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Fig 4. Schematic drawing showing cross-sectional views indicating the distance between the edge of the tumor and the
splenic artery in patients treated with (A) standard DP. Ao, Aorta; ca, celiac axis; cha, common hepatic artery; panc, pan-
creas; sa, splenic artery; 7, pancreatic carcinoma. The distances (<) between the tumor edge and the root of the
splenic artery for each patient were 23 mm (case 1), 10 mm (case 2), 9 mm (case 3), 8 mm (case 4), and 5 mm
(case b) and (B) patients who underwent standard DP. The patients with tumors situated =10 mm from the splenic
artery had a greater incidence of R1 curability (P =.001, x* test).

invasion for portal venous system and artery (dou-
ble negative invasion; n = 7) was greater than that
of the other patients (n = 9; Fig 5); 5 of the 7 pa-
tients with double-negative invasion survived be-
yond 24 months after DP-CAR.

DISCUSSION

The aim of the present study was to clarify who
should and who should not be subjected to DP-
CAR in patients with potentially resectable/bor-
derline resectable pancreatic carcinoma. There are
several prior reports suggesting that an RO resec-
tion is an essential requirement for long survival.
In contrast, an RO resection is not the only
consideration for the impact of survival in ad-
vanced pancreatic carcinoma. In our study,
recurrence-free survival was greater among pa-
tients with RO than among patients with R1/R2.
Recently, long-term survivors after an Agpleby
operation (DP-CAR) have been reported®**; the
median survival time was 9.5-12 months in a

meta-analysis of 43 patients.” Despite these re-
ports, indications for DP-CAR remain controversial
with regard to the curability and survival benefit.
First, to improve the RO rate for potentially
resectable pancreatic body/tail carcinoma, we in-
vestigated the positive surgical margins from re-
sected specimens in patients who underwent
standard DP. Five of the 36 patients who under-
went standard DP had microscopically positive
margins at the nerve plexuses of the root of the
SA. In the work by Kanda et al,l‘7 13 in 51 cases
were positive for infiltration at surgical margins,
probably most frequently near the root of the SA.
Therefore, we suggest that DP-CAR should be per-
formed to obtain an RO resection in those patients
with potentially resectable pancreatic body/ tail
carcinoma who would otherwise receive a standard
DP. Our results showed that the patients with tu-
mors located within 10 mm from the root of the
SA had a greater incidence of R1 curability. There-
fore, DP-CAR may offer a survival advantage for the
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Fig 5. Estimated overall survival rate in patients who
were pathologically negative for portal vein system and
artery invasion (double-negative invasion; n = 7) was
greater than that of the other patients (n = 9; P = .023;
log-rank test).

patients with the tumor located within 10 mm from
the root of the SA, provided there is no involve-
ment of the portal vein and arterial structures.

Aggressive surgery such as with a DP-CAR is not
the only issue to consider in patients with border-
line resectable pancreatic carcinoma, because
most pancreatic carcinomas recur systemically.
Therefore, we should confirm the indications of
DP-CAR for the borderline resectable patients.
Therefore, we analyzed prognostic factors in the
16 patients with borderline resectable disease. The
estimated overall survival rate in patients with
pathologically negative invasion for portal venous
system and artery (double-negative invasion) was
greater than that of the other patients. With regard
to the artery invasion, it has been reported that
invasion of the SA is a crucial prognostic factor in
patients with carcinoma of the body/tail of the
pancreas.'” Moreover, extended pancreatectomy
with major arterial resection did not result in any
long-term survivors in many previous reports.”**’
Therefore, we evaluate carefully the patients with
double negative invasion into portal venous system
and artery on preoperative imaging study for indi-
cation of DP-CAR.

As mentioned, one should consider the issue of
tumor biology and acknowledge that most pancre-
atic carcinomas recur systemically and that tumor
involving arterial structures recur rapidly, even
after an apparent RO resection. Therefore, we
must balance carefully both tumor biology as
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systemic disease and the potential benefit of sur-
gery. DP-CAR can provide a clinical benefit for the
patients with borderline resectable pancreatic
body/tail carcinoma after the strategy of neoadju-
vant therapy. Furthermore, powerful and precise
preoperative therapy for patients with borderline
resectable pancreatic body/tail carcinoma is re-
quired to improve their survival. One group in the
United States reported that the neoadjuvant ap-
proach allowed for identification of a subset of
patients who were most likely to benefit from
surgery, as evidenced by the favorable median
survival in this group. Patients with favorable
responses to preoperative therapy (radiographic
evidence of tumor regression and improvement in
serum tumor marker levels) were those who had
the best chance for RO resection and a favorable
long-term survival **?!

