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The drain fluid amylase level on the first postoperative 
day predicts pancreatic fistula in chronic pancreatitis 

patients undergoing Frey procedure
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Backgrounds/Aims: Abdominal drains are routinely placed following Frey procedure for chronic pancreatitis (CP) despite 
the low incidence of pancreatic fistula (PF). The utility of the first postoperative day (POD1) drain fluid amylase (DFA) 
value in predicting PF in CP patients undergoing Frey procedure has not been previously reported. Methods: A pro-
spective study of patients with CP who underwent Frey procedure between August 2014 and April 2018. A standard 
technique of head coring with single layer continuous pancreatojejunostomy was done in all the patients. Amylase 
level of the drain placed close to the pancreatojejunostomy was recorded on POD1 and 3. Postoperative PF was de-
fined and graded as per the updated International Study Group of Pancreatic Fistula (ISGPF) guidelines. Results: Fifty- 
five patients with CP who fulfilled the inclusion criteria were included in the study. All had normal preoperative serum 
amylase level. Three patients developed a biochemical leak and four patients developed postoperative PF (Grade B - 
3 and Grade C - 1). Receiver operating characteristics (ROC) curve identified a POD1 DFA cut-off value of 326 U/L 
that predicted a postoperative PF with sensitivity, specificity and negative predictive value of 100%, 70%, and 100% 
respectively. Conclusions: The POD1 DFA is a reliable predictor of postoperative PF in CP patients who have under-
gone Frey procedure. The PF can be confidently excluded in patients who have a POD1 DFA less than 326 U/L. 
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INTRODUCTION

Pancreatic fistula (PF) is a major cause of morbidity 

and mortality after pancreatic surgeries. Parenchymal con-

sistency has been found to be an important risk factor for 

postoperative PF, with soft and non-fibrotic glands being 

at higher risk for a leak after pancreatic surgeries.1 Post-

operative monitoring of drain fluid amylase (DFA) levels 

to detect the PF has been a routine practice among pan-

creatic surgeons. A few studies have shown that estima-

tion of the first postoperative day (POD1) DFA can iden-

tify patients at low risk of PF following pancreatoduo-

denectomy and facilitate early drain removal.2,3 Frey pro-

cedure for chronic pancreatitis (CP) has increasingly be-

come more popular as it combines resection (partial re-

section of the head of the pancreas) with drainage (lateral 

pancreatojejunostomy).4 Studies have shown that both pan-

creatoduodenectomy and Frey procedure provide good 

and permanent pain relief in patients with CP.5,6 However, 

pancreatoduodenectomy is associated with more perioper-

ative morbidity and long-term mortality compared to Frey 

procedure.5,6 In patients with CP pancreas are generally 

firm to hard in consistency secondary to fibrosis, hence 

the incidence of PF is less compared to patients under-

going pancreatoduodenectomy.7 However, abdominal drains 

are routinely placed following Frey procedure for CP de-

spite the low incidence of PF.4,7 Enhanced recovery after 

surgery (ERAS) with no drain protocol has been success-

fully employed in various gastrointestinal surgeries.8 How-

ever, pancreatic surgeons are reluctant to embrace the 

ERAS concept of no drain protocol in pancreatic surgeries 

including surgery for CP. The role of POD1 estimation 
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of DFA in predicting the risk of PF in CP patients has 

not been previously reported. Hence, this prospective ob-

servational study was done to determine whether estima-

tion of DFA levels on POD1 predicts PF in CP patients 

undergoing Frey procedure. 

MATERIALS AND METHODS

All patients with CP who underwent Frey procedure be-

tween August 2014 and April 2018 were included in this 

prospective cohort study. The study was approved by the 

Institute Scientific Advisory and Ethics committee. Pa-

tients with suspicion of malignancy and those who under-

went distal pancreatosplenectomy along with the head cor-

ing were excluded from the analysis. Preoperative evalua-

tion included an initial ultrasonography of the abdomen 

followed by cross-sectional imaging in the form of con-

trast-enhanced computed tomography or magnetic reso-

nance imaging of the abdomen, or both. The indications 

for surgery in the present study were a history of pain 

attacks for at least one year requiring non-steroidal anti- 

inflammatory drugs (NSAIDS) or opioid analgesics, re-

current episodes of pain attacks (at least one per month 

requiring NSAIDS or opioid analgesics), or coexisting CP 

related complications like biliary stricture. A standard tech-

nique of head coring till the level of pancreatic duct to 

ensure adequate ductal decompression was performed in 

all patients. Pancreatojejunostomy was done using single 

layer continuous (using 3-0 polydioxanone) sutures in all 

the patients. As previously reported patients who had bili-

ary obstruction secondary to CP underwent biliary drain-

age by Roux-en-Y hepaticojejunostomy.9 A single closed 

tube drain was placed near the pancreatojejunostomy site 

and brought out through left flank in all the patients. An 

additional drain was placed in the right subhepatic region 

for patients who underwent concomitant biliary drainage 

procedure. 

