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Abstract
Aim: The aim of this study was to evaluate the intra- abdominal status related to post-
operative pancreatic fistula by combining postoperative fluid collection and drain am-
ylase levels.
Methods: We retrospectively reviewed the data of 203 patients who underwent 
distal pancreatectomy and classified their postoperative abdominal status into four 
groups based on postoperative fluid collection size and drain amylase levels. We also 
evaluated the incidence of clinically relevant postoperative pancreatic fistula in each 
group according to C- reactive protein values.
Results: The incidence of clinically relevant postoperative pancreatic fistula in the en-
tire cohort (n = 203) was 28.1%. Multivariate analysis revealed that postoperative fluid 
collection, drain amylase levels, and C- reactive protein levels are considerable risk 
factors for clinically relevant postoperative pancreatic fistula. In the subgroup with 
large postoperative fluid collection and high drain amylase levels, 65.9% of patients 
developed clinically relevant postoperative pancreatic fistula. However, no significant 
difference was observed in C- reactive protein levels between patients with clinically 
relevant postoperative pancreatic fistula and those without it. In contrast, in the sub-
group with a large postoperative fluid collection size or a high amylase level alone, a 
significant difference was observed in C- reactive protein values between the patients 
with clinically relevant postoperative pancreatic fistula and those without it.
Conclusion: Postoperative fluid collection status and the C- reactive protein value 
provide a more precise assessment of intra=abdominal status related to postopera-
tive pancreatic fistula after distal pancreatectomy. This detailed analysis may be a 
clinically reasonable approach to individual drain management.
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1  |  INTRODUC TION

Postoperative pancreatic fistula (POPF) is a common complication fol-
lowing distal pancreatectomy (DP), with occurrence rates ranging from 
12%– 33%.1– 4 Despite advances in perioperative care and techniques, 
POPF continues to contribute to morbidity and mortality after DP.5,6

The universally used International Study Group of Pancreatic 
Fistula (ISGPF) classification, updated in 2017, includes drain amy-
lase levels as a reference to classify Grade Biochemical Leak, B or 
C, depending on the procedure performed in relation to the fistula.7 
Postoperative drain amylase levels have been recognized as a com-
mon predictor, with various cutoff values reported for drain remov-
al.8– 10 However, whether clinical management based solely on drain 
amylase levels is optimal remains unclear. Yoshino et al reported that 
seven out of 26 cases diagnosed with clinically relevant postoper-
ative pancreatic fistula (CR- POPF) (grade B or C according to the 
ISGPF classification) had drain amylase levels below the cutoff value 
of 1026 IU/L on postoperative day (POD) 3, determined by receiver 
operating characteristic (ROC) curves.11 In another study by Bassi 
et al, early drain removal was implemented in patients with amylase 
values in drains ≤5000 U/L on POD 1. Of the 114 eligible cases, 39 
DP cases were included, and two (5.1%) required percutaneous drain 
insertion after drain removal owing to fluid accumulation resulting 
from pancreatic fistula.8 Therefore, a clinical management policy 
based solely on drain amylase levels remains controversial, and fur-
ther refinements are required for optimal postoperative drain man-
agement to prevent CR- POPF development.

Recent studies have demonstrated that postoperative fluid col-
lections (PFCs), detected by computed tomography (CT) scans, can 
predict the likelihood of developing POPF after DP.11,12 However, 
several studies have also demonstrated that PFCs can be asymp-
tomatic.13– 15 A consensus on the optimal means of integrating PFC 
assessment into clinical practice is lacking. Moreover, the presence 
of PFCs does not necessarily indicate POPF occurrence, as other 
factors, such as focal ascites or lymphatic leakage, may contribute 
to PFC. Therefore, the relationship between PFC and POPF remains 
equivocal and necessitates further investigation.

