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Abstract

Objective: This study compared the perioperative outcomes from patients who underwent pancreaticojejunostomy in pancreaticoduodenectomy via the 
modified Kakita method anastomosis (KMA) or the modified Cattell-Warren anastomosis (CWA).

Summary of background data: We retrospectively evaluated 43 consecutive patients who underwent pancreaticoduodenectomy between January 2006 
and December 2012.

Methods: The modified CWA was exclusively performed before December 2009, and the modified KMA was exclusively performed after January 2010. 
To evaluate their simplicity and safety, we compared the perioperative outcomes for the patients who underwent CWA (n = 22) and the patients who 
underwent KMA (n = 21).

Results: Pancreatic fistula was significantly less frequent in the KMA group, compared to in the CWA group (4.8% vs. 36.3% respectively, p = 0.021). In 
addition, the rate of all surgical complications decreased after the introduction of KMA at our institution.

Conclusions: The results of this retrospective study appear to indicate that KMA is a simpler and safer technique, compared to CWA, for pancreaticoje-
junostomy in pancreaticoduodenectomy.
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Manuscript Summary

The major finding(s) from the study: Our results indicate that the 
modified Kakita technique provided a significantly lower frequency 
of pancreatic fistula, as well as non-significant reductions in other 
postoperative complications.

 What the findings add to existing knowledge: We conclude that 
the modified Kakita technique may be simpler and more effective 
than the modified Cattel-Warren technique.

What is already known in the field: U-sutures may reduce shear 
forces at the fragile pancreatic parenchyma, and subsequently reduce 
the incidence of pancreatic fistula.

What should change as a result: We will perform the modified 
Kakita method anastomosis.

Introduction

The history of pancreaticojejunostomy in 
pancreaticoduodenectomy has been described throughout 
the literature, with Whipple et al. reporting the first cases of 
pancreaticoduodenectomy in 1935 [1]. Whipple also introduced 
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pancreaticojejunostomy with complete one-stage reconstruction in 
1946 [2]. However, in 1943, Cattell stated that pancreaticoenteric 
anastomosis was indispensable, and maintained that leakage of the 
pancreatic juice accounted for many postoperative complications and 
deaths among patients who underwent pancreaticoduodenectomy [3]. 
Therefore, Cattell recommended direct anastomosis of the pancreatic 
duct and jejunum in patients with a main pancreatic duct that had 
a sufficient diameter. However, for smaller pancreatic ducts, Cattell 
recommended the use of a “necrosing suture”, whereby the pancreatic 
duct was ligated and the cut surface of the pancreas was covered with the 
jejunal wall. Unfortunately, pancreaticoduodenectomy has historically 
had high rates of complications and operative mortality, which were 
often related to suture failure during pancreaticojejunostomy in 
pancreaticoduodenectomy. However, some high-volume institutions 
have reported mortality rates of <5% for pancreaticoduodenectomy 
[4-7], although the postoperative morbidity rates remain high, ranging 
from 30% to 50% [6-13].

Pancreatic fistula is a well-known complication of 
pancreaticoduodenectomy, with rates of 2–20% being recently 
reported [7-17]. To address this issue, several different anastomotic 
techniques have been used to minimize the incidence of pancreatic 
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fistula [15,16]. These techniques include the modified Cattell-Warren 
anastomosis (CWA) 3, Peng’s method [16], Blumgart’s method [17], 
invaginating the pancreatic stump into the jejunal stump [18], and 
the modified Kakita method anastomosis (KMA) [19,20]. In this 
retrospective study, we compared the perioperative outcomes for 
pancreaticoduodenectomy among patients who underwent the CWA 
and KMA procedures.

