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Abstract
Crohn’s disease (CD) is a chronic inflammatory disease 
of digestive tract. Approximately 70% of patients 
with CD require surgical intervention within 10 years 
of their initial diagnosis, despite advanced medical 
treatment alternatives including biologics, immune 
suppressive drugs and steroids. Refractory to medical 
treatment in CD patients is the common indication 
for surgery. Unfortunately, surgery cannot cure the 
disease. Minimally invasive treatment modalities can be 
suitable for CD patients due to the benign nature of the 
disease especially at the time of index surgery. However, 
laparoscopic management in fistulizing or recurrent 
disease is controversial. Intractable fibrotic strictures 
with obstruction, fistulas with abscess formation and 
hemorrhage are the surgical indications of recurrent CD, 
which are also complicating laparoscopic treatments. 
Nevertheless, laparoscopy can be performed in 
selected CD patients with safety, and may provide 
better outcomes compared to open surgery. The 
common complication after laparoscopic intervention 
is postoperative ileus seems and this may strongly 
relate excessive manipulation of the bowel during 
dissection. But additionally, unsuccessful laparoscopic 
attempts requiring conversion to open surgery have 
been a major concern due to presumed risk of worse 
outcomes. However, recent data show that conversions 
do not to worsen the outcomes of colorectal surgery 
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in experienced hands. In conclusion, laparoscopic 
treatment modalities in recurrent CD patients have 
promising outcomes when it is used selectively. 

Key words: Crohn’s disease; Laparoscopic surgery; 
Complex disease management; Recurrent Crohn’s 
disease 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Despite advanced medical treatment alterna-
tives including biologics, immune suppressive drugs and 
steroids, approximately 70% of patients with Crohn’s 
disease (CD) require surgical intervention within 10 years 
of their initial diagnosis. Forty percent to 50% of patients 
who had an index surgery for CD require a reoperation 
for recurrent disease in 10 years. Index surgical 
treatment type and medications used after index surgery 
appears to be factors related to recurrence risk of CD. In 
experienced hands, laparoscopic approach has promising 
outcomes in patients with recurrent CD when it is used 
selectively. 

Sevim Y, Akyol C, Aytac E, Baca B, Bulut O, Remzi FH. 

Laparoscopic surgery for complex and recurrent Crohn’s disease. 
World J Gastrointest Endosc 2017; 9(4): 149-152  Available 
from: URL: http://www.wjgnet.com/1948-5190/full/v9/i4/149.
htm  DOI: http://dx.doi.org/10.4253/wjge.v9.i4.149

Crohn’s disease (CD) is a chronic inflammatory disease 
that can develop any part of the digestive tract. CD 
usually arises at the terminal ileum[1]. Despite advanced 
medical treatment alternatives including biologics, 
immune suppressive drugs and steroids, approximately 
70% of patients with CD require surgical intervention 
within 10 years of their initial diagnosis[2,3]. Surgery 
is warranted for management of medically refractory 
CD. Surgical treatment overcomes emergent issues, 
improves symptoms and patient’s quality of life. Unfor
tunately, there is no cure for CD and it tends to recur 
during the disease course. Recurrent CD is described 
based on treatment type including medical, endoscopic 
or surgical. 

Endoscopically documented recurrent CD can be up 
to 93% within one year following intestinal resection[4], 
while clinically symptomatic recurrence is usually 
around 30% at first 3 years after surgery[5]. Forty 
percent to 50% of patients who had an index surgery 
for CD require a reoperation for recurrent disease in 10 
years[6,7]. Index surgical treatment type and medications 
used after index surgery appears to be factors related 
to recurrence risk of CD[2,810]. CD patients can be good 
candidates for minimally invasive treatment modalities 
due to the benign nature of the disease especially at the 
time of index surgery. However, use of laparoscopy in 
patients with complex CD such as extensive fistulizing 
or recurrent disease requiring surgical treatment is 

controversial.
Majority of the surgical indications for recurrent CD 

are also the conditions complicating application of laparo
scopic surgery such as intractable fibrotic strictures 
with obstruction, fistulas with abscess formation and 
hemorrhage[11,12]. Based on the extension and severity 
of disease, surgical options including strictureplasty, 
small bowel resection, ileocolectomy, internal bypass, 
partial/total colectomy and proctectomy may be per
formed laparoscopically[11,13]. In selected CD patients, 
laparoscopic surgery is safe, feasible and provides 
better outcomes compared to open surgery[1417]. While 
operative times have decreased with increased experi
ence, operative mortality is almost none and morbidity 
rates ranged from 10% to 40% in patients undergoing 
laparoscopic surgery for recurrent CD[1719]. Postoperative 
ileus seems as the most common complication which 
may strongly relate excessive manipulation of the 
bowel during dissection[13]. Some surgeons believe 
that laparoscopic approach may also provide the well
known advantages of minimally invasive surgery such 
as reduced postoperative pain, lower morbidity, shorter 
hospital stay, earlier return to daily activity, and improved 
quality of life in patients with recurrent CD (Table 1). 

Unsuccessful laparoscopic attempts requiring conver
sion to open surgery have been a major concern due to 
presumed risk of worse outcomes and conversion rates 
tend to be higher in laparoscopic operations for recurrent 
CD[20]. Conversion to open surgery rates varies between 
6.7% and 42.3% in recurrent CD cases[21,22]. The most 
common cause of conversion was adhesions[13,23]. 
Having multiple resections, intraabdominal abscess and 
phlegmon are the other factors leading conversion in 
CD patients[22]. This clinical situation raises concerns on 
conversion related postoperative morbidity[24]. However, 
recent data show that conversions do not to worsen 
the outcomes of colorectal surgery in experienced 
hands[25]. The data regarding to operation type and 
disease characteristics especially related to index 
resection for CD are heterogeneous in the previous 
reports[26,27]. Outcomes after laparoscopic surgery for 
recurrent CD vary due to selection bias and experience 
of the surgeon[27,28]. Laparoscopic surgery showed 
better outcomes with shorter length of hospital stay 
compared to open surgery in selected cases[28], while 
laparoscopic approach did not provide expected benefits 
over open surgery in some series[13,27]. Although wound 
complications are reduced, the benefits of laparoscopic 
surgery in patients with a history of previous open 
intestinal resection through midline laparotomy seem 
questionable[13]. As an emerging technique, single 
incision laparoscopy can be performed for recurrent 
CD[29,30]. Single incision laparoscopy can be promising 
in complex cases by minimizing overall wound size, 
decreasing unnecessary adhesiolysis for secondary port 
placements and it affords the surgeon the opportunity 
to inspect the density of adhesions through port site and 
lead the surgeon to convert the operation preemptively 
if laparoscopic surgery seems unfeasible[31]. 
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In experienced hands, laparoscopic approach has 
promising outcomes in patients with recurrent CD when 
it is used selectively. There is a need for new studies 
which focus on identification of proper patients who 
may benefit from laparoscopic surgery for recurrent and 
complex CD. 
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Abstract
Incidentally detected, sporadic, nonfunctional pancreatic 
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neuroendocrine tumors are increasingly diagnosed on 
imaging studies performed for unrelated purposes. 
Although their resection is usually recommended, 
controversy still exists regarding their optimal manage-
ment, due to their highly variable and difficult to predict 
biologic behavior. Recently, several studies and guidelines 
advocated an expectant management approach in small 
size, low grade, incidentally diagnosed nonfunctional 
pancreatic neuroendocrine tumors. The aim of this 
study is to review and summarize the available literature 
addressing nonfunctional pancreatic neuroendocrine 
tumors, with an emphasis on surgical management 
controversies. 

Key words: Pancreatic neuroendocrine tumors; Nonfunc-
tional; Incidental; Surgery; Observation
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Core tip: Nonfunctional pancreatic neuroendocrine tumors 
are increasingly diagnosed. Controversy exists regarding 
their optimal management. Expectant management 
in small size, low grade, incidentally diagnosed non-
functional pancreatic neuroendocrine tumors has been 
suggested as an optional treatment. The aim of this 
study is to review the available literature addressing 
nonfunctional pancreatic neuroendocrine tumors, with an 
emphasis on surgical management controversies.

Bar-Moshe Y, Mazeh H, Grozinsky-Glasberg S. Non-functioning 
pancreatic neuroendocrine tumors: Surgery or observation? World 
J Gastrointest Endosc 2017; 9(4): 153-161  Available from: URL: 
http://www.wjgnet.com/1948-5190/full/v9/i4/153.htm  DOI: 
http://dx.doi.org/10.4253/wjge.v9.i4.153

INTRODUCTION
Pancreatic neuroendocrine tumors (PNETs) are un
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common neoplasms that arise from the islet cells of 
the pancreas and represent 1%2% of all pancreatic 
cancers[1]. PNETs are clinically classified as functional 
(FPNETs) and nonfunctional (NFPNETs) based on the 
existence or nonexistence of symptoms caused by 
hormone hypersecretion[2]. FPNETs can synthesize and 
produce hormones such as insulin, gastrin, glucagon, 
somatostatin, and vasoactive intestinal peptide (VIP) 
resulting in myriad clinical syndromes. NFPNETs, on 
the other hand, may secret some peptides such as 
chromogranin, pancreatic polypeptide, and others, 
but without clinical syndromes of hypersecretion[3,4]. 
Historically, FPNETs were reported to have increased 
incidence and earlier diagnosis as compared to NF
PNETs due to their symptoms of hypersecretion, 
although the later accounts for the majority of PNETs[57]. 
With the widespread use and improvement of cross
sectional imaging techniques, NFPNETs are increasingly 
discovered incidentally in asymptomatic patients who 
undergo evaluation for unrelated conditions[8,9]. This has 
been accompanied by an increase preoperative histologic 
diagnosis through endoscopic ultrasonography (EUS) 
and EUS-guided fine needle aspiration[10]. While there is 
a unanimity consensus that favors surgical resection in 
FPNETs, controversy exists among clinicians regarding 
the optimal management of asymptomatic, small, 
incidentally discovered NFPNETs. This article provides an 
updated review and aims to address the controversies in 
the management of sporadic small NFPNETs. In light of 
article scope limitations, management and treatment of 
advanced metastatic disease or familial related diseases 
will not be addressed in this review.

EPIDEMIOLOGY
PNETs are more common in Caucasian and in males, 
with an incidence that increases with age, reaching a 
pick in the fifthsixth decades. Detection is increasing 
owing to the widespread use of axial imaging, with one 
retrospective study demonstrating more than 2fold 
increase in the incidence of NFPNETs compared to 16 
years ago and that the increase is related to accidental 
detection of the tumors[8,11]. NFPNETs are biologically 
diverse and account for 65% to 90% of PNETs[1,12,13].

While most of PNETs occur sporadically, 10%30% 
of them are associated with various inherited disorders 
including MEN1, Von Hippel-Lindau syndrome, neurofibro-
matosis 1, tuberous sclerosis, and Mahvash disease[14,15]. 
The majority of PNETS related to MEN1 and VHL syn
dromes are nonfunctioning tumors[1]. 

CLINICAL PRESENTATION 
Patients with FPNETs have overt clinical symptoms due 
to their physiologic response to hormone hypersecretion. 
In contrast, NFPNETs can remain asymptomatic before 
they reach a significant tumor burden. Thus, they 
often present later during the disease with symptoms 

of local compression or metastatic disease in 21% and 
60%, respectively[1,6,16]. When symptomatic, the main 
complaints observed are abdominal pain (35%78%), 
weight loss (20%35%), and anorexia and nausea 
(45%). Less frequent signs include icterus (17%50%), 
intraabdominal hemorrhage (4%20%), or a palpable 
mass (7%40%)[17]. Up to 50% of nonmetastatic NF
PNETs will not show any symptoms being diagnosed 
incidentally on crosssectional imaging performed for 
other indications[8,18].

