several limitations. First, the retrospective 
nature and long study period of this study cannot exclude 
the possibility that factors other than ERAS program might 
have affected postoperative recovery. During the study 
period, perioperative outcomes such as operative time 
and intraoperative blood loss significantly decreased after 
implementation of ERAS program. This suggests that advances 
in surgical technique with accumulation of experiences, rather 
than ERAS program possibly contributed to reduction in 
postoperative hospital stay. However, improvement of surgical 
techniques did not reduce severe postoperative complications, 
and the ERAS program shortened postoperative hospital stay 
even in such patients. In addition, segmented regression 
analysis of interrupted time series data to minimize the bias 
of the chronologic effect revealed that the ERAS protocol had 
an effect on reducing postoperative hospital stay in addition 
to the chronologic effect. ERAS also had a significantly 
negative effect on prolonged hospital stay in the multivariate 
analysis. These findings may indicate that contribution of the 
ERAS program was higher than other factors in reducing the 
postoperative hospital stay. Second, this study applied only a 
limited number of items among the ERAS guidelines for PD 
which was proposed by the ERAS Society. Use of different 
protocols may lead to heterogeneous results regarding the effect 
of ERAS on postoperative outcomes. Nonetheless, it seems that 
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standardization of perioperative care that is suitable for each 
institution is more important than the contents of the program 
because of weak evidence. Third, it is possible that readmission 
rate in this study was underrepresented as we did not trace non-
index institutional readmissions. However, considering that 
Korea is a small country with relatively easy access to tertiary 
centers and that patients generally prefer to be readmitted in 
their index hospital, it is likely that this number was not high. 
Recently, a randomized controlled trial from a Korean high-
volume center was published, showing the noninferiority of 
ERAS compared to conventional protocol [25]. The limitations of 
this study were that it was a single-center study which included 
only a small number of patients. To overcome limitations 
such as those mentioned above and evaluate the role of ERAS 
program in the management of patients with PD in the Korean 
medical environment, multicenter prospective studies are 
needed. 

In conclusion, this study confirms the usefulness of ERAS 
program for PD in the Korean medical environment similar to 
reports in Western literature. ERAS program could effectively 
reduce postoperative hospital stay without increasing the risk of 
readmission. However, as severe complications were the most 
potent risk factor for readmission, proper discharge planning 
and medical support after discharge should be considered in 

patients who experience severe complications.
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