Metho1ds

Patients

Between January 2006 and December 2012, 43 consecutive patients 
underwent pancreaticoduodenectomy with pancreaticojejunostomy 
in the Department of Gastroenterological Surgery at Tomei Atugi 
Hospital, and were entered into our prospective database. The 
modified CWA method was exclusively performed before December 
2009, and the modified KMA method was exclusively performed after 
January 2010. Using a before-after cohort design, we compared the 
perioperative outcomes for the CWA (n = 22) and the KMA (n = 21) 
groups.

Surgical Technique and Postoperative Management

All surgical procedures were performed by or under the super-
vision of experienced pancreatic surgeons. Most patients underwent 
subtotal stomach-preserving pancreaticoduodenectomy (SSpPD), 
which involves resection of the pyloric ring and preservation of >95% 
of the stomach, although some patients underwent conventional pan-
creaticoduodenectomy with distal gastrectomy. Reconstruction was 
performed using a modified Child’s technique for both SSpPD and 
conventional pancreaticoduodenectomy. The anastomosis was per-
formed (in order of preference) between the jejunum and pancreas, 
bile duct, and stomach. Drain tubes (8-mm silicone tubes) ware placed 
at the ventral and dorsal sides of the pancreaticojejunostomy. Oral flu-
ids were started at 72 h after the surgery, and oral intake was started at 
approximately 5 days after surgery, except in cases with postoperative 
complications, such as delayed gastric emptying. All abdominal drains 
were removed at day 7 after the surgery if the drainage fluid was clear, 
did not exceed 300 mL per 24 h, and contained a concentration of 
amylase that was <3-fold greater than the serum concentration. Sec-
ond-generation cephem antibiotics were administered immediately 
before surgery and every 3 h during surgery, with continuation until 
day 3 after the surgery. In cases that contracted an infectious disease, 
the antibiotics were changes as necessary; octreotide was not routinely 
used.

The Modified KMA Technique

The pancreatic duct and jejunal mucosa were joined in an end-to-
side fashion, using eight absorbable interrupted sutures (PDSII 5/0, 
ETHICON) via the duct-to-mucosa anastomosis. All patients who 
underwent KMA had a 4-Fr to 6-Fr polyvinyl catheter inserted into 
the main pancreatic duct for external drainage. The unique aspect of 
this modified KMA technique is the approximation of the pancreatic 
parenchyma to the jejunal seromuscular layer, using five or six non-
absorbable interrupted penetrating sutures (Prolene 3/0, ETHICON) 
[19,20].

The Modified CWA Technique

The modified CWA was performed after a small incision was 
made at the antimesenteric side of the jejunal loop. Monofilament 
absorbable interrupted sutures (PDSII 3/0, ETHICON) were placed 
using an atraumatic needle, beginning at the posterior surface of 
the pancreas. The dorsal capsule of the pancreas was sutured to the 
seromuscular layer of the jejunum, and then the central portion of the 
anastomosis was completed as a duct-to-mucosa anastomosis, using 
interrupted sutures (PDSII 5/0, ETHICON). Finally, monofilament 
absorbable interrupted sutures (PDSII 3/0, ETHICON) were placed at 
the anterior surface of the pancreas [3]. All patients who underwent 
CWA had a 4-Fr to 6-Fr polyvinyl catheter inserted into the main 
pancreatic duct for external drainage.

Data Collection and Evaluation Parameters

We retrospectively reviewed our institution’s database to obtain 
the following case-specific information: age, sex, preoperative 
biliary drainage, diagnosis, medical history, preoperative laboratory 
findings (serum glutamic oxaloacetic transaminase, bilirubin, alkaline 
phosphatase, albumin, creatinine, lipase, amylase, hemoglobin, white 
cell count, C-reactive protein, and partial thromboplastin time), 
body mass index, pancreatic texture, operative time, intraoperative 
blood loss, number and type of postoperative local and systemic 
complications, and mortality. Postoperative morbidity was defined as 
any postoperative surgical or non-surgical complication. Postoperative 
pancreatic fistula (POPF) was diagnosed and graded based on the 
International Study Group on Pancreatic Fistula guidelines. The all-
inclusive definition was a drain output of any measurable fluid volume 
on or after postoperative day 3, with amylase concentration of >3-fold 
higher than the serum amylase concentration. Three different grades 
of POPF (grades A, B, C) were defined according to the clinical signs of 
infection and/or a necessary change in the clinical management [21]. 
A fistula of grade B (fistula requiring any therapeutic intervention) or 
higher was considered clinically significant.

