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BACKGROUND: Pancreatic fistula (PF) is one of the most common complications after pancreaticoduodenec-
tomy. There have been no large prospective randomized trials evaluating PF rates comparing
invagination versus duct to mucosa pancreaticojejunostomy. We tested the hypothesis that a
duct to mucosa pancreaticojejunostomy would reduce the PF rate.

STUDY DESIGN: Between August 2006 and May 2008, 197 patients at two institutions underwent pancreaticoduodenec-
tomy by a total of 8 experienced pancreatic surgeons as part of this prospective randomized trial (clinical
trial no. NCT00359320). All patients were stratified by pancreatic texture and randomized to either an
invagination or a duct to mucosa pancreaticojejunal anastomosis. Recorded variables included pancreatic
ductdiameter,operative time,blood loss, complications, andpathology.PrimaryendpointwasPFrate, as
defined by the International Study Group on Pancreatic Fistula. Secondary end points included PF grade,
postoperative length of hospital stay, other morbidities, and mortality.

RESULTS: Rate of PF for the entire cohort was 17.8%. There were 23 fistulas (24%) in the duct to mucosa
cohort and 12 fistulas (12%) in the invagination cohort (p � 0.05). The greatest risk factor for
a PF was pancreas texture: PF developed in only 8 patients (8%) with hard glands, and in 27
patients (27%) with a soft gland. There were two perioperative deaths (both in the duct to
mucosa group), with the proximate causes of death being PF, followed by bleeding and sepsis.

CONCLUSIONS: This dual-institution prospective randomized trial reveals considerably fewer fistulas with invagination
compared with duct to mucosa pancreaticojejunostomy after pancreaticoduodenectomy. Results confirm
increased PF rates in soft as compared with hard glands. Additional studies are needed to define the
optimal technique of pancreatic reconstruction after pancreaticoduodenectomy. (J Am Coll Surg 2009;

208:738–749. © 2009 by the American College of Surgeons)
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ancreaticoduodenectomy (PD) is a complex procedure com-
only performed in appropriately selected patients with be-

ign and malignant diseases of the pancreas and periampul-
ary region. On completion of the pancreaticoduodenal
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esection, three anastomoses are used to reestablish gastroin-
estinal continuity: a pancreatic-enteric anastomosis, a biliary-
nteric anastomosis, and a gastro or duodeno-enteric anasto-
osis.The pancreatic-enteric anastomosis has been referred to

s the “Achilles heal” of PD because it has been associated with
measurable risk of leakage or failure of healing, resulting in
ancreatic fistula (PF). PF is associated with the potential for
n intraabdominal collection or abscess, the occasional need
or reoperation, and possible death.

Operative mortality rate for PD is typically �5% in
igh-volume centers. The leading causes of mortality in-
lude sepsis (often related to a PF), hemorrhage, cardiac
vents, and pulmonary embolism. In contrast to this low
ortality rate, the morbidity rate remains quite high (rang-

ng from 20% to 60%), with one review showing a rate of

0%.1 One of the most common causes of morbidity is a
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eak or PF arising from the pancreatic-enteric anastomosis.
recent review estimated the incidence of this complica-

ion to be 10% to 28.5%.2 Several large single-institution
eries from the Mannheim, Lahey, and Mayo Clinics have
hown leak rates of 11% to 15%.3-5 The Mannheim Clinic ser-
es demonstrated that 20% of PFs were directly responsible
or the patients’ postoperative deaths.3

A postoperative PF is currently defined by the Interna-
ional Study Group on Pancreatic Fistulas (ISGPF) as “out-
ut via an operatively placed drain (or a subsequently
laced, percutaneous drain) of any measurable volume of
rain fluid on or after postoperative day 3, with an amylase
ontent greater than 3 times the upper normal serum
alue.”6 The drain fluid can have a “sinister appearance,” or
t can appear milky or like “spring water.” The ISGPF has
lso recommended grading PFs by severity (A, B, and C),
ith grade A being least severe and grade C being most

evere. This grading system includes the following param-
ters: clinical condition, treatment used, imaging results,
ersistent drainage, reoperation, death, signs of infection,
nd readmission.6

