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ABSTRACT
Introduction
Despite significant medical and technological advances, the incidence of Postoperative
pancreatic fistula (POPF) after distal pancreatectomy (DP) is reported to be between
3-45%. The main objective of our study was to analyse the early post-surgical risk
factors for developing POPF after DP.
Material and methods
A retrospective observational study was conducted on a prospective basis of patients
undergoing PD in a tertiary hospital from January 2011 to December 2021.
Sociodemographic, preoperative analytical, tumour-related and postoperative
complications variables were analysed.
Results

Of the 52 patients analysed, 71.8% of the sample had postoperative drains amylase
elevation; however, 25.7% of the total had Grade-B and/or Grade-C POPF. Univariate
logistic regression with the variables studied showed the following as risk factors for BC o clinically relevant POPF: amylase values in drainage at 5th POD [p=0.097; 1.01
(1-1.01)] preoperative BMI [p=0.015; 1.27 (1.04-1.55)] and CRP value at 3rd POD
[p=0.034; 1.01 (1.01-1.02)]. The ROC curve of CRP value at 3rd POD showed an area
under the curve 0,764 (CI 95% 0,6-0,93) and the best cut-off point was 190 mg/L
(Sensitivity 89% and Specificity 67%).
Conclusions
CRP value at 3rd POD is a predictive factor for POPF after DP. Early detection of patients
at risk for POPF based on these characteristics could have an impact on their
postoperative management.
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INTRODUCTION
Postoperative pancreatic fistula (POPF) is the most frequent and morbid complication
following distal pancreatectomy (DP)(1). In fact, despite significant medical and
technological advances, most series report an incidence between 3-45%, even in high
volume centres(1,2). According to the latest ISGPF classification, POPF grade B or C is
defined as an amylase elevation greater than three times the normal draining serum
amylase value and which also has a clinical impact on the patient(3).
POPF is known to be a cause of significant postoperative morbidity such as intraabdominal abscesses, post-surgical sepsis and haemorrhagic events, and it has also
been negatively associated with short and long-term survival (3).
Therefore, it is not surprising that many studies have focused on identifying risk factors
for developing POPF (4,5). However, most studies are either not specific to DP (small
cohorts or large heterogeneity in POPF definitions) (6,7).

Moreover, many of the risk factors described are not modifiable or they are currently
under study(8,9). In addition to trying to improve surgical outcomes, another good
strategy would be to identify patients at risk of developing POPF early.
Many surgeons frequently leave surgical drains in place after distal pancreatectomy for
early identification or even to mitigate the consequences of a POPF. Postoperative
amylase values in surgical drains have been attempted to correlate with POPF(10).
However, there are no internationally defined values that early predict the
development of a clinically relevant POPF(3). In relation to the above, the predictive
effect of postoperative C-reactive protein (CRP) on the evolution of POPF has recently
been studied. However, virtually all studies are on cephalic duodenopancreatectomy
(CDP)(11–13).
The main objective of our study was to analyse the association of CRP and
postoperative amylase drainage values as risk factors for developing a clinically
relevant POPF after a DP.

METHODS
Study design and participants
A retrospective observational study was conducted on a prospective basis of patients
undergoing DP in the biliopancreatic surgery unit at tertiary hospital from January
2011 to December 2021. Central pancreatectomies, total pancreatectomies and
patients under 18 years of age were excluded.

Variables
Sociodemographic variables were analysed: sex, age, body mass index in kg/m2 (BMI),
preoperative diabetes diagnosis and ASA classification; preoperative analytical
variables: preoperative haemoglobin (mg/dL) and total protein (mg/dL); tumourrelated variables: tumour location, preoperative anatomopathological diagnosis;
surgical treatment variables: splenectomy, treatment of the pancreatic stump and

postoperative variables: amylase drainage at 3rd postoperative day (POD) in U/L,
amylase in drainage at 5th POD (U/L), CRP at 3rd POD (mg/L), blood amylase at 3rd POD
(U/L), postoperative complications according to Clavien-Dindo classification(14), as
well as 30-day mortality rates.