Statistical Analysis

Consecutive data were expressed as median (range) and were an-
alyzed using the Mann-Whitney U test. Inter-group differences in nu-
merical data were evaluated using the χ2 test (with Yates correction) 
or Fisher’s exact test when the n-value was <5. All statistical analyses 
were performed using Ystat2013 (Microsoft Excel), and differences 
with a p-value of <0.05 were considered statistically significant.

Results

Patient Characteristics

This study evaluated 22 patients who underwent CWA and 21 pa-
tients who underwent KMA; their characteristics are shown in Table 
1. However, there were no significant differences in age or sex when we 
compared the two groups. In the CWA group, the pathological diag-
noses were pancreatic cancer in 10 patients, cholangiocarcinoma in 9 
patients, and intraductal papillary mucinous neoplasms in 3 patients. 
In the KMA group, the pathological diagnoses were pancreatic cancer 
in 10 patients, cholangiocarcinoma in 9 patients, and cystic intraduct-
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al papillary mucinous neoplasm in 2 patients. When we compared the 
two groups, no significant differences were observed for pancreatic 
texture (hard/soft), mean operative time, or intraoperative blood loss.

Postoperative Complications

The types and frequencies of the postoperative complications 
are shown in Table 2. Pancreatic fistula occurred significantly less 
frequently in the KMA group, compared to in the CWA group (4.8% 
vs. 36.3%, p = 0.021), and one case of pancreatic fistula-related 
hemorrhage was observed in the CWA group. When we compared 
the specific incidences of pancreatic fistulas, grade B or C fistula was 
recognized in one case for the KMA group, compared to 7 cases for 
the CWA group, with latent presentation of a pancreatic fistula in 
one case. In the case with latent presentation of the pancreatic fistula, 
the drainage fluid amylase concentration was not elevated during the 
postoperative period, although the fistula was diagnosed via computed 

tomography after the drain was removed (Table 3). In addition, we 
observed a noticeable, although not significant, difference in the 
frequency of surgical complications after the introduction of KMA 
(23.8% after KMA vs. 45% after CWA; p = 0.242). Furthermore, the 
KMA group experienced fewer morbidities, although this difference 
was also not statistically significant (52.3% vs. 68.1%, p = 0.597). No 
cases of in-hospital mortality were observed for either group.

Comparing the Drainage Fluid Amylase Concentrations 
and Duration of Drain Insertion

When we compared the two groups, no significant differences 
were observed in the median drainage fluid amylase concentration in 
the CWA and KMA groups (CWA: 98 IU/L; range, 2–83,900 IU/L; 
KMA: 45 IU/L; range, 6–1,036 IU/L) (Figure 1). The drainage fluid 
amylase concentration exceeded 1,000 IU/L in 4 cases (3 cases in the 
CWA group and one case in the KMA group) on or after postoperative 

Modified Cattell-Warren anastomosis (n = 22) Modified Kakita method anastomosis (n = 21) p-value

Age (years) 69 (56–86) 65 (32–84) 0.518

Sex (male/female) 16.06 14.07 0.92

Diagnosis

        Pancreatic cancer 10 10 0.886

        IPMN* 3 2 1

        Cholangiocarcinoma 9 9 0.857

Pancreatic texture

       Hard pancreas 9 10 0.892

        Soft pancreas 13 11 0.892

Duration of operation (min) 580 520 0.345

Estimated blood loss (mL) 978 933 0.5

IPMN: intraductal papillary mucinous neoplasm

Table 1: Patient characteristics.

