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Abstract
AIM: To introduce an air insufflation procedure and 
to investigate the effectiveness of air insufflation in 
preventing pancreatic fistula (PF).

METHODS: From March 2010 to August 2013, a total 

of 185 patients underwent pancreaticoduodenectomy 
(PD) at our institution, and 74 patients were not 
involved in this study for various reasons. The clinical 
outcomes of 111 patients were retrospectively analyzed. 
The air insufflation test was performed in 46 patients 
to investigate the efficacy of the pancreaticojejunal 
anastomosis during surgery, and 65 patients who did 
not receive the air insufflation test served as controls. 
Preoperative assessments and intraoperative outcomes 
were compared between the 2 groups. Univariate and 
multivariate analyses were performed to identify the 
risk factors for PF.

RESULTS: The two patient groups had similar baseline 
demographics, preoperative assessments, operative 
factors, pancreatic factors and pathological results. 
The overall mortality, morbidity, and PF rates were 
1.8%, 48.6%, and 26.1%, respectively. No significant 
differences were observed in either morbidity or 
mortality between the two groups. The rate of clinical 
PF (grade B and grade C PF) was significantly lower in 
the air insufflation test group, compared with the non-
air insufflation test group (6.5% vs  23.1%, P  = 0.02). 
Univariate analysis identified the following parameters 
as risk factors related to clinical PF: estimated blood 
loss; pancreatic duct diameter ≤ 3 mm; invagination 
anastomosis technique; and not undergoing air in
sufflation test. By further analyzing these variables 
with multivariate logistic regression, estimated blood 
loss, pancreatic duct diameter ≤ 3 mm and not un
dergoing air insufflation test were demonstrated to be 
independent risk factors.

CONCLUSION: Performing an air insufflation test could 
significantly reduce the occurrence of clinical PF after 
PD. Not performing an air insufflation test was an 
independent risk factor for clinical PF.
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Core tip: The present study introduces the application 
of the air insufflation test for the prevention of pan
creatic fistula (PF) and investigates its effectiveness. 
This clinical study confirms that the air insufflation test 
can significantly reduce the occurrence of clinical PF. In 
addition, estimated blood loss, pancreatic duct diameter 
≤ 3 mm and not performing an air insufflation test are 
independent risk factors for clinical PF.
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INTRODUCTION
Pancreaticoduodenectomy (PD) is the standard opera-
tion for the resection of periampullary diseases. In 
recent years, the mortality rate has decreased dra-
matically to less than 5% in high-volume centers due 
to improved intraoperative management and better 
postoperative care. Unfortunately, there has not been 
a similar reduction in the pancreatic fistula (PF) rate, 
which has remained at approximately 30%[1-3].

Pancreatic leakage has been the primary factor 
linked with death in some case studies[4]. Various risk 
factors related to PF have been identified, such as a 
main pancreatic duct diameter of 3 mm or less[2,5-8], 
soft pancreatic parenchyma[7,9-12] and intraoperative 
blood loss[2,11-13]. Other risk factors, such as heart dis-
ease[9,14], age[6], male sex[11], cirrhotic liver and body 
mass index[7], have also been reported. In addition, to 
prevent PF, numerous strategies have been applied 
in previous literatures. Intraoperative techniques, 
such as modified reconstruction with pancreaticogas-
trostomy[15], pancreatic duct ligation[16], the use of 
omentum or the falciform ligament[17,18] and oblitera-
tion of the pancreatic duct with glue[19], have been 
performed. Postoperative management, including the 
use of somatostatin analogs, has also been reported. 
However, none of these strategies has investigated 
pancreatic leakage during surgery. Furthermore, most 
of these strategies have been controversial[20-23] and 
have not been routinely used in most hospital centers. 
More effective and confirmative surgical techniques are 
needed to prevent PF.

The present study introduced the air insufflation 
test, a simple and effective technique, for the preven-
tion of PF. The detailed process of performing an air 
insufflation test during surgery and its efficacy in pre-
venting PF are presented.

