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Abstract : Purpose : Postoperative pancreatic fistula (POPF) is a serious complication after gastrectomy for gas-
tric cancer. The purpose of this study is to identify the risk factor of POPF and evaluate C-reactive protein on 
postoperative day 1 (POD1) as the predictor for POPF after laparoscopic gastrectomy (LG). Methods : Between 
May 2013 and September 2016, 226 patients who underwent LG for gastric cancer were investigated. Patients 
were divided into 2 groups; POPF group (n = 17) and control group (n = 209). Clinicopathological factors were 
compared between 2 groups. Results : In POPF group, there are more male patients (p = 0.003) compared with 
control group. Preoperative factors, such as age, BMI, and prevalence of previous operation and comorbidity 
showed no significant difference between 2 groups. Regarding tumor factors and perioperative data such as 
blood loss and operative time, there were also no significant difference between 2 groups. POPF group showed 
longer postoperative hospital stay, and higher serum CRP level on POD1 (p < 0.0001). Multivariate analysis re-
vealed that high CRP level on POD1 ( ≥ 3mg/dl) was independent risk factor of POPF.  Conclusions : High serum 
CRP level on POD1 can predict the occurrence of POPF. J. Med. Invest. 66 : 285-288, August, 2019
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INTRODUCTION
 

Laparoscopic gastrectomy (LG) has been reported to be re-
lated with reduced intraoperative bleeding, less postoperative 
pain, and earlier recovery of bowel movements compared with 
open gastrectomy (1-3). As Japanese gastric cancer treatment 
guidelines recommend laparoscopic assisted distal gastrectomy 
(LADG) as well as open distal gastrectomy for the treatment of 
clinical stage I gastric cancer (4), LG is now widely used, and 
number of patients who undergo LG may continue to increase, 
especially in Japan.

Gastrectomy has been performed with lower mortality and 
morbidity rate recently because of advances in surgical tech-
niques, devices, and perioperative management (5-7). However, 
intraperitoneal bleeding and abdominal abscess caused by 
postoperative pancreatic fistula (POPF) is the most serious 
postoperative complications. Though POPF is usually treated 
after an abscess has formed, accurate prediction of severe POPF 
in the early postoperative period would provide a chance to treat 
appropriately. If POPF could be predicted in early postoperative 
period, abscess formation might be preventable due to early 
therapeutic interventions such as administration of appropriate 
antibiotics and drainage of excess fluid (8). Recent studies have 
indicated that perioperative systemic inflammatory responses 
can predict postoperative complications in various types of can-
cer (9-11). It has been reported that C-reactive protein (CRP) on 

postoperative day (POD) 1 might be able to predict the occur-
rence of POPF after pancreatectomy (12). However, it is unclear 
that early postoperative inflammatory response, such as CRP on 
POD1 can predict the occurrence of POPF after LG. We hypoth-
esized that the early inflammatory response might be related to 
the development of PF after LG. In this study we retrospectively 
investigated perioperative clinical variables, including CRP on 
POD1 as predictors of postoperative PF.

PATIENTS AND METHODS

Between May 2013 to September 2016, 226 patients under-
went laparoscopic gastrectomy for gastric cancer in Ehime 
Prefectural Central Hospital. Patients underwent preoperative 
assessments, including gastric endoscopy, computed tomography 
(CT) scans, and laboratory tests. Clinical stages, D categories 
indicating the extent of lymph node dissection and other clinico-
pathological features were classified according to the Japanese 
Classification of Gastric Carcinoma 3rd English edition (13). 
During gastrectomy, we inserted a drainage tube above the pan-
creas or behind the anastomosis. The amylase concentration in 
the drainage fluid was measured on POD 1 and POD 3. Pancre-
atic fistula (PF) was defined according to the ISGPF definition 
(14) : output via an operatively placed drain of any measurable 
volume of drainage fluid on or after POD3, with an amylase con-
centration more than three times higher than the upper normal 
serum value. it was classified into three categories : transient 
pancreatic fistula (no clinical impact) (grade A) ; requiring a 
change in management or adjustment in the clinical pathway 
(grade B) ; requires a major change in clinical management or 
deviation from the normal clinical pathway (grade C). In this 
study, grade B (n = 16) and C (n = 1) are defined as “postoperative 
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PF (POPF)”. Patients were divided into 2 groups ; POPF group 
(n = 17) and control group (n = 209), including grade A PF (n = 9). 
This study was approved by the Institutional Review Board of 
Ehime Prefectural Central Hospital (No. 30-56).