Considering the existing controversies regarding the relationship 
between POPF development, drain amylase, and PFCs, we hypoth-
esized that conducting detailed analyses using drain amylase levels 
and PFCs could provide more precise information regarding the 
likelihood of CR- POPF development, PFC nature, and other clinical 
conditions in the abdominal cavity. Therefore, we aimed to integrate 
PFCs and drain amylase levels to classify and assess the postopera-
tive intra- abdominal status related to POPF and identify appropriate 
clinical management according to these evaluations.

2  |  METHODS

2.1  |  Patients

We retrospectively analyzed the electronic medical records of 203 
patients who underwent DP between January 2011 and November 

2018 at the Osaka International Cancer Institute. Table S1 presents 
the demographic characteristics of the enrolled patients. Based on 
the International Study Group on Pancreatic Surgery's established 
criteria (Table 1),7 the 203 patients were classified into two groups: 
the CR- POPF (Grades B and C) and the non- POPF (which included 
cases with no fistula and “biochemical leaks”). Postoperative com-
plications were categorized based on the Clavien– Dindo classifica-
tion.17 This study conforms to the provisions of the Declaration of 
Helsinki. The study protocol of the Osaka International Cancer In-
stitute was approved by the Ethics Committee (registration number 
20230), and the enrolled patients were given the option to withdraw 
their participation.

2.2  |  Surgical procedure and 
postoperative management

The standardized procedure utilized by our hospital was followed by 
the same surgical team for all pancreatic resections, as described in 
our previous report (Figure S1).18 The pancreas was cut using a scal-
pel, and the main pancreatic duct was ligated with a nonabsorbable 
suture. The surface of the pancreatic stump was soft, coagulated, 
and covered with polyglutamic acid (PGA) felt using fibrin glue. In 
all patients, two prophylactic closed- suction drains were positioned 
in the pancreas stump and the left subphrenic space. During the 
postoperative phase, all patients underwent CT scans to screen for 
subclinical complications, such as aneurysm formation, thrombosis 
formation, or apparent intra- abdominal abscess. In the absence of 
such complications, surgical drains were promptly removed accord-
ing to the standard policy for the drain removal criteria at our in-
stitute during the study period.18,19 In all participants, the decision 
to remove the drain was not made based on the PFC status. Our 
data indicated that postoperative antibiotics typically consisted 
of piperacillin- tazobactam for 3 d, with a maximum prolongation 
of 5 d.20 The decision to administer octreotide in the postopera-
tive period was not standardized and depended on the surgeons' 
preference.

2.3  |  CT protocol and interpretation

Postoperative CT scans were systematically (following the protocol) 
obtained on the sixth or seventh POD using 64-  and 320- detector 
devices in all patients. (Aquilion CX Edition and Aquilion ONE, re-
spectively; Canon Medical Systems, Tochigi, Japan). Two experienced 
surgeons retrospectively analyzed all CT findings. The thickness of 
the pancreatic stump was determined by measuring the dissection 
site on the most recent CT scan before the surgery. The PFCs in this 
study were defined as the radiologically evident volume of fluid col-
lection adjacent to the pancreatic stump, as observed in CT scans. 
Other fluid collections separate from the pancreatic stump were not 
included in the PFC category and excluded from subsequent analy-
ses. The PFCs index was determined by measuring the maximum 
height and width of PFCs in the axial view. The maximum vertical 
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distance (V max) from the lower to the upper edge of the PFC was 
quantitatively measured (Figure 1A). The vertical ratio (V ratio) was 
calculated by dividing V max by the peritoneal depth, which repre-
sents the distance between the anterior surface of the aorta and 
the peritoneum. The maximum horizontal distance was subjectively 
characterized using a horizontal score (H score, Figure 1B– E): H0, 
an absence of persistent fluid accumulation at the pancreatic stump 
(Figure 1B); H1, the PFC was restricted to the periphery of the su-
perior mesenteric artery (Figure 1C); H2, the PFC spread to the left 
perirenal fat (Figure 1D); H3, the PFC extended to the left subdia-
phragm (Figure 1E).

