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11.1	 �Introduction (Literature 
Review)

Pancreatic fistula (PF) remains a common and 
significant source of postoperative morbidity in 
patients undergoing pancreaticoduodenectomy. 
While mortality following the Whipple proce-
dure has improved substantially to rates close to 
1% in several large Western centers [1, 2], mor-
bidity remains high with rates of 30–40% [3]. 
Whereas for most operative interventions surgi-
cal complications typically include anastomotic 
leak, hemorrhage, and wound infection, it is the 
pancreatic leak or fistula that is the most com-
mon source of perioperative morbidity. 
Classified by the International Study Group on 
Pancreatic Fistula (ISGPF) criteria, the clini-
cally relevant Grade B and C fistulae histori-
cally required reoperation and now are 
commonly addressed by percutaneous or endo-
scopic techniques [4]. These technical advances 
notwithstanding, pancreatic fistulae remain an 
intractable source of morbidity following 
pancreaticoduodenectomy.

The risk factors for pancreatic fistula have 
been well studied. These include pancreas-

specific features [type of pathology, soft texture 
to the pancreatic parenchyma, or small duct size 
(often occurring when there is a lack of anteced-
ent pancreatic ductal obstruction)] and patient-
specific features [intraoperative blood loss, poor 
blood supply, diabetes, obesity] that either make 
the technical reconstruction or wound healing, 
respectively, considerably more challenging [5]. 
In patients with both pancreas- and patient-
specific risk factors, the incidence of clinically 
significant postoperative pancreatic fistula 
approaches 30% [6]. However, even in those 
patients with low fistula risk scores, the risk of PF 
remains upward of 6% [7].

Several approaches have been undertaken to 
prevent pancreatic fistulae. The pharmacologic 
approach has sought to minimize pancreatic 
secretions, typically through the use of soma-
tostatin analogues such as octreotide. The exten-
sive data on octreotide are mixed, with a recent 
Cochrane review suggesting a decreased rate of 
pancreatic fistula (RR 0.66; 95% CI 0.55–0.79; 
n = 2206) and postoperative complications (RR 
0.70; 95% CI 0.61–0.80; n = 1903) with the use 
of octreotide. These findings, however, were not 
significant in those studies using ISGPF criteria 
to determine clinical relevance (RR 0.69; 95% CI 
0.38–1.28; n = 292) [8]. Pasireotide, a somatosta-
tin analog with a longer half-life than octreotide, 
was shown in a randomized controlled trial per-
formed at our institution to decrease the inci-
dence of clinically significant pancreatic fistulae 
following pancreaticoduodenectomy as compared 
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to placebo (10% vs. 21%; p = 0.04) [9]. Several 
subsequent studies have since suggested that this 
intervention is cost-effective [10–12].

Other factors that have been evaluated have 
been the type of suture material, the use of fibrin 
sealants (to better secure the pancreaticojejunal 
anastomosis), and the use of external and inter-
nal pancreatic stents. One retrospective com-
parison study has evaluated the outcomes 
following the use of absorbable and nonabsorb-
able sutures, finding no difference between 
suture types [13]. Similarly, fibrin sealants 
appear to offer no benefit in terms of periopera-
tive morbidity and mortality, with an incidence 
of pancreatic fistula following pancreatic resec-
tion across several randomized studies of 29.6% 
when fibrin sealants were used and 31.0% in 
control groups (RR 0.93; 95% CI 0.71–1.21; 
p = 0.58) [14]. With respect to stent placement, 
internal stenting across the pancreaticojejunal 
anastomosis does not reduce the rate of PF for-
mation [15], but there does appear to be a risk 
reduction with externalized stents (6% stent vs. 
22% no stent; p = 0.04) [16]. However, system-
atic review does not support the use of either 
external or internal stenting [17].

