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Original Article

Backgrounds/Aims: Postoperative pancreatic fistula (POPF) after pancreaticoduodenectomy (PD) is a source of major morbidity and 
mortality. Early diagnosis and treatment of POPF is mandatory to improve patient outcomes and clinical risk scores may be ombined 
with postoperative drain fluid amylase (DFA) values to stratify patients. The aim of this pilot study was to etermine if intraoperative 
fluid amylase (IFA) values correlate with DFA1 and POPF.
Methods: In patients undergoing PD from February to November 2020, intraoperative samples of intra-abdominal fluid adjacent to 
the pancreatic anastomosis were taken and sent for fluid amylase measurement prior to abdominal closure. Data regarding patient de-
mographics, postoperative DFA values, complications, and mortality were prospectively collected.
Results: Data were obtained for 52 patients with a median alternative Fistula Risk Score (aFRS) of 9.9. Postoperative complications oc-
curred in 20 (38.5%) patients (five Clavien grade ≥ 3). There were eight POPFs and two patients died (pneumonia/sepsis). There was a 
significant correlation between IFA and DFA1 (R2 = 0.713; p < 0.001) and DFA3 (p < 0.001), and the median IFA was higher in patients 
with POPF than patients without (1,232.5 vs. 122; p = 0.0003). IFA > 260 U/L predicted POPF with sensitivity, specificity, positive and 
negative predictive values of 88.0%, 75.0%, 39.0%, and 97.0%, respectively. The incidence of POPF was 43.0% in high-risk (high aFRS/
IFA) and 0% in lowrisk patients (low aFRS/IFA).
Conclusions: IFA correlated with POPF and may be a useful adjunct to clinical risk scores to stratify patients during PD. Larger, pro-
spective studies are needed to determine whether IFA has clinical utility.
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INTRODUCTION

Pancreaticoduodenectomy (PD) is a potentially curative 
treatment for tumors in the pancreatic head and periampul-
lary region [1,2], but is associated with perioperative morbidity 
rates of 40%–58% even in high volume centers [3]. Postopera-
tive pancreatic fistula (POPF) remains the most important sur-

gical complication after PD and may be associated with organ 
failure, prolonged hospitalization, and mortality [4]. Several 
factors, including body mass index, pancreatic duct width, and 
texture affect the incidence of POPF and have been incorpo-
rated into various clinical risk scores [5]. A range of mitigation 
strategies, such as peri-anastomotic drainage, pancreatic duct 
stents (internal or external), and somatostatin analogues have 
been adopted to reduce the incidence and/or clinical impact of 
POPF in high-risk patients, although evidence to support these 
approaches is limited [6].

POPF has been defined as the presence of amylase-rich fluid 
on or after the third postoperative day [7], although it is clear 
that the first postoperative day drain f luid amylase (DFA) is 
an accurate predictor of POPF and may be used to guide early 
postoperative management [8]. Indeed, a randomized trial 
of early versus late drain removal in patients with a low DFA 
postoperative day 1 demonstrated significantly lower postop-
erative morbidity in the early drain removal group [9]. Routine 
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drainage, after a range of abdominal operations including liver 
resection and colectomy [10], is unnecessary and potentially 
harmful. However, this does not seem to apply to patients un-
dergoing PD, and a recent randomized trial was stopped early 
due to higher mortality in the no-drain group [11]. Since the 
vast majority of POPFs may be detected on the first postoper-
ative day after PD, this may indicate that POPFs usually occur 
due to immediate anastomotic failure rather than ischemia. 
Hence, we hypothesize that it may be possible to detect pan-
creatic juice intraoperatively in the peri-anastomotic region 
after completion of the pancreatic anastomosis, and that the 
presence of peri-anastomotic pancreatic juice may correlate 
with POPF. Therefore, the aim of this study was to evaluate if 
intraoperative fluid amylase (IFA) levels correlated with post-
operative DFA and/or POPFs.