There are two widely used methods to accomplish an
nd to side pancreaticojejunostomy (PJ) after PD: invagi-
ation PJ (or “dunking” the pancreatic remnant into the

ejunum) or duct to mucosa PJ. In one single-institution
xperience using the duct to mucosa PJ technique and an
nternal stent, Strasberg and colleagues7 reported a PF rate
f only 1.6% in 123 patients. In another experience re-
orted by Tani and colleagues,8 the fistula rate was 11% for
stented duct to mucosa PJ technique and 6.5% for a

wo-layer end to side externally stented technique.
There has been one prospective randomized trial evalu-

ting a duct to mucosa PJ versus an end to side PJ reported
n the literature.9 In this trial, Bassi and his coauthors9

andomized 144 patients undergoing PD to either a two-
ayer duct to mucosa PJ anastomosis or a single-layer end to
ide anastomosis that was not invaginated. PFs were seen in
4% of patients—13% in the duct to mucosa group and
5% in the end to side group, and there was no difference
n complications between groups.

We believed it was appropriate to perform a prospective

Abbreviations and Acronyms

ISGPF � International Study Group on Pancreatic Fistulas
IUH � Indiana University Hospital
PD � pancreaticoduodenectomy
PDS � Polydioxanone
PF � pancreatic fistula
PJ � pancreaticojejunostomy
TJUH � Thomas Jefferson University Hospital
andomized trial comparing the invagination versus the p
uct to mucosa techniques for end to side pancreaticojeju-
al reconstruction. Our hypothesis was that the duct to
ucosa technique would be associated with the lowest leak

ate.

ETHODS
tudy design
his study was a prospective, randomized, dual-institutional

tudy comparing the invagination and duct to mucosa PJ
echniques. Institutional Review Boards at both institutions
pproved the study.The study was offered to all patients at the
homas Jefferson University Hospital (TJUH) and the Indi-

na University Hospital (IUH) undergoing PD during the
tudy time period (TJUH: August 2006 to May 2008; IUH:
ebruary 2007 to May 2008). Patients were recruited on the
asis of preoperative anticipation of pancreaticoduodenal re-
ection, and preoperative consent was obtained. Stratification
nd randomization were performed intraoperatively, after
ancreaticoduodenal resection. Because many studies have
emonstrated that leak rates are directly related to pancreatic
exture,10,11 patients were stratified into two groups: soft (nor-
al) texture (predicted fistula rate of 20% to 40%) and hard

fibrotic) texture (predicted fistula rate of 0% to 10%). Pa-
ients were randomized to one of two groups: a two-layer end
o side pancreatic duct to jejunal mucosa anastomosis (duct to
ucosa) or a two-layer end to side invagination technique.
All other aspects of the intraoperative and postoperative
anagement of the patients were not influenced by this

tudy. Perioperative care of the patient, including use of
rophylactic antibiotics, gastric acid secretory inhibition
gents, nasogastric tubes, time of removal of operatively
laced closed-suction drains, and restoration of oral intake
emained under the direction of the attending surgeon. If a
ostoperative PF occurred, the attending surgeon managed
he fistula in keeping with routine clinical practice. Both
nstitutions have a critical pathway in place, and this was
sed to standardize patient care and ensure uniform post-
perative management.12 Prophylactic octreotide was not
sed in any patient.

bjectives and end points
he primary end point was PF rate, using the ISGPF def-

nition.6 Secondary end points included length of postopera-
ive hospitalization, percutaneous radiologic intervention
ates, reoperation rates, morbidity (to include complications
uch as delayed gastric emptying, wound infection, intraab-
ominal abscess, bile leak, and cholangitis), and 30-day or

n-hospital mortality.

ata collection
mmediately after the PD, the attending surgeon com-

leted a short questionnaire documenting the type of re-
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ection performed, type of PJ anastomosis, character of the
emnant pancreas (soft [normal] or hard [fibrotic]), size of
he pancreatic duct, and how the pancreas was transected
ie, stapler, electrocautery). Other routine data collected
ncluded additional details of the operative procedure
from the operative report), pathology of the resected spec-
men (from the pathology report), and occurrence of post-
perative morbidity and mortality. PFs were assigned a
rade of A, B, or C, based on ISGPF criteria.6 Postoperative
omplications were also graded according to the previously
ublished Clavien scale.13 Patients with Clavien grades 1
nd 2 complications were considered to have minor com-
lications, and those with Clavien grades 3 to 5 were con-
idered to have major complications (Table 1).

