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Abstract
Background  Segmental resections of the duodenum are uncommonly performed and are technically challenging due to inti-
mate relationships with the biliary tree, pancreas, and superior mesenteric vessels. The objective of this study was to assess 
indications, operative strategy, and outcomes of duodenal resections and to advocate that this form of resection deserves its 
own unique Current Procedural Terminology (CPT) and Relative Value Unit (RVU) structure.
Methods  Patients undergoing isolated and partial duodenal resection from 2008-2023 at University of Tennessee Health 
Science Center affiliated hospitals were retrospectively reviewed. Factors examined included clinical presentation, diagnostic 
evaluation, operative time, and technique, 90-day morbidity and mortality, and pathologic and survival outcomes.
Results  Thirty-one patients were identified with majority female and a median age of 61. Diagnostic studies included com-
puted tomography and upper (including push) endoscopy. Reconstruction most often involved side-to-side duodenojejunos-
tomy following distal duodenal resection. Intraoperative evaluation (IOE) of the biliary tree was utilized to assess and protect 
pancreaticobiliary structures in eleven patients. Median operative time was 206 min, increasing to 236 min when IOE was 
necessary. Procedure-related morbidity was 23% with one 90-day mortality. Median postoperative length of stay was 9 days. 
Pathology included benign adenoma, adenocarcinoma, GIST, neuroendocrine neoplasms, and erosive metastatic deposit.
Conclusion  Duodenal resections can be effectively employed to safely address diverse pathologies. These procedures are 
characterized by long operative times, extended hospital stays, and an incidence of postoperative complications that mimics 
that of pancreatic resection. This work highlights the need for modification to the CPT system to accurately define these 
distinct procedures for future research endeavors and development of a more accurate valuation unit.
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Introduction

Segmental resections of the duodenum are uncommonly per-
formed and have been infrequently characterized in surgical 
literature. Resections can involve the proximal or distal 2nd 
portion (D2), as well as the 3rd (D3) and 4th portions (D4) 
and are technically challenging due to intimate relationships 
with the biliary tree, the pancreas and the superior mes-
enteric artery and vein. Protection of vital structures and 
reconstruction following surgical resection requires deft 
judgment and adept surgical technique. Surgical strategies, 
morbidity and mortality, and postoperative outcomes have 
been uncommonly reported.

Pathology amendable to segmental duodenal resections 
(DR) include premalignant polyps, adenocarcinoma, gas-
trointestinal stromal tumors (GIST), and carcinoid tumors. 
Prior studies regarding these neoplasms have demonstrated 
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that, in the appropriate setting, oncologic outcomes of iso-
lated duodenal resections compare favorably to those with 
combined pancreatic resections and have created expanded 
opportunities to utilize this form of resection.1–7

While duodenal resections are inherently more cumber-
some to perform than resections of the jejunum and ileum, 
the value has unfortunately not been captured accordingly, as 
Current Procedural Terminology (CPT®) coding is limited 
to “enterectomy with anastomosis” or 44120 and its asso-
ciated Relative Value Unit (RVU). Furthermore, research 
endeavors relative to duodenal resection are encumbered by 
this shortfall. Thus, it is imperative to establish a specialized 
CPT and RVU structure designed for segmental duodenal 
resection in concordance with the complexity involved. The 
purpose of this study was to assess indications, pathologies, 
operative strategies, and outcomes of these uncommon 
resections.

Methods

Patients undergoing DR from 2008 to 2023 by 5 surgeons 
at the University of Tennessee Health Science Center 
(UTHSC) affiliated hospitals and Baptist Memorial Medi-
cal Center were retrospectively reviewed. Patients were 
excluded if DR was performed in the traumatic setting, for 
ulcer disease, or as a wedge resection. Demographic data, 
clinical history, operative details, and histopathological 
reports were recorded. The utilization of endoscopic evalu-
ation including esophagogastroduodenoscopy (EGD), push 
enteroscopy, and endoscopic ultrasound (EUS) was noted. 
Intraoperative variables included operative time, blood loss, 
extent of resection, type of reconstruction, and/or drainage 
procedure and intraoperative interrogation of the biliary 
tree as part of the surgical strategy. Postoperative outcomes 
including pathology, hospital length of stay, 90-day morbid-
ity and mortality, and 30-day readmission were captured. 
Institutional review board (IRB) approval was obtained from 
each hospital system where deidentified data was collected.