Modified Cattell-Warren anastomosis(n=22) Modified Kakita method anastomosis  (n = 21) p-value

Surgical complications 10 (45.4%) 5 (23.8%) 0.242

Wound infection 2 (9.0%) 3 (14.4%) 0.664

Intra-abdominal abscess 4 (18.2%) 1 (4.8%) 0.344

Chylous ascites 1 (4.5%) 1 (4.8%) 1

Anastomotic hemorrhage 1 (4.5%) 0 1

     Delayed gastric emptying 2 (9.1%) 1 (4.8%) 1

Hemorrhage of pseudoaneurysm 1 (4.5%) 0 1

Pancreatic fistula 8 (36.3%) 1 (4.8%) 0.021

Non-surgical complications 2 (9.0%) 5 (23.8%) 0.24

Enteritis 1 (4.5%) 2 (9.5%) 0.606

Deep venous thrombosis 0 1 (4.8%) 0.488

Respiratory events 0 3 (14.4%) 0.107

Catheter-associated infections 1 (4.5%) 1 (4.8%) 1

Total surgical and non-surgical complications 12 (54.6%) 10 (47.6%) 0.649

Mortality 0 0

Table 2: Postoperative complication.
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day 3. When we compared the duration of drain insertion for both 
groups, no significant difference in the median duration was observed 
(CWA: 16 days; range, 7–94 days; KMA: 14 days; range, 7–57 days) 
(Figure 2).

Discussion

The techniques that are used for reconstruction of the pancreatic 
stump after pancreaticoduodenectomy are closely related to the 
incidence of postoperative complications, mortality, and reduced 
quality of life. Pancreatic fistula is a well-known complication of 
pancreaticoduodenectomy, with rates of 2–20% being recently reported 
[7,8,10,12,14-17,20,22,23]. In many institutions, several different 
surgical procedures, such as Blumgart anastomosis, have been used to 
minimize the incidence of pancreatic fistula. Among these procedures, 
CWA is the most well-known procedure, and has been commonly 
used for a long period of time. In contrast, KMA is a relatively simple 
technique, and many surgeons in Japan perform KMA in pancreas-
jejunum anastomosis. In this retrospective study, we found that KMA 
appeared to be a simpler and safer technique for pancreaticojejunostomy, 
compared to CWA. Moreover, the KMA technique significantly reduced 
the frequency of pancreatic fistula, with non-statistically significant 
reductions for other postoperative complications.

Patient age and intraoperative blood loss have been identified 
as perioperative risk factors for pancreatic fistula. In addition, soft 
pancreatic texture, pancreatic duct size, and pancreatic juice output 
have been reported to be predictive factors for pancreatic fistula 
[24,25]. In the present study, we observed similar trends within 
both groups, although there were no significant differences when we 
compared the risk and predictive factors between the two groups.

In CWA, multiple sutures are placed tangentially through the 
pancreatic capsule, which may create shear forces at the fragile 
pancreatic parenchyma. Furthermore, the knot-tying may cause the 
sutures to cut through the pancreas, and the use of multiple sutures 
is known to cause pancreatic microleakage during the knot-tying 
[17]. Therefore, it has been speculated that the use of too many 
sutures and/or too aggressive knot-tying may cause ischemia and 
necrosis of the pancreatic stump. In contrast, KMA uses only five or 
six non-absorbable interrupted penetrating sutures to approximate 

Amylase 

(IU/L) 

Figure 1: Amylase concentrations in the drainage fluid for all cases.

No significant difference was observed when we compared the median amylase 
concentrations in the drainage fluids from the Cattell-Warren anastomosis (CWA) group 
(median, 98 IU/L; range, 2–83,900 IU/L) and the Kakita method anastomosis (KMA) 
group (median, 45 IU/L; range, 6–1,036 IU/L). P = 0.088 via the Mann-Whitney U-test.

Days

Figure 2: Duration of drain insertion for all cases.