Perhaps the most abundantly researched in the 
effort to lower the incidence of pancreatic fistulae 
has been the specific technique of pancreatic 
anastomosis. Among the many established 
approaches are the typical duct-to-mucosa pan-
creaticojejunostomy (with or without parenchy-
mal sutures), invagination into the jejunum, and 
pancreaticogastrostomy [18]. Despite extensive 
study, the literature fails to offer clarity on which 
approach is associated with improved outcomes. 
Recent randomized controlled trials have sug-
gested a superiority of pancreaticogastrostomy 
over pancreaticojejunostomy when subjected to 
meta-analysis with rates of PF reduced from 
18.7% to 11.2% [19]. Another contemporaneous 
meta-analysis showed similar findings across 
seven randomized controlled trials, with a reduc-
tion in PF among pancreaticogastrostomy 
patients (10.6% vs. 18.5%; p = 0.0002). Subgroup 
analysis restricted to those studies in which 
ISGPF criteria were used also showed a signifi-
cant difference (8.3% vs. 20.5%; p  <  0.00001) 
[20]. Additional meta-analyses have also sug-

gested a decreased incidence of PF with pancre-
aticogastrostomy and a modest impact on overall 
morbidity [21–23]. However, a more recent mul-
ticenter German randomized controlled trial 
(RECOPANC) included 320 patients in an intent-
to-treat analysis, finding no difference in the inci-
dence of Grade B/C pancreatic fistulae between 
pancreaticogastrostomy and pancreaticojejunos-
tomy (20% vs. 22%; p = 0.617) [24], and a greater 
number of postoperative hemorrhage in the PG 
group. In the end, while the preponderance of 
data suggests that pancreaticogastrostomy should 
be preferred over pancreaticojejunostomy, it is 
crucial to note that the pancreaticojejunostomy 
techniques employed in the aforementioned stud-
ies were invariably heterogeneous.

Indeed, the outcomes following alternative 
methods of pancreaticojejunostomy can be quite 
varied. In an early randomized trial comparing 
invagination to a duct-to-mucosa anastomosis, 
the former was associated with a lower rate of 
pancreatic fistula formation (12% vs. 24%; 
p < 0.05) [25]. This contrasts with the prior ran-
domized trial from Italy showing no difference in 
outcomes between the two techniques, including 
a similar incidence of pancreatic fistula (13% for 
duct-to-mucosa anastomosis and 15% for invagi-
nation; p  =  ns) [26]. Additional trials showing 
conflicting data regarding these methods have 
since followed [27], and a recent meta-analysis 
showed no significant difference (OR = 1.23 for 
duct-to-mucosa vs. invagination; p = 0.38) across 
the published studies [28].

At our institution, we utilize an altogether dif-
ferent reconstructive method—the Blumgart 
pancreaticojejunostomy—that combines a duct-
to-mucosa anastomosis with transpancreatic 
sutures. Because the jejunum is imbricated over 
the entire transected pancreatic parenchymal sur-
face, this technique essentially couples a duct-to-
mucosa anastomosis to the proposed advantages 
of invagination. Performed over the last 25 years 
at our institution and by hundreds of trainees 
across the world, this technique has become our 
preferred means of pancreaticojejunal anastomo-
sis. Here we discuss the critical aspects of the 
surgical technique and review the literature 
regarding its use in the reconstruction following 
pancreaticoduodenectomy.
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11.2	 �Surgical Technique

Resection is performed in the standard fashion, 
with removal of the head of the pancreas and the 
duodenum. Pylorus preservation can be per-
formed as dictated by the indication for operative 
intervention. During pancreatic transection, four 
stay sutures—typically consisting of a 3-0 mono-
filament absorbable suture (such as PDS)—are 
placed at the superior and inferior aspect of the 
pancreas on both sides of the intended line of tran-
section. Two of these remain on the pancreatic 
remnant following extirpation of the specimen. At 
this point, the remnant is prepared by dissecting it 
free of the splenic artery and vein for a length of 
1–2 cm. The jejunal limb is then brought through 
a defect in the transverse mesocolon that is cre-
ated to the right of the middle colic vessels, such 
that the proximal jejunal end sits to the right of the 
inferior aspect of the pancreatic remnant. 
Absorbable stay sutures are placed in the jejunum 
approximately 10–15 cm apart—representing the 
full extent of the jejunum incorporated into the 
future anastomosis—in order to splay out the 
small intestine during the creation of the retro-
colic pancreaticojejunostomy.