Survival of patients with more advanced cancers
who underwent DP-CAR was similar to the survival
of patients with a better prognosis who underwent
standard DP, indicating a potential value for DP-
CAR. Moreover, in the DP-CAR group, 10 of the 16
patients had microscopically positive margins at
the periarterial nerve plexuses or retropancreatic
tissue around the root of the celiac axis, but there
were no apparent differences concerning survival,
although the RO patients of all cases including
standard DP and DP-CAR had a better survival
than that of R1 and R2 patients. The short follow-
up period and small sample size are the primary
limitations of our study and further follow-up
should be required for patients with DP-CAR.

In conclusion, DP-CAR was feasible and safe
compared with standard DP, and the estimated
survival of patients who underwent DP-CAR was
the same as that of patients who underwent stan-
dard DP. We have to select carefully the patients for
whom DP-CAR can be considered as follows:
Patients with tumors located within 10 mm from
the root of the SA, and the patients with double-
negative invasion into portal venous system and
artery on preoperative imaging study. We need to
develop a more precise preoperative imaging study
to help in this selection.
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Use of omentum or falciform ligament
does not decrease complications after
pancreaticoduodenectomy:
Nationwide survey of the Japanese
Society of Pancreatic Surgery

Masaji Tani, MD,* Manabu Kawai, MD,” Seiko Hirono, MD,* Takashi Hatori, MD,?
Toshihide Imaizumi, MD,° Akimasa Nakao, MD,? Shinichi Egawa, MD,® Takehide Asano, MD,f
Takukazu Nagakawa, MD,® and Hiroki Yamaue, MD,* Wakayama, Tokyo, Ischara, Nagoya, and Sendai, Japan

Background. Wrapping is thought to prevent pancreatic fistula and postoperative hemorrhage for
pancreaticoduodenectomy (PD), and we analyzed whether omentum/falciform ligament wrapping
decreases postoperative complications after PD.

Methods. This is a retrospective study of wrapping using the omentum/falciform ligament in patients
that underwent PD between January 2006 and June 2008 in 139 institutions that were members of the
Japanese Society of Pancreatic Surgery.

Results. Ninety-one institutions responded to the questionnaires, and data were accumulated from 3,288
patients. The data from 2,597 patients were acceptable for analysis; 918 (35.3%) patients underwent
wrapping and 1,679 patients did not. A pancreatic fistula occurred in 623 patients (37.3%) in the
nonwrapping group, in comparison to 393 patients (42.8 %) in the wrapping group (P = .006). The
incidence of a grade B/C pancreatic fistula was lower in the nonwrapping group than the wrapping
group (16.7% vs 21.5%; P = .002). An intra-abdominal hemorrhage occurred in 54 patients (3.2%)
in the nonwrapping group, which was similar to the incidence in the wrapping group (32 patients;
3.5%). The mortality was 1.3% and 1.0% in nonwrapping and wrapping groups, respectively. A
multivariate analysis revealed 7 independent risk factors for pancreatic fistula; male, hypoalbuminemia,
soft pancreas, long operation time, extended resection, pylorus preservation, and omentum wrapping.
There were 4 independent visk factors for early intra-abdominal hemorrhage and 2 independent risk
Sactors for late intra-abdominal hemorrhage.

Conclusion. This retrospective study revealed that omentum wrapping did not decrease the incidence of
pancreatic fistula. An additional validation study is necessary to evaluate the efficacy of wrapping for
PD. (Surgery 2012;151:183-91.)
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morbidity, and numerous trials have been attempted
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to decrease the mortality and morbidity after PD.'™
The incidence of mortality has decreased at high-
volume centers because of the progression of
surgical techniques and perioperative treatment””’; 7
however, the incidence of morbidity still remains
high."*#!? pancreatic fistula, delayed gastric empty-
ing,'""'* and postoperative hemorrhage after PD
are the most frequent postoperative complications.
Although delayed gastric emptying is not a lethal
complication, both pancreatic fistula and postopera-
tive intra-abdominal hemorrhage can lead to
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operation-related death.”™'" In addition, a low inci-
dence of complications is required in pancreatic sur-
gery in order to administer postoperative adjuvant
therapy quicker to improve the survival of patients
with pancreatic cancer.'” The International Study
Group of Pancreatic Fistula (ISGPF) has proposed
a consensus definition and clinical grading of post-
operative pancreatic fistula, which made it possible
to compare the incidence of pancreatic fistula associ-
ated with various surgical techniques.'®

Wrapping with omentum/falciform ligament is
one of the procedures to protect the surrounding
organs against the pancreatic juice having autolytic
activity, and this surgical technique is simple and
easy for surgeons to perform. Several reports have so
far shown the usefulness of wrapping after PD at
individual institutions.*' "™ However, such wrap-
ping may disturb the drainage of amylase-rich fluid,
which might cause intra-abdominal adipose tissue
inflammation like panniculitis, which could result
in the occurrence of an intra-abdominal abscess.