MATERIALS AND METHODS

Data were collected prospectively from consecutive patients 
who underwent PD at University Hospital Birmingham, UK, 

from February to November 2020 (including patients admit-
ted to the Priory Hospital Birmingham during the COVID-19 
pandemic). The study was registered as an audit with the Trust 
Clinical Audit Department (CARMS number 15827), and eth-
ical approval was not required. The study was approved by our 
Institution Review Board and ethical procedure in accordance 
with guidelines set out by research at University Hospitals Bir-
mingham and clinical audit management team with CARMS 
number 15827. Preoperative data was collected regarding pa-
tient demographics, comorbidity, indication for surgery, preop-
erative biliary stenting, neoadjuvant chemotherapy and body 
mass index. The alternate Fistula Risk Score (aFRS) was calcu-
lated for each patient. Patients underwent either a pylorus-pre-
serving PD (PPPD) or classical Whipple (CW) according to 
surgeon preference. Pancreatic reconstruction was carried 
out using a pancreaticojejunal anastomosis (PJA) on a single 
jejunal loop in all cases, with either a duct-mucosa or dunking 
technique, according to individual surgeon preference [12]. 
After completion of the PJA, the upper abdominal cavity was 
thoroughly irrigated with a minimum of 500 mL sterile water 

Table 1. Patient demographics

Demographic All patients (n = 52)
Raised intraoperative 

fluid amylase  
(≥ 260 U/L) (n = 18)

Low intraoperative  
fluid amylase  

(< 260 U/L) (n = 34)
p-value

Age (yr) 68 ± 8 68 ± 8 68 ± 9 0.963
Male 24 (46.2) 7 (38.9) 17 (50.0) 0.562
Charlson comorbidity score - 5 (2) 5 (1) 0.17
Indication for surgery 0.390
   Pancreatic adenocarcinoma 30 (57.7) 12 (66.7) 18 (52.9)
   Other 22 (42.3) 6 (33.3) 16 (47.1)
Resection type 0.543
   Classic Whipple 3 (5.8) 0 (0) 3 (8.8)
   PPPD 49 (94.2) 18 (100) 31 (91.2)
Anastomosis type 0.329
   Duct-Mucosa 38 (73.1) 15 (83.3) 23 (67.6)
   Dunking 14 (26.9) 3 (16.7) 11 (32.4)
Preoperative haemoglobin (g/L) - 117.5 ± 23.6 115.8 ± 20.0 0.78
Preoperative bilirubin (µmol/L) - 96.2 ±112.4 188.0 ± 181.0 0.05
Preoperative albumin (g/L) - 30.2 ± 9.6 29.2 ± 7.9 0.69
Preoperative creatinine (µmol/L) - 72.6 ± 25.8 66.0 ± 27.2 0.46
BMI (kg/m2) - 27.4 ± 4.6 26.9 ± 6.0 0.77
Pancreatic duct diameter (mm) - 2.56 ± 1.54 3.65 ± 1.32 0.01*
Pancreatic texture 0.046*
   Firm - 7 (38.9) 23 (67.6)
   Soft - 11 (61.1) 11 (32.4)
Alternative fistula risk score - 17.5 (18) 7.15 (12.98) 0.022*
Operative time (min) - 310 ± 60 331 ± 73 0.31
Perioperative blood transfusion - 2 (11.1) 5 (14.7) 0.718

Values are presented as mean ± standard deviation, number (%), or median (interquartile range).
PPPD, pylorus-preserving pancreaticoduodenectomy; BMI, body mass index.
*Statistically significant (p < 0.05).
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and suctioned to remove any trace of pancreatic juice that had 
accumulated between transection of the pancreatic neck and 
completion of the PJA. Reconstruction was then completed 
with an end-side hepaticojejunostomy and either an antecolic 
end-side duodenojejunostomy (PPPD) or retrocolic gastroje-
junostomy (CW). After completion of both biliary and gastric 
anastomoses and before final irrigation and suction, two 5 mL 
samples of abdominal fluid were taken immediately adjacent to 
the PJA (cranial and caudal to PJA) and sent for amylase anal-
ysis (IFA). Following irrigation and suction, one or two large 
bore passive drains were positioned adjacent to the PJA prior to 
abdominal wound closure. Postoperative management followed 
an Enhanced Recovery After Surgery pathway, which has been 
described previously [13], and included drain management that 
was dictated by drain fluid amylase values on the first (DFA1) 
and third (DFA3) postoperative days. Data regarding postoper-
ative complications were collected prospectively and classified 
according to Clavien-Dindo [14]. POPF was defined and graded 
according to the 2016 update of the International Study Group 
of Pancreatic Fistula (ISGPF) [15].