STATISTICAL ANALYSIS

The chi-squared test for categorical variables and the Mann–
Whitney U test for continuous variables were used to compare 
clinicopathological variables between the two groups. A receiver 
operating characteristic (ROC) curve was created to identify 
the best cutoff value of CRP on POD1 for evaluating the risk of 
POPF. A multivariate logistic regression model was used to de-
tect independent predicting factor for POPF. Variables achieving 
P < 0.05 in the univariate analysis were included in the multi-
variate analysis. All statistical analysis was performed using 
statistical software (JMP 8.0.1., SAS Campus Drive, Cary, NC). 
P < 0.05 was considered significant.

RESULTS

Table 1 summarizes the univariate analysis with clinicopath-
ological variables of patients in the POPF group and control 

group. POPF group had significantly more male patients compared 
with control group (p < 0.05). Other factors including age, BMI, 
incidence of previous operation, and comorbidities such as diabe-
tes mellitus, cardiopulmonary disease, and chronic renal failure 
with dialysis showed no significant difference between two 
groups. Regarding tumor and operative factors, tumor diameter, 
histological type, T/N factors, extent of lymph node dissection, 
intraoperative bleeding, and operative time also showed no sig-
nificant difference between two groups. However, CRP level on 
POD1 was significantly higher in POPF group compared with 
control group (p < 0.01). To determine the cut off value of CRP for 
prediction of POPF, ROC curve analysis was performed. (Figure 
1), and cut off value of CRP on POD1 was set as 3mg/dl. Area 
under the curve (AUC) was 0.783. Furthermore, postoperative 
hospital stay was significantly longer in POPF group compared 
with control group (p < 0.01). Figure 2 showed comparison of 
CRP level on POD1 among three groups ; no POPF (n = 200), 
Grade A POPF (n = 9), and Grade B/C POPF (n = 17). Although 

Table 1　preoperative data of POPF group and control group with 
gastric cancer who underwent curative gastrectomy 

< Patients’ background > POPF (n = 17) control (n = 209) p-value
Age (years) 72.3 ± 10.9 69.2 ± 11.8 0.29
Gender 0.003
    Male 16 (94.1%) 119 (56.9%)
    Female 1 (5.9%) 90 (43.1%)
BMI (kg/m2)                        22.9±2.2 22.4±3.4 0.48
Previous operation 2 (11.8%) 64 (30.6%) 0.17
Preoperative complication
    Diabetes Mellitus 3 (17.6%) 29 (13.9%) 0.67
    Cardiovascular disease 3 (17.6%) 17 (8.1%) 0.18
    CKD with dialysis 0 (0%) 5 (2.4%) 0.52
< Perioperative factor >
Type of gastrectomy 0.80
    Distal 15 (88.2%) 187 (89.5%)
    Total 2 (11.8%) 22 (10.5%)
Tumor diameter (mm) 40.4 ± 23.5 33.7 ± 20.1 0.19
Histological type 0.36
    tub 13 (76.5%) 134 (64.1%)
    por, sig 4 (23.5%) 75 (35.9%)
pT 0.45
  pT1 6 (35.3%) 56 (26.8%)
  pT2-4 11 (64.7%) 153 (73.2%)
pN 0.16
  pN0 2 (11.8%) 57 (27.3%)
  pN1-3 15 (88.2%) 152 (72.7%)
Lymph node dissection 0.14
  D2 8 (47.1%) 63 (30.1%)
  D0, 1, 1+ 9 (52.9%) 146 (69.9%)
Intraoperative bleeding (ml) 78.7±117.7 63.5±94.0 0.53
Operation time (min) 215±49 215±51 0.98
CRP on POD1 (mg/dl) 6.03±4.89 3.31±1.86 <0.0001
Postoperative hospital stay (day) 23±18 13±9 <0.0001

BMI : Body mass index ; CRP : C-reactive protein ; POD : Postop-
erative day
The chi-squared test for categorical variables and the Mann–
Whitney U test for continuous variables were used to compare 
clinicopathological variables between the two groups.
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Figure 1.　A ROC curve identified the cutoff value of the serum CRP 
level on POD1 to be 3.04 mg/dl in case with POPF. Area under the 
curve was 0.783.

