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Abstract
Objective: To analyze Clavien-Dindo classification and risk factors of complications after pancreaticoduodenectomy and inves-
tigate the relationship between the major risk factors and Clavien-Dindo classification of complications.
Methods: The retrospective case-control study was adopted. The clinical data of 200 patients who underwent pancreatico-
duodenectomy at the Third Affiliated Hospital of Inner Mongolia Medical University from January 2010 to June 2015 were
collected. The patients underwent Whipple procedure or pylorus-preserving pancreaticoduodenectomy according to the tumor
site. Observation indicators included: (1) postoperative complications using Clavien-Dindo classification; (2) univariate and
multivariate analyses: patients’ basic information, surgery-related factors, pancreas-related factors; (3) relationship between
independent risk factors and Clavien-Dindo classification of complications after pancreaticoduodenectomy. The chi-square test
was applied to univariate analysis and categorical data. The comparison between groups was done by using independent samples
nonparametric test (Kolmogorov-Smirnov Z), and multivariate analysis was done by using Logistic regression model.
Results: (1) Postoperative complications: Of 200 patients, 122 underwent Whipple procedure and 78 underwent pylorus-
preserving pancreaticoduodenectomy, including 6 cases combined with vascular reconstructions and 1 case with RFA of liver
tumors. Ninety-eight patients had postoperative complications, including 41 patients with no less than 2 types of complications.
After surgery, pancreatic fistula was detected in 80 patients, including 42 cases with grade A, 28 cases with grade B and 10 cases
with grade C; incisional infection in 29 patients; gastric retention in 24 patients; intra-abdominal infection in 16 patients; intra-
abdominal hemorrhage in 10 patients, including 8 patients receiving interventional treatment; biliary leakage in 7 patients and
unplanned reoperation in 2 patients. Three patients were dead during hospitalization. The incidences of complications in grade
I, II, III (III a and III b), IV and V of Clavien-Dindo classification were 28.00% (56/200), 13.00% (26/200), 5.00% (10/200),
1.50% (3/200) and 1.50% (3/200). (2) Univariate and multivariate analyses: The results of univariate analysis showed that body
mass index (BMI) and pancreas texture were risk factors affecting complications after pancreaticoduodenectomy (χ2 = 6.483,
Z = -3.189, p < .05). The results of multivariate analysis showed that BMI > 23.9 kg/m2 and soft pancreas were independent
risk factors affecting complications after pancreaticoduodenectomy (OR = 2.044, 1.649, 95% confidence interval: 1.212-3.447,
1.194-2.275). (3) The relationship between independent risk factors and Clavien-Dindo classification of complications after
pancreaticoduodenectomy was analyzed. There were statistically significant differences between BMI or pancreas texture and
Clavien-Dindo classification of complications after pancreaticoduodenectomy (χ2 = 13.897, 27.077, p < .05).
Conclusions: Clavien-Dindo classification of complications after pancreaticoduodenectomy contributes to comprehensive com-
parison and evaluation, and this type of classification in this study mainly refers to grade I and II. Reducing BMI and good
management of pancreatic stump may improve Clavien-Dindo classification of complications after pancreaticoduodenectomy.
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The ampullary tumor is one of common malignant tumors
in China. Pancreaticoduodenectomy is still a standard sur-
gical procedure for the treatment of ampullary tumors, but
the prevention and treatment of post-operative complica-
tions and perioperative death has always been the focus
that attracts current pancreatic surgeons. Although there are
many studies on complications after pancreaticoduodenec-
tomy and related risk factors, no uniform criteria were ap-
plied to the diagnosis of complications in most studies, with
no classification to the severity of complications. Therefore,
it is unable to make a comprehensive comparison and eval-
uation. This study retrospectively analyzed the clinical data
of 200 patients undergoing pancreaticoduodenectomy from
January 2010 to June 2015, and analyzed Clavien-Dindo
classification of post-operative complications to explore risk
factors affecting postoperative complications, aiming at re-
ducing the incidence of post-operative complications.