MATERIALS AND METHODS
Protocol
PD was performed in 185 consecutive patients be-
tween March 2010 and August 2013 at the Qilu Hos-
pital of Shandong University in China. The exclusion 
criteria applied to: patients undergoing emergency PD 
for trauma; patients with ongoing acute pancreatitis 
at the time of surgery; and operations performed by 
surgeons without a professional title. A total of 111 
patients were enrolled in this study, and these patients 
were divided into 2 groups according to whether they 
received the air insufflation test during surgery or 
not. In total, 46 patients [the air insufflation test (AIT) 
group] received the air insufflation test during sur-
gery, and 65 patients (controls) did not receive the 
air insufflation test during surgery.

Preoperative demographics and clinical informa-
tion of the patients were retrospectively obtained 
from the patients’ medical records (Table 1). Preoper-
ative biliary drainage was the main preoperative inva-
sive treatment. For patients with a total bilirubin level 
greater than 170 μmol/L or with poor general health 
conditions, preoperative biliary drainage was performed.

Surgical techniques and postoperative management
The operations were performed by surgeons with 
professional titles specializing in hepatopancreato-
biliary surgery. Conventional or pylorus-preserving 
PD was performed according to the decision of the 
individual surgeon. Segmental resection of the portal 
vessels or superior mesenteric vessels was performed 
if a pancreatic head mass was inseparable from the 
vessels. To reestablish gastrointestinal continuity, 
a two-layer end to side pancreatic duct to jejunal 
mucosa anastomosis (duct to mucosa) or a two-layer 
end to side invagination anastomosis was performed 
(Figure 1). After pancreaticojejunal anastomosis, an 
end to side hepaticojejunostomy and an antecolic 
gastrojejunostomy or duodenojejunostomy were per-
formed, using the same jejunal loop. Depending on 
the diameter of the pancreatic duct, a Fr 4 to 10 poly-
vinyl catheter with multiple perforations was inserted 
into the pancreatic duct.

To investigate the efficacy of the pancreaticoje
junal anastomosis, the air insufflation test (Figure 
2) was performed in the AIT group. An intestinal 
clamp was used to close the distal intestinal loop 
approximately 6 cm from the pancreaticojejunal 
anastomosis. Then, the anastomosis was submerged 
in irrigation fluid, and air was injected gently with a 1 
or 5 mL syringe through the pancreatic duct stent to 
determine whether there were bubbles generated in 
the irrigation fluid. It must be noted that air should 
be gently injected into the jejunal stump to prevent 
the pressure in the jejunal lumen from ascending 
too rapidly. In addition, the pressure in the jejunal 
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stump should be sufficiently moderate to generate 
bubbles but not damage the anastomosis. In clinical 
practice, we regarded the pressure as moderate 
when the tension of the jejunal wall was the same as 
that of normal liver tissue or the oral labia. If bubbles 
were present during the test, the anastomosis where 
the bubbles were generated was sutured. Then, 
the anastomosis was tested again until no bubbles 
were found. If the leakage could not be resolved, re-
anastomosis was performed. Prophylactic drains were 
routinely placed posterior to the pancreaticojejunal 
anastomosis and the hepaticojejunal anastomosis. 
Fibrin glue was not used in any of the patients.

Prophylactic antibiotics and somatostatin or oc-
treotide were administered to all of the patients for 
72 h postoperatively and during the first postopera-
tive week, respectively. The nasogastric tube was 
removed when bowel sounds returned. An oral diet 
was initiated 5 to 7 d after surgery, depending on the 
patient’s condition. The volume and characteristics of 
the drainage fluid were monitored every day. Amy-
lase levels were measured on postoperative days 1, 
3, 5, and 7 and when the characteristics of the drain-
age fluid changed, or abdominal symptoms occurred. 
If there was no evidence of PF, the pancreatic duct 
drainage catheter was locked 10 d after surgery and 
removed 48 h later if no abnormalities occurred. If a 
PF occurred, the catheter was placed in situ until the 
leakage was resolved.

Study end points
The primary end point was PF. The secondary end 
points were mortality and morbidity, including de-
layed gastric emptying (DGE), intra-abdominal 
hemorrhage, bile fistula, intra-abdominal infection, 
intra-abdominal collection, and heart failure.