2.4  |  Clinical data collection and statistical analysis

The comparisons of continuous variables were conducted using t- 
tests for variables such as age, body mass index, duration of surgery, 
blood loss, diameter of the main pancreatic duct, and thickness of 
the pancreatic stump, and using Mann– Whitney U- tests for drain 
amylase levels on POD 1 and 3. A logistic regression model was ap-
plied for multivariable analysis, and statistical significance was set at 
P < 0.05 in two- tailed tests. All statistical analyses were performed 

utilizing R v. 4.2.2, R Studio 2022.12.0 + 353, and the software EZR 
(Saitama Medical Center, Jichi Medical University, Saitama, Japan), a 
graphical user interface for R (The R Foundation for Statistical Com-
puting, Vienna, Austria). It is a modified version of R commander de-
signed to add statistical functions frequently used in biostatistics.21

3  |  RESULTS

3.1  |  Patient characteristics and perioperative 
findings

Table S1 presents the patient characteristics, with a high propor-
tion being patients with cancer (80.8%) and a substantial percent-
age undergoing preoperative chemoradiation therapy (67.5%). Of 
the 203 patients, 146 (71.9%) were classified into the non- POPF 
group, whereas 57 patients (28.1%) were classified into the CR- 
POPF group (Table 1 and Table S3). The results revealed that previ-
ously identified risk factors, including obesity and thickness of the 
pancreatic stump, were present at higher frequencies in the CR- 
POPF group. Regarding postoperative outcomes, Table 1 demon-
strates that drain amylase levels on POD 1 and 3 were significantly 

TA B L E  1  Clinical factors according to CR- POPF

Non- POPF (no fistula or BL) n = 146 CR- POPF (B or C) n = 57 P value

Background

Age (y) 68 (27– 82) 66 (28– 82) 0.12

Sex (male/female (%)) 79 (54.1%)/67 (45.9%) 43 (75.4%)/14 (24.6%) <0.01

Body mass index (kg/m2) 21.4 (14.9– 32.7) 22.4 (18.5– 30.7) 0.01

Presence of diabetes mellitus (yes (%)) 94 (64.4%) 41 (71.9%) 0.33

Preoperative diagnosis (pancreatic cancer: other diseases)a 122 (83.6%)/24 (16.4%) 42 (73.7%)/15 (26.3%) 0.12