1 Data and methods
1.1 General information

The retrospective case-control study was applied to this re-
search. Clinical data of 200 patients undergoing pancreati-
coduodenectomy were collected. There were 124 males and
76 females, aged 11 to 82 years, with an average age of 57
years. 72 patients had preoperative concomitant diseases,
including 33 cases of hypertension, 32 cases of diabetes and
7 cases of coronary atherosclerotic heart disease. 20 pa-
tients had a past medical history of abdominal operations.
131 cases of patients had preoperative biliary tract obstruc-
tion, and 25 cases of patients received the treatment for the
relief of jaundice. Information on tumor site was listed as
follows: 79 cases of pancreatic head, 50 cases of end of bil-
iary duct, 44 cases of duodenum, 26 cases of ampulla, and 1
case of pancreatic duct. This study was approved by Ethics
Committee in our hospital. All patients and their families
signed informed consent forms before surgery.

1.2 Inclusion criteria and exclusion criteria

Inclusion criteria were as follows: (1) Preoperative imageo-
logical examination indicated tumors on the duodenum, the
pancreatic head or the lower part of biliary duct. (2) Patients
had good cardiopulmonary function etc. to tolerate surgery.
(3) There were no multiple metastases.

Exclusion criteria were as follows: (1) Patients with no less
than two metastases; (2) Patients who received palliative op-
erations.

1.3 Surgical methods

The patients underwent Whipple procedure or pylorus-
preserving pancreaticoduodenectomy according to the tu-

mor site. The pancreaticojejunostomy was performed ac-
cording to the texture of pancreatic stump, the diameter of
pancreatic duct and surgeons’ experience. The drainage
tube was routinely placed before or after the anastomosis
of the pancreaticoduodenal region or the anastomosis of the
cholangiojejunostomic region.

1.4 Indicator observation

(1) Postoperative complications: Refer to Clavien-Dindo
classification standards for the diagnosis and classification
of complications.[1] (2) Univariate and multivariate analysis
indicators: patients’ basic information (age, body mass in-
dex [BMI], concomitant diseases, preoperative TBil, preop-
erative treatment for the relief of jaundice, preoperative Alb
level, history of abdominal surgery), surgery-related fac-
tors (surgical methods, duration of surgery, intraoperative
blood loss, perioperative blood transfusion) and pancreas-
related factors (pancreatic texture, the diameter of pancre-
atic duct). (3) Relationship between independent risk fac-
tors and Clavien-Dindo classification of complications after
pancreaticoduodenectomy.

1.5 Statistical analysis

SPSS13.0 statistical software was applied to the statistical
analysis. The chi-square test was applied to univariate anal-
ysis and categorical data. The comparison between groups
was done by using independent samples nonparametric test
(Kolmogorov-Smirnov Z). Multivariate analysis was per-
formed by using Logistic regression model to calculate odds
ratio (OR) value and 95% confidence interval for each fac-
tor. The difference (p < .05) was of statistical significance.

2 Results
2.1 Post-operative complications

Of 200 patients, 122 underwent Whipple procedure and 78
underwent pylorus-preserving pancreaticoduodenectomy,
including 6 cases combined with vascular reconstructions
and 1 case with RFA of liver tumors. Ninety-eight patients
had postoperative complications, including 41 patients with
no less than 2 types of complications. After surgery, pan-
creatic fistula was detected in 80 patients, including 42
cases with grade A, 28 cases with grade B and 10 cases
with grade C; incisional infection in 29 patients; gastric re-
tention in 24 patients; intra-abdominal infection in 16 pa-
tients; intra-abdominal hemorrhage in 10 patients, including
8 patients receiving interventional treatment; biliary leak-
age in 7 patients and unplanned reoperation in 2 patients.
Three patients were dead during hospitalization. The in-
cidences of complications in grade I, II, III (III a and III
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b), IV and V of Clavien-Dindo classification were 28.00%
(56/200), 13.00% (26/200), 5.00% (10/200), 1.50% (3/200)
and 1.50% (3/200).

2.2 Analysis of risk factors

The results of univariate analysis showed that BMI and pan-
creas texture were risk factors affecting complications after
pancreaticoduodenectomy (χ2 = 6.483, Z = -3.189, p < .05).
See Table 1 for details.

The results of multivariate analysis showed that BMI >

23.9 kg/m2 and soft pancreas were independent risk fac-
tors affecting complications after pancreaticoduodenectomy
(p < .05). See Table 2 for details.