Figure 2.　Comparison of CRP level on POD1 among no POPF group, 
Grade A POPF group, and Grade B/C POPF group. CRP of Grade B/
C POPF group was significantly higher than that of no POPF group 
(p < 0.0001). CRP of Grade A tended to be higher compared with that 
of no PF group (p = 0.17), and CRP of Grade B/C tended to be higher 
compared with that of Grade A (p =0.12). CRP level was compared by 
Mann–Whitney U test.
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there was no significant difference, CRP of Grade A tended to be 
higher compared with that of no PF group (p = 0.17), and CRP of 
Grade B/C tended to be higher compared with that of Grade A 
(p = 0.12). With factors which were detected in univariate analy-
sis (male gender, CRP on POD1 ≥ 3mg/dl), multivariate analysis 
was performed (table 2). High CRP on POD1 (≥ 3mg/dl) was inde-
pendent predictive factor of POPF (p = 0.02). Male gender tended 
to be independent predictive factor (p = 0.08).

 

DISCUSSION

In this study, we have revealed that high CRP level on POD1 
(≥ 3mg/dl) was independent risk factor of POPF. CRP on POD1 
may be able to predict the occurrence of POPF. Male gender 
tended to be independent risk factor of POPF. It has been report-
ed that the risk factors for POPF were high BMI, large visceral 
fat area, extended lymphadenectomy, splenectomy, male sex, 
and the presence of comorbidities (15-20). Operative factors have 
been also reported to be important for risk factors of POPF. Ida 
et al. revealed that pancreatic compression by the assistant’s 
forceps can contribute to pancreatic juice leakage using fluores-
cence imaging in swine model (21). We perform LG in team with 
fixed member, and shear consciousness that assistants should 
pay attention to retract the pancreas carefully and gently with 
gauze. Additionally, ultrasonic coagulating and cutting devices 
are recently used for supra-pancreatic lymph node dissection 
in LG. The laparoscopic operation makes the cutting lines for 
supra-pancreatic lymphadenectomy to be closer to the edge of the 
pancreas due to the magnified view, which has possibility of heat 
injury. Operators should pay attention not to cause heat injury to 
the pancreas when handling ultrasonic coagulating and cutting 
devices (22, 23). 

It is important to detect signs of POPF and its related compli-
cation in the early postoperative period and to perform appropri-
ate management because POPF can cause serious complications 
including intra-abdominal bleeding and severe inflammation 
with abscess formation. Apparent peripancreatic abscesses due 
to POPF are related to an increased white blood cell count, 
neutrophil count, and serum CRP level (24). Because leakage 
of pancreatic juice occurs during operation, inflammatory re-
sponse may be enhanced at the early stage of postoperative 
period when leakage is massive, which correlate with severe PF. 
It was also reported that CRP on POD1 after pancreatectomy 
could be independent risk factor for PF (10). Therefore, in this 
study, we focused on detection of POPF in early postoperative 
period. Kobayashi et al. reported that CRP level on POD 3 after 
gastrectomy can predict POPF after gastrectomy (25). However, 
CRP level on POD 1 showed no significant difference between 
severe POPF patients and other patients. Because their study 
design included open gastrectomy, CRP level on POD 1 seemed 
to be higher even in patients without POPF. Matsunaga et al. also 
showed that CRP level on POD3 is predictive indicator of POPF 
after LG (24). In their study CRP level on POD 1 also showed no 
significant difference between POPF group and no-POPF group. 
Longer operation time than our study may relate with relatively 

high CRP in no-POPF group. As POPF can be apparently diag-
nosed on POD3 along with ISGPF definition (14), predictor in 
earlier postoperative period is necessary to perform appropriate 
management for POPF. CRP level on POD 1 after LG may en-
able us to perform more therapeutic postoperative management 
after gastrectomy, such as observation with lower threshold for 
CT scan, preservation of drainage tube and prolonged usage of 
antibiotics. In contrast, patients without elevation of CRP level 
may be eligible for early removal of drainage tubes from the 
point of view of enhanced recovery after surgery and avoidance 
of retrograde infection (25).

To our knowledge, this is the first report which revealed that 
CRP on POD1 may be a predictive factor for POPF after LG. 
However, our study has several limitations. First, this study was 
a retrospective design, and the number of patients with severe 
PPF was small. Second, there is still no standard definition of 
severe POPF. Though several studies of pancreatic surgery have 
used a definition of Grade C PF based on the ISGPF classifica-
tion (26-28), the number of patients with this severity of gastric 
surgery is small. Indeed, our study had only one patient with 
Grade C POPF. So, we defined POPF as Grade B and C PF.

In conclusion, high CRP level on POD1 (≥ 3mg/dl) was inde-
pendent risk factor of POPF after LG. High serum CRP level on 
POD1 may be able to predict the occurrence of POPF.

We disclose no commercial interest that they may have in 
the subject of study and the source of no financial or material 
support.

