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Backgrounds/Aims: Pancreaticoduodenectomy is the most common procedure for the management of duodenal pathologies. However, it is associated with substantial morbidity and a low risk of mortality. Pancreas-preserving limited duodenal resection (PPLDR) can
be performed under specific scenarios. We share our experience with PPLDR and its outcome.
Methods: We retrospectively analyzed a prospectively maintained database of patients undergoing limited duodenal resection in the
form of wedge (sleeve) resection or segmental resection of one or more duodenal segments from March 2016 to March 2021 at a tertiary care center in North India.
Results: During the study period, 10 patients (including 9 males) underwent PPLDR. Five of these 10 patients showed primary duodenal or proximal jejunal pathology, while the remaining five had duodenal pathology involving an adjacent organ tumor. Four patients
underwent wedge (sleeve) resection, while the remaining six underwent segmental duodenal resection of one or more duodenal segments. Mean hospital stay was 6 days (range, 3–11 days) without 30-day mortality. Morbidity occurred in 4 patients (Grade I–II, n =
3; Grade III, n = 1). All patients were alive and disease-free at the time of last follow-up. The mean follow-up duration was 23 months
(range, 2–48 months).
Conclusions: PPLDR is a safe and effective alternative for pancreaticoduodenectomy when selected carefully for specific tumor types
and location.
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INTRODUCTION
Duodenum is a complex organ based on its anatomical location, proximity to the ampulla of Vater, the pancreas and
major vessels. Pancreaticoduodenectomy is the most common
procedure for the management of duodenal pathologies. HowReceived: September 8, 2021, Revised: October 22, 2021,
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ever, it is associated with morbidity in the range of 30%–50%
and mortality of approximately 5% in most of the large series.
Advances in diagnostics and refinement of surgical techniques
have led to the development of pancreas-preserving limited
duodenal resection (PPLDR) either as a wedge (sleeve) resection or segmental resection as an alternative to pancreaticoduodenectomy in certain pathologies and tumor locations. Due
to the rarity of such tumors, it has been difficult to formulate
a standard algorithm for their management. We share our experience for this not so common but technically challenging
procedure, describe various reconstruction options and their
outcomes and suggest an algorithm for appropriate option for
limited duodenal resection.

PATIENTS AND METHODS
We retrospectively analyzed a prospectively maintained da-
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tabase of all patients undergoing limited duodenal resection
in the form of wedge (sleeve) or segmental resection of one or
more duodenal segments from March 2016 to March 2021 at
a tertiary care center in North India. The study was approved
by the institutional ethics committee of Mahatma Gandhi
University of Medical Science and Technology (no. 20/00164).
Written informed consent was obtained from all participants.
Ten patients who underwent PPLDR were identified and their
records were analyzed for preoperative presentation, evaluation, per-operative details, postoperative hospital stay, complications (with Clavien-Dindo grading), 30-day mortality
and histopathology. Patients with periampullary pathologies
who underwent pancreaticoduodenectomy were excluded. All
procedures were performed by a trained gastrointestinal and
hepatobiliary surgeon (AS).

Surgical technique

An extended kocherization of the duodenum was performed
in all patients; patients requiring resection of D3 and D4 segments underwent Cattell-Braasch maneuver, followed by mobilization of the ligament of Treitz. Further technique depended
upon the type of pathology and tumor location. Small and benign tumors were managed via wedge (sleeve) resection of the
duodenum (Fig. 1). A minor defect in the duodenal wall was
closed primarily while a larger defect was closed with a jejunal
serosal patch (loop). Prior to segmental resection of the duodenum, the whole of the small bowel, ascending colon and the
proximal transverse colon were retracted cranially to expose
the duodeno-jejunal junction. The third part of the duodenum
was separated from the uncinate process of the pancreas. Additional procedures as described in the Table 1 were performed
in a standard maneuver. The jejunum was divided to ensure
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adequate length, and the jejunal limb was passed to the right
posterior to the superior mesenteric vessels. All duodeno-jejunal anastomoses were performed in a side-to-side or end-toend manner with continuous monofilament sutures (polydioxanone PDS 3-0) in a single layer. Air leak test was performed
in all patients by insufflating air via a nasogastric (Ryles) tube
inserted orally during surgery. A feeding jejunostomy (modified Witzel technique) was added at approximately 30 cm
distal to the anastomosis in all patients except those in whom
primary closure of the duodenal defect was performed after a
small wedge (sleeve) duodenal resection. Drain was placed. Patients who underwent primary repair were administered oral
methylene blue on postoperative day (POD) 1 and patients who
underwent anastomosis on POD 2 before starting oral feeds.