Results

Thirty-one patients underwent isolated or partial duodenal 
resection during the study period. The median age and BMI 
were 61 (IQR 55.5–70) and 27.9 (IQR 17.2–30.7), respec-
tively. Thirteen (42%) were male. Common presentations 
included weight loss, hematochezia, and abdominal pain. 
Four of the 8 patients presenting with hematochezia were 
on anti-platelet or anti-coagulant therapy. Four (13%) had 
incidental findings on CT imaging that lead to further inves-
tigation and intervention.

All patients underwent endoscopic evaluation prior to 
resection including 4 patients that required push enteros-
copy for definitive localization and diagnosis of lesions in 
D3 and 4 that were not identified on upper endoscopy. D3 
was the most common location of underlying pathology (N 
= 14, 45.2%). Five patients had EUS for staging purposes. 
Findings on CT imaging included duodenal mass (17/25, 
68%), duodenal thickening/stricture (4/25, 16%), or evidence 
of metastatic disease (3/25, 12%) (Table 1).

Of the 31 patients who underwent DR, 7 had concomi-
tant partial gastrectomy for D1 or proximal D2 disease with 
subsequent duodenal closure and gastrojejunostomy (GJ) 

Table 1   Preoperative detail

Resection in face of metastatic disease *obstruction/bleeding (3) 
**bleeding (1)

N = 31 (%)

Male/female 13/18 (42/58)
Age, years (range) 61 (37-91)
Comorbidities
  Diabetes mellitus 4 (13.3)
  Hypertension 16 (51.6)
  Coronary artery disease 8 (26.7)
  Chronic obstructive pulmonary disease 2 (6.7)
  Prior stroke 1 (3.3)
  Prior diagnosis of cancer 1 (3.3)
Symptoms
  Abdominal pain 8 (25.8)
  Weight loss 8 (25.8)
  Hematochezia 8 (25.8)
  Nausea/vomiting 7 (22.6)
  Anemia 3 (9.6)
  Reflux 3 (9.6)
  Asymptomatic/incidental 4 (12.9)
Preoperative investigation
  CT imaging 25 (80.6)
  EGD 27 (87)
  Push enteroscopy 4 (12.9)
  EUS 5 (16.1)
  ERCP 1 (3.2)
Duodenal segment involved
  1 6 (19.4)
  2 5 (16.1)
  3 14 (45.2)
  4 6 (19.4)
Biopsy result
  Adenocarcinoma* 10 (32.3)
  GIST 4 (12.9)
  Carcinoid 6 (19.4)
  Tubulovillous/villous adenoma** 8 (25.8)
  None 3 (9.6)
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anastomosis. Twenty-four patients had distal duodenal resec-
tion. Twenty-one (67.8%) of these distal resections were 
reconstructed by duodenojejunostomy (DJ) performed with 
side-to-side handsewn anastomosis to the lateral 2nd portion 
of the duodenum with careful attention to the ampulla of 
Vater. One patient underwent end-to-side DJ reconstruction. 
Two patients who underwent distal DR required GJ recon-
struction secondary to insufficient jejunal length to perform 
an adequate DJ anastomosis. These latter 2 patients had a 
pyloroplasty performed to allow drainage of pancreatobiliary 
secretions from the 2nd portion of the duodenum. An open 
approach was utilized for all operations.

Intraoperative instrumentation of the biliary tree was 
utilized to assess and protect the location of the ampulla 
of Vater relative to the site of duodenal transection in 11 
(35.5%) patients. The use of a biliary Fogarty catheter was 
a particularly helpful aid to identify and palpate this critical 
structure (Fig. 1). One patient had intraoperative EGD to 
confirm a safe margin from the ampulla before division of 
the duodenum (Table 2).