 

REFERENCES

1. Sakuramoto S, Kikuchi S, Kuroyama S, Futawatari N, 
Katada N, Kobayashi N, Watanabe M : Laparoscopy assist-
ed distal gastrectomy for early gastric cancer : Experience 
with 111 consecutive patients. Surg Endosc 20 : 55-60, 2006

2. Mochiki E, Kamiyama Y, Aihara R, Nakabayashi T, Asao 
T, Kuwano H : Laparoscopic assisted distal gastrectomy 
for early gastric cancer : Five years’ experience. Surgery 
137 : 317-322, 2005

3. Kim MC, Jung GJ, Kim HH : Morbidity and mortality of 
laparoscopy-assisted gastrectomy with extraperigastric 
lymph node dissection for gastric cancer. Dig Dis Sci 5 : 543-
548, 2007

4. Japanese Gastric Cancer Association. Japanese Gas-
tric Cancer Treatment Guidelines, 2014 edition. Tokyo, 
Japan : KANEHARA & Co., LTD., 2014.

5. Degiuli M, Sasako M, Ponti A : Morbidity and mortality in 
the Italian Gastric Cancer Study Group randomized clinical 
trial of D1 versus D2 resection for gastric cancer. Br J Surg 
97 : 643-649, 2010

6. Katai H, Sasako M, Fukuda H, Nakamura K, Hiki N, 
Saka M, Yamaue H, Yoshikawa T, Kojima K : Safety and 
feasibility of laparoscopy-assisted distal gastrectomy with 
suprapancreatic nodal dissection for clinical stage I gastric 
cancer : A multicenter phase II trial (JCOG 0703). Gastric 
Cancer 13 : 238-244, 2010

7. McCulloch P : The role of surgery in patients with advanced 
gastric cancer. Best Pract Res Clin Gastroenterol 20 : 767-
787, 2006

8. Kamiya S, Hiki N, Kumagai K, Honda M, Nunobe S, 
Ohashi M, Sano T, Yamaguchi T : Two-point measurement 
of amylase in drainage fluid predicts severe postoperative 
pancreatic fistula after gastric cancer surgery. Gastric Can-
cer 21 : 871-878, 2018

9. Moyes LH, Leitch EF, McKee RF, Anderson JH, Horgan PG 

Table 2　Multivariate logistic analysis of risk factors for postopera-
tive pancreatic fistula

Parameters Odds ratio 95% confidence interval p value

Gender (male) 6.491 0.818 - 51.474 0.08

CRP on POD1 ≥ 3mg/dl 11.596 1.480 – 90.862 0.02



288 S. Yamada, et al.  Prediction of POPF using CRP after LG

and McMillan DC : Preoperative systemic inflammation 
predicts postoperative infectious complications in patients 
undergoing curative resection for colorectal cancer. Br J 
Cancer 100 : 1236-1239, 2009.

10. Fujiwara Y, Shiba H, Furukawa K, Iida T, Haruki K, Gocho 
T, Wakiyama S, Hirohara S, Ishida Y, Misawa T, Ohashi T 
and Yanaga K : Glasgow prognostic score is related to blood 
transfusion requirements and post-operative complications 
in hepatic resection for hepatocellular carcinoma. Antican-
cer Res 30 : 5129-5136, 2010.

11. Welsch T, Frommhold K, Hinz U, Weigand MA, Kleeff J, 
Friess H, Büchler MW and Schmidt J : Persisting elevation 
of C reactive protein after pancreatic resections can indicate 
developing inflammatory complications. Surgery 143 : 20-
28, 2008.

12. Fujiwara Y, Misawa T, Shiba H, Shirai Y, Iwase R, Haruki 
K, Furukawa K, Futagawa Y, Yanaga K : A novel postoper-
ative inflammatory score predicts postoperative pancreatic 
fistula after pancreatic resection. Anticancer Res 33 : 5005-
10, 2013

13. Japanese Gastric Cancer Association. Japanese classifi-
cation of gastric carcinoma : 3rd English edition. Gastric 
Cancer 14 : 101-112, 2011

14. Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, 
Izbicki J, Neoptolemos J, Sarr M, Traverso W and Buchler 
M : Postoperative pancreatic fistula : An international study 
group (ISGPF) definition. Surgery 138 : 8-13, 2005.