Definition of postoperative pancreatic fistula
The diagnosis of POPF has been defined according to the modified 2016 International
Postoperative Fistula Group classification. POPF was divided into biochemical fistula,
Grade-B POPF and Grade-C POPF (3).

The treatments for POPF have also been

collected. Patients were divided into two groups: clinically relevant POPF (Grade-B and
Grade-C) and no POPF.

Postoperative management
A prophylactic single dose of preoperative antibiotic therapy (cefazolin or amoxicillinclavulanic acid) was administered to all patients 30 minutes before surgery.
No prophylactic antibiotic therapy or drain culture was routinely administered
postoperatively. In case of suspected infectious complications, a drain culture as well
as an urgent CT scan was requested. Furthermore, empirical broad-spectrum antibiotic
therapy was started.
Drain removal was decided on the basis of appearance, outputs (ml) and amylase
values in the drain. In case of POPF, the surgical drain was maintained until the POPF
was resolved.

Statistical analysis
Categorical parameters were described as frequencies, and continuous variables were
expressed as means or medians (depending on the normal distribution of the
variables). Continuous variables were tested for normality using the non-parametric

Kolmogorov-Smirnov test. Quantitative variables were described with mean and
standard deviation values if the distribution was normal and with median and
interquartile range (IQR) in the opposite case. Categorical variables were expressed in
absolute numbers and percentages.
For the statistical analysis of quantitative variables, Student's t-test was used. In case
of non-normal variables, non-parametric tests were used. For categorical variables,
Pearson's chi-square test was applied.
Bivariate analysis was calculated using Spearman ρ correlations. Multivariate logistic
regression analysis was performed to identify independent risk factors based on
statistically significant variables in bivariate analysis.
A p-value < 0.05 was considered statistically significant and odds ratio (OR) and 95%
confidence intervals (95% CI) were calculated for each of the variables included.
To establish cut-off points for postoperative continuous variables as predictors of
POPF, they were calculated by ROC curve analysis; in addition, the area under the
curve (AUC) and its standard error were calculated. For the selected cut-off points,
diagnostic reliability indices were calculated: sensitivity, specificity, positive predictive
value and negative predictive value.
Data were analysed using Statistical Package for Social Sciences 23.0 (SPSSTM; SPSS
Inc., Chicago, IL, USA).

Ethics committee
All procedures performed with human participants were in accordance with the ethical
standards of the research committee and the 1964 Declaration of Helsinki and its
subsequent amendments or comparable ethical standards and the study was approved
by our Drug Research Ethics Committee.

RESULTS

During the study period, 74 partial pancreatectomies were performed in our unit. Of
the 74 patients, 22 patients were excluded (3 patients for a partial central
pancreatectomy, 2 with a previous history of CPD and 17 patients due to missing data).
The mean age was 62.9±15 years with a predominance of females (64.1%). Most of
patients were ASA II (55.8% - 29 patients) followed by ASA III (33.6% - 19 patients).
Mean BMI was 26.06±5.7 Kg/m2. The most frequent pre-surgical diagnosis was
adenocarcinoma in 32.7% of the sample (17 patients), followed by neuroendocrine
tumours (23.1%- 12 patients). The next most frequent diagnostic group was pancreatic
cystic neoplasms (intraductal papillary mucinous neoplasms, mucinous cystic
neoplasm, pancreatic serous cystadenoma and solid pseudopapillary tumor- 13,6,5
and 1 patients respectively).
Regarding postoperative analytical values, the median amylase level at 3rd POD in
surgical drain was 466,5 (230-2121) U/L; at 5th POD it decreased to 92 (57-886) U/L.
Blood amylase had a median of 71,5 (36-125) U/L; in fact, only 2 patients had
postoperative hyperamylasemia in the range of postoperative acute pancreatitis. The
median CRP value at 3rd POD was 189 (97-247) U/L. These results are summarised in
table 1.