RESULTS
Patients’ demographic and clinical details are listed in Table
1. The mean age of patients at presentation was 54 years (range,
40–67 years). Nine out of 10 patients were male and one patient
was female. Five patients had primary duodenal or proximal
jejunal pathology, including jejunal adenocarcinoma (2/5)
(Fig. 2), duodenal gastro-intestinal stromal tumor (GIST) (2/5)
and lymphoma (1/5). Out of the remaining 5, two had retroperitoneal sarcoma (Fig. 3), one patient carried a mesenteric
tumor (GIST), another carcinoma hepatic flexure (Fig. 4) and
carcinoma gall bladder was detected in the remaining patient.
Chief presenting complaints of the patients having duodenal or
jejunal pathology was melena (4/5). Six patients underwent segmental resection of one or more duodenal segments, while remaining four patients had wedge (sleeve) excision of the lateral
part of the duodenum (D2 and D3). Patients carrying other
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Fig. 1. Diagrammatic representation of
surgical procedures. (A) Primar y repair
of a minor defect in duodenal wall. (B)
Jejunal serosal (loop) patch repair of large
defect in the duodenal wall. (C) End-toend duodenojejunostomy. (D) Side-to-side
duodenojejunostomy.
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Table 1. Characteristics of patients who underwent pancreas-preserving limited duodenal resection (PPLDR)

6

100

140

Yes

2×2

None

Side-to-side

Segmental

2

-

No

Nil
I
Proximal
jejunal adeno
carcinoma

40
Male
Melena

Case no. 7

10

500

250

Yes

Excision of
Retro
peritoneal
Sarcoma
40 × 15 × 25

End-to-end

Segmental

1

D4

No

Nil
I
Retro
peritoneal
sarcoma

53
Male
Lump
abdomen

Case no. 8

5

100

150

Yes

2×2

None

Side-to-side

Segmental

2

-

No

65
Male
Pain
abdomen,
melena
HTN
II
Proximal
jejunal
adeno
carcinoma

Case no. 9

5

200

160

Yes

2×2

None

Side-to-side

Segmental

2

D4

D4

45
Female
Pain
abdomen,
anorexia
Nil
I
NonHodgkin
lymphomaD4

Case no. 10

Pancreas-preserving limited duodenal resection

151

www.ahbps.org

https://doi.org/10.14701/ahbps.21-124
I
No
Well differ
entiated
adeno
carcinoma

Yes
Alive
26

No

Poorly differ
entiated
adeno
carcinoma
involving full
thickness of
colon and
infiltrating
into wall of
adherent
small
intestine up
to submucosa
0/13
LN. pT4N0
Yes