15. Bonenkamp JJ, Songun I, Hermans J, Sasako M, Welvaart 
K, Plukker JT, van Elk P, Obertop H, Gouma DJ, Taat 
CW : Randomised comparison of morbidity after D1 and D2 
dissection for gastric cancer in 996 Dutch patients. Lancet 
345 : 745-748, 1995

16. Otsuji E, Yamaguchi T, Sawai K, Okamoto K, Takahashi 
T : Total gastrectomy with simultaneous pancreatico-
splenectomy or splenectomy in patients with advanced 
gastric carcinoma. Br J Cancer 79 : 1789-1793, 1999

17. Kunisaki C, Makino H, Suwa H, Sato T, Oshima T, Nagano 
Y, Fujii S, Akiyama H, Nomura M, Otsuka Y, Ono HA, 
Kosaka T, Takagawa R, Ichikawa Y, Shimada H : Impact of 
splenectomy in patients with gastric adenocarcinoma of the 
cardia. J Gastrointest Surg 11 : 1039-1044, 2007

18. Nobuoka D, Gotohda N, Konishi M, Nakagohri T, Takahashi 
S, Kinoshita T : Prevention of postoperative pancreatic fis-
tula after total gastrectomy. World J Surg 32 : 2261-2266, 
2008

19. Kunisaki C, Makino H, Takagawa R, Sato K, Kawamata 
M, Kanazawa A, Yamamoto N, Nagano Y, Fujii S, Ono HA, 

Akiyama H, Shimada H : Predictive factors for surgical 
complications of laparoscopy-assisted distal gastrectomy for 
gastric cancer. Surg Endosc 23 : 2085-2093, 2009

20. Tanaka K, Miyashiro I, Yano M, Kishi K, Motoori M, Seki 
Y, Noura S, Ohue M, Yamada T, Ohigashi H, Ishikawa 
O : Accumulation of excess visceral fat is a risk factor for 
pancreatic fistula formation after total gastrectomy. Ann 
Surg Oncol 16 : 1520-1525, 2009 

21. Ida S, Hiki N, Ishizawa T, Kuriki Y, Kamiya M, Urano Y, 
Nakamura T, Tsuda Y, Kano Y, Kumagai K, Nunobe S, 
Ohashi M, Sano T : Pancreatic Compression during Lymph 
Node Dissection in Laparoscopic Gastrectomy : Possible 
Cause of Pancreatic Leakage. J Gastric Cancer 18 : 134-141, 
2018

22. Ryu KW, Kim YW, Lee JH, Nam BH, Kook MC, Choi IJ, 
Bae JM : Surgical complications and the risk factors of lap-
aroscopy-assisted distal gastrectomy in early gastric cancer. 
Ann Surg Oncol 15 : 1625-1631, 2008

23. Perko Z, Pogorelić Z, Bilan K, Tomić S, Vilović K, Krnić 
D, Druzijanić N, Kraljević D, Juricić J : Lateral thermal 
damage to rat abdominal wall after harmonic scalpel appli-
cation. Surg Endosc 20 : 322-324, 2006

24. Matsunaga T, Saito H, Murakami Y, Kuroda H, Fukumoto 
Y, Osaki T : Serum level of C-reactive protein on postopera-
tive day 3 is a predictive indicator of postoperative pancre-
atic fistula after laparoscopic gastrectomy for gastric cancer. 
Asian J Endosc Surg 10 : 382-387, 2017

25. Kobayashi D, Iwata N, Tanaka C, Kanda M, Yamada 
S, Nakayama G, Fujii T, Koike M, Fujiwara M, Kodera 
Y : Factors related to occurrence and aggravation of pan-
creatic fistula after radical gastrectomy for gastric cancer. J 
Surg Oncol 112 : 381-6, 2015

26. Fuks D, Piessen G, Huet E, Tavernier M, Zerbib P, Michot 
F, Scotte M, Triboulet JP, Mariette C, Chiche L, Salame 
E, Segol P, Pruvot FR, Mauvais F, Roman H, Verhaeghe P, 
Regimbeau JM. Life-threatening postoperative pancreatic 
fistula (grade C) after pancreaticoduodenectomy : incidence, 
prognosis, and risk factors. Am J Surg 197 : 702–9, 2009

27. Bachellier P, Oussoultzoglou E, Rosso E, Scurtu R, Lucescu 
I, Oshita A, Jaeck D : Pancreatogastrostomy as a salvage 
procedure to treat severe postoperative pancreatic fistula 
after pancreatoduodenectomy. Arch Surg 143 : 966-70, 2008

28. Paye F, Lupinacci RM, Kraemer A, Lescot T, Chafaï N, 
Tiret E, Balladur P : Surgical treatment of severe pancreat-
ic fistula after pancreaticoduodenectomy by wirsungostomy 
and repeat pancreatico-jejunal anastomosis. Am J Surg 
206 : 194-201, 2013