Mortality and morbidity were defined as death 
or complications, respectively, occurring within 30 
d of surgery. PF was defined as drainage of any 
measurable volume of fluid on or after postoperative 
day 3 with an amylase content greater than 3 times 
the serum amylase activity. The three different 
grades of PF (grades A-C) were defined according to 
the clinical impact on the patient’s hospital course[24]. 
Grade B and grade C PF were regarded as clinical PF. 
DGE represented the inability to return to a standard 
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Table 1  Baseline demographics

AIT group
(n  = 46)

Non-AIT group
(n  = 65)

P  
value

Age (yr) 55.3 ± 11.5 58.1 ± 7.8 0.15
Gender 0.64
   Male 24 31
   Female 22 34
Main presenting symptom
   Jaundice 25 35 0.96
   Abdominal pain 10 24 0.09
   Cholangitis   3   8 0.50
ASA 0.64
   Ⅱ 41 56
   Ⅲ   5   9
Preoperative ALT   226.0 ± 204.2   193.6 ± 205.0 0.41
Preoperative AST   150.2 ± 152.1   138.3 ± 150.7 0.68
Preoperative bilirubin (μmol/L)   189.0 ± 171.9 137.11 ± 131.8 0.08
Preoperative albumin (g/L) 66.2 ± 8.5 65.8 ± 7.8 0.81
Presence of comorbid illness 23 27 0.38
   Mellitus diabetes   8   4 0.06
   Chronic pulmonary disease   2   4 0.68
   Artery hypertension   9 13 0.96
   Coronaropathy   4   6 1.00
Preoperative biliary drainage 0.60
   Yes 21 33
   No 25 32
   Smoking 13 14 0.42

ASA: American Society of Anesthesiologists; ALT: Alanine amino
transferase; AST: Aspartate transaminase; AIT: Air insufflation test.

Figure 1  Pancreaticojejunal anastomosis. This picture shows a two-layer 
end to side pancreatic duct to jejunal mucosa anastomosis. A: Jejunum; B: 
Pancreas.

Figure 2  Air insufflation test to investigate the pancreaticojejunal ana­
stomosis. An intestinal clamp (A) was used to close the distal intestinal loop 
approximately 6 cm from the pancreaticojejunal anastomosis (B). Then, the 
anastomosis was submerged in irrigation fluid, and air was injected gently with 
a 1 or 5 mL syringe (C) through the pancreatic duct stent to determine whether 
there were bubbles generated.

A

B

B

A
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Intraoperative outcomes
The intraoperative data and pathological diagnoses are 
listed in Table 2. The two groups were similar in terms 
of operative factors, pancreatic factors and patho-
logical diagnoses. Most of the operations (96/111, 
86.5%) were performed for malignant diseases.

The AIT was successfully performed in all 46 of 
the patients in the AIT group. Pancreatic leakage was 
found in 10 patients, and immediate repair or re-
anastomosis was performed.

Postoperative outcomes
The overall mortality, morbidity, and PF rates of all of 
the patients were 1.8%, 48.6%, and 26.1%, respec-
tively. No significant differences were found in the 
mortality rate (AIT group vs non-AIT group, 2.2% vs 
1.5%, P = 1.00) or the overall complication rate (AIT 
group vs non-AIT group, 43.5% vs 52.3%, P = 0.36) 
between the two groups (Table 3).

PF was the most frequent complication after PD. 
The PF rate (AIT group vs non-AIT group, 19.6% 
vs 30.8%, P = 0.19) and the prevalence of grade A 
PF (AIT group vs non-AIT group, 13.0% vs 7.7%, P 
= 0.54) were comparable between the two groups. 
However, the incidence of clinical PF was significantly 
lower in the AIT group, compared with the non-AIT 
group (AIT group vs non-AIT group, 6.5% vs 23.1%, 
P = 0.02). In addition, 2 patients (of the 10 who ex-
perienced repair or re-anastomosis) suffered from 
grade A PF. Moreover, the overall PF rate, grade A 
PF rate and clinical PF rate of the remaining 36 pa-
tients in the AIT group who did not receive repair or 
re-anastomosis were 19.4% (n = 7), 11.1% (n = 
4) and 8.3% (n = 3), respectively. Interestingly, the 
statistical analysis revealed that the overall PF rate, 
grade A PF rate and clinical PF rate of the 36 patients 

diet by the end of the first postoperative week and 
included prolonged nasogastric intubation of the 
patient[25]. Postoperative hemorrhage was defined 
in accordance with the International Study Group 
of Pancreatic Surgery guidelines, based on the time 
of onset (early or late hemorrhage), the location 
(intraluminal or extraluminal), and the severity (mild 
or severe)[26]. 