Alive

3

SSI-superficial

Case no. 2

II

DGE

Case no. 1

40

Alive

No

Low-grade
GIST

No

NA

None

Case no. 3

28

Alive

No

Low-grade
GIST

No

NA

None

Case no. 4

17

Alive

Yes

Low-grade
GIST

No

NA

None

Case no. 5

6

Alive

No

Spindle cell
carcinoma
with hetero
geneous
differ
entiation
T2aNx

No

Leak from EG
anastomosis,
arrythmias
IIIA

Case no. 6

15

Alive

Yes

Poorly differ
entiated
adeno
carcinoma.
0/10
LN. pT2N0

No

NA

None

Case no. 7

2

Alive

No

De-differ
entiated
liposarcomapT4Nx
IHC-S100,
SMA,
CD163+

No

II

DGE

Case no. 8

24

Alive

Yes

Moderately
differ
entiated
adeno
carcinoma
pT3 N0

No

NA

None

Case no. 9

48

Alive

Yes

Non-Hodgkin
lymphoma of
duodenum

No

NA

None

Case no. 10

HTN, hypertension; DM, diabetes mellitus; GIST, gastrointestinal stromal tumor; EG, esophagogastric; DGE, delayed gastric emptying; SSI, surgical site infection; LN, lymph nodes; SMA, smooth
muscle antigen; NA, not applicable.
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pathologies involving the duodenum underwent surgery based
on the primary tumor location as described in Table 1. One
patient (case no. 6) had two large recurrent retroperitoneal tumors, which were treated via segmental duodenal resection and
excision, segmental transverse colon resection and proximal
gastrectomy with colo-colic and esophagogastric anastomosis.
One to two drains (passive) were placed in the abdominal cavity of all patients. Feeding jejunostomy was done in seven out
of ten patients. Mean operative time was 190 minutes (range,
60–350 minutes) and the mean blood loss was 214 mL (range,
0–500 mL).

Morbidity

Postoperative morbidity was graded according to the Clavien-Dindo classification (grade I, minor deviation from normal postoperative course; grade II complications, requiring
therapeutic drugs outside of those allowed in grade I; grade
III, requiring surgical, endoscopic or radiological intervention;
and grade IV, life threatening complications) [1]. Four patients
experienced morbidity in the postoperative period. Two patients—one undergoing jejunal patch repair and one with endto-end duodeno-jejunal anastomosis showed delayed gastric

E

Fig. 2. (A, B) Computed tomography image
of primary jejunal adenocarcinoma (arrows).
(C) Intra-operative image showing jejunal
tumor after mobilization of duodeno-jejunal
flexure. (D, E) Resected specimen showing
jejunal tumor.

emptying (DGE)—required the use of one or more prokinetics
to prevent grade II morbidity. One patient had superficial surgical site infection that was managed with wound dressings
(grade I). High-grade morbidity occurred in one patient (case
no. 6) who had an intra-abdominal collection and pleural effusion due to a leak from the esophago-gastric anastomosis,
which was confirmed by a computed tomography (CT) scan
with oral contrast. The collection was drained with an ultrasound-guided pigtail catheter (Grade IIIA). The patient also
developed cardiac arrhythmias postoperatively, which required
specific medication and feeding jejunostomy for continued enteral feeding. The patient was discharged on POD 11.

Outcome and follow-up

All patients underwent R0 resection. None of the 10 patients
experienced 30-day mortality. Two patients with duodenal
GIST had low-grade GIST and did not receive adjuvant biological therapy, while the patient with mesenteric GIST received
adjuvant tyrosine kinase inhibitor (imatinib). Both patients
with retroperitoneal sarcoma were discussed in the multidisciplinary tumor board and were not recommended any adjuvant
treatment. Patients with adenocarcinoma (jejunum, colon and
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gall bladder) received adjuvant chemotherapy as per the institute protocol. One patient diagnosed with jejunal adenocarcinoma also had an isolated rib metastasis for which wide local
excision of the metastasis was performed after one month. The
patient diagnosed with lymphoma of the duodenum also received chemotherapy during the post-operative period. All patients were alive and disease-free at the time of last follow-up.
The mean follow-up duration was 23 months (range, 2–48
months).

DISCUSSION
Pancreaticoduodenectomy is the standard procedure for the
management of duodenal malignancies, especially when D2 is
involved. It is also indicated when the duodenum is associated
with a tumor involving an adjacent organ, such as cholangiocarcinoma, gall bladder cancer, stomach cancer, colon cancer,
and renal cell carcinoma. Nevertheless, pancreaticoduodenectomy is associated with substantial morbidity and small but
significant mortality. PPLDR is indicated for benign or lowgrade malignant lesions but is technically challenging because
of the location of the ampulla of Vater in the second part of
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Fi g . 3 . (A , B) Co m p u te d to m o g r a p hy
images of large retroperitoneal sarcoma.
(C, D) Intra-operative image showing large
retroperitoneal sarcoma with focal duodenal
involvement (arrows).