DIAGNOSIS
The diagnostic approach of patients with NFPNETs 
should be thorough and starts with detailed past 
medical and family history followed by complete physical 
examination. Then biochemical and imaging studies 
have uttermost importance for treatment strategy 
and are performed in order to evaluate the degree of 
local invasion, lymph node involvement, as well as the 
presence of metastatic disease. 

IMAGING 
Highresolution computerized tomography (CT) scan 
is the initial imaging modality at many institutions due 
to its noninvasiveness and availability. Studies have 
reported a sensitivity of more than 80%, with a direct 
correlation to tumor size[19,20].

Compared to CT, magnetic resonance imaging (MRI) 
has nonionized radiation advantage and can be used as 
an alternative imaging modality. Furthermore, studies 
reported superiority of MRI over CT in detecting smaller 
pancreatic lesions and liver metastases[21,22]. One study 
reported a sensitivity and specificity of up to 85% and 
100%, respectively[23].

EUS is an additional imaging modality, and has 
additional benefits in preoperative diagnosis[24]. Soma
tostatin receptor imaging (SRI) is a functional imaging 
modality of choice in the evaluation of neuroendocrine 
tumors. Besides its utility in the staging of these tumors, 
SRI may help to select the patients with advanced 
disease that are suitable for systemic somatostatin
based therapies[25,26].

While 111IndiumDTPAoctreotide (Octreoscan) has 
been initially used, with the recent availability of the 
PET imaging technique, somatostatin analogues have 
been labeled with positron emitting isotopes, including 
Gallium68, to image somatostatin receptor (SSR) 
expressing tumors[27]. The compounds often used in 
molecular imaging of NETs with PET are 68GaDOTATOC, 
68GaDOTATATE, and 68GaDOTANOC, with a varying 
affinity to different somatostatin receptors. It has been 
demonstrated that 68GaDOTATATE PET CT scan has the 
highest affinity for SSR2 and can dramatically improve 
the spatial resolution in parallel with a significantly higher 
detection rate and accuracy compared to conventional 
Octreoscan[28,29].
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BIOPSY
EUSguided fineneedle aspiration biopsy can provide 
preoperative histologic information important for tumor 
grading. One metaanalysis reported a sensitivity of 
87% and a specificity of 98%[30]. The utility of routine 
preoperative biopsy remains controversial. Some 
clinicians have argued that the theoretical risk of pro
cedure complications outweighs the benefit, while 
others, including us, believe in routine biopsy given 
the importance of characterizing and grading the 
tumor. Dietrich et al[31] demonstrated in a large study 
the importance of preoperative diagnosis. Among 394 
patients with incidental finding of lesions smaller than ≤
15 mm, all were diagnosed by imagingguided biopsy 
and/or surgery, 156 (about 40%) were diagnosed 
with neuroendocrine tumors, 146 pancreatic ductal 
adenocarcinoma, and 92 with various other etiologies. 
Although retrospective, approximately 60% did not have 
pancreatic ductal adenocarcinoma and not necessarily 
require radical surgery that carries significant risks[31].

BIOCHEMICAL STUDIES 
Chromogranin A (CgA) can be used as a nonspecific 
biochemical marker. It has an approximate sensitivity 
and specificity of 60% and 80%, respectively[32,33]. False 
positive elevations of CgA can present in many other 
conditions such as use of antiacid drugs (e.g., proton 
pump inhibitors, H2 blockers, etc.), atrophic gastritis, 
renal insufficiency, hepatic insufficiency, ect[34].

Pancreatic polypeptide (PP) and neuron specific 
enolase (NSE) are additional useful NFPNET markers. 
As with CgA false positive elevations of pancreatic 
polypeptide can be postprandial and in renal insuffi
ciency[16,32,35]. Preoperative increased levels of CgA or 
PP may potentially be helpful in evaluation of response, 
progression, or recurrence at an early stage[36].

Elevated NSE levels were exclusively associated with 
poor tumor differentiation[36]. 

GRADING AND STAGING
From histological point of view, the 2010 World Health 
Organization (WHO) classification system is the most 
used grading system. It identifies three categories: 
Grade 1 tumors (< 2 mitosis/10 HPF and Ki67 index 
≤ 2%), grade 2 (220 mitosis/10 HPF and Ki67 index 
3%20%), and grade 3 (> 20 mitosis/10 HPF and Ki67 
index of > 20%). This classification forms the basis for 
evaluating prognosis and predicting malignancy[2,37].

Two TNM based staging systems were developed 
for PNETs, one from the American Joint Committee on 
Cancer (AJCC) that covers both pancreatic exocrine and 
neuroendocrine malignancies and the other proposed 
by the European Neuroendocrine Tumor Society (ENETS) 
(Table 1)[38,39]. The difference between them is mainly 
expressed in the soft tissue involvement criteria. While 
the AJCC characterize T3T4 using peripancreatic 

invasion of these tumors (sometimes difficult to assess 
due to the structure of the pancreas), the ENETS 
staging system relies on more assessable criteria such 
as tumor size[40,41]. Despite differences, both staging 
systems are highly prognostic validated and found to be 
useful for clinical practice[4244].

One retrospective 11year period report of 425 
patients with PNETs demonstrated that the 5year 
overall survival rates using the ENETS classification for 
patients treated in referral neuroendocrine tumor (NET) 
center for stages I, II, III and IV disease were 100%, 
88%, 85%, and 57%, respectively. The corresponding 
values using the AJCC classification were 92%, 84%, 
81%, and 57%, respectively[44]. Another large cohort 
study of 1072 postoperative patients suggests the 
ENETS TNM staging system is superior to the AJCC and 
WHO 2010 TNM staging system and supports its use in 
clinical practice[42].

CURRENT GUIDELINES
Several guidelines for the management of PNETs have 
been established in order to help physicians treating 
these complex patients. The 2012 and 2016 European 
Neuroendocrine Tumor Society (ENETS) guidelines, the 
National Comprehensive Cancer Network 2016 (NCCN), 
North American Neuroendocrine Tumor Society2013 
(NANETS), and European Society of Medical 
Oncology2012 (ESMO) have published diagnostic and 
therapeutic guidelines[3,12,4547]. 

For initial biochemical workup the ENETS, ESMO, 
and NANETS guidelines all recommend measuring CgA 
and PP serum levels as a useful tool for reaching a 
diagnosis in a fraction of NFPNETs.

The first imaging modality recommended is multi
phasic CT/MRI with contrast agents imaging modality, 
while octreotide scintigraphy (planar and SPECT) but 
mainly 68Galabeled somatostatin analogues with PET/
CT are also recommended, if available.

All four guidelines recommend using the 2010 WHO 
grading system as the grading of choice and generally 
advocate surgical resection as the preferred option as 
long as there are no surgical limiting contraindications, 
highly diffuse metastatic disease, or selected cases that 
can be observed discussed in the next sections.

The surgical options for locoregional NFPNETs men
tioned in all guidelines range between simple enuclea
tion, central pancreatectomy, distal pancreatectomy with 
or without splenectomy, and pancreatoduodenectomy 
(Whipple’s operation). The extent and type of surgery 
mainly depends on the location of the primary tumor 
(head, body, or tail). Tumors larger than 2 cm that are 
locally invasive or have positive lymph node involvement 
in preoperative evaluation should all include regional 
lymph node dissection. In patients with smaller than 
2 cm NFPNETs, lymph node sampling is not always 
mandatory. While both NCCN and ENETS recognize the 
role of laparoscopic approach in PNETs resections, the 
EMCO guidelines do not recommend this approach due 
to the need for thorough intraoperative lymph node 
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inspection.
Currently, updated ENETS and NCCN guidelines 

both acknowledge nonoperational options, with different 
tumor sizecutoff (NCCN < 1 cm, ENETS < 2 cm), as 
suitable for managing small NFPNETs while taking 
into account factors such as incidental discovery, lack 
of clinical syndromes and radiological signs suspicious 
for malignancy, as well as patient’s characteristics 
(surgical risk, comorbidities, and personal wishes)[12,45,47]. 
However, data supporting this nonoperational option are 
controversial and will be reviewed in the next section. 
Figure 1 offers a suggested algorithm for patient manage
ment.

SURGICAL MANAGEMENT 
CONTROVERSY
In most cases surgery remains the curative modality 
of choice for NFPNETs, with preliminary evidence 
demonstrating improved survival especially with localized 
disease[48,49]. However, as previously mentioned, during 
the last recent years there is a significant increase in the 
detection of small, incidentally discovered, asymptomatic 
NFPNETs, that may be managed conservatively by 
observation. At present there are no RCTs or metaan
alyses that can assist to outline the optimal approach for 

the management of such small NFPNETs. Nevertheless, 
there are 12 retrospective series that may shed some 
light on this controversy. 

Tumor size as criteria for treatment decision
Bettini et al[50] demonstrated a distinct correlation 
between tumor size and lower malignancy potential 
on 177 patients, who were divided into three groups 
depending on tumor size (≤ 2 cm, 24 cm, > 4 cm), 
all underwent curative resection. Patients with tumor 
≤ 2 cm (n = 51) had higher frequency of incidental 
diagnosis compared with patients with > 4 cm (57% vs 
32%, P = 0.014). Among those who were incidentally 
discovered, only 6% were malignant and none died 
from the disease. In addition, a correlation between 
tumor size and Ki67 was demonstrated. Patients 
with tumors ≤ 2 cm had lower Ki67 median values 
compared with patients with tumors > 2 cm ≤ 4 cm 
and > 4 cm (1% vs 2% and 3%, respectively). The 
authors suggested that nonsurgical management could 
be advocated in selected cases for lowgrade tumors 
less than 2 cm, due to their indolent course. In an 
attempt to determine the prognostic value of indicators 
of malignancy in NFPNETs ≤ 2 cm, Regenet et al[51] 
demonstrated, by using multivariate analysis, that 
tumor size is a significant indicator of malignancy, and 

ENETS AJCC

  T Grade (primary tumor)
     Tx Primary tumor is not assessed Primary tumor is not assessed
     T0 No finding of primary tumor No finding of a primary tumor
     Tis In situ carcinoma
     T1 Tumor is limited to the pancreas and < 2 cm Tumor is limited to the pancreas and ≤ 2 cm
     T2 Tumor is limited to the pancreas and 2 to 4 cm T2 tumor is limited to the pancreas and > 2 cm
     T3 Tumor is limited to the pancreas and > 4 cm or with positive 

duodenum or biliary tract invasion
Tumor has progressed beyond the pancreas but there is 

no celiac or mesenteric artery involvement
     T4 Tumor has invaded the neighboring organs (stomach, spleen, 

colon, adrenal gland) or walls of the large vessels (celiac artery 
or superior mesenteric artery)

Tumor shows celiac or superior mesenteric artery 
involvement

  N-lymph node status
     Nx Regional lymph nodes are not assessed Regional lymph nodes are not assessed
     N0 No regional lymph node metastasis No regional lymph node metastasis
     N1 Regional lymph node 

metastasis is positive
Regional lymph node metastasis is positive

  M-distant metastasis
     Mx Distant metastasis is not assessed
     M0 No distant metastasis No distant metastasis
     M1 Distant metastasis is positive Distant metastasis is positive
  Stage
     0 Tis, N0, M0
     I T1, N0, M0
     IA T1, N0, M0
     IB T2, N0, M0
     IIA T2, N0, M0 T3, N0, M0; T1, N1, M0
     IIB T3, N0, M0 T2, N1, M0; T3,N1,M0
     III T4, Any N, M0
     IIIA T4, N0, M0
     IIIB Any T, N1, M0
     IV Any T, Any N, M1 Any T, Any N, M1

Table 1  European Neuroendocrine Tumor Society and American Joint Committee on Cancer TNM grading systems for pancreatic 
tumors[38,39]
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even proposed a new 1.7 cm cutoff as more accurate 
for prediction of malignancy potential with a sensitivity 
of 92% and specificity of 75%. Despite these findings, 
Ki67 was not found to be a significant indicator of 
malignancy probably due to large number of patients 
without complete histologic assessment and Ki67 
evaluation[51]. In a larger population study by Gratian 
et al[52] among 1854 patients with NFPNETs ≤ 2 cm, 
who were identified from the National Cancer Data Base 
(NCDB), 309 patients (29%) presented with regional 
lymph node involvement and 180 patients (10%) 
presented with distant metastases[52]. In contrast to 
Bettini et al findings, they conclude that tumors smaller 
than 2 cm have a significant risk of malignancy. It is 
worth mentioning that the study was limited by missing 
data of several variables, including Ki67. 