Preoperative CRT (yes (%)) 105 (71.9%) 32 (56.1%) 0.05

MPD diameter (mm) 2.0 (1.0– 10.0]) 2.00 (1.0– 9.0) 0.17

Intraoperative findings

Surgical procedure (DP: DP- CAR)b 130/16 49/8 0.63

Blood loss (ml) 493 (10– 1750) 500 (25– 2180) 0.67

Operation time (min) 363 (184– 723) 374 (145– 723) 0.59

Postoperative findings

CRP levels on POD 7 (mg/dL) 3.5 (0.2– 12.1) 6.0 (2.2– 24.0) <0.01

Drain amylase levels on POD 1 (U/L) 337 (25– 8723) 959 (59– 20 910) <0.01

Drain amylase levels on POD 3 (U/L) 214 (17– 32 185) 851 (42– 13 104) <0.01

Clavian– Dindo (IIIa≦) 5 (3.4%) 7 (12.4%) 0.04

Postoperative CT findings

Thickness of the pancreatic stump (mm) 10.6 (5.3– 23.2) 11.6 (5.7– 28.1) <0.01

V max (mm) 14 (0– 53) 28 (3– 62) <0.01

V ratio 0.21 (0– 0.90) 0.35 (0.04– 0.71) <0.01

H score (H≧2) 30 (20.5%) 41 (71.9%) <0.01

Abbreviations: CRT, chemoradiation therapy; CT, computer tomography; DP, distal pancreatectomy; DP- CAR, distal pancreatectomy with celiac axis 
resection16; MPD, main bile duct; POD, postoperative day; POPF, postoperative pancreatic fistula.
aThe details are shown in Table S3.
bThe details are shown in Table S4.
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higher in the CR- POPF group compared to the non- POPF group 
(959 U/L versus 337 U/L, P < 0.01 and 851 U/L versus 214 U/L, P 
< 0.01, respectively). Similarly, C- reactive protein (CRP) levels on 
POD 7 were significantly higher in the CR- POPF group (3.5 mg/dL 
versus 6.0 mg/dL, P < 0.01). Furthermore, the results of postopera-
tive CT analysis revealed significantly higher values for V max, V 
ratio, and H score in the CR- POPF group (P < 0.01 for all). We also 
observed a positive correlation between V max and V ratio with H 
score (r = 0.72 and 0.71, respectively) (Figure 2A). An increase in H 
score was associated with a higher CR- POPF incidence, with more 
patients classified in the CR- POPF group than the non- POPF group 

for H scores of 2 and 3 (Table S2). We observed no correlation be-
tween V max and other clinical factors, such as postoperative drain 
amylase levels and CRP on POD 7, beyond the association in CT 
findings (Figure S2).

3.2  |  Predictors of CR- POPF

ROC analysis for CR- POPF was performed for each continuous vari-
able (Figure 2B and Figure S3). The analysis indicated that V max and 
V ratio had the highest area under the curve (AUC) (0.82 for both). 

F I G U R E  1  (A) The diagram illustrates the vertical assessment method employed to evaluate postoperative fluid collections (PFCs) and 
peritoneal depth. (B– E) Representative computed tomography images were used to evaluate the horizontal extent of continuous fluid 
accumulation from the pancreatic stumps. (B) The absence of consistent fluid retention at the pancreatic stump was classified as H0. (C) The 
confinement of PFCs to the perimeter of the superior mesenteric artery was classified as H1. (D) The spread of PFCs to the prerenal fat was 
classified as H2. (E) The extension of PFCs to the left subdiaphragm was classified as H3.
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CRP on POD 7 and the drain amylase levels on POD 3 had the next 
highest AUC values (AUC = 0.77 and 0.71, respectively).

After dividing each factor into two groups based on ROC anal-
ysis cutoff values, univariate analysis revealed that V max, V ratio, 
H score, CRP on POD 7, drain amylase levels, and other clinical fac-
tors were significantly associated with CR- POPF (P < 0.01 for all) 
(Table 2). V max, V ratio, and H score were positively correlated; 
therefore, V max was utilized for multivariate analysis. The results of 
the multivariate analysis revealed that V max (P < 0.01), drain amy-
lase levels on POD3 (P = 0.02), and CRP on d 7 (P < 0.01) were signif-
icant predictors of CR- POPF.

3.3  |  CR- POPF incidence based on the V max and 
postoperative drain amylase levels

Patients were categorized into four groups based on the cutoff val-
ues of V max and drain amylase levels on POD 3, defining the PFC 
status as follows (Figure 3A): Group 1 had V max and drain amylase 
levels exceeding the cutoff value. Group 2 exhibited values surpass-
ing the cutoff for V max only. Group 3 had levels surpassing the cut-
off value for drain amylase alone. Group 4 had values lower than the 
cutoff for V max and drain amylase. Table 3 describes the postop-
erative complications related to CR- POPF. As presented in Table 3, 
Group 1 (n = 41) had the highest incidence of CR- POPF at 65.9%, 
whereas only 6.9% of patients in Group 4 (n = 87) experienced CR- 
POPF. The proportion of patients with CR- POPF in Group 2 (n = 31) 
was 41.9%, higher than that of Group 3 (n = 44, 25.0%). Approxi-
mately half of the patients in Group 1 had drain exchange (n = 19, 
46.3%) and persistent drainage (n = 21, 51.2%). In addition, the in-
cidence of intra- abdominal abscesses was higher in Group 1 (n = 4, 
9.8%) than in the other groups, and one patient required reopera-
tion owing to the intra- abdominal abscess. In Group 4, drain changes 
were performed only in two cases of suspected retrograde infec-
tions or abscess formation. We compared CRP values in the four 
groups shown in Figure 3A to further evaluate the clinical relevance 
of each PFC status (Figure 3B). In Groups 1 and 4, no significant dif-
ference was observed in CRP between the CR- POPF and non- POPF 
groups (P = 0.10 in Group 1 and P = 0.29 in Group 4). In contrast, CRP 
values were significantly higher in the CR- POPF group than in the 
non- POPF group in Groups 2 and 3 (P < 0.01 in Group 2 and P = 0.03 
in Group 3). ROC curves were delineated for Groups 2 and 3 to pre-
dict CR- POPF using CRP values on POD 7, with corresponding cut-
off values of 4.25 and 4.27, respectively (Figure S4). Cases with CRP 
values higher than these cutoff values revealed a higher occurrence 
of drain replacement and prolonged drain placement in both groups.