Statistical analysis
The statistical analyses were performed using SPSS 
software, version 19.0 for Windows (SPSS Inc., Chica-
go, IL, United States). Continuous data are expressed 
as mean ± SD. The comparison of continuous or cat-
egorical variables was performed with Student’s t-test 
or the χ 2 test (or Fisher’s exact test), respectively. 
Significant variables from the univariate analysis were 
subjected to multivariate stepwise logistic regression 
analysis. A P value ≤ 0.05 was considered significant.

RESULTS
Clinical characteristics
The baseline demographics of the 111 patients in-
cluded in the present study are shown in Table 1. 
These results suggested that the two groups were 
well matched for age, sex, main presenting symptom, 
American Society of Anesthesiologists physical status 
score, alanine aminotransferase, aspartate transami-
nase, preoperative bilirubin, preoperative albumin, 
presence of comorbid illness, preoperative biliary 
drainage and smoking status (Table 1). 
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Table 2  Intraoperative data and pathological diagnoses

AIT group
(n  = 46)

Non-AIT group
(n  = 65)

P  
value

Operative factors
Combined vascular resection cases   1   2 1.00
Duration of operation (min) 372.9 ± 106.5 344.7 ± 86.4 0.13
Estimated blood loss (mL) 347.3 ± 195.7   289.7 ± 159.9 0.09
Blood transfusion cases 13 20 0.78
Pancreatic factors
Pancreatic duct diameter 0.76
   ≤ 3 mm 31 42
   > 3 mm 15 23
Pancreatic texture 0.58
   Soft 34 51
   Hard 12 14
Pancreatic anastomosis technique 0.17
   Duct to mucosa anastomosis 20 20
   End to side invagination 
anastomosis

26 45

Pathological diagnoses 0.66
   Malignant disease 39 57
   Pancreatic carcinoma 11 17 0.79
   Ampullar carcinoma 10 12 0.67
   Cholangiocarcinoma   8 12 0.89
   Duodenal carcinoma 10 16 0.72
   Benign diseases   7   8

Data are expressed as mean ± SD. AIT: Air insufflation test.

Table 3  Postoperative outcomes

AIT group
(n  = 46)

Non-AIT group
(n  = 65)

P  value

Hospital mortality   1   1 1.00
Morbidity 20 34 0.36
Pancreatic fistula   9 20 0.19
   Grade A   6   5 0.54
   Grade B   2   8 0.02
   Grade C   1   7
Delayed gastric emptying   5   7 1.00
Hemorrhage   3   8 0.50
Bile fistula   3   8 0.50
Intraabdominal collection   4 10 0.30
Intraabdominal infection   3 12 0.07
Wound infection   3   8 0.50
Pneumonia   1   3 0.87
Urinary tract infection   1   1 1.00
Deep vein thrombosis   1   0 0.86
Heart failure   0   2 0.63
Myocardial infarction   1   0 0.86
Hospital stay 31.2 ± 11.3 36.0 ± 14.6 0.07

AIT: Air insufflation test.
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were similar to those of the 65 patients in the non-
AIT group (P > 0.05), supporting the contribution of 
the repair or re-anastomosis after the air insufflation 
test to the significant reduction of clinical PF in the 
AIT group. No special treatments were performed for 
the patients with grade A PF. Radiologic or surgical 
intervention for PF was required for 1 patient in the 
AIT group and 8 patients in the non-AIT group. Other 
patients were treated conservatively with enteral or 
parenteral nutrition, a somatostatin analog and anti-

biotics. The length of hospital stay was 34.0 ± 14.5 d 
for all of the patients, and the length of hospital stay 
for the AIT group was shorter than for the non-AIT 
group. However, this difference was only a statistical 
trend (AIT group vs non-AIT group, 31.2 ± 11.3 d vs 
36.0 ± 14.6 d, P = 0.07). 