Demographic parameters, body mass index (BMI), his-

tory of alcoholism and smoking, associated diabetes melli-

tus or steatorrhea, preoperative hematological and bio-

chemical parameters, features in cross-sectional imaging, 

intraoperative findings including pancreatic duct diameter 

were recorded. Small duct disease was defined as pancre-

atic duct diameter less than 4 mm. In all patients, daily 

drainage output, drain fluid nature, and the levels of se-

rum and drain fluid amylase were measured on post-oper-

ative day 1and 3. PF was defined and graded as per the 

updated International Study Group of Pancreatic Fistula 

(ISGPF) guidelines.10 Drains were removed by POD3 if 

DFA level was less than three times the upper limit of 

normal (laboratory normal upper limit of amylase level is 

110 U/L). If the drains had not been removed, then meas-

urements were made on post-operative day 5 and 7. As per 

the ISGPF definition, the patients who had normal DFA 

levels but had altered postoperative course associated with 

peripancreatic fluid collection requiring additional treat-

ment including antibiotics, octreotide and invasive inter-

vention were also included in the postoperative PF group. 

They were further categorized as Grade B or Grade C 

based on the type of intervention required. Postoperative 

hemorrhage was defined and graded as per International 

Study Group of Pancreatic Surgery (ISPGS) definition.11

The statistical tests were done using Statistical Package 

for the Social Sciences (SPSS) version 16. Non-para-

metric variables were compared using Fisher Exact test. 

A p-value of less than 0.05 was considered statistically 

significant. A ROC curve was constructed based on the 

sensitivity and specificity of POD1 DFA to detect post-

operative PF. 

RESULTS

Fifty-five patients who fulfilled the inclusion criteria 

and underwent Frey procedure during the study period 

were included in the analysis. Hepaticojejunostomy and 

choledochal cyst excision were performed in five and one 

patients with concomitant biliary stricture and choledochal 

cyst. The demographic and clinical parameters of CP pa-

tients included in the study is summarized in Table 1. The 

pain was the primary indication for surgery in all patients. 

The median (range) duration of pain was 15 (6-96) months. 

Twenty-one (38.2%) patients had pain episodes almost ev-

ery day and the remaining patients had at least 2 episodes 

of pain in a month. Analgesics were used continuously 

by 32 (58.2%) patients and 18 (32.8%) patients were de-

pendent on opioids. Thirty-eight (69.1%) patients had a 

history of hospitalization for pain attacks or episodes of 

exacerbation of pancreatitis, with a median (range) of 1.7 

(1–11) hospitalizations per patient. Eleven (20%) patients 

received pancreatic enzyme supplement in the preoperative 
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Table 1. Demographic and clinical characteristics of patients 
with chronic pancreatitis included in the study 

Parameter
Number of 

patients (n=55)

Age in years, mean (SD) 36.02 (14.03)
Gender (male:female) 2.44:1
Chronic alcohol intake, n (%) 25 (45.45)
Chronic smoking, n (%) 22 (40.00)
Diabetes mellitus, n (%) 24 (43.63)
Steatorrhea, n (%) 5 (9.10)
Body mass index, mean (SD) 19.04 (3.31)
Pancreatic duct diameter in mm, n (%)

＜4 0
4-10 48 (87.27)
＞10 7 (12.73)

Table 2. Postoperative day (POD) 1 and 3 Drain fluid amylase (DFA) value in patients with and without pancreatic fistula

Parameter Pancreatic fistula present (n=4) Pancreatic fistula absent (n=51) p-value

POD1 DFA in U/L, median (range) 8210 (338-25150) 143 (12-3280) ＜0.0001
POD3 DFA in U/L, median (range) 480 (138-9285) 50 (6-278) ＜0.0001

Fig. 1. Receiver operating characteristics (ROC) curve identi-
fied a POD1 DFA cut-off value of 326 U/l which predicted 
a PF with a sensitivity of 100% and specificity of 70%. Area 
under curve=0.924.