4  |  DISCUSSION

We investigated the clinical factors associated with CR- POPF after 
DP, focusing on PFCs, drain amylase levels, and CRP values. Our 
multivariate analysis identified PFCs, postoperative drain amylase 

levels, and CRP values as significant risk factors for CR- POPF. Of 
note, failure to show the significance of the pancreatic thickness 
(which is a well- known risk factor for CR- POPF22,23) in developing 
CR- POPF using the multivariate analysis may have been attributed 
to the characteristics of the method of the pancreatic stump clo-
sure used in the patients enrolled in this study. Using this method, 
the pancreatic parenchyma was not compressed at the stump, thus 
leading to less association between the thickness of the pancreas 
and the incidence of CR- POPF.18 Among the four groups classified 
based on PFC status, the group characterized by a large PFC size 
and elevated levels of drain amylase displayed the highest incidence 
of CR- POPF, followed by the group in which only the PFC size sur-
passed the reference value. In addition, the CRP values exhibited 
statistically significant variations between the presence or absence 
of CR- POPF in the subgroup with a large PFC size or elevated drain 
amylase levels alone.

Consistent with previous research, this study confirms that PFC 
size and drain amylase levels are the primary factors associated with 
CR- POPF. However, our study highlights that neither factor is in-
dependently sufficient to predict CR- POPF. Specifically, low drain 
amylase levels do not always indicate the absence of pancreatic fis-
tula, and large PFC size does not always indicate the presence of CR- 
POPF. Uchida et al provided insights into the relationship between 
PFCs and CR- POPF, as they observed that the extent of PFCs was 
significantly associated with elevated CRP levels at the time of CT.12 
We also identified a significant association between CRP levels and 
CR- POPF. The clinical significance of CRP values varied among the 
four categories. These findings suggest that CR- POPF pathogenesis 
is multifactorial and highlight the importance of assessment based 
on multiple factors (such as drain amylase level, PFC, and CRP value) 
rather than a single factor.