The Japanese Society of Pancreatic Surgery
(JSPS) decided to perform a nationwide survey to
evaluate whether wrapping using the omentum/
falciform ligament can help to prevent postopera-
tive complications after PD.

MATERIAL AND METHODS

Patients. A nationwide survey of omental wrap-
ping in patients who underwent PD between Jan-
uary 2006 and June 2008 was conducted at the
initiative of JSPS to compare the patients’ charac-
teristics, preoperative status, preoperative treat-
ment, surgical factors, perioperative status, and
postoperative outcomes.

Postoperative complications. Pancreatic fistula
was defined according to the ISGPF guidelines as an
amylase level in the drainage fluid on postoperative
day (POD) 3 that was >3 times the normal serum
amylase level.'® Postoperative intra-abdominal hem-
orrhage was defined as bleeding requiring a blood
transfusion, reoperation, or interventional radiol-
ogy. Early intra-abdominal hemorrhage indicates
incomplete hemostasis and a failure of carrying
out sufficient intra-operative management. It was
defined as occurring within 3 days after PD, and it
was not associated with any other postoperative
complications. Late intra-abdominal hemorrhage
is associated with other postoperative complica-
tions, including pancreatic fistula and intra-
abdominal abscess. A biliary fistula was defined as
the presence of bile in the drainage fluid that
persisted to POD 4. An intra-abdominal abscess
was defined as intra-abdominal fluid collection
with positive cultures identified by ultrasonography
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or computed tomography associated with persistent
fever and elevated white blood cells. Delayed gastric
emptying is defined as output from a nasogastric
tube of >500 mL per day that persists beyond POD
10, the failure to maintain oral intake by POD 14,
or the reinsertion of a nasogastric tube. Vascular
complications were defined as cerebral infarction,
cerebral hemorrhage, and deep vascular emboliza-
tion. Cardiac complications were defined as myocar-
dial infarctions and heart failure. Respiratory
complications were defined as pneumonia, pulmo-
nary embolism, and respiratory distress requiring
mechanical ventilation. Renal failure was defined
as acute onset of hemodialysis. Mortality was
defined as death within POD 30.

Statistical analyses. Comparisons between the 2
groups were carried out using unpaired ¢ test for
continuous data and the 2-tailed Chi-square or the
Fisher exact test, where appropriate, for categorical
data. The Tukey significant difference test was per-
formed to evaluate the differences in postoperative
drain amylase level among 3 groups. All factors with
P <.1inaunivariate analysis were analyzed by a mul-
tivariate analysis. The analyses were performed with
SPSS software for Windows (version 15.0; SPSS Inc.,
Chicago, IL). All statistical tests were 2-sided, and
significance was defined as P <.05. The results are
reported as the mean * standard deviation.

RESULTS

Patients. Ninety-one institutions (65.5%) re-
sponded to the questionnaires, and the data from
2,597 patients were able to evaluate the occurrence
of pancreatic fistula using the ISGPF criteria and
postoperative hemorrhage and were acceptable for
analysis in this study. The patients’ characteristics
are shown in Table 1. The average number of PDs
was 10.5 + 11.5 and 7.5 + 7.0 per year at the institu-
tions with and without wrapping, respectively. There
was no difference between the 2 groups (P=.141).