the duodenum, and the head and the uncinate process of the
pancreas related to the first three segments of duodenum.
Combined with the rarity of such tumors, PPLDR is performed
quite infrequently even at specialized gastrointestinal or hepato-pancreatico-biliary units. Few studies have described only
elective primary limited duodenal resections [2-6] for primary
duodenal pathology, while/however non-duodenal pathologies
requiring limited duodenal resection are very rarely reported
[7]. A series from Japan classified pancreas-preserving duodenectomy into proximal (D1 and D2) and distal (D3 and D4)
categories [8]. Herein, we have described PPLDR in 10 patients
with good outcomes.
Whenever duodenal involvement is suspected or duodenal
resection is anticipated, a comprehensive pre-operative workup is required in the form of upper gastrointestinal endoscopy
and/or endoscopic ultrasound (EUS) combined with cross-sectional imaging in the form of CT or MRI abdomen. When the
duodenal involvement is encountered intraoperatively, the
decision to perform pancreaticoduodenectomy, which is often
considered as the only viable option, should not be rushed
into immediately; rather, the operating surgeon should take
a time-out and re-assess whether a PPLDR can be performed
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safely without compromising the oncological adequacy and
radicality. This depends upon tumor location and the extent of
involvement of the duodenal circumference. A wedge (sleeve)
resection can be done if the tumor is located in D1-D3 and less
than one-third of the circumference is involved. Tumors in D3,
D4 and the proximal jejunum require segmental resection of
one or more duodenal segments with anastomosis (Fig. 5).
Reconstruction after PPLDR depends upon the type of resection. A small defect in the duodenal wall after a wedge (sleeve)
duodenal resection can be closed primarily without a risk of
stricture. A large defect in the duodenal wall can be covered
with a jejunal serosal patch (loop) (without mucosal anastomosis). Jejunal patch has been well described for large/giant
duodenal perforations but has been rarely used after limited
wedge (sleeve) duodenal resection. It prevents the formation
of a circulating loop in mucosal anastomosis and also avoids a
formal Roux-en-Y anastomosis.
End-to-end, end-to-side, and side-to-side duodeno-jejunal

E

Fig. 4. (A) Computed tomography (CT)
image showing hepatic flexure growth with
colo-duodenal fistula (arrow). (B) Coronal
section of CT scan showing colo-duodenal
fistula (arrow). (C) Intra-operative image
showing duodenal involvement (specimen
retracted by the first assistant). (D) Jejunal
patch in progress (side-to-side loop). (E)
Resected specimen showing hepatic flexure
colonic growth with duodenal fistula.

anastomoses are the various types of reconstruction that can
be performed after segmental duodenal resection. We preferred a side-to-side duodeno-jejunal anastomosis (Fig. 6)
in a majority of our patients because it is technically easy to
perform, without the need for sutures on the mesenteric side,
and provides a wide stoma. Dorcaratto et al. [9], in their series
of 11 patients reported additional complications and longer
postoperative stay in patients with end-to-side compared with
end-to-end anastomoses, while another series of side-to-side
duodeno-jejunal anastomoses reported from India [7] did not
encounter any leak-related morbidity, similar to our results. It
is not possible to comment on the relative superiority of reconstruction techniques because of the limited number of studies
including small number of patients investigated.
We did not encounter any anastomotic (duodeno-jejunal)
leak-related morbidity in our series. Two patients had DGE,
which was also managed without any significant increase in the
hospital stay. One major complication in our series was due to a
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Adenocarcinomalarge tumors/
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one-third circumference
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D3-D4 tumor or more than
one-third circumference
involved

Sleeve/wedge resection

Segmental duodenal resection

Pancreaticoduodenectomy

Fig. 5. Algorithm for management of duodenal pathologies requiring pancreas-preserving limited duodenal resection (PPLDR).

leak from the esophago-gastric anastomosis (case no. 6) requiring percutaneous intervention. None of our patients required
reoperation. Dorcaratto et al. [9] reported major complications
in two out of 9 patients following primary anastomosis (endto-end and end-to-side). In contrast, we and another series
from a high-volume center in India did not encounter any morbidity related to side-to-side duodeno-jejunal anastomosis [7],
thus emphasizing that side-to-side anastomosis is comparable