The critical component of the through-and-
through (Blumgart) approach is the careful place-
ment of several transpancreatic U-sutures. At our 
institution, we use 3-0 braided absorbable sutures 
(such as VICRYL) that are placed in interrupted 
fashion beginning at the superior aspect of the 
pancreatic remnant. The first suture is placed adja-
cent to the superior 3-0 PDS stay suture, taking 
care to avoid the pancreaticoduodenal vessels. As 
with all the transpancreatic sutures, this stitch is 
first placed in the anterior surface of the pancreas 
and brought out the posterior aspect. A horizontal 
seromuscular stitch in the jejunum—approxi-
mately 1 cm of travel along the longitudinal axis of 
the bowel and well-posterior to the anticipated 
duct-to-mucosa anastomosis (i.e., closer to the 
posterior mesentery)—is then placed, with the 
stitch then taken back through the pancreas poste-
rior to anterior, exiting about 0.5 cm from the ini-
tial entry of the stitch on the anterior surface. Six 
of these ‘U’ horizontal mattress stitches are 
placed—three cranial and three caudal to the pan-
creatic duct—taking extreme care on the interior 

two stitches to avoid placing the stitch through the 
duct itself. (A plastic stent can be inserted into the 
duct to avoid this issue.) Each stitch travels along 
the length of the bowel, incorporating a total of 
8–10  cm of jejunum into the anastomosis. The 
stitches are not tied, and the needles are left on all 
six stitches; importantly, the jejunum is not 
approximated to the pancreas at this time. It is 
critical in the placement of these sutures to main-
tain organization for later completion (Fig. 11.1).

The duct-to-mucosa anastomosis is then per-
formed. A small enterotomy using the needlepoint 
on the electrocautery is made in the jejunum, 
between the third and fourth ‘U’ stitches and 
exactly on the antimesenteric side of the jejunum. 
The full anastomosis will usually consist of 6–8 
interrupted monofilament absorbable sutures 
(usually 4-0 or 5-0 PDS) for larger ducts and 4–6 
sutures for smaller ducts. Invariably, the first stitch 
is placed in the 6 o’clock position on the inside of 
the pancreatic duct, exiting through the posterior 
aspect of the remnant and then full thickness 
through the jejunum, from the serosa to the lumen 

Fig. 11.1  Placement of transpancreatic sutures
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(Fig. 11.2). Adjacent sutures are then placed in the 
3 and 9 o’clock positions (for small ducts) or in 
the 4 and 8 o’clock positions (for normal or larger 
ducts). As with the initial duct-to-mucosa suture, 
the needle is first passed from the lumen of the 
pancreatic duct out the posterior parenchyma and 
then from serosa to mucosa on the jejunal side.

At this point, the jejunum is parachuted down 
to the pancreatic remnant, and the transpancreatic 
U-sutures are tied (with the needles left on). This 
approximates the jejunum to the posterior face of 
the pancreatic remnant and decreases tension on 
the stitches of the duct-to-mucosa anastomosis. 
The 6 o’clock duct-to-mucosa suture is then tied, 
followed by the additional posterior stitches (4 and 
8 o’clock or 3 and 6 o’clock, as dictated by duct 
size) (Fig. 11.3). To complete the duct-to-mucosa 

anastomosis, the anterior set of stitches are then 
placed in similar fashion —except the 12 o’clock 
stitch, for which the needle is first placed on the 
anterior pancreatic parenchymal surface, brought 
through the duct and then from mucosa to serosa 
on the jejunal side. These sutures are tied as they 
are placed.

With the duct-to-mucosa inner layer complete, 
attention is turned to the completion of the trans-
pancreatic sutures. The needle of the most cranial 
transpancreatic suture is taken, and two seromus-
cular bites are taken through the jejunum. The 
first of these is transversely from the posterior 
mesenteric side (incorporated in the first part of 
the anastomosis) to the anterior mesenteric side. 
The second is parallel to the longitudinal axis of 
the bowel. This represents the corner transpan-
creatic U-suture, and the stitch is tied so that the 
jejunum forms a wrap over the anterior surface of 
the pancreas at its most superior aspect. The next 
four transpancreatic sutures are completed by 

Fig. 11.2  Placement of posterior row of duct-to-
mucosa sutures

Fig. 11.3  Apposition of the pancreas to the jejunum
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taking 1  cm travel seromuscular stitches in the 
jejunum (again along the longitudinal axis of the 
bowel), close to the anterior mesentery so that 
there is adequate distance from the duct-to-
mucosa anastomosis. Each of these is tied so that 
the jejunum is brought over the anterior surface 
of the pancreatic parenchyma (Fig.  11.4). The 
last transpancreatic suture is also a corner stitch 
with two bites taken—the first is longitudinally 
on the bowel and the second transversely such 
that the final needle exit on the jejunum is 0.5 cm 
from the suture taken through the posterior sur-
face of the jejunum.