POPF
Overall postoperative morbidity was described in 67.3% of patients. Of these, the
65.7% were Clavien-Dindo ≥III with 3.8% postoperative mortality (2 patients).
Specifically, in relation to POPF, 71.1% of the sample had postoperative amylase
elevation in surgical drain. However, according to IGPS criteria (13), 17 patients or
32.7% of the total had clinically relevant POPF (Grade-B and/or Grade-C POPF) (Table
1).
Regarding the treatment of clinically relevant grade B POPF, 13 patients required
percutaneous drainage. However, treatment with broad-spectrum antibiotic therapy
and surgical drainage was sufficient in 2 patients. In patients with grade C postoperative fistula, urgent surgical drainage was necessary.

Bivariate analysis between patients who did and did not develop POPF in the study
group detected statistically significant differences in preoperative haemoglobin values
(p=0.021), preoperative BMI (p=0.055), surgical splenectomy (p=0.029), amylase in
drainage 3rd POD (p=0.011), amylase in drainage 5th POD (p=0.034) and CRP values on
postoperative day 3 (p=0.002) (Table 2).
To try to establish the risk factors associated with clinically relevant POPF, a logistic
regression was performed with the variables studied (sex, Hb preoperative,
splenectomy, BMI, Amylase drainage 5th POD and Serum CRP 3rd POD) and amylase in
drainage at 5th POD POD [p=0.035; 7,1 (1,15-43,79)] and blood CRP value at 3rd POD
[p=0.002; 18,41 (2,98-11,87)] were identified as a possible risk factors for POPF (Table
3).
Predictive accuracy of CRP values for POPF
In an attempt to establish cut-off points for both as predictors of POPF, ROC curve
analysis were performed. A ROC curve analysis was performed comparing the values of
amylase in drainage at 5th POD and serum CRP at 3rd POD. For postoperative CRP
values at 3rd POD, ROC curve analysis demonstrated an AUC of 0.814 (95% CI 0.68-0.95;
p=0.001). The 195 mg/L point was selected and it showed a Sensitivity (S) of 80% and a
Specificity (S) of 80%. The positive predictive value was 81.25%. When the CRP at 3rd
POD was ≥195 mg/L, the probability of correctly predicting the occurrence of a POPF
would 81.25%. These results are shown graphically in Figure 1.

DISCUSSION
Our results suggest that CRP value at 3rd POD could be good predictor of POPF in PD.
POPF after pancreatic surgery and specifically after PD is a source of postoperative
morbidity (abscesses, sepsis, haemorrhagic events...) (3). In fact, POPF has sometimes
been associated with poorer oncological outcomes or at least delaying adjuvant
treatment if it would be necessary(15). Despite continuing medical advances, the
results, including in high-volume centres, describe a fistula rate of around 3-45% (1,2).
Therefore, although methods to fully prevent POPF continue to be studied(5,16), there

is a need to find a variable or measure to help us accurately and early predict patients
at risk of developing POPF.
Blood CRP has been shown to be an early marker of postoperative abdominal
infectious complications(11,12). In our sample, CRP at 3rd POD appears to be a good
marker for POPF. Furthermore, when compared to the other analytical and/or
drainage markers (amylase in drainage at 3rd POD and amylase in drainage at 5th POD),
its AUC is lower (Figure 2).
The most important clinical value of this analytical parameter is that CRP blood values
are elevated before the appearance of physical signs (fever, tachycardia, abdominal
pain...). This could anticipate the management of infectious complications(17).
The relationship between postoperative complications and elevated CRP has been
widely confirmed in colorectal cancer (18). In the meta-analysis by Warschkow et al,
after an analysis of 1832 patients, CRP at 4th POD was a good marker of infectious
postoperative complications. However, although the AUC curve was adequate, the
sensitivity of CRP, as well as the PPV, was low, so that, in general, the usefulness of this
parameter only allows for early and safe discharge (18).
In pancreatic surgery, this trend has recently been studied in CPD (13). In CPD, CRP
values at 3rd POD was associated with POPF when the values ranged around 110-200
mg/L (19,20). However, in DP there is only one study that specifically refers to this
relationship. In this retrospective study, Sakamoto et al, in a retrospective cohort of 97
PD patients, attempted to investigate predictors of POPF. With a 23.7% incidence of
POPF, their results found that a CRP value >140 mg/L was an independent predictor of
POPF (AUC 0.723). Therefore, they conclude that postoperative CRP could be a useful
tool in the postoperative management of DP (21).
Our findings follow the trend reported by Sakamoto et al, with a very similar incidence
of POPF and CRP values around those previously published (140 mg/L vs 195 mg/L).
Furthermore, the PPV of CRP at 3rd POD was 90%. This could be translated as patients
with CRP values >195mg/L at 3rd POD had a probability of 90% to being adequately
classified as POPF patients.