echniques of PJ
or both techniques, approximately 1.5 to 2 cm of the cut
nd of the pancreatic remnant is mobilized off the splenic
ein. The proximal end of the retained jejunum is brought
hrough an opening in the right transverse mesocolon, and
he antimesenteric jejunal border is brought alongside the
ut end of the pancreas 2 to 3 cm distal to the oversewn
taple line at the proximal end of the jejunum.

nvagination PJ technique
posterior outer row of 3-0 silk mattress sutures is placed

tarting at the superior margin of the pancreas and extend-
ng to the inferior margin. These sutures are all placed
pproximately 5 to 10 mm back from the edge of the pan-
reas and, after all are placed, they are tied. The jejunum is
hen opened a shorter length than the width of the pancreas
sing electrocautery. Two 3-0 Vicryl (Ethicon) sutures are
hen anchored at the inferior edge of the anastomosis for
he inner posterior layer. Bites are then taken, entering on
he cut face of the pancreas approximately one-third the
ay across the face and in a single pass carried into the

umen of the jejunum, incorporating the full thickness of

able 1. Modified Classification of Surgical Complications
rade

Any deviation from normal postoperative course with
radiologic intervention

Allowed therapeutic regimens are drugs such as antiem
This grade also includes wound infections opened at t

I Requiring pharmacologic treatment with drugs other
Blood transfusions and total parenteral nutrition are a

II Requiring surgical, endoscopic, or radiologic interven
V Life-threatening complication (including CNS compl

Death of patient

Modified from: Dindo D, Demartines N, Clavien PA. Classification of surgi
esults of a survey. Ann Surg 2004;240:205�213, with permission.)
ejunum. With one of these sutures, an inner row of run- c
ing, locking stitches is placed along the posterior row
tarting at the inferior border of the gland and advancing
ephalad. Stitches might or might not be placed into the
uct, depending on the duct size. The anterior row of the

nner layer is then created in a running, nonlocking fash-
on, entering the ventral surface of the pancreas and com-
ng out one-third of the way down the cut face of the
ancreas, and including full-thickness jejunum. The ante-
ior inner row of suture is completed and tied to the inner
osterior suture from the back row. An outer anterior row
f 3-0 silk Lembert sutures is then placed. These are placed
s mattress sutures with a deep bite of the pancreatic paren-
hyma and a seromuscular bite of the jejunum, allowing
he jejunum to be pulled over the anterior inner layer.
hese sutures are all placed and then tied to avoid tearing of

he pancreatic parenchyma (Fig. 1).

uct to mucosa PJ technique
he posterior outer row of 3-0 silk suture is placed as de-

cribed here (see Invagination PJ Technique, Fig. 1). The
ied 3-0 silk sutures are then held on tension, and the
ancreatic duct is identified. A small, full-thickness jejuno-
omy is then created using electrocautery, in line with the
ancreatic duct. The posterior inner (duct to mucosa) layer
s then performed using 5-0 Polydioxanone (PDS; Ethi-
on) suture and loop magnification (if necessary), taking
mple bites of the pancreatic parenchyma with the pancre-
tic duct, and full-thickness bites of the jejunum. If a small
ancreas duct is encountered (1 to 2 mm in diameter), a
otal of three to four 5-0 PDS sutures can be used on the
osterior row. For a larger pancreatic duct, the sutures are
paced not �1.5 mm apart, and �10 5-0 PDS sutures can
e required (see Fig. 2).
A nice maneuver at this point is to use a 20-cm length of

terile pediatric feeding tube (3.5F, 5.0F, or 8.0F sized ap-
ropriately for the pancreas duct), placing 5 cm of one end
nto the pancreatic duct toward the pancreatic body and 15

efinition

e need for pharmacologic treatment or surgical, endoscopic, or

, antipyretics, analgesics, diuretics, electrolytes, and physiotherapy
dside
such allowed for grade I complications
cluded here

ns) requiring ICU management

plications: a new proposal with evaluation in a cohort of 6,336 patients and
D

out th

etics
he be
than
lso in
tion
icatio

cal com
m of the other end through the jejunotomy and down-
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tream into the jejunum. The pediatric feeding tube is not
ntended as a permanent anastomotic stent, but rather as a
emporary guide for the placement of the anterior inner
nd outer rows of sutures. Its presence in the lumen of the
ancreas duct minimizes the chance that any of the anterior
nner row sutures will catch the back wall of the duct and
cclude the pancreatic duct lumen. The anterior inner row
s then performed using 5-0 PDS sutures, taking care to
void snagging the pediatric feeding tube. Once this ante-
ior inner row of sutures is tied and cut, then the anterior
uter row of 3-0 silk sutures are placed, taking ample bites
f the pancreatic parenchyma and the capsule, and ample
ites of the jejunum well away from the anastomosis. This
llows the jejunum to be pulled up and over the anterior
nner layer suture line. Again, careful technique is used to
void tearing the parenchyma of pancreas when tying these
nterior outer layer sutures. (The pediatric feeding tube can
e temporarily left in the lumen through the anastomosis,
ut it is removed through the downstream jejunotomy