Statistical analysis
Continuous data were reported as median and interquartile 

ranges (IQR). Pearson correlation was used to compare IFA 
with DFA1/DFA3. Receiver operating characteristic (ROC) 
analysis was used to detemine optimal cut-off values of IFA to 
predict or exclude POPF. Categorical and continuous variables 
were analyzed using Mann–Whitney U and Fisher’s exact test, 
respectively. All analyses were performed using IBM SPSS 25 
(IBM Corp., Armonk, NY, USA), with p < 0.05 deemed to be 
indicative of statistical significance throughout. Patients with 
missing data were excluded on a per analysis basis.

RESULTS

A total of 52 consecutive patients underwent PD (49 PPPD, 3 
CW) during the study period (mean age 63.5 years; 53.8% fe-
male). The indication for surgery was pancreatic adenocarcino-
ma (29), ampullary adenocarcinoma (14), duodenal adenocar-
cinoma (6), and intraductal papillary mucinous neoplasm (3). 
Table 1 represents demographic analysis based on IFA ≥ 260. 
The median aFRS score was 9.9 (4.9–19.65) and the PJA was 
fashioned by either duct-to-mucosa (38) or dunking anastomo-
ses (14). Out of 52, 20 patients (38.5%) developed postoperative 
complications (Clavien-Dindo grades 1–2: 15; grade ≥ 3: 5), 
including eight POPF (15.4%; biochemical leak, five; clinically 
relevant [CR], three) and delayed gastric emptying in five pa-
tients. One patient required reoperation due to POPF and two 
patients (3.8%) died within 90 days (COVID-19 infection, one; 
hospital-acquired pneumonia/sepsis, one).

Intraoperative fluid amylase
The median IFA values cranial and caudal to the pancreatic 

anastomosis were 61.75 U/L (IQR: 136.0–368.5 U/L) and 50 U/
L (IQR: 107.5–408.5 U/L), respectively. The highest value of 
IFA (either cranial or caudal to the anastomosis) was incorpo-
rated into subsequent analysis. There was a significant positive 
correlation between IFA and both DFA1 (Pearson’s correlation: 
R2 = 0.713; p  < 0.001) and DFA3 (p < 0.001) (Fig. 1). Median 
IFA was significantly higher in patients who developed POPF 
(1,232.5, IQR 695.3–1,889.0) compared to those without POPF 
(122, IQR 61.3–168.8; p = 0.0003). ROC analysis identified op-
timal cut-off values for IFA of 236 U/L and 260 U/L for predict-
ing DFA1 > 350 and POPF, respectively (Fig. 2, 3). The sensitiv-
ity, specificity, positive and negative predictive values of IFA in 
predicting DFA1 > 350 were 82.0%, 83.0%, 70.0%, and 90.0%, 
respectively. The sensitivity, specificity, positive and negative 
predictive values of IFA in predicting POPF were 88.0%, 75.0%, 
39.0%, and 97.0%, respectively.

The incidence of POPF in high-risk (aFRS ≥ 9.9) and low-risk 
patients (aFRS < 9.9) was 26.9% (7/26) and 3.8% (1/26), respec-
tively. A combination of both aFRS and IFA ≥ 260 improved 
the clinical utility of aFRS, since the incidence of POPF was 
43.0% in patients with both high aFRS and high IFA, while 
the incidence of POPF was 0% (0/22) in patients with both low 
aFRS and low IFA.

DISCUSSION

The main finding of this study is that IFA levels strongly cor-
related with early postoperative DFA levels (on the first post-
operative day) and POPF. This finding suggests that, at least in 
a proportion of patients, POPF may be detected almost imme-
diately after completion of the pancreatic anastomosis, indi-
cating anastomotic failure rather than ischemia, and concurs 
with data from a previous study [16]. It is theoretically possible 
that the fluid amylase detected intraoperatively may occur due 