Median operative time in patients who underwent duo-
denal resection was 209 min (IQR 140–237), increasing in 
those who required intraoperative identification of ampulla 
of Vater (220 min, IQR 151.5–245.5). Patients who under-
went duodenojejunostomy reconstruction had a median 

operative time of 209 min compared to 190 min for those 
having gastrojejunostomy. The median time for proximal 
resections including D1/D2 was 170 min in contrast to 
operative time of 214.5 min for distal resections involving 
D2/D3/D4. Average estimated blood loss was 116 mL with 
only 1 patient requiring intraoperative transfusion.

Seven (22.5%) patients suffered post operative compli-
cations, including five Clavien-Dindo class IIIa, one class 
IIIb, and one class V (Table 3). All complications but one 
occurred in patients who underwent distal resection. Four 
patients, including the sole proximal resection, developed 
intraabdominal abscess managed by percutaneous drainage 
in 3 and reoperation in 1. One patient had a grade B pancre-
atic fistula diagnosed on post operative day 16 and required 
parenteral nutrition and percutaneous drainage. One patient 
developed a duodenal fistula documented following percuta-
neous drainage of an abscess that closed spontaneously after 
3 months. One patient underwent re-exploration for hemor-
rhage from a jejunal mesenteric vessel. The sole mortality 
was a patient with a well-drained intraabdominal abscess 
that died on postoperative day 28 after continued physiologic 
decline and cardiac arrest. Of note, this patient had multiple 
comorbidities including end stage renal disease, diabetes, 
hypertension, and peripheral vascular disease and underwent 
resection for an erosive, partially obstructing distal duodenal 
adenocarcinoma.

The overall median length of stay was 9 days with one 
30-day readmission and 1 (3.2%) 90-day mortality. Median 
length of stay was increased in patients with complications 
versus those without (14 vs. 8 days).

Final Pathology revealed metastatic ovarian carcinoma 
in 1 (3.2%), tubulovillous or villous adenomas in 5 (15.6%), 
adenocarcinoma in 14 (28.1%), GIST in 5 (15.6%), and neu-
roendocrine neoplasms in 6 (18.8%). All 26 patients with 
malignant disease underwent R0 resections of the primary 
lesion.

Fig. 1   Fogarty balloon catheter is utilized to identify the ampulla of 
Vater and delineate safe resection margin (dotted lines) from this crit-
ical structure and target pathology.

Table 2   Intraoperative localization of the ampulla

DA duodenal adenocarcinoma, DG distal gastrectomy, DJ duodenoje-
junostomy, GJ gastrojejunostomy, IOC intraoperative cholangiogram

Tumor type Resection 
type

Anastomosis 
type

Type of 
evaluation

Operative 
time (min)

GIST D2,3,4 DJ IOC 140
DA D3,4 DJ IOC 237
DA D2,3,4 GJ IOC 230
DA D3,4 DJ EGD 477
DA D3 DJ IOC 196
DA D3,4 DJ IOC 254
Villous adenoma D2,3,4 DJ IOC 220
Villous adenoma DG w/ D1 GJ IOC 163
Tubulovillous D2,3,4 DJ IOC 136
Tubulovillous D3,4 DJ IOC 420
Tubulovillous D2,3,4 DJ IOC 122
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Four patients (12.5%) underwent resection in the face 
of metastatic disease due to symptoms related to complete 
obstruction or clinically ongoing bleeding. Two patients 
were found to have had miliary disease in the omentum and 
adjacent jejunum on exploration that was resected en bloc 
to obtain an R0 resection.