Among the four groups of the PFC status (Figure 3A), the clinical 
management in Groups 1 and 4 was straightforward. Group 1 was 
characterized by a high drain amylase levels and large PFC with high 
CRP level, regardless of the presence of CR- POPF. In this group, the 
incidence of CR- POPF and other intra- abdominal complications was 
the highest (Table 3 and Figure 3B). These observations likely in-
dicated the presence of inadequately drained pancreatic fluid, with 
possible infection and inflammation, consequently leading to more 
severe complications. In this context, cases in this group required 
prompt intervention to drain the residual fluid collection (surgical 
intervention for redrainage or placement of additional drains along 
with appropriate antibiotic therapy) to prevent developing more se-
vere complications. Group 4, which exhibited lower drain amylase 
levels and small PFC with low CRP levels, had the lowest incidence 
of CR- POPF and other intra- abdominal complications (Table 3 and 
Figure 3B). Based on these findings, timely drain removal is advised 
to avoid the increased likelihood of developing complications pos-
sibly due to the prolonged drain accumulation, such as retrograde 
infection. Contrarily, more cautious attention should be paid to the 
assessment of the intra- abdominal status and the drain manage-
ment in cases in Groups 2 and 3. This is because a more complicated 
pathogenesis of PFC was assumed in these groups and the incidence 
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F I G U R E  2  (A) The relationship between the vertical and horizontal distribution of postoperative fluid collections. (B) Receiver operating 
characteristic curve analysis was utilized to assess the predictive value of maximum vertical diameter (V max), drain amylase levels on 
postoperative day 3, and C- reactive protein (CRP) on postoperative day 7 in detecting clinically relevant postoperative pancreatic fistula 
(CR- POPF).
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of CR- POPF in them was moderately high (Table 3). Considering the 
nonelevated drain amylase levels in Group 2, the possible patho-
genesis of large PFC was (1) the presence of inadequately drained 
POPF or (2) fluid collection due to other factors than POPF: intra- 
abdominal abscess not due to POPF, chylous/residual ascites, and 
lymphatic leakage (Table 4). Elevated CRP levels in cases in Group 
2 likely indicated the presence of inadequately drained POPF (in-
deed, the incidence of CR- POPF was significantly higher in cases of 
an elevated CRP level than in cases without an elevated CRP level 
in Group 2, Figure 3A) or other reasons contributing to the inflam-
matory process (intra- abdominal abscess). In such cases, the patient 
should be promptly treated with appropriate antibiotic therapy and/
or a new drainage tube should be inserted for adequate drainage 
of PFC. In Group 2, in cases of low CRP levels, the likelihood of 

developing CR- POPF was lower (Figure 3B) and PFC may have been 
formed by other nothreatening causes (residual ascites). In this con-
text, timely drain removal may be feasible in these cases. In Group 3, 
the modest PFC size with elevated drain amylase level indicated the 
presence of POPF with relatively adequate drainage (Table 4). Drain 
replacement, fistulization of a residual cavity, and subsequent drain 
removal would be feasible, particularly in Group 3 including cases of 
low CRP levels. However, high CRP levels in Group 3 might indicate 
persistent inflammation/infection caused by POPF or other patho-
geneses (Figure 3B). In these cases, more aggressive drain manage-
ment (insertion of additional drains) for better drainage of residual 
PFC with antibiotic therapy would be required to avoid the further 
deterioration in postoperative outcomes. Additionally, evaluation of 
possible alternative intra−/extra-  abdominal source of inflammation/

TA B L E  2  Univariate and multivariate analyses for the development of CR- POPF

Univariate 
analysis

Multivariate analysis (multi 
logistic analysis)

Non- POPF (none or 
BL) n = 146

CR- POPF (B or C) 
n = 57 P value Odds ratio (95% CI) P value

Background

Age (y, = < 69 / 69<) 81/65 42/15 0.02 0.61 (0.27– 1.40) 0.24

Sex (male/female) 79/67 13/14 <0.01 0.79 (0.34– 1.85) 0.59

Body mass index (kg/m2, = < 23/23<) 104/42 29/28 <0.01 0.89 (0.39– 2.05) 0.79

Presence of diabetes mellitus (yes /
no)

94/52 41/16 0.33

Preoperative diagnosis (pancreatic 
cancer/other diseases)a

122/24 42/15 0.12

Preoperative CRT (yes /no) 105/47 32/25 0.05 0.82 (0.35– 1.89) 0.64

MPD diameter (mm, = < 2/2<) 108/38 37/20 0.23

Intraoperative findings

Surgical procedure (DP/DP- CAR)b 130/16 41/16 0.63

Blood loss (mL, = < 315/315<) 45/101 12/45 0.22

Operation time (min, = < 395/395<) 89/57 30/27 0.34

Postoperative findings

CRP on POD7 (mg/dL, 
= < 4.25/4.25<)

93/53 12/45 <0.01 4.6 (2.04– 10.4) <0.01

Drain amylase levels on POD1 (U/L, 
= < 389/389<)