The final result of the anastomosis is depicted 
in Fig. 11.5, showing the entire transected surface 
of the pancreas completely covered by jejunal 
serosa. While the Cattell-Warren pancreaticojeju-
nostomy and most other technical approaches do 
also cover the transected surface, the Blumgart 
anastomosis differs in that the pancreatic rem-
nant should appear imbricated into the jejunum.

11.3	 �Results

As with the multitude of measures described in 
the foregoing, the through-and-through duct-to-
mucosa (Blumgart) pancreaticojejunostomy has 
been the subject of extensive clinical investiga-
tion. In a multi-institution report of 187 consecu-
tively treated patients, the Blumgart 
pancreaticojejunostomy described herein was 
associated with a 6.9% incidence of Grade B and 
C pancreatic fistula (by ISGPF criteria). 
Perioperative mortality was low at 1.6%, and the 
incidence of reoperation was 5.3%; notably, nei-
ther mortality nor reoperation occurred in a 
patient with a postoperative pancreatic fistula 
[29]. There was a 13.4% incidence of Grade A 
pancreatic fistula not altering clinical manage-
ment. Compared with other retrospective studies 
employing the ISGPF criteria, this report com-
pares favorably with the results of other technical 
approaches. Similarly, a group in India applied 

Fig. 11.4  Placement of anterior seromuscular jejunal 
sutures

Fig. 11.5  Completed Blumgart pancreaticojejunostomy
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this technique in 98 consecutive patients, finding 
an incidence of Grade B and C pancreatic fistula 
of 7.14%, with only one patient requiring re-
exploration due to leak [30]. As various contem-
poraneous retrospective studies examining the 
outcomes of other reconstruction techniques 
have shown an incidence of Grade B and C fistu-
lae of 10–15%, the outcomes following Blumgart 
pancreaticojejunostomy in these two studies rep-
resent a significant improvement [31, 32].

Several studies have provided higher quality 
evidence by comparing the Blumgart technique 
directly with other technical methods. One such 
study employed a before-after retrospective 
design from a single institution in Germany 
examining the outcomes following the Blumgart 
pancreaticojejunostomy versus a Cattell-Warren 
anastomosis. The Blumgart anastomosis was 
performed in the fashion described herein, while 
the latter consisted of interrupted anterior and 
posterior rows of sutures between the seromus-
cular jejunum and the anterior and posterior 
pancreatic capsule, respectively (in conjunction 
with a duct-to-mucosa anastomosis). The 
authors of this study observed a statistically sig-
nificant decrease in operative time and a trend 
toward decreased blood loss in the Blumgart 
anastomosis group. Importantly, the rate of sur-
gical complications and the rate of Grade B and 
C pancreatic fistula were statistically signifi-
cantly lower (4% vs. 13%; p = 0.032). Finally, 
in a multivariate analysis, the type of anastomo-
sis (Blumgart vs. Cattell-Warren) was a signifi-
cant predictor of both major local complications 
and systemic complications [33]. In another line 
of evidence, a second German group published 
similar findings in a randomized study compar-
ing a transpancreatic mattress suture anastomo-
sis to the conventional Cattell-Warren 
pancreaticojejunostomy. Their technique, repre-
senting a variation on the Blumgart anastomo-
sis, employed transpancreatic U-sutures, not in 
conjunction with a duct-to-mucosa anastomosis, 
but with the invagination of the entire cut sur-
face of the pancreas into a large jejunal opening; 
in their hands, there was a trend toward fewer 
complications in the group using transpancre-
atic mattress sutures with invagination com-

pared to a group in whom Cattell-Warren 
anastomoses were performed [34]. In both stud-
ies, the authors theorize that the shear forces on 
the pancreatic parenchyma are lessened by the 
transpancreatic sutures, as knot-tying com-
presses the full-thickness parenchyma rather 
than generates perpendicular force that in the 
soft pancreas tears through the tissue.