Fig. 1. Scatter plot showing logarithmic distribution. DFA1, drain fluid 
amylase values on the first postoperative day; IFA, intraoperative fluid 
amylase.
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to pancreatic trauma and/or pancreatitis, rather than from an 
immediate anastomotic leak. There has been some interest in 
the concept of postoperative pancreatitis after PD, but this may 
be a biochemical phenomenon rather than a CR complication, 
since studies adopted a very low threshold value of serum am-
ylase (>100 U/L) to define postoperative pancreatitis [17,18], 
and results do not appear to be reproducible [19]. A high IFA 
predicted POPF with a high sensitivity and specificity, while a 
low IFA (< 260 U/L) excluded a POPF with a negative predic-
tive value of 97.0%. The relationship between IFA and POPF 
has potential clinical utility. POPF is a major source of mor-
bidity after PD, and there are several available risk scores that 
stratify patients prior to surgery. The cornerstone of manage-
ment of POPF is early detection and aggressive management. 
However, there are several intraoperative mitigation strategies 
that have been advocated which aim to prevent or reduce the 
clinical impact of POPF, including pancreatic duct stenting, 
peri-anastomotic drainage, and total pancreatectomy [6]. 
These interventions are not entirely without risk, and although 
routine drainage is advocated after PD, prolonged drainage is 
associated with significantly increased morbidity [9], which is 
presumably due to ascending infection along the drain. Early 
drain removal is therefore advisable in patients without a POPF 
and is usually based on postoperative DFA levels [9,20-23]. 
Measurement of IFA may provide additional information to es-
tablished preoperative risk scores, and may even facilitate a no-
drain strategy for low-risk patients with a low IFA. It would be 
necessary to compare such a strategy with early drain removal 
in a prospective randomized trial. By contrast, in high-risk 
patients, a high IFA may prompt mitigation strategies, such as 
an external pancreatic duct stent [6], multiple peri-anastomotic 
drains, or even a total pancreatectomy. A recent study by Mar-
chegiani et al. (2022) [24], compared short and long-term out-

comes between PD and total pancreatectomy and concluded 
that completion total pancreatectomy could be considered, but 
only in a few selected patients at very high risk of POPF. Addi-
tional prognostic information, provided by IFA measurement, 
may help to identify a subgroup of patients at very high risk of 
a CR-POPF, in whom a completion total pancreatectomy may 
be justified. To our knowledge, this is only the second study 
to evaluate the clinical utility of IFA, and our findings were 
comparable to those by de Reuver et al. [16]. A potential logistic 
issue with IFA analysis is that the sample is obtained near the 
end of the surgical procedure and may take 1–2 hours to be 
analyzed, potentially preventing implementation of intraoper-
ative mitigation strategies. Thus, at present, the utility of IFA is 
limited to influencing early postoperative management (i.e. on 
the evening of surgery), such as early drain removal in low-risk 
patients.

There are two main limitations of this study. First, due to its 
small sample size, it was not possible to identify a cut-off value 
for IFA that predicted CR-POPF, and therefore larger cohort 
studies are warranted to investigate this. Nonetheless, despite 
the small sample size, IFA significantly correlated with both 
DFA1 and POPF in this study, suggesting that IFA is a valid 
tool and may have clinical utility. Second, a rapid bedside fluid 
amylase assay is not currently available, and therefore in this 
study the IFA result only became available postoperatively. If 
the clinical utility of IFA is confirmed by larger studies, then 
there would be a need to develop a rapid assay so that the result 
could be used to guide intraoperative mitigation strategies.

In conclusion, measurement of IFA after completion of the 
pancreatic anastomosis during PD may be a useful adjunct 
to clinical fistula risk scores, potentially allowing earlier risk 
stratification. High-risk patients may benefit from intraoper-
ative mitigation strategies, while low-risk patients may be se-

Fig. 2. Receiver operating characteristic (ROC) curve for intraoperative 
fluid amylase (IFA) and DFA1 > 350. AUC of 0.921 with a 95% confidence 
interval of 0.848 to 0.994, p < 0.001. DFA1, drain fluid amylase values on 
the first postoperative day; AUC, area under the ROC curve.
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Fig. 3. Receiver operating characteristic (ROC) curve for intraoperative 
fluid amylase (IFA) and development of POPF. AUC of 0.905 with a 95% 
confidence interval of 0.794 to 1.000, p  < 0.001. POPF, postoperative 
pancreatic fistula; AUC, area under the ROC curve.
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lected for a no-drain strategy. Large, prospective, multi-center 
studies would be required to further evaluate the clinical appli-
cability of IFA measurement.

In conclusion, IFA values closely correlated with POPF and 
may be a useful adjunct to clinical risk scores to stratify pa-
tients during PD. Larger, prospective studies are needed to 
validate the findings of this study and to determine if IFA may 
have a role in guiding mitigation strategies during PD.
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