Of the 5 patients with GIST, all had D3/4 resections with 
a median tumor size of 35mm (IQR 18–44 mm). One patient 
received neoadjuvant Imatinib prior to resection that resulted 
in downstage of the primary lesion from 47 to 39 mm. No 
patients received adjuvant treatment. At a median follow-up 
length of 17.3 months, 4 of 5 remained disease-free. One 
patient had hepatic recurrence approximately 1 year from 
surgery but was lost to follow up thereafter (Table 4).

Of the 14 with duodenal adenocarcinoma, invasive dis-
ease was diagnosed in 10 preoperatively. Eleven underwent 
D3/4 resections with a median tumor size of 42.5 mm (IQR 
13.5–71.5 mm). The median number of lymph nodes har-
vested was 7 (IQR 4.25–10). Two patients received neo-
adjuvant chemoradiation prior to resection and 8 received 
adjuvant therapy. At a median follow-up of 42.3 months, 
seven patients remain disease-free. Seven patients died at a 
median of 10.3 months. Of these 7, 3 had palliative resec-
tions in the face of metastatic disease for obstruction (n=2) 
and bleeding (n=1) (Table 5).

Of the 6 patients with neuroendocrine neoplasms, 5 
occurred in D1 with a median tumor size of 11 mm (IQR 
10–12 mm). Of these 6, 1 with clinically significant bleed-
ing had metastatic disease in the liver at the time of resec-
tion and died 9.8 months following surgery. One with D4 
involvement developed liver metastases 68 months postop-
eratively and received adjuvant treatment including Everoli-
mus, 177Lu-DOTA-TATE, and Octreotide. The remainder 
were disease-free at a median follow-up length of 16.4 
months from surgery (Table 6).

Discussion

Segmental duodenal resections are uncommon and have 
received relatively little focus in surgical literature.1, 5–9 
Due to its unique anatomical location relative to other vital 
structures, resection of the duodenum requires increased 
resources for diagnosis and operative intervention. We 
identified the need for close perioperative monitoring as 
procedure-related morbidity can mimic that of pancreatic 
resection. The time, effort, and complexity of intra- and 
postoperative management are not captured by current CPT 
coding suggesting the need for a unique code and value spe-
cific to duodenal resection.

Table 3   90-day morbidity and mortality

DA duodenal adenocarcinoma, LOS length of stay, DJ duodenojejunostomy, GJ gastrojejunostomy, DG distal gastrectomy

Tumor type Tumor site Resection and 
anastamosis type

Complication Intervention Clavien-
Dindo Class

LOS (d)

DA 3 D3,4 w/ DJ Grade B Pancreatic fistula TPN and Drain placement IIIa 27
GIST 4 D3,4 w/ DJ Duodenal fistula Drain placement IIIa 18
GIST 2,3 D2,3,4 w/ DJ Abscess Drain placement IIIa 7
DA 4 D3,4 w/ DJ Abscess Drain placement IIIa 10
DA 2,3 D2,3,4 w/ GJ Abscess Drain placement, re-explora-

tion w/ abdominal washout
V 36 died

Villous Adenoma 1 D1 w/ GJ Abscess Drain placement IIIa 23
Tubulovillous 3 D2,3,4 w/ DJ Arterial Bleed Re-exploration w/ ligation IIIb 8

Table 4   Patients undergoing DR for GIST

T tumor, M metastasis, NAT neoadjuvant treatment, AT adjuvant treatment, DR duodenal resection, DJ duodenojejunostomy, DF disease-free

Type of resection Anastamosis T M Size Mitotic Index 
(50 hpf)

Margin status Status from surgery NAT AT

D3,4 DJ 2 0 40 11 Neg Metastasis at 17.5 mo No No
D2,3,4 DJ 2 0 48 < 1 Neg DF at 17.8 mo f/u Imatinib No
D2,3,4 DJ 1 0 13 < 1 Neg DF at 10.9 mo f/u No No
D3,4 DJ 2 0 40 < 1 Neg DF at 2.5 mo f/u No No
D3,4 DJ 2 0 24 < 1 Neg DF at 44 mo f/u No No