Two patients died during this clinical study (AIT 
group vs non-AIT group, 1 vs 1, P = 1.00), and they 
both died due to intra-abdominal infection and hem-
orrhage related to PF. 

Risk factors of postoperative PF
Multiple variables related to clinical PF were statisti-
cally analyzed with univariate analysis (Table 4), and 
four risk factors were identified: estimated blood 
loss; pancreatic duct diameter ≤ 3 mm; invagination 
anastomosis technique; and not undergoing the air 
insufflation test.

These variables were further analyzed in multivari-
ate analysis. The estimated blood loss, pancreatic duct 
diameter ≤ 3 mm and not undergoing the air insuffla-
tion test were identified as independent risk factors (P 
= 0.02, 0.00 and 0.00; OR = 1.00, 28.73 and 18.00; 
and 95%CI: 1.00-1.01, 4.39-188.17 and 3.49-92.96, 
respectively) for clinical PF.

DISCUSSION
Despite the evolution of surgical techniques, the PF 
rate after PD has remained high. PF is one of the 
most frequent lethal complications after PD. Palani 
Velu et al[27] reported that serum amylase on the 
night of surgery predicted clinically significant PF 
after PD. Molinari et al[28] and Hashimoto et al[29] both 
demonstrated that the amylase levels of PF patients 
were significantly higher than those of non-PF patients 
on the first postoperative day. These reports indicated 
that some PFs might be caused by unsuccessful 
anastomoses that went undiscovered during surgery, 
leading to the elevation of amylase levels in the 
drainage fluid on the first night and first postoperative 
day. In the present study, we used the air insufflation 
test to investigate the pancreatojejunal anastomosis 
expecting to discover the leakage during operation 
and repair it immediately. The air insufflation test 
could detect an incomplete anastomosis and was 
more sensitive than visual examination, with which 
it was often difficult to find minor leakage because of 
hemorrhage. 

The air insufflation test did not prolong the opera-
tion time; rather, it improved the patient outcomes 
significantly and was simple and effective. However, 
there were some particularly important points to note 
during the testing process. We suggest that the air 
should be gently injected, and the pressure within the 
jejunum stump should be monitored throughout the 
entire process. Acute pancreatitis can be caused if too 
much air is injected, or the air is injected too quickly. 

1876 February 14, 2015|Volume 21|Issue 6|WJG|www.wjgnet.com

Table 4  Univariate analysis of risk factors for clinical 
pancreatic fistula

Clinical PF 
group

(n  = 18)

Non-clinical PF 
group

(n  = 93)

P  
value

Age (yr) 56.6 ± 9.8 56.4 ± 10.3 0.96
Gender 0.58
   Male 10 45
   Female   8 48
ASA 0.55
   Ⅱ 17 80
   Ⅲ   1 13
ALT (U/L)   263.8 ± 298.9   191.8 ± 179.7 0.17
AST (U/L)   171.6 ± 232.3   135.8 ± 130.2 0.36
Preoperative bilirubin (μmol/L)   185.8 ± 159.8   151.2 ± 149.1 0.38
Preoperative albumin (g/L) 68.1 ± 6.8 65.6 ± 8.2 0.23
Presence of comorbid illness   5 38 0.30
   Mellitus diabetes   0 11 0.27
   Chronic pulmonary disease   1   5 1.00
   Artery hypertension   1 16 0.37
   Coronaropathy   3   6 0.33
Preoperative biliary drainage 0.25
   Yes 11 43
   No   7 50
Smoking 0.84
   Yes   5 22
   No 13 71
Operative factors
   Combined vascular resection   1   2 0.42
   Duration of operation (min) 392.8 ± 103.3 349.2 ± 93.2 0.08
   Estimated blood loss (mL) 428.9 ± 272.6   290.2 ± 144.0 0.05
   Blood transfusion cases   7 26 0.35
Pancreatic factors
   Pancreatic duct diameter 0.02
      ≤ 3 mm 16 57
      > 3 mm   2 36
   Pancreatic texture 0.66
      Soft 15 70
      Hard   3 23
   Pancreatic anastomosis 0.02
      Duct to mucosa anastomosis   2 38
      Invagination anastomosis 16 55
Air insufflation test 0.02
   Yes   3 43
   No 15 50
Pathological diagnoses 0.96
   Malignant disease 15 81
   Pancreatic carcinoma   4 20 1.00
   Ampullar carcinoma   1 17 0.32
   Cholangiocarcinoma   4 15 0.78
   Duodenal carcinoma   6 17 0.26
   Benign diseases   3 12