No significant difference was observed when we compared the median duration of drain 
insertion for the Cattell-Warren anastomosis (CWA) group (median, 16 days; range, 7–94 
days) and the Kakita method anastomosis (KMA) group (median, 14 days; range, 7–57 
days). P = 0.501 via the Mann-Whitney U-test.

Modified Cattell-Warren anastomosis (n = 22) Modified Kakita method anastomosis (n = 21) p-value

No pancreatic fistula or Grade A 14 20 0.0448

Grade B and Grade C 7 1 0.0448

Latent pancreatic fistula 1 0 1

Pancreatic fistula 8 1 0.0212

Table 3: Comparison of pancreatic fistula incidence for Cattell-Warren and Kakita method anastomosis.
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the pancreatic parenchyma to the jejunal seromuscular layer. Thus, 
this technique reduces the total number of sutures, avoids placing 
unnecessary shear forces on the fragile pancreatic parenchyma, and 
avoids some of the complicated manipulations that are required for 
other surgical techniques [19]. Furthermore, the KMA technique 
can help to reduce the risk of suture failure as a result of necrosis and 
ischemia.

Various previous studies have compared different 
anastomosis techniques, such as pancreaticojejunostomy versus 
pancreaticogastrostomy [25], Blumgart anastomosis versus 
modified CWA [17] or versus the Kakita type anastomosis [26], 
pancreaticojejunostomy with the invagination technique (dunking) 
versus duct-to-mucosa pancreaticojejunostomy [27], or binding 
anastomosis [28]. In addition, prospective randomized trials have 
compared pancreaticojejunostomy to pancreaticogastrostomy, and 
found that both procedures provided similar incidences of pancreatic 
fistula [25,29,30]. Similarly, a comparison of the invagination method 
and pancreatic duct jejunum anastomosis found no difference in the 
incidence of pancreatic fistula [6]. However, Blumgart anastomosis 
was associated with a lower incidence of pancreatic fistula, compared 
to the modified CWA (4% vs. 13%, respectively) [17] or to Kakita type 
anastomosis (2.5% vs. 36%, respectively) [26]. Similarly, the recessed 
method has been reported to provide a low incidence of pancreatic 
fistula [27], and Peng et al. have reported pancreatic leakage rates 
of 0% using a complex three-layer dunking anastomosis [29,31,32], 
although this procedure is technically difficult. Interestingly, the 
Blumgart and “dunking” invagination techniques use U-sutures 
[33,34], and these techniques provide relatively low complication rates. 
Therefore, U-sutures may reduce shear forces at the fragile pancreatic 
parenchyma, and subsequently reduce the incidence of pancreatic 
fistula. Similarly, the KMA method attempts to reduce the shear force 
in a manner that is similar to that performed with U-sutures.

Unfortunately, despite various techniques having been developed 
to manage the pancreatic remnant after pancreaticoduodenectomy, 
none of these techniques are associated with clearly superior 
outcomes. Thus, it is important to preserve the pancreatic capsule 
and to avoid bleeding from the pancreatic parenchyma during 
pancreaticojejunostomy, which can affect hemostasis in that tissue. 
Therefore, it is important to use surgical and suturing techniques 
that preserves as much of the parenchyma as possible (by not placing 
unnecessary shearing force on the pancreas).

This study has several limitations. First, because it is a retrospective 
single-center study, there are limitations regarding the generalizability 
of our data. In addition, over the course of 6 years, there is a possibility 
that the postoperative management may have changed slightly. 
Furthermore, it is impossible to completely exclude the potential 
effect of confounders (e.g., surgical standards and perioperative 
management), although it is unlikely that these factors strongly 
influenced the incidence of pancreatic fistula and suture insufficiency. 
Nevertheless, our results indicate that KMA was a simple and safe 
technique for reducing the incidence of pancreatic fistula and leakage 
rates after pancreaticojejunostomy.
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