Incidental vs non-incidental diagnosis as criteria for 
treatment decision
Different studies have recently tried to distinguish 

between incidental and nonincidental NFPNETs, 
especially those discovered at early age, in terms 
of prognosis and treatment approach. Cheema et 
al[18] identified 143 nonmetastatic PNETs, 40% were 
diagnosed incidentally. They demonstrated that 5year 
progression free survival (PFS) was significantly 
prolonged in patients with incidental diagnosed vs 
symptomatic tumors (86% vs 59%, P = 0.007).

Tumor grading as criteria for treatment decision
It should be noted that histopathologic grade was 
another statistically significant factor for progression on 
multivariate analysis (hazard ratio of 3.0 for Grade 2 vs 
Grade 1, P = 0.007), though Ki67 proliferation index 
was only evaluated in 25% of cases[18]. As opposed 
to Cheema et al[18], Haynes at el[53] described 139 
patients who all underwent surgery and identified no 
large difference in tumor size (3.0 cm vs 3.5 cm, P = 
0.48), frequency of malignant histopathologic findings 
(28% vs 30%), or 5year PFS (83% vs 82%, P = 0.27) 

Small pancreatic mass 

Biochemical studies:
CgA, PP, insulin, gastrin, 

glucagon, somatostatin and 
VIP

Additional:
NSE, ghrelin

Past medical 
and family 

history, physical 
examination

Imaging studies:
CT, MRI.

Additional:
SRI or Ga68-DOTA-
TATE/-TOC/-NOC 

PET-CT, EUS, 
IOUS

Incidental or non-functioning 

Yes

Locally advanced/lymph node 
involvement/metastaticLocalized

Size < 2 cm

Biopsy

Size > 2 cm

Grade 2-3Grade 1

Observation
Physical examination + CT or MRI or EUS 
every 6 mo for the first 2 yr and yearly 

afterward + levels of CgA or PP

No

Biopsy

Surgery/medical 
therapy

Increase size/
elevated markers 

Figure 1  Suggested algorithm for the management of small pancreatic mass. CgA: Chromogranin A; PP: Pancreatic polypeptide; VIP: Vasoactive intestinal 
peptide; NSE: Neuron-specific enolase; CT: Computed tomography; MRI: Magnetic resonance imaging; SRI: Somatostatin-receptor imaging; EUS: Endoscopic 
ultrasonography; IOUS: Intraoperatively ultrasonography; PET: Positron emission tomography; Ga68-DOTA-TATE/-TOC/-NOC: 68Gallium-DOTA-TATE, 68Gallium-
DOTA-TOC68 and Gallium-DOTA-NOC respectively.
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between incidental and nonincidental groups[18,53]. Of 
the 39 patients with tumors ≤ 2 cm, 3 patients (7.7%) 
had late metastases or recurrence. Though problematic 
due to lack of observational group, they concluded 
that all patients should undergo tumor resection, 
even in incidentally discovered NFPNETs smaller than 
2 cm. From a staging point of view Crippa et al[54] 
demonstrated in a larger (n = 355) retrospective study 
that NFPNETs diagnosed incidentally have greater 5year 
PFS rates in all stages than symptomatic tumors: Stage 
I (97% vs 78%, P = 0.013), stage II (93% vs 74%, P 
= 0.036), stage III (69% vs 27%, P < 0.0001), and 
stage IV (60% vs 17%, P = 0.112). On multivariate 
analysis Grade 2 NFPNETs was found to be a predictor 
of PFS among 124 incidentally diagnosed patients, with 
a hazard ratio of 3.402 (95%CI: 0.9212.57, P = 0.066). 
In addition, they reported that 12 excluded patients, 
who underwent nonoperative management of incidental 
NFPNETs and had no tumor progression after median 
follow up of 36 mo. In this small group of patients the 
median tumor size at diagnosis was 1.4 cm (range 
1.02.9 cm), and was stable throughout the surveillance 
period. Similar PFS rates were demonstrated in another 
retrospective study by Birnbaum et al[55] that included 
106 patients, 65 discovered incidentally. These patients 
demonstrated both higher incidence of tumors smaller 
than 2 cm (65% vs 42%, P = 0.019) and lower Ki67 
proliferation index (1% vs 4%, P = 0.004) compared 
to symptomatic patients. The authors concluded that 
pancreas sparing surgery is recommended as an optional 
treatment for these incidental NFPNETs, due to less 
aggressive characteristics compared with symptomatic 
tumors (Table 2).

Observation for selected patients
Several retrospectively designed studies tried to answer 
the question whether observational management is 
suitable for NFPNETs smaller than 2 cm and to assess 
the riskbenefit balance of this approach. Gaujoux et 
al[56] published a series of 46 patients who were followed 
for at least 18 mo (median 34, range 2452 mo) with 
an average of four (range 46) serial imaging sessions 
or followed up after resection[56]. Among the resection 
group (n = 8), all grade 1 and without lymph node 
involvement, 5 were resected upon initial diagnosis 
and only 3 were resected due to tumor enlargement 

under imaging observations. The remaining 38 patients, 
who were managed without surgery, did not show any 
significant characteristics of malignancy such as distant 
metastases, nodal involvement, or significant increase 
in tumor size. In this study the overall median tumor 
growth was 0.12 mm per year. Both Lee et al[57] and 
Rosenberg et al[58] published similar results where small 
NFPNETs in either the operative or nonoperative groups 
demonstrated no evidence of progression, with lower, 
though important, operationalmorbidity related rates 
(46% and 35%, respectively)[57,58]. They both conclude 
that nonoperative management may be advocated 
and safe in selected patients. In the Lee et al[57] study, 
both surgical and nonsurgical group’s tumors had low or 
intermediate grade and Ki67 values smaller than 5%, in 
all patients with available results[57]. Rosenberg et al[58] 
published a 35 patients series divided into operative and 
nonoperative groups as well: Ki67 proliferation index 
rates of < 2% and 3%20% were 65% vs 0% and 30% 
vs 27%, respectively. Ki67 data was not available in 1 
(5%) patient in the operative group vs 11 (73%) in the 
nonoperative group[58].

The observational approach for certain tumors 
was reinforced by another recently published matched 
casecontrol study by Sadot et al[59] who demonstrated 
that 5year PFS was 95% and 91% (P = 0.3) for 
observational and resection only groups, respectively. 
A quarter (n = 26) of the observation group crossed 
over to resection group, due to different reasons. After 
a median followup of 7 years, none of these patients 
developed malignant features (node involvement or 
metastases). These data imply that initially observational 
approach and delayed surgical intervention may not 
compromise longterm outcomes.

Contrary to this claim, Sharpe et al[60] performed a 
population based study and demonstrated that patients 
who were managed with observation had nearly three 
times the risk of mortality in comparison to those who 
underwent resection[60]. Their study was large and 
based on patients collected from NCDB, all with NF
PNETs smaller than 2 cm. The authors concluded that 
surgical resection provides a benefit regardless of tumor 
grade, though it wasn’t statistically proven at poorly 
differentiated/undifferentiated tumor. A summary of the 
studies regarding surgical vs observational approach in 
NFPNETs is presented in Table 3.

  Ref. Study period Patients (n ) Group Number of patients
n  (%)

5-yr PFS rates 
(%)

P  value Median follow-up 
time (mo)

  Cheema et al[18] 1999-2010 143 Incidental    56 (40) 86  0.07 67 (mean)
Non-incidental    87 (60) 59

  Crippa et al[54] 1990-2009 355 Incidental  124 (35) 83 < 0.001 44
Non-incidental  231 (65) 32

  Haynes et al[53] 1997-2009 139 Incidental  109 (82)    82.8  0.27    34.2
Non-incidental    30 (18)    81.7

  Birnbaum et al[55] 1994-2010 108 Incidental    65 (61) 92  0.03 42
Non-incidental    43 (39) 82

Table 2  Retrospective studies regarding incidental discovery
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OBSERVATION PROTOCOL
History and physical examination, as well as bioche
mical markers and conventional transsectional high
resolution imaging should be used for both nonopera
tive and postoperative surveillance. Postoperatively 
in patients with NFPNETs grade 1 and 2, imaging is 
indicated every 39 mo (CT, MRI, or EUS), while more 
frequent imaging (up to 23 mo intervals periods) is 
indicated in Grade 3 or recurrent symptomatic patients, 
during the first year following surgery[12,45,47,61]. Either 
Octreoscan or PET/CT using 68GaDOTATOC/NOC/
TATE should be repeated every 1824 mo for grades 
12[61]. In nonsurgical patients with less than 2 cm 
NFPNETs, Gaujoux et al[56] recommend conventional 
contrast enhanced CT or MRI every 6 mo for the 
first 2 years and yearly afterward[56]. In patients who 
underwent surgical resection of the tumor, imaging at 
612 mo intervals should be performed between one 
and ten years post resection, although the optimal 
duration surveillance time for either nonoperative nor 
postoperative patients is unknown[46].

CONCLUSION
In the last two decades the incidence of small NFPNETs 
neoplasms has been steadily increasing. Unfortunately, 
there are still no clear prognostic factors that can 
enable us to distinguish between tumors suitable for 
observation and tumors with greater malignant potential 
that should be treated more aggressively. Several 
retrospective population based studies were reviewed 
in this article in an attempt to reduce the uncertainty. 
However, issues of selection bias, small sampling, and 
lack of data that are inherent in this type of studies limit 
our ability to conclude valid recommendations. In our 
NET center, the decision on treatment approach (follow
up vs surgical excision) for incidental NFPNETs patients 
is based on tumor size (less or more than 2 cm), tumor 
grading, intensity of uptake on functional imaging 
(68GaDOTATATEPET/CT), on the stage of the disease, 
as well as on patient’s desire. Larger scale, preferably 
multicenter randomized control trials, are needed in 
order to clarify the optimal management strategy and 

treatment for these rare small incidentally discovered 
tumors. 
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Abstract
AIM
To compare the impact of laparoscopic Roux-en-Y gastric 
bypass (LRYGB) and laparoscopic sleeve gastrectomy 
(LSG) on weight loss and obesity related comorbidities 
over two year follow-up via  case control study design.