ASA: American Society of Anesthesiologists; ALT: Alanine amino
transferase; AST: Aspartate transaminase; PF: Pancreatic fistula.
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When re-anastomosis is needed, a duct to mucosa 
anastomosis should usually be changed to an invagi-
nation anastomosis if the leakage cannot be resolved 
after twice re-anastomoses. In the present study, 
anastomotic revision was conducted in 10 patients. Of 
these patients, one patient experienced three times 
pancreaticojejunal re-anastomoses, and PF was not 
observed until the patient was discharged.

In accordance with the ISGPF definition[24], the PFs 
in this study were classified as grade A, B or C, based 
on the clinical impact on the patients’ in-hospital out-
comes. Grade A is also called ‘‘transient fistula,’’ and it 
has no clinical impact[24]. Poor patient outcomes have 
primarily been caused by grade B and grade C PFs. 
Fuks et al[12] examined grade C PFs in a multiple cen-
ter study. They reported a reoperation rate of 97% 
and a mortality rate of 38.8% for grade C patients. 
In this study, two patients died postoperatively, and 
both deaths were caused by grade C PFs. The clini-
cal PF rate (grade B and grade C) was significantly 
reduced in the AIT group compared with the non-AIT 
group (AIT group vs non-AIT group, 6.5% vs 23.1%, 
P = 0.02), and the radiologic or surgical intervention 
rate was also reduced. However, no significant differ-
ence was found (AIT group vs non-AIT group, 2.2% 
vs 12.3%, P = 0.12). 

The current study also identified pancreatic duct 
diameter less than 3 mm and estimated blood loss 
as independent risk factors for clinical PF, consistent 
with previous studies[5,6,8,30]. Duct to mucosa anasto-
mosis was identified as a risk factor for clinical PF in 
univariate analysis. Different anastomosis techniques 
have been reported in previous studies. Pancreatic 
duct to jejunal mucosa anastomosis has been advo-
cated in many series[31,32]. Tsuji et al[33] reported on 
300 patients who underwent PD, and the incidence of 
fistula in the patients who received continuous suture 
of the pancreatic duct to the jejunal mucosa (4.2%) 
was significantly less than that of the patients who 
received interrupted sutures (17.2%) (P < 0.01). Lee 
et al[34] revealed that continuous sutures for the outer 
layer of the pancreaticojejunostomy could significant-
ly reduce the PF rate, compared with interrupted su-
tures. Interrupted suturing of the duct to the mucosa 
and to the outer layer of the pancreaticojejunostomy 
was performed in our study, and the clinical PF rate 
was also statistically less than with the invagination 
technique. The pancreatic texture has been reported 
as a risk factor for PF in many studies[2,8]. The in-
cidence of soft remnant pancreas in the clinical PF 
group was higher than in the non-clinical PF group 
(83.3% vs 75.3%), but the difference was not statis-
tically significant (P > 0.05). 

In conclusion, the present study confirmed the ef-
ficacy of the air insufflation test in preventing clinical 
PF. It was simple to conduct and could significantly 
reduce the incidence of clinical PF. Estimated blood 
loss, pancreatic duct diameter ≤ 3 mm and not un-

dergoing the air insufflation test were identified as 
independent risk factors for clinical PF in multivariate 
analysis. This study was retrospective and carried 
multiple biases. Due to the relatively small number 
of patients included, additional research is needed to 
confirm the efficacy of the air insufflation test.
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