Another topic of current debate is the need for postoperative prophylactic drains. The
latest Cochrane review, with low certainty evidence, suggests that routine use of
drains may reduce 90-day mortality(22).

In our series, a closed postoperative

aspiration drain was left in all patients and in 2 patients it was curative of the clinically
relevant fistula.
In summary, according to our results, CRP values at 3rd POD could be adequate marker
for predicting clinically relevant POPF; furthermore, this could have repercussions on
postoperative management, such as: initiation of prophylactic antibiotic therapy,
maintenance of drains regardless of amylase levels, early request for imaging tests,
etc.
This study has two important limitations: sample size and retrospective nature (loss of
cases as well as certain surgical characteristics). Nevertheless, we believe that these
findings could be of great relevance given that CRP is a rapid and accessible marker,
low-priced, and easily applicable in daily clinical practice.

However, larger and

prospective studies would be needed to contrast these findings.

CONCLUSION
CRP value at 3rd POD is a good marker for predicting clinically relevant POPF after distal
pancreatectomy. Early detection of patients at risk for POPF based on these
characteristics could have an impact on their postoperative management.
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Table 1. Summary of sample characteristics

Age (years)
Sex
 Female
Diabetes mellitus preoperative
Preoperative haemoglobin (g/dL)
Total proteins (g/dL)
ASA
 I
 II
 III
 IV
BMI (Kg/m2)
Tumour location
 Body
 Tail
 Body-tail
Preoperative diagnosis
 Adenocarcinoma
 Neuroendocrine
 Intraductal papillary mucinous
neoplasms
 Mucinous cystic neoplasm
 Pancreatic serous cystadenoma
 Solid pseudopapillary tumor
Treatment of pancreatic stump
• Single suture
• Independent Wirsung closure
• Intraoperative
transpapillary
drainage
Splenectomy
Laparoscopic approach
Teres ligament patch
Amylase in drainage 3rd POD (U/L)

Overall (n=52)
n (%)
62.9±15
29 (55.8)
20 (38.5)
14.02±1.4
6.65±0.6
3 (5.8)
29 (55.8)
19 (36.5)
1 (1.9)
26.06 ±5.7
34 (65.4)
15 (28.8)
3 (5.8)
17 (32.7)
12 (23.1)
13 (25)
6 (11.5)
5 (9.69)
1 (2.1)
30 (76.9)
4 (10.3)
5 (12.8)
46 (90.2)
6 (11.5)
18 (34.6)
466.5 (230-2121)

Serum amylase 3rd POD (U/L)
71.5 (36-125)
Amylase in drainage 5th POD (U/L)
92 (57-886)
Serum CRP 3r POD (mg/L)
189 (97-247)
Overall morbidity
67.3 (35)
Clavien-dindo classification
• I
9 (25.7)
• II
3 (8.6)
• IIIA
13 (37.1)
• III B
5 (14.3)
• IV
3 (8.6)
• V
2 (5.7)
30-day postoperative mortality
2 (3.8)
POPF
20 (54.1)
 Biochemical leak
15 (40.5)
 Grade B
2 (5.4)
 Grade C
ASA: The American Society of Anesthesiologists classification; BMI:
Body mass index; POD: postoperative day; CRP: C-reactive protein.
POPF: Postoperative pancreatic fistula