METHODS
Forty patients undergoing LRYGB, who completed their 
two year follow-up were matched with 40 patients 
undergoing LSG for age, gender, body mass index 
and presence of type 2 diabetes mellitus (T2DM). 
Data of these patients was retrospectively reviewed 
to compare the outcome in terms of weight loss and 
improvement in comorbidities, i.e. , T2DM, hypertension 
(HTN), obstructive sleep apnea syndrome (OSAS), 
hypothyroidism and gastroesophageal reflux disease 
(GERD).

RESULTS
Percentage excess weight loss (EWL%) was similar in 
LRYGB and LSG groups at one year follow-up (70.5% 
vs  66.5%, P  = 0.36) while it was significantly greater 
for LRYGB group after two years as compared to LSG 
group (76.5% vs  67.9%, P  = 0.04). The complication 
rate after LRYGB and LSG was similar (10% vs  7.5%, 
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P  = 0.99). The median duration of T2DM and mean 
number of oral hypoglycemic agents were higher in 
LRYGB group than LSG group (7 years vs  5 years and 
2.2 vs  1.8 respectively, P  < 0.05). Both LRYGB and LSG 
had significant but similar improvement in T2DM, HTN, 
OSAS and hypothyroidism. However, GERD resolved in 
all patients undergoing LRYGB while it resolved in only 
50% cases with LSG. Eight point three percent patients 
developed new-onset GERD after LSG.

CONCLUSION
LRYGB has better outcomes in terms of weight loss 
two years after surgery as compared to LSG. The 
impact of LRYGB and LSG on T2DM, HTN, OSAS 
and hypothyroidism is similar. However, LRYGB has 
significant resolution of GERD as compared to LSG. 

Key words: Bariatric surgery; Laparoscopic sleeve 
gastrectomy; Laparoscopic Roux-en-Y gastric bypass; 
Weight loss; Comorbidities

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Laparoscopic sleeve gastrectomy (LSG) and 
laparoscopic Roux-en-Y gastric bypass (LRYGB) are the 
most popular bariatric procedures. Few studies have 
compared the outcomes of LSG vs  LRYGB in terms 
of weight loss and comorbidity resolution, especially 
in India. Using case control design in a well-matched 
population of 40 patients each undergoing LSG and 
LRYGB, we found similar weight loss one year after 
surgery in both the groups but the weight loss was 
significantly higher in LRYGB group two years after 
surgery. The complication rate was similar in both 
groups. Regarding comorbidity resolution, both LRYGB 
and LSG had significant but similar impact on obesity 
related comorbidities except gastroesophageal reflux 
disease where LRYGB showed better improvement. This 
is also among the first few studies to study the impact 
of bariatric surgery on hypothyroidism. 

Garg H, Priyadarshini P, Aggarwal S, Agarwal S, Chaudhary 
R. Comparative study of outcomes following laparoscopic 
Roux-en-Y gastric bypass and sleeve gastrectomy in morbidly 
obese patients: A case control study. World J Gastrointest 
Endosc 2017; 9(4): 162-170  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v9/i4/162.htm  DOI: http://dx.doi.
org/10.4253/wjge.v9.i4.162

INTRODUCTION
Bariatric surgery is an effective tool in the management 
of obesity and its associated comorbidities[1]. 

Laparoscopic Roux-en-Y-gastric bypass (LRYGB) is 
the current gold standard among the various bariatric 
procedures performed worldwide[2]. Studies have 
proven its excellent long term outcomes with low rate 

of morbidity[3]. Laparoscopic sleeve gastrectomy (LSG) 
was introduced as a first step procedure to reduce 
morbidity in high risk patients followed by either LRYGB 
or bilio-pancreatic diversion with duodenal switch 
(BPD-DS)[4]. With increasing experience, LSG has 
proved its efficacy as a stand-alone procedure in the 
management of morbid obesity. Compared to LRYGB, 
LSG has several advantages. LSG is relatively easier 
to perform, preserves pylorus and antrum resulting 
in less Dumping syndrome, avoids risk of internal 
hernia and complications due to gastro-jejunostomy 
or jejuno-jejunostomy, decreases the risk of nutritional 
deficiencies and provides accessibility of the remnant 
stomach via endoscopy, which is important especially 
in Asian population[5]. However, few studies have 
compared the effect of LRYGB with LSG on weight 
loss and obesity associated comorbidities, especially in 
Indian population[5-10]. 

This study is among the few studies, in the Indian 
population, to compare the impact of LSG vs LRYGB 
on weight loss and obesity related comorbidities in a 
matched cohort of morbid obese patients over a period 
of two years.

MATERIALS AND METHODS
Data of all patients who underwent LSG and LRYGB 
at our centre, between January 2008 and March 2015 
and completed their two year follow up till March 2016, 
was retrospectively reviewed using a prospectively 
collected database. All the patients met the National 
Institute Health criteria for bariatric surgery. These 
patients include patients with morbid obesity, i.e., body 
mass index (BMI) > 40 kg/m2 or patients with BMI > 
35 kg/m2 with obesity associated comorbidities. The 
patients are counseled about the types of bariatric 
procedures - LSG and LRYGB and the benefits and 
complications associated with each of the procedures. 
The patients having severe gastroesophageal reflux 
disease (GERD), long-standing type 2 diabetes mellitus 
(T2DM) and with BMI > 50 kg/m2 are preferred for 
LRYGB. The bariatric procedure for a particular patient 
is decided mutually based on patient’s preference and 
surgeon’s viewpoint. The patients undergoing revision 
surgery or two stage procedure were excluded from 
the study. Patients undergoing LSG and LRYGB were 
matched by age, gender, BMI and presence or absence 
of T2DM. All the procedures were performed by the 
same surgeon (SA) according to standard surgical 
protocol. The preoperative workup included blood tests, 
chest radiography, upper gastrointestinal endoscopy, 
electrocardiogram, abdominal ultrasound and hormonal 
and nutritional evaluation. The patients were kept on 
Very Low Calorie Diet (approximately 800 kcal, 60-70 
g protein) for two weeks before surgery. The follow-up 
data upto 2 years was recorded in a study proforma.

Surgical procedure
LSG: The procedure was performed under general 
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anesthesia in Reverse Trendelenburg position. The 
sleeve was performed in a standard way. Four ports 
were used: Three 12 mm and one 5 mm. A self-
retaining liver retractor was introduced through a 5-mm 
incision in the epigastrium. The greater omentum was 
detached from a point 4 cm from the pylorus up to the 
angle of His using either ultrasonic shears or a bipolar 
sealing device. The left crus was completely exposed up 
to the medial border. A sleeve was created over a 36F 
gastric calibration tube with sequential firings of a three-
row stapler. Intraoperative leak test using methylene 
blue was done to check the staple line integrity. The 
remnant stomach was retrieved using one of the port 
site and port closure was done. A suction drain was 
placed as needed.

LRYGB: An antecolic and antigastric Roux-en-Y gastric 
bypass was done with an alimentary limb ranging 
100-150 cm and bilio-pancreatic limb of 70 cm as 
measured from duodeno-jejunal flexure. The procedure 
was performed under general anesthesia in Reverse 
Trendelenburg position. A 30- to 50-cc vertical gastric 
pouch was created. End to side gastro-jejunostomy and 
side-to-side jejuno-jejunostomy was done using three 
row stapler. Mesentric defect was sutured in all cases. 
Intraoperative leak test using methylene blue was done 
to check for the staple line integrity. A suction drain was 
placed as needed.

The data collected included patient demographics, 
preoperative BMI, presence of medical comorbidities, 
intra- and postoperative complications, weight loss and 
status of comorbidities after surgery.

Weight loss
The weight of the patients in preoperative period and at 
annual follow up till two years was recorded. The yearly 
absolute weight loss and percentage excess weight loss 
(EWL%) was calculated as described by Deitel et al[11]. 
Failure of surgery was defined as % EWL < 50% as per 
Reinhold criteria[12]. 

Comorbidity outcome
T2DM, hypertension (HTN), obstructive sleep apnea 
(OSA), hypothyroidism and gastroesophageal reflux 
disease (GERD) were assessed so as to determine 
whether it was aggravated, unchanged, improved or 
resolved compared to preoperative period.

T2DM: Presence of T2DM was defined as glycosylated 
haemoglobin (HbA1c) level ≥ 6.5% or fasting blood 
glucose (FBG) ≥ 126 mg/dL. Remission was defined 
as FBG < 100 mg/dL in the absence of anti-diabetic 
medications, and improvement was defined as decrease 
in anti-diabetic medications to maintain normal FBG. 
HbA1c was not available for all the patients in follow 
up period and hence was not used in the criteria for 
remission. 

HTN: Presence of HTN included both Stage 1 (blood 
pressure: 120-159/90-99 mmHg) and Stage 2 (> 
160/100 mmHg). Remission was defined as normal 
blood pressure (< 120/80 mmHg) when off antihy-
pertensive medications as reported by the patient. 
Improvement in HTN was considered if there was de-
crease in dosage or number of antihypertensive medi-
cations to maintain normal blood pressure.

Obstructive sleep apnea syndrome: Obstructive 
sleep apnea syndrome (OSAS) was defined as apnea 
hypopnea index (AHI) > 15 events/h or > 5 events/h 
with typical symptoms[13]. Patients with severe OSAS 
(AHI > 30 events/h) received night time Continuous 
Positive Airway Pressure (CPAP) for atleast 2 wk 
before surgery. Resolution in OSAS was defined as 
disappearance of symptoms with patient no longer 
receiving CPAP therapy. Improvement in OSAS was 
defined as decrease in the symptoms with no longer 
need of CPAP therapy. Polysomnography could not be 
done in all patients in post-operative period and hence 
AHI could not be used as criteria for remission of OSAS. 

Hypothyroidism: Presence of hypothyroidism was 
defined as patients who were on thyroxine therapy for 
overt hypothyroidism in preoperative period. Remission 
was considered if patient showed normal thyroid function 
tests without any thyroxine therapy. Improvement in 
hypothyroidism was considered if there was decrease 
in dosage of thyroxine supplement to maintain normal 
thyroid function tests.

GERD: The presence of GERD symptoms using GERD 
severity symptom (GERD-SS) questionnaire[14] and 
proton pump inhibitors (PPI) intake was assessed 
preoperatively and at follow up visits. A GERD SS Score 
> 4 or regular intake of PPI was defined as GERD. The 
resolution of GERD was defined as disappearance of 
symptoms when patient was no longer taking PPIs, 
whereas improvement was defined as a decrease 
in or disappearance of symptoms with a lower PPI 
dosage. Worsening of GERD was defined as increase 
in the symptoms or increase in the dosage of PPI after 
LSG. De novo GERD was defined as the postoperative 
development of reflux symptoms in patients who had 
not experienced GERD before LSG.

Statistical analysis
Statistical analysis was performed using SPSS software 
version 20.0 (SPSS Inc., Chicago, IL, United States). 
Normality of the data was checked using Shapiro-Wilk 
Test. For continuous variables, results were presented as 
mean ± standard deviation (SD) or median (Interquartile 
range) as appropriate. Comparative analysis was 
performed using Student’s t test or Mann-Whitney U 
test for continuous variables and χ2 test for categorical 
variables. Correlation between data was assessed using 
Pearson or Spearman Rank Correlation Coefficient 
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(SRCC) as appropriate. Statistical significance was 
identified as P < 0.05. 

RESULTS
Four hundreds and seventy-six patients underwent LSG 
and 61 patients underwent LRYGB between January 
2008 and March 2016 at our centre. Forty patients 
with primary LRYGB completed their two year follow up 
and were matched to 40 patients undergoing LSG who 
also completed this follow up period. Table 1 gives the 
baseline characteristics of both the groups.