Fig. 6. Intra-operative image showing completed side-to-side duodenojejunal anastomosis.
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to other techniques. Notably, a feeding jejunostomy was performed in the majority of the patients in our study except those
who had primary closure after wedge (sleeve) resection. This
approach ensured early enteral feeding, thus providing crucial
nutritional support in the early postoperative period, despite
leak-related morbidity. Feeding jejunostomy is recommended
in any patient with a precarious duodenal suture line and is
performed routinely in pancreaticoduodenectomy.
Surgical resection is the mainstay of treatment for duodenal
GIST diagnosed pre-operatively. A wide local excision with
negative margins is sufficient as these tumors are well-encapsulated and rarely show lymphatic spread. Hence, routine
lymphadenectomy is not recommended unless the lymph
nodes are grossly enlarged on preoperative imaging or during
surgery [10,11]. Studies have shown similar long-term outcome
and survival with limited duodenal resection when compared
with pancreaticoduodenectomy for duodenal GIST [9,12].
Limited duodenal resection for colon carcinoma with direct
infiltration or malignant colo-duodenal fistula has been extensively described in literature with good outcome and equivalent survival as compared to more radical resections such as
pancreaticoduodenectomy along with colonic resection [1316]. In a series by Gupta et al. [17], five out of nine patients with
malignant colo-duodenal fistula underwent sleeve resection of
duodenum with R0 resection status and good outcome. However, the data related to gall bladder cancer with duodenal involvement is limited. A large series from India reported sleeve
resection of the duodenum in 16 out of 26 patients (61.5%) with
gall bladder cancer with duodenal involvement and concluded
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that duodenal infiltration in gall bladder cancer is not an indicator of unresectability or pancreaticoduodenectomy [18].
It is difficult to identify duodenal involvement preoperatively
in case of a large retroperitoneal tumor as most often such large
tumors generate pressure and symptoms of upper gastrointestinal obstruction. Limited duodenal resection can be safely
performed when the duodenal involvement is found intra-operatively, depending upon the duodenal length, segments and
the circumference involved. A case series of 15 patients from
Italy describing the short-term outcome of duodenal resection
for retroperitoneal sarcoma, however, concluded that segmental resection of duodenum was frequently associated with anastomotic leak-related morbidity (21% vs. 0%) than wedge (sleeve)
resection [19].
Primary adenocarcinoma of the fourth segment of the duodenum and the proximal jejunum can also be safely resected
with limited (distal) duodenal resection, especially when the
tumor is small and the small bowel mesentery and the head of
the pancreas/uncinate process are not involved. Many studies
comparing pancreaticoduodenectomy with limited duodenal
resection have reported equivalent long-term outcome and
overall survival with less morbidity [20,21]. A recent propensity-matched analysis of 2,487 patients comparing radical
resection with partial resection for duodenal adenocarcinoma
concluded that adjuvant therapy in addition to surgery improved survival regardless of the type of surgery and played a
significant role in survival [22]. R0 resection was achieved in all
of our patients with duodenal adenocarcinoma who underwent
PPLDR. Hence these series and our experience corroborate the
feasibility and oncological adequacy of PPLDR for such tumors.

Limitations

A major limitation of our study is the small number of patients and heterogeneity of primary (benign and malignant)
tumors. Unfortunately, the paucity of resectable duodenal tumors even in high-volume and specialized gastrointestinal/oncology units limit the possibility of a large series or any future
randomized study. Meanwhile, series such as ours and others
[8,9] represent high-quality evidence. Future studies are also
required to explore the outcomes of PPLDR with a minimally
invasive (laparoscopic/robotic) approach. In patients with benign or low-grade malignant primary tumors of the duodenum
and cancers of adjacent organs or the retroperitoneum involving the duodenum, PPLDR is an easier and safer but oncologically adequate alternative to pancreaticoduodenectomy. We
did not compare the results of PPLDR with those of pancreaticoduodenectomy due to the differences in the indications
for PPLDR and pancreaticoduodenectomy, as described above.
Our median follow-up was only 23 months but it is well known
that most recurrences occur in the first 24 months. Further,
we recommend PPLDR for benign tumors or tumors with low
malignancy potential.
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