Table 3. Correlation of postoperative day1 drain fluid amy-
lase (POD1 DFA) value with postoperative pancreatic fistula

Pancreatic fistula
Total

No Yes

DFA1＞326 U/L No 36 0 36
Yes 15 4 19

Total 51 4 55

period. History of chronic alcohol intake was seen in 45% 

of patients; all of them were males, and the majority had 

consumed alcohol for more than ten years. Endocrine in-

sufficiency (diabetes mellitus) was present in 44% of the 

patients, and 47% of patients were underweight (body 

mass index ＜18.5) for their age and height. None of the 

patients had a recent acute attack of pancreatitis (within 

four weeks) prior to surgery. Preoperative serum amylase 

level was within normal range in all patients. 

The median operative time was 210 minutes, and me-

dian blood loss was 250 ml. There was no postoperative 

mortality. Three patients had biochemical leak and four 

patients developed postoperative PF that included Grade 

B in 3 patients and Grade C in one patient. The patient 

who had Grade C fistula required tracheostomy with pro-

longed mechanical ventilation and percutaneous drainage 

of the peripancreatic collection. Two out of the three pa-

tients who had Grade B fistula had Grade B post-pan-

createctomy hemorrhage that was managed conservatively 

with blood transfusions. Of the seven patients with post-

operative PF, only five patients had elevated DFA on 

POD3 (＞330 U/L). In the other two patients (one Grade 

B and one Grade C) diagnosis of postoperative PF was 

based on clinical and radiological findings. The median 

(range) POD1 and POD3 DFA value of patients with a 

postoperative PF were significantly higher than in patients 

without a postoperative PF (Table 2). Considering the sen-

sitivity and specificity of POD1 DFA value in detecting 

postoperative PF, an area under the ROC curve of 0.924 

was obtained (p＜0.001; 95% CI: 0.826-1.000) (Fig. 1). 

The POD1 DFA level of 326 U/L was identified as the 

best cut off to predict postoperative PF with the sensitivity 

and specificity of 100% and 70%. Of the 36 patients who 

had POD1 DFA ＜326 U/L, none had postoperative PF 

(Negative predictive value- 100%) (Table 3). On univari-

ate analysis, only POD1 DFA＞326 U/L was the signifi-

cant predictor for pancreatic fistula after Frey procedure 

(Table 4).
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Table 4. Univariate analysis of predictors of pancreatic fistula 
following Frey procedure for chronic pancreatitis

Parameter
Pancreatic 

fistula present 
(n=4)