Impact on weight and associated parameters
After one year follow-up, the mean BMI (± SD) 
decreased from 43.9 (± 3.7) kg/m2 to 31.1 (± 4.8) 
kg/m2 in LRYGB group while 45.8 (± 4.8) kg/m2 to 
32.5 (± 4.5) kg/m2 in LSG group (Figure 1). The mean 
(± SD) %EWL at one year follow-up was 70.5% (± 
21.5%) and 66.5% (± 18.6%) in LRYGB and LSG group 
respectively (Figure 2). Using Student’s t test, there was 
no significant difference in mean BMI or %EWL one year 
after either LRYGB or LSG.

At two year follow up, the mean BMI (± SD) BMI 
declined to 29.9 (± 4.4) kg/m2 and 31.9 (± 4.3) kg/m2 
in LRYGB and LSG group respectively (Figure 1). The 
%EWL at 2-year follow up was 76.7% (± 20.2%) and 
67.9% (± 17.9%) in LRYGB and LSG group respectively 
(Figure 2). This difference was statistically significant 
with LRYGB having better outcome in terms of weight 
loss after two years. As per Reinhold’s criteria of failure 
of surgery, there was 12.5% failure in LRYGB group 
compared to 20% failure in LSG group two years after 

the surgery. Figure 1 shows the decline in the weight 
and associated parameters after LSG and LRYGB.

Complication rate
In our experience of 476 LSG and 61 LRYGB, 6 (1.2%) 
patients in LSG group and no patient in LRYGB group 
had post-operative staple line leak. However, among 
the patients in the study cohort, none of the patient had 
staple line leak. In the LRYGB group, 2 (5%) patients 
underwent re-diagnostic laparoscopy and repair for 
internal hernia, one patient underwent laparoscopy 
adhesive intestinal obstruction eight months after 
primary surgery and one patient developed gastro-
jejunostomy narrowing with edema which responded to 
conservative management. In the LSG group, 3 (8.3%) 
patients developed new-onset GERD in post-operative 
period managed with medical treatment. Overall, the 
complication rate in two groups was similar (10% in 
LRYGB vs 7.5% in LSG group, P = 0.99).

Impact on comorbidities
T2DM: Each of the LRYGB and LSG group had 27 
patients with 5 patients each on insulin therapy. The 

  Parameter LRYGB group 
(n  = 40)

LSG group 
(n  = 40)

P  value

  Age (yr) 44.6 ± 10.2 44.8 ± 10.2 NS
  Gender  
     Female, n (%) 29 (72.5%) 29 (72.5%) NS
     Male, n (%) 11 (27.5%) 11 (27.5%) NS
  Weight (kg) 109.9 ± 13.9 113.6 ± 15.2 NS
  Body mass index (kg/m2) 43.9 ± 5.5 45.8 ± 4.8 NS
  Excess weight (kg) 46.9 ± 12.7 51.3 ± 12.2 NS
  Comorbidities
  Type 2 diabetes mellitus, n (%) 27 (67.5%) 27 (67.5%) NS
     Patients on insulin 5 (18.5%) 5 (18.5%) NS
     aNumber of OHA 2.2 ± 0.7 1.8 ± 0.7
     a,bDuration (yr) 7 (5-7) 5 (3-7)
  Hypertension, n (%) 25 (62.5%) 23 (57.5%) NS
     Number of AHA 1.7 ± 0.7 1.7 ± 0.8 NS
  OSAS, n (%) 7 (17.5%) 2 (5%) NS
  Hypothyroidism, n (%) 11 (27.5%) 7 (17.5%) NS
  Thyroxine dosage (µg/d) 90.9 ± 25.7 89.9 ± 31.8 NS
  GERD, n (%) 7 (17.5%) 4 (10%) NS

Table 1  Baseline characteristics of study population (n  = 80)

All P values are non-significant except aP value < 0.05 as assessed by 
Student’s t test; All data expressed as mean ± SD except bwhere data 
is presented as median (Interquartile range). AHA: Anti-hypertensive 
agents; GERD: Gastroesophageal reflux disease; OHA: Oral hypoglycemic 
agents; OSAS: Obstructive sleep apnea syndrome; LRYGB: Laparoscopic 
Roux-en-Y gastric bypass; LSG: Laparoscopic sleeve gastrectomy.
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Figure 1 Impact of bariatric surgery on body mass index over two years 
follow-up: There was no significant difference in body mass index 
preoperatively (P = 0.11) and at 1 year post-op (P = 0.175). At 2 years 
follow-up however, patients who had undergone LSG had significantly higher 
BMI (P = 0.038) compared with those who had undergone LRYGB. Mean BMI 
were compared using Student’s t test. LSG: Laparoscopic sleeve gastrectomy; 
LRYGB: Laparoscopic Roux-en-Y gastric bypass; BMI: Body mass index.

Figure 2  Impact of bariatric surgery on percentage excess weight 
loss over two years follow-up: There was no significant difference in 
percentage excess weight loss at 1 year post-op (P = 0.36). At 2 years 
follow-up however, patients who had undergone LRYGB had significantly 
greater excess weight loss (P = 0.044) compared with those who had 
undergone LSG. %EWL were compared using Student’s t test. LSG: 
Laparoscopic sleeve gastrectomy; LRYGB: Laparoscopic Roux-en-Y gastric 
bypass; %EWL: Percentage excess weight loss.
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median duration of T2DM differed significantly between 
LRYGB and LSG. The median (IQR) duration of T2DM 
and mean number of Oral Hypoglycemic Agents (OHA) 
were significantly higher in LRYGB group as compared 
to LSG group (Table 1). 

On follow up, T2DM resolved in 66.7% (18 out of 
27) patients while improved in 33.3% (9 out of 27) 
patients in LRYGB group. In the LSG group, DM resolved 
in 77.8% (21 out of 27) while improved in 22.2% (6 
out of 27) patients. There was no new-onset T2DM 
noted in any of the groups. Both the procedures had 
significant impact on T2DM (P < 0.001). However, the 
impact of the two procedures on T2DM was comparable 
(P = 0.544) (Table 2).

In LRYGB group, all 5 patients, who were on insulin 
therapy pre-operatively, were off insulin therapy in post-
operative period (100%) and the mean number (± 
SD) of OHA declined significantly from 2.17 (± 0.7) to 
0.3 (± 0.5) in post-operative period. In LSG group, 3 
out of 5 patients (60%), who were on insulin therapy, 
continued on insulin therapy with decreased dose in 
post-operative period and the mean number (± SD) of 
OHA declined from 1.8 (± 0.7) to 0.3 (± 0.6) in post-
operative period. The decrease in number of OHA was 
similar in two groups (P = 0.736) (Table 3). 

HTN: Twenty-five patients were hypertensive in LRYGB 
group and 23 patients were hypertensive in LSG group. 
After surgery, there was remission in 44% (11 out of 
25) patients and improvement in 48% (12 out of 25) 
patients in LRYGB group. Similarly, there was remission 
in 34.8% (8 out of 23) patients and improvement in 
60.8% (14 out of 23) patients in LSG group (Table 
2). The mean number (± SD) of anti-hypertensive 
agents (AHA) declined from 1.7 (± 0.7) to 0.5 (± 0.5) 
in LRYGB group and 1.70 (± 0.8) to 0.57 (± 0.59) in 

LSG group. HTN, thus, improved significantly in both 
the groups (P < 0.001) but there was no significant 
difference in the outcome of either of the procedures 
(Table 3). 

OSAS: Seventeen point five percent (7 out of 40) 
patients in LRYGB group and 5% (2 out of 40) patients 
in LSG group had severe OSA and were on CPAP 
therapy preoperatively. All the patients were off CPAP in 
postoperative period (100%) and showed improvement 
in symptoms of OSAS, irrespective of the procedure 
performed (Table 2). 

Hypothyroidism: Twenty-seven point five percent (11 
out of 40) and 17.5% (7 out of 40) patients were on 
thyroxine therapy for hypothyroidism in LRYGB and LSG 
group respectively. Twenty-seven point three percent (3 
out of 11) patients in LRYGB group and 14.3% (1 out 
of 7) patients in LSG group maintained normal thyroid 
function tests without medications, 54.5% (6 out of 
11) patients in LRYGB group and 42.8% (3 out of 7) 
patients in LSG group showed decrease in the dosage of 
thyroxine while 18.2% (2 out of 11) patients in LRYGB 
group and 42.8% (3 out of 7) patients in LSG group 
had no effect on medication for hypothyroidism (Table 
2). The mean dosage of thyroxine decreased from 90.9 
(± 25.7) µg to 45.5 (± 40.7) µg in LRYGB group and 
89.2 (± 31.8) µg to 53.6 (± 39.3) µg in LSG group 
(Table 3). Both the procedures had significant impact 
on hypothyroidism but the impact was comparable (P > 
0.05). 

GERD: Based on GERD-SS questionnaire, 17.5% (7 
out of 40) patients had GERD preoperatively in LRYGB 
group which resolved completely after surgery. In 
LSG group, 10% (4 out of 40) patients had GERD 

  Comorbidity LRYGB LSG P value1

Preoperative Resolution Improvement Preoperative Resolution Improvement
  Type 2 diabetes mellitus 27 18   9 27 21 6 0.36
  Hypertension 25 11 12 23   8 14 0.64
  OSAS   7   7   0   2   2   0 -
  Hypothyroidism 11   3   6   7   1   3 0.58

Table 2  Impact of bariatric surgery on comorbidities (n  = 80)

1All P values were calculated by applying χ 2 test for every comorbidity comparing LSG and LRYGB. OSAS: Obstructive sleep apnea syndrome; LRYGB: 
Laparoscopic Roux-en-Y gastric bypass; LSG: Laparoscopic sleeve gastrectomy.

  Medications LRYGB LSG P value1

Preoperative period Postoperative period Preoperative Postoperative period
  Number of OHA 2.17 ± 0.7 0.3 ± 0.5 1.8 ± 0.7 0.3 ± 0.6 0.73
  Number of AHA   1.7 ± 0.7 0.5 ± 0.5 1.7 ± 0.8 0.6 ± 0.6 0.78
  Dosage of thyroxine (µg/d)   90.9 ± 25.7 45.5 ± 40.1 89.3 ± 31.8 53.6 ± 39.3 0.33

Table 3  Impact of bariatric surgery on medications for various comorbidities (n  = 80)

All data expressed as mean ± SD. 1All P values were calculated using Student’s t test separately for all comorbidities. AHA: Anti-hypertensive agents; OHA: 
Oral hypoglycemic agents; LRYGB: Laparoscopic Roux-en-Y gastric bypass; LSG: Laparoscopic sleeve gastrectomy.
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preoperatively which resolved in 50% (2 out of 4) 
patients while remained same in rest of them. There 
was no new onset GERD in LRYGB group but 8.3% (3 
out of 36 patients) developed new-onset GERD in LSG 
group.

DISCUSSION
In this study, we compared the outcomes of the two 
most commonly performed bariatric procedures- 
LSG and LRYGB in a well-matched morbidly obese 
population. We found the weight loss was similar at one 
year follow-up; however, weight loss was significantly 
higher in LRYGB group at two year follow-up. The 
complication rate was similar in both the groups. 
Regarding the impact on comorbidities, there was 
similar impact on T2DM, HTN, OSA and hypothyroidism. 
However, LRYGB led to better outcome in long-standing 
diabetics on insulin therapy.