Figure 1. Invagination pancreaticojejunostomy. (A) p
continuous suture; (C) outer layer of interrupted silk
“dunking” of the pancreatic remnant. (Reprinted from:
Vol. 1. 2nd ed. Hamilton Ontario, Decker; 2007:294�
ade for the hepaticojejunostomy.) t
It was permissible to use a pancreatic duct probe or a
emporary stent (such as a pediatric feeding tube) during
he performance of either of the PJ anastomoses, but it was
equired that the stent be removed intraoperatively, and not
eft in place. The biliary-enteric and duodeno- (or gastro)-
nteric reconstructions were performed downstream from
he PJ.

andomization
andomization was performed using the method of ran-
om permuted blocks within each of the two strata defined
y pancreatic texture (soft [normal] and hard [fibrotic]).
he block size was not disclosed to the investigators. The
homas Jefferson University, Division of Biostatistics per-

ormed the randomization and prepared two sets of num-
ered, opaque, sealed envelopes. There was one set per
tratum. The envelopes were kept by a blinded administra-
ive assistant within the Department of Surgery at TJUH
nd opened in numeric order. The envelope for each pa-

ior outer row of silk interrupted sutures; (B) inner
res; (D) completed anastomosis demonstrating the
eron JL, Sandone C. Atlas of gastrointestinal surgery.
Figs. 21, 23, 24, and 25, with permission.)
oster
sutu

Cam
ient was opened during the operation, after the patient was
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742 Berger et al Type of Pancreaticojejunostomy after Pancreaticoduodenectomy J Am Coll Surg
onfirmed to be eligible (PD resection performed and pan-
reatic remnant reconstructable by either duct to mucosa
r invagination PJ) and the stratum determined. Inside the
nvelope was a sheet with a sequence number and treat-
ent assignment. After randomization, a copy of the sheet
as returned to Biostatistics to monitor randomization and

ccrual.

ample size
he primary end point was PF at 30 days postoperation.
e hypothesized that the duct to mucosa technique would

educe the fistula rate by 50%, from 30% to 15%. With �
et at 0.05, and using a one-tailed test, we determined that
e required 95 patients per group (190 total) to have 80%
ower to detect such a difference.

ata analyses
he primary end point was the occurrence of PF, which was
ichotomized as yes or no. Patient demographic and clini-

Figure 2. Duct to mucosa pancreaticojejunostomy. (A)
inner layer of duct to mucosa sutures; (C) anterior inn
placed and tied; (D) side view of completed anastom
(Reprinted from: Cameron JL, Sandone C. Atlas of g
Decker; 2007:296�297, Figs. 26, 27, 30, and 31, w
al characteristics across treatment groups were compared 7
etween the PJ types by chi-square test (or Fisher’s exact
est) for categorical measures, and by t-test for continuous
ata. Multivariable analysis of the primary outcomes was
ompleted using logistic regression. Variables considered in
he models included institution, PJ type, pancreatic tex-
ure, duct size, and blood loss. Variables were removed in a
ackward stepwise manner until remaining variables were
ignificant at p � 0.05. Logistic model results are reported
s odds ratios, two-sided 95% confidence intervals, and p
alues.

ESULTS
atient population
etween August 2006 and May 2008, a total of 272 pa-

ients were consented for entry into this study at the two
nstitutions. During that same time period, approximately
40 patients underwent PD at both hospitals. Of the 272
onsented patients, 197 patients were randomized to either
uct to mucosa or invagination PJ reconstruction. Of the

rior outer row of interrupted silk sutures; (B) posterior
yer of duct to mucosa interrupted sutures have been
Note in this trial, in-dwelling stents were not used.