2377Journal of Gastrointestinal Surgery (2023) 27:2373–2379	

1 3

DRs require a high degree of anatomic exposure. Techni-
cal approaches include mobilization of the hepatic flexure 
and ligament of Treitz, wide Kocherization, and access of 
the pancreaticobiliary tree for identification and protection 
of the ampulla of Vater. For lesions near the distal second 
and 3rd portion of the duodenum, careful dissection from 
the pancreatic head and uncinate process is necessary to 
seal small vascular and pancreatic duct tributaries. Simi-
larly, short vessels to the superior mesenteric artery and 
vein require diligent attention and hemostasis. The infec-
tious morbidity noted in this series is not dissimilar to that 
of pancreatic resection and is likely a result of leakage from 
small pancreatic duct tributaries as well as spillage of pan-
creaticobiliary secretions during reconstruction. Concomi-
tant distal gastrectomy (rather than pyloric preservation) is 
necessary to obtain adequate margins and for reconstruc-
tion purposes when managing lesions in D1 or proximal 

D2 as reconstruction is more easily accomplished by gas-
trojejunostomy. Furthermore, these proximal resections 
frequently require a tedious dissection down to the head of 
the pancreas.

Adding to the complexity of these resection, lymph node 
harvest necessitates careful skeletonization of the superior mes-
enteric artery and vein within the retroperitoneum. Given the 
proximity of the pancreaticobiliary structures, constant vigilance 
and intraoperative identification of the ampulla are of utmost 
importance. Liberal use of cholangiography and catheter-based 
localization of the ampulla can be particularly helpful to protect 
this vital structure and to determine if the ampulla is spared from 
the neoplastic process If the primary lesion cannot be separated 
from the ampulla or if there is perceived invasion into the pan-
creas, pancreatoduodenectomy or distal pancreatectomy should 
strongly be considered to provide adequate oncologic clearance.

Table 5   Patients undergoing DR for duodenal adenocarcinoma

T tumor, N node, M metastasis, LN lymph node, DR duodenal resection, DJ duodenojejunostomy, DG distal gastrectomy, MAR metastatic at 
resection, DF disease-free, FOLFOX folinic acid, fluorouracil, oxaliplatin, Gy Gray

Type of resection Anastamosis T N M # LN 
evaluated

Margin status Status from surgery NAT AT

D4 DJ 3 2 1 14 R0 MAR; died at 12.2 mo No No
D3,4 DJ 3 1 0 14 R0 DF at 56 mo f/u No FOLFOX
D3,4 DJ 4 0 0 5 R0 DF at 40.9 mo f/u FOLFOX 50.4 Gy FOLFOX 50.4 Gy
D4 DJ 2 1 1 4 R0 MAR, alive at 23 mo f/u No FOLFOX
D3,4 DJ 0 0 0 10 R0 DF at 4.5 mo f/u FOLFOX Pembrolizumab
D3,4 DJ 4 1 0 7 R0 DF at 136 mo f/u No FOLFOX

45 Gy
DG w/ D3,4 GJ 4 0 1 7 R0 MAR, died at 4.0 mo No No
DG w/ D1 GJ 3 0 0 6 R0 DF at 81.9 mo f/u No No
D3,4 DJ 2 1 0 16 R1 DF at 62 mo f/u No FOLFOX
D3,4 DJ 3 0 0 10 R0 DF 29.7 mo f/u No No
DG w/ D2,3,4 GJ 1 0 0 0 R0 Died at 2 mo No No
D3,4 DJ 4 1 0 6 R0 Recurred at 32.7 mo f/u No FOLFOX

Bevacizumab
D3 DJ 1 0 1 0 R0 MAR, died at 34 mo No FOLFOX
D2,3 DJ 4 0 0 1 R0 DF at 3.5 mo f/u No No

Table 6   Patients undergoing 
DR for neuroendocrine 
neoplasms

T tumor, M metastasis, DR duodenal resection, DG distal gastrectomy, DJ duodenojejunostomy, GJ gastro-
jejunostomy, MAR metastatic at resection, DF disease-free