The impact of LSG and LRYGB on BMI and weight 
associated parameters was significant over a follow-
up of two years. We found %EWL for LRYGB vs LSG at 
1-year and 2-year follow-up as 70.5% vs 66.5% (P = 
0.36) and 76.7% vs 67.9% (P = 0.044) respectively. 
As per Reinhold’s criteria[12], there was 20% failure in 
LSG group compared to 12.5% in LRYGB group. This 
suggests LRYGB had better outcome on weight loss 
over two years as compared to LSG. Similar results 
were reported by other studies. Lakdawala et al[10] 
reported similar weight loss at one year follow up in 100 
patients undergoing LSG and LRYGB. El Chaar et al[9] 
found %EWL of 75% with LRYGB as compared to 60% 
with LSG over two year follow up period. Boza et al[6] 
also reported significantly higher %EWL with LRYGB 
(94% vs 84%) over two year follow-up in 786 patients 
undergoing LRYGB and 811 patients undergoing LSG. 

Such higher %EWL could be explained by lower initial 
BMI of 38 kg/m2 in their study population. Nonetheless, 
there was lesser %EWL in LSG group. Li et al[7] in a 
meta-analysis involving 196 patients undergoing LRYGB 
and 200 patients undergoing LSG found significantly 
higher weight loss with LRYGB. The swiss multicentre 
bypass or sleeve study (SM-BOSS) - a prospective 
randomised controlled trial published its early results 
involving 107 patients undergoing LSG and 110 
patients undergoing LRYGB[8]. They reported 77% 
and 73% excess BMI Loss (EBMIL) at one year follow-
up and 73% and 63% EBMIL at three year follow-
up after LRYGB and LSG respectively (P = 0.02)[8]. 
On the contrary, few studies have reported better 
outcome in weight loss with LSG at one year follow-
up. Karamanakos et al[15] found %EWL of 69.7% in 
LSG group compared to 60.5% in LRYGB group, which 
they explained due to decreased ghrelin levels which 
suppressed appetite in initial period after surgery. Boza 
et al[6] also reported 10% and 5.4% failure rate of LSG 
and LRYGB at follow up of two years. As compared 
to our study, such lower failure rates could be due to 
involvement of less obese patients with mean BMI of 38 

kg/m2 in their study. 
Both LRYGB and LSG had positive impact on T2DM. 

We found similar rate of improvement in both the 
groups. Unlike LSG, all patients on insulin therapy in 
LRYGB group were off insulin therapy in post-operative 
period. Buchwald et al reported 83% remission rate of 
T2DM with LRYGB in a meta-analysis involving more 
than 22000 patients[16]. Boza et al[6] found similar 
remission rate in LRYGB and LSG group (91% vs 87% 
respectively). Lakdawala et al[10] showed 100% and 
98% remission rate of T2DM with LRYGB and LSG 
respectively. Inclusion of lower BMI patients with only 7 
and 17 diabetics in LSG and LRYGB groups respectively 
and shorter duration of diabetes could be the possible 
reasons for such high rate of remission. They also 
explained the better results in Asian population could 
be due to decreased insulin resistance with decrease 
in central obesity which was more prevalent in Asian 
population. Other studies by Zhang et al[5] and Peterli 
et al[8] also showed similar remission rate of T2DM with 
LRYGB and LSG. On the contrary, Li et al[7] in a meta-
analysis reported significantly better remission (Odds 
ratio = 9.08) of T2DM with LRYGB as compared to LSG. 
Similar results were reported by Lee et al[17]. 

Multiple mechanisms for remission of T2DM with 
LRYGB had been proposed. Foregut hypothesis, 
hindgut hypothesis, decreased ghrelin secretion and 
starvation followed by weight loss are among the major 
mechanisms[18]. The mechanism for remission of T2DM 
post LSG is still not completely understood. The possible 
mechanism include rise in post-prandial glucagon like 
peptide-1 due to increase in gastric emptying which 
lead to increase in insulin secretion. LSG also leads to 
decrease ghrelin and leptin levels which play role in 
glucose homeostasis after surgery[19].

The impact of LRYGB and LSG on HTN is variable. 
Sixty-two point five percent patients and 57.5% pati-
ents were hypertensive in LRYGB and LSG group respe-
ctively. We found remission rate of 44% and 35% and 
improvement in 48% and 60.8% in LRYGB and LSG 
groups respectively. Overall, both the procedures had 
similar impact on HTN. Similar results were shown 
by SM-BOSS[8]. Boza et al[6] showed 92% and 80% 
improvement in HTN with LRYGB and LSG respectively. 
In a study on Indian population, Lakadawala et al[10] 
showed 95% and 91% resolution in HTN. The possible 
mechanism for resolution of HTN would be decrease in 
the intra-abdominal pressure and Renin-Angiotension 
Aldosterone System activity after surgery[20]. 

Seventeen point five percent patients in LRYGB 
group and 50% patients in LSG group had severe 
OSA and were on CPAP therapy preoperatively. All the 
patients were off CPAP therapy with improvement in 
symptoms in post-operative period. Similar results were 
shown by other studies. Zhang et al[5] reported 82% 
and 91% resolution of OSA one year after LRYGB and 
LSG respectively. They found earlier resolution at 3-6 
mo with LRYGB as compared to LSG.

The impact of bariatric surgery on hypothyroidism 
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is less studied. Both LRYGB and LSG had significant 
impact on need of thyroxine in post-operative period. 
Eighty-one point eight percent and 57.2% patients 
showed improvement in hypothyroidism. The improve-
ment was similar in the two groups. Raftopoulos et 
al[21] reported 48% remission rate with complete 
resolution in 8% in 23 patients of hypothyroidism 
undergoing LRYGB. Ruiz-Tovar et al[22] found significant 
decrease in TSH level after LSG. Another study from 
our centre showed significant decrease in requirement 
of thyroxine after LSG[23]. Gkotsina et al[24] reported 
significant improvement in pharmacokinetic parameters 
of levo-T4 absorption after LSG while these remained 
same after LRYGB. Lips et al[25] compared restrictive 
and malabsorptive procedures and concluded that 
thyroid hormone regulation is directly proportional to 
the weight loss irrespective of the bariatric procedure. 

Hypothyroidism in obese individuals is partially me-
diated by increased leptin level and peripheral hor-
monal resistance. Weight loss leads to decrease in 
the hormone resistance and the need of thyroxine. 
However, certain subset of patients showed no effect of 
surgery on hypothyroidism probably because of other 
factors including autoimmune thyroid disorders[23]. 

GERD is commonly associated with obesity. While 
LRYGB led to resolution of GERD in all the patients, 
LSG led to improvement in GERD in only 50% cases. 
Importantly, 8.3% developed new onset GERD. Similar 
results were reported by Lakdawala et al[10]. They 
found 100% remission in GERD post LRYGB while 
reported rise in incidence in GERD from 5% to 9% after 
LSG. SM-BOSS trial also showed significantly higher 
remission in GERD with LRYGB as compared to LSG 
and reported 12.5% new onset GERD in LSG group[8]. 
Frezza et al[26] reported significant decrease in GERD-
related symptoms over the 3-year study after LRYGB. 
Mechanisms of the anti-reflux effect of RYGB include 
promoting weight loss, lowering acid production in 
the gastric pouch, diverting bile from the Roux limb, 
rapid pouch emptying, and decreasing abdominal 
pressure over the LES[27]. The impact of LSG on GERD 
is still an unresolved issue. Multiple mechanisms have 
been proposed for the impact of LSG on GERD. The 
mechanisms for improvement of GERD after surgery 
include faster gastric emptying time, decreased gastric 
reservoir function, decrease intra-abdominal pressure, 
decreased acid production and alteration in neuro-
hormonal mileu of gastrointestinal tract. Factors 
which may lead to exacerbation or new onset GERD 
include increased intraluminal pressure, modification 
in esophago-gastric junction, partial sectioning of sling 
fibres and presence of hiatus hernia[28].

Overall both LSG and LRYGB has similar effect on 
obesity related comorbidities over two year follow-
up period, although GERD showed significantly better 
improvement with LRYGB.

The strengths of the study include well matched 
groups eliminating bias due to confounding factors and 
the standardized technique performed by same surgeon 

in all cases. The outcome of LSG in terms of weight loss 
and comorbidity resolution has been standardized. Our 
study is among the first few studies to compare the 
effect of LSG and LRYGB on thyroid disorder.

There are several limitations of this study. Retro-
spective nature of the study comes with inherent 
bias. Small sample size with short-term follow up is 
another limitation. The duration of T2DM and mean 
number of OHA were higher in LRYGB group than 
in LSG group, thereby, leading to a potential bias. 
The definition of comorbidities and its resolution 
were not optimally standardized. For T2DM, HbA1c 
was not available for all patients and hence could 
not be used in criteria for remission. For HTN, self-
reporting of normal blood pressure by the patient 
was taken as remission or improvement. For OSAS, 
postoperative polysomnography was not available to 
objectively document the improvement in OSAS. For 
GERD, no objective measurement including pH-metry, 
impedance and high resolution manometry was done. 
Hyperlipidemia and cardiovascular risk factors could not 
be studied even knowing that myocardial infarction is the 
most common cause of mortality in this population. 

In conclusion, our results indicate LRYGB has better 
outcomes in terms of weight loss two years after 
surgery as compared to LSG. The impact of LRYGB and 
LSG on T2DM, HTN and OSAS was similar. However, 
LRYGB had significant resolution of GERD as compared 
to LSG. Further comparative trials with large sample 
size and long term follow-up are needed to identify the 
ideal procedure of bariatric surgery.

COMMENTS
Background
Laparoscopic sleeve gastrectomy (LSG) and laparoscopic Roux-en-Y gastric 
bypass (LRYGB) are among the most frequently performed bariatric procedures 
worldwide. Compared to LRYGB, LSG is relatively easier to perform and is 
associated with less Dumping syndrome, avoids risk of internal hernia and 
complications due to gastro-jejunostomy or jejuno-jejunostomy, decreases the 
risk of nutritional deficiencies and provides accessibility of the remnant stomach 
via endoscopy, which is important especially in Asian population. However, few 
studies have compared the effects of LRYGB and LSG in well-matched Indian 
population.

Research frontiers
Few studies have compared the outcomes of LRYGB and LSG in a well matched 
Indian obese population undergoing bariatric surgery.

Innovations and breakthroughs
This study compared 40 patients undergoing LRYGB, who completed their 2-year 
follow-up with 40 patients undergoing LSG matched for age, gender, body mass 
index and presence of type 2 diabetes mellitus (T2DM). Data of these patients 
was retrospectively reviewed to compare the outcome in terms of weight loss 
and improvement in comorbidities, i.e., T2DM, hypertension (HTN), obstructive 
sleep apnea syndrome (OSAS), hypothyroidism and gastroesophageal reflux 
disease. Using case control design , this study found similar weight loss one year 
after surgery in both the groups but the weight loss was significantly higher in 
LRYGB group two years after surgery. The complication rate was similar in both 
groups. Regarding comorbidity resolution, both LRYGB and LSG had significant 
but similar impact on obesity related comorbidities except gastroesophageal 
reflux disease where LRYGB showed better improvement. This is also among 
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the first few studies to study the impact of bariatric surgery on hypothyroidism, 
which improved significantly in both LSG and LRYGB groups.

Applications
This study compares the outcomes of LRYGB with LSG in a well-matched 
population over a period of two years follow-up. This is important in clinical 
practice as the impact of LRYGB and LSG on weight loss and obesity associated 
comorbidities is a casue of concern while selecting a particular bariatric 
procedure for a patient.