Pancreatic 
fistula absent 

(n=51)
p-value

Gender 
Male 3 36 1.00
Female 1 15

Body mass index
≥25 2 6 0.10
＜25 2 45

Diabetes mellitus
Yes 1 23 0.62
No 3 28

Smoking
Yes 1 21 0.64
No 3 30

Alcohol  
Yes 2 23 1.00
No 2 28

Albumin (g/dl), median 
≥3.5 2 22 1.00
＜3.5 2 29

Steatorrhea
Yes 1 4 0.32
No 3 47

*POD1 DFA ＞326 U/L
Yes 4 15 0.01
No 0 36

Pancreatic duct diameter (mm)
≥6 2 41 0.20
＜6 2 10

*POD1 DFA - Postoperative day1 drain fluid amylase 

DISCUSSION

Traditionally patients with CP undergo surgical inter-

vention in a late stage of the disease when conservative 

medical treatment with analgesics and endoscopic inter-

ventions have failed. However, recent evidence suggests 

that surgical intervention early in the disease course re-

sults in better pain control with the potential of a reduced 

risk of pancreatic insufficiency and the need for further 

intervention.12 Studies and systemic reviews have shown 

that surgery offers better pain relief compared to endo-

scopic intervention or splanchnic nerve ablation.13,14 Hence 

in the present series surgery was preferred as the primary 

treatment. Postoperative PF is the most frequent major 

complication occurring after pancreatic resections.1 The 

main reason behind routine drain placement after pancre-

atic resections is the fear that any unrecognised and un-

treated postoperative PF may lead to dreadful complica-

tions like the erosion of major blood vessels with haemor-

rhage, intra-abdominal abscess, sepsis, multisystem organ 

failure, and death.15 Recent studies have shown that in-

tra-abdominal drains can increase the incidence of in-

tra-abdominal and wound infections, exacerbate abdomi-

nal pain, reduce lung function, and prolonged hospitali-

zation.16 Also, intra-abdominal drains were reported to 

erode the hollow viscera and peripancreatic vessels. Al-

though some authors have suggested no drainage after 

standard pancreatic resections and few others support se-

lective drain placement in high-risk patients, these views 

were not universally accepted.2,3,17,18 In fact, a recent rand-

omised controlled trial by Van Buren et al.19 have shown 

that routine elimination of intra-abdominal drainage after 

pancreatoduodenectomy increases the severity and frequency 

of complications and the risk of mortality. However early 

drain removal has been shown to significantly decrease 

morbidity including wound infection rate after pancreatic 

resection.20

Strong risk factors for postoperative PF after pancreato-

duodenectomy (PD) include soft pancreas, small duct (MPD 

diameter ＜4 mm) and increased intraoperative blood 

loss.10 However, most of the studies on postoperative PF 

have been done in patients who underwent pancreatoduo-

denectomy or distal pancreatectomy.2,3 The incidence of 

postoperative PF after Frey procedure is generally low 

compared to pancreatoduodenectomy and distal pancrea-

tectomy due to pancreatic fibrosis.4,7 In the present study, 

postoperative PF occurred in four out of 55 patients (7%) 

while three patients developed biochemical leak as per the 

updated ISGPF guidelines. The incidence of clinically rel-

evant PF following Frey procedure for CP reported in var-

ious series is 5-7%.7,21,22 Despite the low incidence of post-

operative PF routine drain placement after Frey procedure 

is the rule among most of the surgeons. A reliable pre-

dictor of postoperative PF can facilitate early drain re-

moval and avoid drain related morbidity in patients at low 

risk for postoperative PF. 

Studies have shown that POD1 DFA can predict PF af-

ter pancreatic resections. Yamaguchi et al first reported 

that patients who developed PF had higher POD1 DFA 

levels.23 Molinari et al.2 in their series of 137 patients who 

underwent pancreatoduodenectomy (n=101) and distal pan-

createctomy (n=36) reported that POD1 DFA＞5000 IU/L 
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indicated a higher risk of PF. Bassi et al.24 in their pro-

spective randomized trial, showed that early removal of 

drains after standard pancreatic resections is advantageous 

in patients with POD1 DFA value ＜5000 U/L. However, 

a reliable POD1 DFA cut-off value to predict postope-

rative PF in patients undergoing Frey procedure has not 

been previously reported. As patients with CP have im-

paired glandular function secondary to chronic inflam-

mation and pancreatic fibrosis DFA cut off value derived 

from patients undergoing pancreatoduodenectomy or distal 

pancreatectomy for malignant etiology may not be ap-

propriate. In the present study, POD1 DFA cut-off value 

of 326 U/L predicted postoperative PF with a sensitivity 

and negative predictive value of 100%. Even the two pa-

tients who developed clinically relevant postoperative PF 

with normal DFA on the third postoperative day had ele-

vated POD1 DFA. 

ERAS pathways or “fast-track” protocols, which pri-

marily aimed at sustainable improvements in patients care, 

both in terms of speed of recovery and quality were suc-

cessfully employed in various gastrointestinal surgeries.8 

Reports on the use of ERAS pathways in pancreatic sur-

geries are limited and are confined to retrospective and 

small prospective cohort studies.25,26 The fear of PF pre-

cludes pancreatic surgeons from embracing the no drain 

protocol of ERAS pathway. Hence, modified ERAS proto-

col with early drain removal in patients with low POD1 

DFA levels is suggested. Patients with CP who have a 

low risk of PF are the ideal group of patients where modi-

fied ERAS pathway can be successfully employed. The 

results of the present study suggest that the POD1 DFA 

cut off the value of 326 U/L can facilitate early drain re-

moval in 65% (36/55) of patients undergoing Frey proce-

dure for CP. A prospective study on the feasibility and 

safety of modified ERAS pathway with early drain re-

moval utilizing the POD1 DFA value in patients with CP 

undergoing Frey procedure is currently underway in our 

Institute. The limitation of the present study is a relatively 

small sample size and a small number of patients with 

PF as the incidence of PF following surgery for CP is rel-

atively less compared to surgery for periampullary tumors. 

Also, the use of updated ISGPF guidelines reduced the 

incidence of postoperative PF as biochemical leaks are no 

longer included in the definition of postoperative PF. The 

results of the present study would primarily help the sur-

geons who routinely place drain after Frey procedure.

In conclusion, the POD1 DFA is a reliable predictor 

of postoperative PF in CP patients who have undergone 

Frey procedure. The PF can be confidently excluded in 

patients who have a POD1 DFA less than 326 U/L, and 

such patients may be candidates for early drain removal.
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