Type of Resection Type of 
anastamosis

T M Size Margin status Status from surgery Adjuvant

DR DJ 2 0 12 Neg Metastasis at 9.5 mo; 
alive at 77.6 mo f/u

Everolimus 177Lu 
DOTA-TATE

Octreotide
DG + DR GJ 0 0 11 Neg DF at 11.5 mo f/u No
DG + DR GJ 1 0 5 Neg DF at 21.4 mo f/u No
DG + DR GJ 1 0 10 Neg DF at 142 mo f/u No
DG + DR GJ 2 1 14 MAR Died at 9.8 mo
DG + DR GJ 2 0 11 Neg DF at 6.8 mo f/u No
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As noted above, the morbidity of these operations was 
not insignificant and occurred in approximately one-fourth 
of our patients. Compared to patients who have more dis-
tant enteric anastomosis, those who undergo duodenal resec-
tion are more likely to experience complications such as 
duodenal leak, pancreatic fistula, intraabdominal infection, 
and hemorrhage.4–6, 10, 11 These complications result in an 
extended period of hospitalization and recovery time and 
have associated morbidity rates comparable to that observed 
with pancreatic resections.12, 13

One factor influencing disease-free and overall survival in 
those with duodenal malignancies is obtaining an R0 resec-
tion.1–4, 14–17 This study reported a 100% negative margin 
rate for malignant pathologies, which is consistent with 
findings from similar studies.5–7, 10, 18 Nodal retrieval in this 
series of duodenal resection was acceptable and compara-
ble to other series.7, 10, 18 Finally, while complex, duodenal 
resections may offer excellent palliation in the face of known 
metastatic disease particularly when faced with obstruction 
or clinically relevant bleeding.7, 9, 19

The CPT® is utilized for coding of procedures and reim-
bursement and refers to a medical code set created and main-
tained by the American Medical Association. Unfortunately, 
the available codes (44120–44130) do not accurately reflect 
the work effort, complexity, and postoperative intensity of care 
associated with duodenal resections. Adjunct procedures are 
often necessary with duodenal resection as well as complex 
reconstructions. The median operative time for both proximal 
and distal duodenal resection in this series was over 3 h, com-
parable to studies previously published.1, 4, 8–10 In a review of 
patients with small bowel obstruction with subsequent resec-
tion and anastomosis, the average operative time was 148.6 
min with an open approach.20 Since duodenal resections do 
not have a distinct CPT code and RVU, both the surgeon and 
hospital are not likely reimbursed for the increased time and 
cost investment. Furthermore, future research endeavors rela-
tive to DR may be hindered by a coding structure that does 
not allow for differentiation between DR and more common 
and less arduous small bowel resections.

Limitations of this study are largely secondary to the 
retrospective nature of this work. Data relative to long-
term disease-free and overall survival were not often pos-
sible. We did not perform a specific comparison between 
duodenal and more distal small bowel resections. Future 
study might include a retrospective comparison perhaps 
utilizing a national database. Finally, all patients in this 
series had segmental duodenectomy via an open approach. 
These operations could potentially be performed in a mini-
mally invasive fashion. Given the retroperitoneal location 
of these resections, the close relationships to the pancreas 
and mesenteric vasculature and the risk of morbidity not 
dissimilar to pancreatic resection, conduct, and formal 

training and mentorship should be limited to experienced 
centers.21

In conclusion, duodenal resection is a complex and 
unique procedure that is associated with prolonged opera-
tive times and significant procedure-related morbidity. Uti-
lization of adjunct procedures to complete resection near 
the pancreaticobiliary structures is often necessary. Mar-
gin negative resection and lymph node sampling compare 
favorably to more aggressive en bloc procedures including 
the pancreas suggesting DR follows safe oncologic guide-
lines. Revision of current CPT coding to separate DR from 
other small bowel resections as a distinct entity would more 
accurately reflect the enhanced effort involved and better 
capture this unique operation for future research endeavors.
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