Table 2. Univariate analysis of factor associated of PPF

Age (years)
Sex
 Female
 Male
Preoperative haemoglobin (g/dL)
Total proteins (g/dL)
ASA
 I
 II
 III
 IV
Overweight (BMI >25 Kg/m2)
Tumour location
 Body
 Tail
 Body-tail
Preoperative diagnosis
 Adenocarcinoma
 Neuroendocrine
 Other
Treatment of pancreatic stump
• Single suture
• Independent
Wirsung
closure
• Intraoperative transpapillary
drainage
Splenectomy
Laparoscopic approach
Teres ligament patch
Amylase in drainage 3rd POD (U/L)
Serum amylase 3rd POD (U/L)
Amylase in drainage 5th POD (U/L)
Serum CRP 3r POD (mg/L)

No PPF (n=35)
n (%)
63.93 ±15.2

PPF (n=17)
n (%)
60.97 ±15.6

23 (65.7)
12 (31)
13.73 ±1.47
6.62±0.6

6 (35.3)
11 (64.7)
14.68±1.1
6.71 ±0.7

3 (8.6)
19 (54.3)
13 (37.1)
10 (37)

10 (58.8)
6 (53.3)
1 (5.9)
7 (77.8)

24 (68.6)
8 (22.9)
3 (8.6)

10 (58.8)
7 (41.2)
-

15 (42.9)
6 (17.1)
14 (40)

2 (11.8)
6 (35.3)
9 (52.9)

20 (80)
2 (8)
3 (12)

10 (71.4)
2 (14.3)
2 (14.3)

34 (97.1)
4 (11.4)
13 (37.1)
360 (209-1193)
61 (25-116)
81 (51-209)
114 (69-214)

12 (75)
2 (11.7)
5 (29.4)
1900 (551-7993)
90 (41-204)
767 (66-6098)
215 (198-275)

p
0.516
0.073

0.021
0.701
0.312

0.055
0.228

0.066

0.252

0.029
0.081
0.758
0.011
0.130
0.034
0.002

ASA: The American Society of Anesthesiologists classification; BMI: Body mass index;
POD: postoperative day; CRP: C-reactive protein. POPF: Postoperative pancreatic fistula

Table 3. Logistic regression of independent factor of clinically relevant POPF after distal
pancreatectomy

Inclusion model
Values

Wald

OR CI 95%

P
value
0.015
0.029
0.038
0.016
0.021

Optimized model
(backward conditional)
Wald OR CI 95%

P
value

4.11
3.51 (1.04-11.85)
Sex (male)
4.75
1.77 (1.06-2.96)
Hb preoperative
4.32
0.088 (0.01-0.87)
Spenectomy
5.79
1.23 (1.04-1.46)
BMI >25 (Kg/m2)
4.58 (1.25-16.75)
4.45
7.1 (1.15-43.79)
0.035
Amylase
drainage 5.30
5th POD >150 (U/L)
5.75 (1.52-21.93)
0.010 9.82
18.41 (2.98-11.87) 0.002
Serum CRP 3rd POD 6.63
>195(mg/L)
Hb: haemoglobin; BMI: Body mass index; POD: postoperative day; CRP: C-reactive protein. POPF:
Postoperative pancreatic fistula; OR: odds ratio; CI confidence interval

Figure 1. ROC curves for the prediction of clinically relevant postoperative pancreatic
fistula (POPF).

Receiver Operating Characteristic (ROC) curve relating POPF to serum CRP (C-reactive
protein) values at 3rd POD (postoperative day), amylase in drainage at 3rd POD and

amylase in drainage at 5th POD. Area under the curve (AUC) of CRP 3rd DPO 0.814
[(95% CI 0.68-0.95); p=0.001] and amylase in drainage at 5th POD presented an AUC
0.707 [(95% CI 0.52-0.89); p=0.030].

PPV = positive predictive value; NPV = negative predictive value