2.3 Relationship between independent risk factors
and Clavien-Dindo classification of complica-
tions after pancreaticoduodenectomy

There were statistically significant differences between BMI
or pancreas texture and Clavien-Dindo classification of
complications after pancreaticoduodenectomy (p < .05).
See Table 3 for details.

Table 1: Univariate analysis on risk factors affecting complications in 200 patients undergoing pancreaticoduodenectomy
 

 

Clinicopathological Factors  
Value 

Assignment  
n  

Cases of 

Complications  
Statistical value  p value  

Age (years old)       

 < 60  0  111  56  
χ2 = 0.210  > .05  

 ≥ 60  1  89  42  

BMI (kg/m2)       

 ≤ 23.9  0  122  51  
χ2 = 6.483  < .05  

 > 23.9  1  78  47  

Concomitant diseases      

 None  1  128  66  

χ2 = 1.446  > .05  
 Hypertension  2  33  14  

 Diabetes  3  32  14  

 Coronary atherosclerotic heart disease  4  7  4  

Preoperative TBil (μmol/L)       

 < 170  0  155  77  
χ2 = 0.127  > .05  

 ≥ 170  1  45  21  

Preoperative treatment for the relief of jaundice       

 None  0  175  86  
χ2 = 0.011  > .05  

 Yes  1  25  12  

Preoperative Alb Level (g/L)       

 < 35  0  42  19  
χ2 = 0.301  > .05  

 ≥ 35  1  158  79  

History of abdominal surgery       

 None  0  180  87  
χ2 = 0.320  > .05  

 Yes  1  20  11  

Surgical procedure       

 Whipple procedure  0  122  57  
χ2 = 0.650  > .05  

 Pylorus-preserving pancreaticoduodenectomy  1  78  41  

Duration of surgery (min)       

 < 360  0  99  48  
χ2 = 0.021  > .05  

 ≥ 360  1  101  50  

Intraoperative blood loss (ml)       

 < 1,000  0  191  91  
χ2 = 3.123  > .05  

 ≥ 1,000  1  9  7  

Perioperative blood transfusion       

 None  0  158  75  
χ2 = 0.706  > .05  

 Yes  1  42  23  

Pancreatic texture       

 Hard  1  111  45  

Z = -3.189  < .05   Moderate  2  20  7  

 Soft  3  69  46  

Diameter of pancreatic duct (mm)       

 ≤ 3.0  1  106  52  

χ2 = 0.232  > .05   > 3.0 and < 4.5  2  35  16  

 ≥ 4.5  3  59  30  
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Table 2: Multivariate analysis on risk factors affecting complications in 200 patients undergoing
pancreaticoduodenectomy

 

 

Clinicopathological Factors  b value  Standard Error  Wald value  OR value  95% Confidence Interval  p value  

BMI  0.715  0.267  7.184  2.044  1.212–3.447  < .05  

Pancreatic texture  0.500  0.164  9.248  1.649  1.194–2.275  < .05  

 

Table 3: Relationship between BMI, pancreatic texture and Clavien-Dindo classification of complications after
pancreaticoduodenectomy

 

 

Clinicopathological Factors  n  Grade I  Grade II  Grade III a  Grade III b  Grade IV  Grade V  χ2 value  p value  

BMI (kg/m2)           

 ≤ 23.9  51  28  16  5  0  2  0  13.897  < .05  

 > 23.9  47  28  10  3  2  1  3    

Pancreatic texture           

 Hard  45  27  13  1  1  2  1    

 Moderate  7  2  5  0  0  0  0  27.077  < .05  

 Soft  46  27  8  7  1  1  2    

 

3 Discussion
The incidence and severity of post-operative complications
are commonly used critical indicators to evaluate the quality
and safety of surgical procedures. Literature reports have
shown that Clavien-Dindo classification standards are fre-
quently used after radical operation for carcinoma of stom-
ach.[2, 3] However, no uniform criteria were applied to the
diagnosis of complications after pancreaticoduodenectomy
in most studies, with no standardized classification to the
severity of complications. Therefore, it is unable to make a
comprehensive comparison and evaluation. In 2004, Dindo
et al.[1] proposed Clavien-Dindo classification standards on
the basis of summarizing the clinical data of 6,336 cases
of patients who underwent general surgeries. At present,
this type of classification standards has been widely used to
evaluate the severity of complications after abdominal op-
erations etc. It was found that there were few literatures
on Clavien-Dindo classification and risk factors of com-
plications after pancreaticoduodenectomy. After summa-
rizing the perioperative data of 700 patients and perform-
ing Clavien-Dindo classification of relevant complications,
Braga et al.[4] concluded that this type of new classification
standards can not only accurately predict patients’ postoper-
ative condition, but also early screen out high-risk patients,
helping surgeons develop individualized treatment options
for the intra-operative and post-operative management of
high-risk patients.