More recently, further evidence to support the 
use of the Blumgart anastomosis has been offered 
by additional comparison studies. In one, a 
Japanese group compared the Kakita method 
(interrupted full-thickness pancreatic sutures + a 
duct-to-mucosa anastomosis) to the transpancre-
atic mattress method described here. Of note, 
externalized pancreatic stents were employed in 
all patients with a pancreatic duct of less than 
3mm in diameter. In this single-institution 
matched historical control study with 120 patients 
in each arm, the Blumgart technique was associ-
ated with a significantly lower rate of Grade B 
and C pancreatic fistula (2.5% vs. 36%; 
p < 0.001), shorter duration of drain placement, 
and shorter postoperative stay [35]. Another 
Japanese group also examined in a retrospective 
fashion the outcomes of the Kakita method with 
the Blumgart anastomosis, finding a lower rate of 
Grade B and C fistula in the through-and-through 
mattress method (20.5% vs. 37.2%; p  =  0.033) 
[36]. It should be noted that the rate of clinically 
significant fistulae was quite high in this report 
and does well exceed those described in Western 
centers for most methods of reconstruction.

An important piece of evidence has also been 
recently offered from a Taiwanese group compar-
ing the outcomes of the Blumgart anastomosis 
with that of pancreaticogastrostomy. Given that 
several studies have compared various methods of 
pancreaticojejunostomy with pancreaticogastros-
tomy and that there is suggestion that the latter 
may be superior, this comparison is an important 
one. In a retrospective analysis of a prospectively 
maintained database, the Taiwanese study exam-
ines 206 matched patients undergoing pancreati-
coduodenectomy and either Blumgart 
pancreaticojejunostomy or pancreaticogastros-
tomy. In this series, the former was associated 
with a decreased incidence of clinically relevant 
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pancreatic fistulae (7% vs. 20%; p  =  0.007), 
shorter hospital stay, and decreased perioperative 
mortality (0% vs. 4.9%; p  =  0.03) [37]. Taken 
together, the largely retrospective series through-
out the literature do concur that there are fewer 
complications, and specifically a decreased rate of 
clinically significant pancreatic fistulae, when the 
method of reconstruction is that described here.

Despite the foregoing, there remains a paucity 
of high-level clinical evidence to delineate the 
optimal method of pancreaticojejunostomy. To 
address this issue, the PANasta trial has been 
announced. A multicenter, double-blinded, ran-
domized controlled trial, PANasta, aims to evalu-
ate if the Blumgart pancreaticojejunostomy is 
superior to the Cattell-Warren anastomosis. The 
primary endpoint of the study will be the rate of 
pancreatic fistula, and secondary endpoints 
include mortality, surgical complications, nonsur-
gical complications, hospital stay, and completion 
of adjuvant chemotherapy. Aiming to enroll 253 
patients per study arm, the study is powered to 
detect a 10% absolute risk reduction in the rate of 
pancreatic fistula and is expected to be completed 
following an enrollment period of 3 years and a 
1-year follow-up [38]. However, in the absence of 
level I clinical evidence, the literature supports 
the use of the transpancreatic Blumgart anasto-
mosis over alternative methods of pancreaticoje-
junostomy with respect to clinical outcomes.

Final considerations in support of the Blumgart 
anastomosis are the technical advantages for the 
operating surgeon. The transpancreatic mattress 
method provides a suitable window for creation 
of the duct-to-mucosa portion of the anastomosis, 
as the jejunum is not apposed to the cut surface of 
the pancreas until the latter is completed. In the 
Cattell-Warren anastomosis, the jejunum is in 
apposition with the pancreas when the posterior 
row of duct-to-mucosa sutures is placed, render-
ing visualization more difficult. Finally, the 
transpancreatic method has in our institutional 
experience proven to be facile to teach to train-
ees. That many MSKCC-trained surgeons con-
tinue to employ this method of reconstruction 
described herein supports the notion that the 
anastomosis is reproducible in the hands of sur-
geons both nationally and internationally.

�Conclusions

As surgical complications and specifically pan-
creatic fistula following pancreaticoduodenec-
tomy are a considerable source of perioperative 
morbidity, a large body of clinical research has 
centered on the various pharmacologic and 
technical measures that can be employed to 
decrease the incidence of postoperative 
PF. While the role for several interventions is 
limited by a paucity of clinical evidence, there 
are several reports supporting the use of a 
through-and-through transpancreatic duct-to-
mucosa pancreaticojejunostomy, also known as 
the Blumgart anastomosis. Technically facile, 
this technique is associated with lower rates of 
pancreatic fistula across several institutions and 
in comparison to alternative methods. In the 
absence of high-level clinical evidence, there 
remains of preponderance of data to support 
widespread use of the Blumgart anastomosis as 
the reconstruction method of choice in patients 
undergoing pancreaticoduodenectomy.
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