81/65 14/43 <0.01 — — 

Drain amylase levels on POD3 (U/L, 
= < 329/329<)

99/47 19/38 <0.01 2.6 (1.14– 5.9) 0.02

Postoperative CT findings (POD7)

Thickness of the pancreatic stump 
(mm, = < 13/13<)

109/37 39/18 0.38

V max (= < 21/21<) 114/32 17/40 <0.01 5.55 (2.52– 12.2) <0.01

V ratio (= < 0.314/0.314<) 121/25 16/41 <0.01 — — 

H score (0 or 1 vs. 2 or 3) 116/30 16/41 <0.01 — — 

Abbreviations: CRT, chemoradiation therapy; CR- POPF, clinically relevant postoperative pancreatic fistula; CT, computer tomography; DP, distal 
pancreatectomy; DP- CAR, distal pancreatectomy with celiac axis resection16; MPD, main bile duct; POD, postoperative day; POPF, postoperative 
pancreatic fistula.
aThe details are shown in Table S3.
bThe details are shown in Table S4.
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F I G U R E  3  (A) The cases were sorted into four groups according to preestablished threshold values for V max of PFCs and drain amylase 
levels on postoperative day 3. Cases with CR- POPF and those without it are depicted with black and white points, respectively. (B) The 
violin plot compares the CRP levels on postoperative day 7 between cases with and without CR- POPF in the four groups classified based on 
the cutoff values of V max of PFCs and drain amylase levels on postoperative day 3, as shown in Figure 3(A). The interquartile range is also 
included.
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infection would be needed, as clinically indicated. These findings 
highlighted the importance of careful postoperative management of 
patients according to the PFC status: the combination of the PFC 
size and drain amylase levels. Moreover, the assessment of CRP lev-
els in combination with PFC status could facilitate our further un-
derstanding of the intra- abdominal status in each individual patient, 
thus leading to optimal postoperative management.

Another issue to be addressed in this study was how we selected 
the indicators of PFC size, such as V max, V ratio, and H score. Pre-
vious reports assessing the association between PFC and CR- POPF 
evaluated the “size of the PFC” by various fashions.11,12,24,25 Theo-
retically, the 3D evaluation of PFC would provide a more accurate 
PFC volume than other measurements, such as the maximum diame-
ter measurement. Uchida et al proposed their own 3D measurement 
system for the size of PFC based on the observation that PFC often 
assume a flat and ellipsoidal shape, which may result in inappropriate 
evaluation of the PFC status by PFC estimation with a simple mea-
surement (the maximum diameter of PFC).12 In this study, we evalu-
ated the vertical spread of PFC by V max and V ratio and horizontal 
spread by H score, and found that the horizontal spread of PFC (H 
score) was significantly correlated with vertical spread (V max and 
V ratio, Figure 2A). Both V max and V ratio could provide similar 
predictive significance for the development of POPF (AUC: 0.82 for 
both V max and V ratio, Figure 2B and Figure S3). Moreover, even 
the combination index creating the V max and the H score (multi-
plying the V max by the H score) offered a comparable AUC value 
to that of the V max alone (AUC: 0.85 vs. 0.82, P = 0.12, Figure 2B 
and Figure S3). Although we used V max, which is the simplest one, 

as the indicator of PFC size in the further analyses, the selection 
of which indicator to use for PFC size estimation would depend on 
the balance between ease of clinical implementation and accuracy 
of assessment.