Terminology
Percentage excess weight loss (%EWL) is defined as [(Preoperative weight-
current weight/preoperative weight-ideal weight] × 100%.

Peer-review
This is a retrospective study to compare the impact of LRYGB and LSG on 
weight loss and obesity related comorbidities. This is an important issue in 
clinics.
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Abstract
AIM
To evaluate the risk of immediate and delayed bleeding 
following sphincterotomy procedure.

METHODS
This retrospective cohort study was conducted with all 
patients who underwent endoscopic sphincterotomy 
during January 2006 to September 2015 at a tertiary 
academic center. Patients were grouped according to 
pre procedural usage of serotonin reuptake inhibitors 
(SRIs). Both groups were matched for demographic and 
clinical characteristics. Patients with thrombocytopenia, 
increased international normalized ratio, or a history of 
bleeding or coagulation disorders, concurrent use of other 
antiplatelet/anticoagulants were excluded from the study.

RESULTS
A total of 447 patients were included, of which 219 
(45.9%) used SRIs and 228 (54.1%) cases did not. 
There was no significant difference in acute or delayed 
bleeding during endoscopic sphincterotomy between 
the two groups. (8.2% vs  12.3%, P  = 0.16).

Retrospective Cohort Study
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CONCLUSION
The use of SRIs was not associated with an increased 
risk of post-sphincterotomy bleeding. To our best 
knowledge, this is the first study to explore this asso
ciation. 

Key words: Serotonin reuptake inhibitors; Post- 
sphincterotomy bleeding; Endoscopy; Endoscopic 
retrograde cholangiopancreatography; Gastrointestinal 
bleeding

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Serotonin reuptake inhibitors (SRIs) are 
a very commonly prescribed medication. The use 
of SRIs is reportedly associated with an increased 
risk for gastrointestinal bleeding in few studies. In 
this retrospective cohort study we analyzed the 
association between use of SRI and risk of post 
sphincterotomy bleeding with meticulous exclusion 
of all the confounders associated with increased risk 
of sphincterotomy bleeding. To our knowledge, this 
is a first study to assess the SRIs impact on post 
sphincterotomy bleeding. 

Yadav D, Vargo J, Lopez R, Chahal P. Does serotonin reuptake 
inhibitor therapy increase the risk of post-sphincterotomy 
bleeding in patients undergoing endoscopic retrograde 
cholangio-pancreatography? World J Gastrointest Endosc 
2017; 9(4): 171-176  Available from: URL: http://www.
wjgnet.com/1948-5190/full/v9/i4/171.htm  DOI: http://dx.doi.
org/10.4253/wjge.v9.i4.171

INTRODUCTION
Since its earliest description in 1974, endoscopic 
sphincterotomy has become a commonly performed 
procedure for a variety of therapeutic indications during 
endoscopic retrograde cholangiopancreatography 
(ERCP)[1]. Including choledocholithiasis, placement 
of stents through malignant and benign strictures, 
as well as to treat dysfunction of the sphincter of 
Oddi. It is a technically difficult endoscopic procedure 
performed under visual and fluoroscopic guidance. 
It involves deep insertion of the cannula into the bile 
duct through the ampulla of Vater and the subsequent 
use of electrocautery to incise the sphincter of Oddi. 
Sphincterotomy has been associated with pancreatitis, 
hemorrhage, perforation and other complications most 
of which occur within the initial 24 h of procedure[2,3]. 
Hemorrhage is a well-known complication occurring in 
up to 2%-7% of all cases[1].  

Serotonin reuptake inhibitors (SRIs) are considered 
to be a first-line pharmacologic therapy for depression, 
and are among the most commonly prescribed medi-
cations in the United States. The safety and side effect 

profile of these drugs have been well-described in the 
existing literature. In numerous studies, SRI therapy has 
been associated with an increased risk of gastrointestinal 
bleeding. Similarly, the use of non-steroidal anti-inflam-
matory drugs (NSAIDs), anticoagulants and aspirin 
has been associated with an increased risk of bleeding 
during sphincterotomy procedures[4]. These drugs are 
typically discontinued a week prior to the procedure 
date. Our aim was to evaluate the risk of immediate and 
delayed bleeding following sphincterotomy procedure. 
Our hypothesis was that SRIs medications increase the 
risk of post sphincterotomy bleeding.

MATERIALS AND METHODS
Definitions
Immediate post endoscopic sphincterotomy (post-ES) 
bleeding is considered to be oozing of blood during 
ERCP. Delayed post ES bleeding occurs within 10 d 
after ERCP and manifested as melena, hematemesis 
or hematochezia (Table 1). Classification of bleeding 
according to Cotton et al[3] states mild bleeding is 
defined as hemoglobin drop of less than 3 g/dL without 
the need of transfusion, moderate bleeding is considered 
when blood transfusion of 4 units or less is required 
without any surgical intervention, severe bleeding is 
defined as blood transfusion of 5 units or more and 
surgical intervention is required (Table 2).

Patient selection
This retrospective cohort study was conducted after 
obtaining necessary approval from the Institution Review 
Board and patients consent. Patients who underwent 
ERCP with sphincterotomy at a tertiary referral center by 
a group of ten therapeutic endoscopists with a minimum 
of 5 years of experience during the study period of 
January 2006 - September 2015 were reviewed. One 
of the confounding factor of bleeding is low endoscopist 
case volume (Table 1). This study was conducted at a 
tertiary referral center with an average 2500 ERCP are 
performed in a year, in total 22500 during 2006-2015. 
SRI is a commonly prescribed drug in United States. 
Patients using either selective SRIs or serotonin-nor-
epinephrine reuptake inhibitors (SNRIs) at the time of 

  Complications of sphincterotomy Risk factors for 
hemorrhage

  Pancreatitis - 1.0%-15.7% (Most common 
  complication)

Presence of coagulopathy

  Hemorrhage - 2%-7% Use of anti-coagulation
  Cholangitis - 1% - (Fever, chills, elevated 
  liver enzymes, and/or positive blood culture 
  within 48 h after the procedure)

Cholangitis 

  Cholecystitis - (Clinical and radiographic 
  evidence of an inflamed gallbladder)

Low endoscopist case 
volume

Table 1  Complications of sphincterotomy and risk factors for 
hemorrhage
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the procedure were included (Table 3). The patients 
were grouped according to whether they continued to 
take SRIs until the day of the procedure and patients 
who never had been on SRI’s or SNRI’s. Patients SRI 
dose wasn’t included as the purpose of study was to 
analysis bleeding risk with SRI therapy. Patients with 
following risk factors that could independently increase 
the risk of bleeding (such as coagulopathies, liver 
disorders, and cholangitis), patients taking aspirin and 
NSAIDs, patients with abnormal lab values for PT-INR 
> 1.5, platelet count < 150000, and PTT > 25 s were 
excluded from the study (Figure 1). Data pertaining to 
the patient demographics (Tables 4 and 5), technical 
aspects of the procedure (Tables 6 and 7), medical co-
morbidities including renal, cardiac, hepatic issues, 
coagulation disorder, bleeding disorder, history of alcohol 
intake, drug history, coagulation profile, platelet levels, 
recent antiplatelet or NSAID use was abstracted.

Statistical analysis
Continuous variables are presented as mean ± SD or 
median (25th, 75th percentiles) and categorical factors 
as frequency (percentage). A univariable analysis was 
performed to assess differences between subjects who 
used SRIs at the time of ERCP and those who did not. 
Analysis of variance or the non-parametric Kruskal-
Wallis tests were used for continuous or ordinal variables 
and Pearson’s c2 tests were used for categorical factors. 
In addition, univariable and multivariable logistic 
regression analyses were performed to assess factors 
associated with occurrence of post-sphincterotomy 

bleeding; factors seen in < 5 patients were not con-
sidered for this part of the analysis. An automated 
stepwise variable selection method performed on 1000 
samples was used to choose the final model. The use of 
SRI was forced into the models and the additional three 
variables with highest inclusion rates were included in 
the final models. A P value < 0.05 was considered statis-
tically significant. SAS version 9.4 (The SAS Institute, 
Cary, NC) was used to perform all analyses.

RESULTS 
Out of 22500 who had undergone endoscopy, 447 
subjects who underwent sphincterotomy were included 
in the study (Tables 5-7). At the time of the procedure, 
219 patients were taking SRI therapy and 228 patients 
had never been on SRI therapy. 

There was no evidence of a significant difference in 
the incidence of post-sphincterotomy bleeding between 
the groups 8.2% vs 12.3% (Table 8 and Figure 2). The 
absence of alcohol intake, depression, and lower PTT 
were significantly more common in subjects taking SRIs. 

On univariable analysis, there was no evidence of 
an association between any of the assessed factors 
and post-sphincterotomy bleeding. The use of SRIs, 
demographic, BMI, clinical comorbidities including 
cardiovascular disorders, renal disease, indication of 
ERCP, and number of ERCPs were included in the final 
model but these did not reach statistical significance. 
None of the patients who experienced immediate post-
sphincterotomy bleeding required blood transfusion 
therapy. Only two patients < 1% of the study group 
experienced delayed bleeding and did not require any 
transfusion. Patients who oozed blood were managed by 
injecting epinephrine. 

DISCUSSION
It is a widely perceived, yet never before tested in 
patients undergoing sphincterotomy, theory that the 
use of SRI therapy is associated with an increased risk 
of gastrointestinal bleeding. In this retrospective cohort 
study, we found no significant association between the 
use of SRI and post-sphincterotomy bleeding. Moreover, 
no difference in estimated blood loss was observed in 
these two group. Association between percutaneous 
endoscopic gastrostomy and SRI’s bleeding has been 
reported[5]; however, unlike our study, none of these 
studies excluded other confounding potential risk factors 
for bleeding. Our findings contradict the other studies 
that have found SRI to increase bleeding. The exact 
mechanism is unknown but the purported mechanism of 
SRI’s on bleeding states that SRI’s inhibits the serotonin 
transport protein and by blocking the uptake of synaptic 
serotonin into presynaptic neurons, it impairs the hemo-
stasis function. SRI’s act as a blocker and inhibit entry of 
serotonin from blood into platelets. Release of serotonin 
from platelets into the bloodstream during an injury 
is an important step platelet aggregation[9,11-13]. This 

  Mild Moderate Severe

  Transfusion is not 
  required, with 
  evidence of bleeding

Transfusion of 
4 units or less 

is required

Transfusion of 5 units or more is 
required

  Hemoglobin drop of 
  less than 3 g/dL

No surgical 
intervention

Angiographic or surgical 
intervention

  Immediate bleeding - seen in 30% patients (8) - endoscopic venous 
  oozing which stopped with epinephrine
  Delayed bleeding - occur up to 2 wk after the procedure  - hematemesis,   
  melena, haematochezia
  Severe bleeding - 0.1%-0.5% 

Table 2  Bleeding grading system 

Adapt from Cotton et al[3].