The results of this study showed that the incidence of com-
plications with Clavien-Dindo classification (grade I to V)
after pancreaticoduodenectomy was 49.00% (98/200), and
the incidence of no less than 2 complications was 20.50%
(41/200). This may be related to different surgical meth-
ods and patient choices. The results of this study indicated:

Clavien-Dindo grade I complications did not need to be
treated, but grade II to IV complications should be treated
with surgical interventions. In this study, 3 patients with
grade V complications died of respiratory and circulatory
failure.
The results of this study showed that patients with increased
BMI had a 1.5-fold increased risk of post-operative compli-
cations in comparison to the control group. BMI was iden-
tified to be the most important risk factor for complications
after pancreaticoduodenectomy. El Nakeeb et al.[5] made
a case-control study of 471 patients undergoing pancreati-
coduodenectomy, and the results showed that a higher BMI
could lead to a higher risk of post-operative complications.
BMI is closely related to the fat content of the human body,
and is also a major indicator of metabolic syndrome, which
seriously affects the health of the body. It is a combina-
tion of factors that are interrelated in metabolism, associated
with the occurrence and development of various chronic dis-
eases such as cardiovascular disease, hypertension, diabetes,
chronic obstructive pulmonary disease.[6] A higher BMI can
not only increase the risk of various metabolic dysfunctions
associated with cardiovascular disease, but also increase the
morbidity and mortality in some cancer patients.[7] In ad-
dition, obese patients have an excessively long operation
time and a massive intra-operative blood loss, which in-
crease the incidence and mortality of short-term complica-
tions in patients after surgery. Whereas, short-term post-
operative complications include incision fat liquefaction, in-
cisional infection and anastomotic bleeding. It has been re-
ported in literatures that the incidence of post-operative peri-
toneal abscess in obese patients with abdominal operations
is 2 to 5 times than that in ordinary patients. The reason
may be related to the anastomotic leak caused by high intra-
abdominal pressure in obese patients after surgery.[8]
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It has been generally recognized that a soft pancreas and
the diameter of pancreatic duct ≤ 3 mm are independent
risk factors for pancreatic fistula after pancreaticoduodenec-
tomy.[9–16] Ramacciato et al.[17] found that an increased
BMI and the difference in pancreatic texture were also risk
factors for post-operative pancreatic fistula. Ren et al.[18]

performed a retrospective analysis of 160 patients under-
going pancreaticoduodenectomy, and found that the diam-
eter of pancreatic duct, duration of surgery and preoperative
jaundice were independent risk factors for pancreatic fistula.
The results of this study showed that there was no significant
correlation between the diameter of pancreatic duct and the
occurrence of post-operative complications, and the differ-
ence in pancreatic texture was an independent risk factor for
complications after pancreaticoduodenectomy. Therefore,
the pancreatic stump should be treated well as much as pos-
sible during surgery to reduce the occurrence of pancreatic
fistula. The author considers that the relatively soft pancre-
atic stump can be made hardened by way of U-type suture

and intermittent suture, which can reduce the mucosal tear
in the surgical site to ensure the security of pancreatic and
intestine anastomosis, thereby reducing the occurrence of
post-operative pancreatic fistula.

In summary, Clavien-Dindo classification of post-operative
complications is an important measure to comprehensively
compare and evaluate the safety of pancreaticoduodenec-
tomy. Complications after pancreaticoduodenectomy can be
mainly divided into grade I and II according to this type of
classification. Reducing BMI before surgery and good man-
agement of pancreatic stump during surgery may improve
Clavien-Dindo classification of complications after pancre-
aticoduodenectomy.
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