Postoperative outcome. The postoperative com-
plications are shown in Table II. The incidence of
pancreatic fistula in the wrapping group was signif-
icantly higher than that in the nonwrapping
group. The intra-abdominal hemorrhagic site was
identified in 24 patients in the nonwrapping
group, and 22 patients (83.3%) experienced hem-
orrhage from an artery (9 common hepatic artery,
6 gastroduodenal artery, 4 superior mesenteric ar-
tery, 1 left gastric artery, 1 proper hepatic artery,
and 1 splenic artery). The intra-abdominal hemor-
rhagic site was identified in 20 patients in the wrap-
ping group, and 18 patients (90.0%) experienced
hemorrhage from an artery (6 gastroduodenal ar-
tery, 5 common hepatic artery, 2 proper hepatic
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Table I. Patients’ characteristics
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Parameter Nonwrapping group (n = 1,679) Wrapping group (n = 918)* P value
Age, y (mean + SD) 65.9 + 10.1 66.5 + 9.9 .100
Gender (male/female) 1,018/661 541/877 402
Disease (carcinoma/other) 1,337/342 729/189 .895
Comorbidity
Diabetes mellitus 268 436
Respiratory disease 39 .463
Chronic pancreatitis 75 .344
Preoperative examination (mean + SD)
Hemoglobin (g/dL) 124 + 1.7 124+ 1.6 .887
Creatinine (mg/dL) 0.77 + 0.41 0.79 + 0.59 .490
Albumin (g/dL) 3.86 + 0.49 3.81 £ 0.51 .017
Total bilirubin (mg/dL) 3.0+438 22+33 <.001
AST (1U/L) 70.3 + 101.9 56.0 £ 79.3 <.001
ALT (IU/L) 100.0 + 142.7 83.1 £ 211.6 .017
Amylase (IU/L) 123.7 + 139.5 121.8 + 181.6 790
Preoperative biliary drainage 743 (44.3%) 478 (52.1%) <.001
Duration of preoperative biliary 25.8 +17.5 29.7 £ 21.4 .001
drainage, days (mean + SD)
Pylorus preservation 1,016 (60.5%) 384 (41.8%) <.001
Extended lymph node resection 1,399 773 307
Pancreatic texture (hard/soft) 730/949 408/510 635
Pancreaticoenterostomy
Jejunum/stomach 1,523/156 792/126 .001
Duct-to-mucosal anastomosis 1,269 (75.6%) 778 (84.7%) ; <.001
Usage of pancreatic stent tube 1,262 (75.1%) 779 (84.9%) .001
Operative time, min (mean + SD) 441 = 137 534 + 142 <.001

*Wrapping of pancreatic anastomosis or vessels, including hepatic artery, using either the omentum or falciform ligament.

ALT, Alanine aminotransferase; AST, aspartate aminotransferase.

artery, 1 superior mesenteric artery, 1 right hepatic
artery, 1 left hepatic artery, 1 splenic artery, and
1 dorsal pancreatic artery). Thirty patients (75%)
had late intra-abdominal hemorrhage accompa-
nied by grade B + C pancreatic fistula and/or
intra-abdominal abscess, and intra-abdominal
hemorrhage was accompanied by all grades of pan-
creatic fistula in 32 patients (80%). Mortality was
1.3% and 1.0% in the nonwrapping and wrapping
groups, respectively.

The level of amylase in the drainage fluid is
shown in Table III. The amylase level of the omen-
tum wrapping group was significantly lower than
the other groups (P = .027) on POD 3.

Complications according to the material used
for wrapping after PD. Two materials were used to
wrap (Table IV). The incidence of grade B + C pan-
creatic fistula in the omentum group (23.9%) was
significantly higher than in both the nonwrapping
(P<.001) and falciform ligament groups (P <.001).

Complications according to the location of
wrapping after PD. Wrapping was performed at 2
locations: wrapping of vessels, including the

common hepatic artery, proper hepatic artery,
stump of gastroduodenal artery, and portal vein,
and wrapping of the pancreaticoenterostomy
(Table V). The incidences of grade B + C pancre-
atic fistula in the anastomosis wrapping group
and the vessel wrapping groups were also higher
than those in the nonwrapping group.

Risk factors of postoperative complications.
The risk factors of grade B + C pancreatic fistula
and intra-abdominal hemorrhage were predicted
using categorized data by a univariate analysis
(Tables VI and VII). A multivariate analysis pre-
dicted 7 independent risk factors for grade B + C
pancreatic fistula (Table VIII). A multivariate anal-
ysis revealed 4 independent risk factors for
early intra-abdominal hemorrhage: male gender
(P=.017; odds ratio [OR], 2.078), long operation
time (=600 minutes; P = .020; OR, 2.198), blood
transfusion (P = .002; OR, 2.747), and soft pan-
creas (P < .001; OR, 4.184), and 2 independent
risk factors for late intra-abdominal hemorrhage:
male gender (P = .017; OR, 2.591) and soft pan-
creas (P=.001; OR, 4.274).
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