intestinal surgery. Vol. 1. 2nd ed. Hamilton Ontario,
rmission.)
poste
er la
osis.
astro
5 patients who were consented but not randomized, the
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ost commons reasons were locally unresectable disease
n � 22), inability to locate the pancreatic duct or the duct
as judged to be too small (n � 13), operation other than
D performed (n � 9), and metastatic disease precluding
D (n � 8). The majority (94%) of operations were per-

ormed by five surgeons (CJY, KDL, EPK, TJH, and
MS). A total of 117 patients were enrolled at TJUH and
0 patients were enrolled at IUH.

emographic and intraoperative data
ata for patients in each study arm are presented in Table 2.
f these patients, 97 underwent duct to mucosa recon-

truction (49%) and 100 patients (51%) underwent invag-
nation. Patient demographics, including age and gender,
ere comparable between the two groups. Intraoperative
arameters were not statistically different between the duct
o mucosa and the invagination groups. The majority of
atients in each group (87%) underwent pylorus-preserving
D. Median estimated blood loss and red blood cell trans-

usion requirements were similar in the two groups. There
as a trend toward increased operative time in the duct to
ucosa patients (p � 0.09). Diameter of the pancreatic

uct was similar for the two groups (median 4 mm in both
ohorts), and there was no difference in duct diameter
mong patients who leaked in the two groups. When pa-
ients were dichotomized around a duct size of 4 mm, the
atients with a duct �4 mm (n � 84) in diameter had a PF
ate of 23%, compared with 14% in those with a duct
iameter �4 mm (n � 113; p � 0.13). Overall, there were

able 2. Demographic and Intraoperative Data for Patients
nrolled in Trial

arameter
Duct-to mucosa

(n � 97)
Invagination
(n � 100)

Age (y), median (range) 68 (32�84) 68 (41�90)
ale, n (%) 45 (46) 54 (54)
aucasian, n (%) 91 (94) 93 (93)
oft pancreas remnant,
n (%) 50 (52) 51 (51)
ard pancreas remnant,
n (%) 47 (48) 49 (49)

ylorus preservation, n (%) 84 (87) 88 (88)
stimated blood loss (mL),
median (range) 500 (100�2,000) 450 (100�10,000)
ransfused red blood cells
(U), median (range) 0 (0�6) 0 (0�27)

ancreatic duct (mm),
median (range) 4 (1�10) 4 (1�12)
perative time (min),
median (range) 379 (203�698) 347 (204�704)

o significant differences were noted comparing the duct to mucosa with the
nvagination group for any measured parameter in this Table.
01 patients (51%) judged to have a soft pancreas and 96 g
atients (49%) with a hard pancreas (Fig. 3). Of the pa-
ients who had a soft pancreas, 50 underwent duct to mu-
osa reconstruction and 51 had invagination performed.
or patients with a hard pancreatic remnant, 47 under-
ent duct to mucosa and 49 underwent invagination

econstruction.

ostoperative data and overall complications
here were a total of 142 patients who underwent PD for
alignant disease, and 55 patients had benign or prema-

ignant processes. There were more patients who under-
ent duct to mucosa PJ with malignant tumors (78%)

han in the invagination group (66%), but this difference
as not substantial.
Complications occurred in 53% of patients in the study,

ut 33% of these were considered Clavien grade 1 compli-
ations, which are typically minor and do not prolong hos-
ital stay. There were no substantial differences in overall
omplications, mortality, and rates of reoperation between
he duct to mucosa and the invagination groups. There
ere significant differences in the rates of major complica-

ions (Clavien grades 3 to 5) between the groups (25% duct
o mucosa versus 12% invagination; p � 0.03) and the
eed for interventional radiologic procedures (11% versus
%; p � 0.03). Median postoperative length of hospital
tay was identical for the duct to mucosa and invagination
roups (7 days). For patients who had a major complica-
ion, median postoperative length of hospital stay increased
ignificantly (13 days versus 7 days; p � 0.001), as compared
ith those patients with no complication (see Table 3).

Fs
or the entire patient population, the PF rate was 17.8% (n �
5). Rates in the duct to mucosa and invagination
roups were significantly different at 24% and 12% (p �
.04), respectively. PF rate for all patients with a soft pan-
reatic remnant was 27%, which was significantly in-
reased compared with those with a hard pancreatic rem-
ant (8%; p � 0.007). In the hard pancreatic remnant

igure 3. The distribution of the 197 patients in the study, with 101
atients being stratified into the soft pancreas group, and 96 pa-
ients being stratified into the hard pancreas group.
roup, PF rates were 11% in the duct to mucosa cohort and