This study had some limitations. First, routine CT imaging may 
not be commonly performed post- DP owing to its radiation expo-
sure and cost, which may limit the generalizability of these results 
in some institutions. Therefore, substituting with other minimally 
invasive tests, such as transabdominal ultrasound, may be advan-
tageous. For instance, CT may be reserved for cases with evident 
fluid retention in the abdominal cavity based on the transabdom-
inal ultrasound findings, elevated amylase levels, or elevated CRP 
levels. Second, this study employed a delayed timing for CT scans 
performed on POD 6 or 7. Considering the current trend of earlier 
drain removal in the field of pancreatic surgery,26 the evaluation of 
PFC status during an earlier postoperative period would be more 
clinically reasonable. In this regard, an earlier assessment of fluid 
accumulation, such as through a less complex echographic examina-
tion, may be necessary before drain removal in selected cases. Third, 
the inclusion of the patients who received more invasive procedures, 
such as DP- CAR,16 and those who received radiation therapy pre-
operative CRT may have introduced unexpected biases on the re-
sults of our current study (Table S4).27 Although the incidence of 
CR- POPF and the significance of CRP values on POD 7 were similar, 
even in the subset of the patients, excluding DP- CAR cases (n = 24) 
from the entire cohort (Figure S5A and B), a prospective study, strat-
ifying these potential clinical confounders, is required to provide 
more robust conclusion of the significance of intra- abdominal status 

TA B L E  3  Analysis of CR- POPF incidence in each group categorized by cutoff values of V max and drain amylase levels on POD 3

Group

Total number 
of patients 
(n = 203)

Number of CR- 
POPF patients 
(n = 57) Abscess

Pancreatic 
pseudocyst

Drain 
exchange

Persistent 
drainage PTAD Reoperation

1 41 (20.2%) 27 (65.9%) 4 (9.8%) 1 (2.4%) 19 (46.3%) 21 (51.2%) 2 (4.9%) 1 (2.4%)

2 31 (15.2%) 13 (41.9%) 1 (3.2%) 0 (0%) 10 (32.5%) 12 (38.7%) 1 (3.2%) 0 (0%)

3 44 (21.7%) 11 (25.0%) 2 (4.5%) 0 (0%) 8 (18.1%) 9 (20.4%) 2 (4.5%) 0 (0%)

4 87 (42.9%) 6 (6.9%) 3 (3.4%) 0 (0%) 2 (2.3%) 1 (1.1%) 3 (3.4%) 0 (0%)

Abbreviations: CR- POPF, clinically relevant postoperative pancreatic fistula; POD, postoperative day, PTAD, percutaneous abscess drainage.

Group
PFC 
size

Drain 
amylase 
levels Anticipated postoperative intra- abdominal conditions

1 Large High The pancreatic fluid has not been adequately drained, 
resulting in the presence of residual fluid in the 
peritoneal cavity, etc.

2 Large Low Accumulation of fluid in the abdominal cavity can occur 
due to insufficient drainage or the presence of chylous 
ascites, etc.

3 Small High Presence of pancreatic fistula despite adequate drainage, 
etc.

4 Small Low No pancreatic fistula occurred, and postoperative ascites 
and other fluids were effectively drained.

TA B L E  4  Expected postoperative intra- 
abdominal conditions based on pancreatic 
fluid collections and drain amylase levels 
on postoperative day 3 depicted in 
Figure 3A
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assessments for CR- POPF using PFC, drain amylase levels, and CRP 
values. Finally, the data were retrospectively collected from a single 
facility, and the criteria for intervention in cases of CR- POPF relied 
on the treating surgeons' discretion. Therefore, validation through 
future multicenter prospective studies with meticulously regulated 
postoperative management (drain removal policy) is needed for ob-
taining more conclusive results, specifically the cutoff values for PFC 
size, drain amylase levels, and CRP levels.

In conclusion, our study identified PFCs, postoperative drain am-
ylase levels, and CRP levels as significant risk factors for CR- POPF 
after DP. Detailed assessments of the size of PFC and drain amylase 
level (PFC status) revealed a potentially different pathogenesis of 
PFCs. Furthermore, we demonstrated the different clinical signifi-
cances of the PFC based on the drain amylase level and CRP levels. 
The PFC status, incorporating the assessment of drain amylase and 
CRP levels, may aid in predicting the incidence of complications. 
These findings suggest that individualized postoperative manage-
ment strategies may be optimized by assessing the PFC status of 
each patient.
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