  Serotonin reuptake inhibitors Serotonin-norepinephrine reuptake 
inhibitors 

  Citalopram (Celexa) Desvenlafaxine (Pristiq)
  Escitalopram (Lexapro, Cipralex) Duloxetine (Cymbalta)
  Paroxetine (Paxil, Seroxat) Levomilnacipran (Fetzima)
  Fluoxetine (Prozac) Milnacipran (Ixel, savella)
  Fluvoxamine (Luvox) Tofenacin (Elamol, tofacine)
  Sertraline (Zoloft, lustral) Venlafaxine (Effexor)

Table 3  Serotonin reuptake inhibitors medications included 
in the study

Yadav D et al . SRI risk of post - sphincterotomy bleeding
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  Factor Overall (n  = 447) SRI (n  = 219) No SRI (n  = 228) P  value

n Summary n Summary n Summary
  Age (yr) 445 64.4 ± 17.9 219 64.0 ± 16.8 226 64.7 ± 19.0   0.681

  Male 447 112 (25.1) 219   47 (21.5) 228   65 (28.5)     0.0863

  BMI 442 29.5 ± 7.5 218 29.7 ± 7.6 224 29.3 ± 7.4   0.591

  Smoking 435 216 (49.7) 216 114 (52.8) 219 102 (46.6)   0.203

  Alcohol use 432 161 (37.3) 215   69 (32.1) 217   92 (42.4)     0.0273

  Cardiovascular disorder 447 111 (24.8) 219   53 (24.2) 228   58 (25.4)   0.763

  Depression 445 160 (36.0) 219   99 (45.2) 226   61 (27.0) < 0.0013

  Renal disease 447   55 (12.3) 219   30 (13.7) 228   25 (11.0)  0.383

  Intestinal disease 447   66 (14.8) 219   29 (13.2) 228   37 (16.2)  0.373

  History of UGI bleed 389     1 (0.26) 207   0 (0.0) 182    1 (0.55)  0.474

Table 4  Patient demographics  n  (%)

1ANOVA; 3Pearson's c 2 test; 4Fisher's exact test. Intestinal diseases: Peptic ulcer, inflammatory bowel disease. Values presented as Mean ± SD or n (%). SRI: 
Serotonin reuptake inhibitor.

Exclusion criteria

Abnormal Laboratory 
Values

High prothrombin 
time (normal value - 
11-14 seconds)
High partial 
thromboplastin time 
(normal value - 
25-35 seconds)
High international 
normalized ratio 
(normal value - 
0.8-1.2)

Disorders associated with 
increased bleeding

           Bleeding disorder
             Hemophilia A
             Hemophilia B
             Von Willebrand disease
             Sickle cell disease
             Thalassemia minor or major
           Coagulation disorder
           Hepatic failure
           Renal failure
           Organ transplant recipient

Medications associated with 
increased bleeding

     Anticoagulant drugs

        Heparin
        Factor Xa inhibitors
        Thrombin inhibitors
        Vitamin K inhibitors

     Antiplatelet drugs

1 Irreversible cyclooxygenase inhibitors 
                Aspirin
2 Protease-activated receptor 
   (PAR- 1) antagonists
3 Adenosine diphosphate receptor
   inhibitors
         Clopidogrel (Plavix)
         Prasugrel (Effient)
         Ticagrelor (Brilinta)
         Ticlopidine (Ticlid)
         Cilostazol (Pletal)
4 Glycoprotein IIB/IIIA inhibitors 
   (intravenous use only)
         Abciximab (ReoPro)
         Epitofibatide (Integrilin)
         Tirofiban (Aggrastat)
 5 Adenosine reuptake inhibitors
                 Dipyridamole 
                 (Persantine)
6 Thromboxane inhibitors

    NSAID (Within 1 wk of procedure)
          Diclofenac
          Ibuprofen
          COX-2 inhibitors
           Naproxen 
           Indomethacin

Figure 1  Exclusion criteria. 
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presumed mechanism can further predispose to bleeding 
disturbances. However, our finding did not show any 
evidence indicating SRI to increase bleeding. 

Many studies suggest an association between SRI’s 
and upper gastrointestinal bleeding. It’s suggested that 
SRIs increase gastric acidity by targeting gastric mucosa 
which potentiates the risk of upper GI bleeding[9,11]. In a 
recent meta-analysis on risk for GI bleeds, it was noticed 
that patients on combined therapy such as NSAIDs, 
aspirin, SRIs were at higher risk for bleeding[8]. To our 
knowledge, only two studies have studied risk of post 
sphincterotomy bleeding with patients using NSAIDS 
and aspirin. The finding of the studies were equivocal: 

  Factor Overall (n  = 447) SRI (n  = 219) No SRI (n  = 228) P  value

n Summary n Summary n Summary
  PPI 447 111 (24.8) 219    51 (23.3) 228   60 (26.3) 0.462

  Platelets 435 213 222 0.591

     140-400  432 (99.3)  212 (99.5)  220 (99.1)
     > 400      3 (0.69)      1 (0.47)     2 (0.90)
  INR 391 190 201 -
     0.9-1.2    391 (100.0)     190 (100.0)    201 (100.0)
  PTT 361 171 190 -
     24.7-32.7 s     361 (100.0)    171 (100.0)    190 (100.0)

Table 5  Patients lab values

1Kruskal-Wallis test; 2Pearson's c 2 test. Values presented as Mean ± SD or n (%). SRI: Serotonin reuptake inhibitor.

  Number of ERCPs Overall (n  = 447) SRI (n  = 219 ) No SRI (n  = 228) P  value 

  1 432 (96.6) 214 (97.7) 218 (95.6) 0.231

  2 13 (2.9)   3 (1.4) 10 (4.4)
  3   2 (0.45)     2 (0.91)  0 (0.0)

Table 6  Number of endoscopic retrograde cholangiopancreatography

1Kruskal-Wallis test. Values presented as n (%). SRI: Serotonin reuptake inhibitor; ERCP: Endoscopic retrograde cholangiopancreatography.

Overall (n  = 447) SRI (n  = 219) No SRI (n  = 228) P  value

Summary n  (%) n  (%)
  Abnormal CT 16 (3.8) 9 (4.3) 7 (3.3)   0.571

  Abdominal pain   90 (21.2) 43 (20.6) 47 ( 21.9) 0.751

  Abnormal LFT   62 (14.6) 32 (15.3) 30 (14.0) 0.691

  Biliary dilation   8 (1.9) 6 (2.9)   2 (0.93) 0.172

  Bile duct stones 187 (44.1) 96 (45.9) 91 (42.3) 0.451

  Complications of prior biliary surgery   6 (1.4) 4 (1.9)   2 (0.93) 0.442

  Jaundice   49 (11.6)               16 (7.7) 33 (15.3)   0.0131

  Cholangitis   9 (2.1) 209 4 (1.9) 5 (2.3) 0.992

Table 7  Indications for endoscopic retrograde cholangiopancreatography

1Pearson's c 2 test; 2Fisher's exact test. Values presented as n (%). CT: Computed tomography; LFT: Lung function testing; SRI: Serotonin reuptake inhibitor.

Overall (n  = 447) SRI (n  = 219) No SRI (n  = 228) P  value

n  (%) n Summary n Summary
  Post-sphincterotomy bleeding 46 (10.3) 219 18 (8.2) 228 28 (12.3) 0.161

  Injected with epinephrine 25 (54.3)    18     7 (38.9)   28 18 (64.3)   0.0911

Table 8  Bleeding and management

1Pearson's c 2 test;. Values presented n (%); SRI: Serotonin reuptake inhibitor..

SRI                               No SRI
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Figure 2  Post-sphincterotomy bleeding.
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Both found different results suggesting the safety 
of aspirin use during procedure[4,6] one study results 
showed that use of aspirin resulted in increased risk of 
bleeding[6], and the other study results showed aspirin 
and NSAIDs not associated with the risk bleeding[4]. 

Drugs that cause prolonged bleeding, such as aspirin 
and NSAIDS are advised to discontinue a week prior to 
surgery. Patients who experience bleeding during the 
procedure are injected with epinephrine around the 
sphincterotomy site. This is considered to be the most 
commonly used method to manage immediate bleeding.  

Our usual approach is local therapy in the form of 
1:10000 diluted epinephrine injection, either alone 
or in combination with cautery, hemoclips. Covered 
metal stents are placed in patients who are expected to 
resume therapeutic anticoagulation or have underlying 
coagulopathy.

While recognizing that no definite guidelines can 
be derived from this retrospective study, our result 
presented here provides novel knowledge about complex 
question of management of SRI’s prior to therapeutic 
ERCP. We conclude if the confounding variables for 
bleeding are excluded, SRI’s alone do not increase the 
risk of post-sphincterotomy bleeding. According to our 
knowledge, this is the first study to assess the SRI’s 
impact on post sphincterotomy bleeding. 
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Abstract
AIM
To determine the effect of sedation with propofol on 
adenoma detection rate (ADR) and cecal intubation 
rates (CIR) in average risk screening colonoscopies 
compared to moderate sedation.

METHODS
We conducted a retrospective chart review of 2604 first-
time average risk screening colonoscopies performed 
at MD Anderson Cancer Center from 2010-2013. ADR 
and CIR were calculated in each sedation group. 
Multivariable regression analysis was performed to 
adjust for potential confounders of age and body mass 
index (BMI). 

RESULTS
One-third of the exams were done with propofol (n  = 
874). Overall ADR in the propofol group was significantly 
higher than moderate sedation (46.3% vs  41.2%, P  = 

Retrospective study
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0.01). After adjustment for age and BMI differences, 
ADR was similar between the groups. CIR was 99% for 
all exams. The mean cecal insertion time was shorter 
among propofol patients (6.9 min vs  8.2 min; P  < 
0.0001).

CONCLUSION
Deep sedation with propofol for screening colonoscopy 
did not significantly improve ADR or CIR in our popu-
lation of average risk patients. While propofol may allow 
for safer sedation in certain patients (e.g. , with sleep 
apnea), the overall effect on colonoscopy quality metrics 
is not significant. Given its increased cost, propofol 
should be used judiciously and without the implicit 
expectation of a higher quality screening exam. 

Key words: Sedation; Propofol; Adenoma detection rate; 
Cecal intubation rate; Colonoscopy; quality metrics

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the 
effect of propofol deep sedation vs opioid/benzodiazepine 
moderate sedation on adenoma detection rate (ADR) and 
cecal intubation rate (CIR) colonoscopy quality metrics. 
After adjusting for confounding variables of age, gender 
and body mass index, there was no difference seen in 
ADR or CIR between the two groups.
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INTRODUCTION
In the United States endoscopic procedures routinely 
utilize sedation to minimize patient discomfort. Today, 
moderate sedation is widely used, with a combination of 
opioid and benzodiazepine for amnestic and analgesic 
effects[1]. In recent years endoscopists have increasingly 
turned to deep sedation provided by anesthesiologists 
using propofol although significant regional differences 
in utilization exist[2]. Between 2008 and 2011, one third 
of colonoscopies were performed using anesthesia 
services[3]. Propofol provides sedative, amnestic and 
hypnotic effects but does not have analgesic properties. 

Propofol is gaining popularity among United States 
endoscopists in part due to its rapid onset of action 
and faster patient recovery[4]. In a nationwide survey, 
physicians under age 65 used propofol in their practice 
more frequently and were more satisfied with propofol 
over moderate sedation compared to older physicians[5]. 
Half of the physicians in this survey favored propofol 
sedation for their own endoscopy as they felt that this 

would improve the quality of the exam[5]. However, the 
data on patient satisfaction compared with conscious 
sedation are mixed with a recent meta-analysis showing 
no difference[6].

Adenoma detection rate (ADR) is the premier quality 
indicator in screening colonoscopy and is inversely 
related to the risk of interval colorectal cancer develop-
ment and death[7,8]. Since some gastroenterologists 
perceive that propofol sedation improves the quality of 
the exam, investigators have evaluated the effect of 
sedation on ADR. While multiple studies have compared 
varying levels of sedation to no sedation and found 
conflicting results in terms of exam quality[9,10] other 
studies have compared different levels of sedation to 
each other. However, these studies either did not utilize 
propofol[11], did not describe the level sedation achieved 
with various agents[12], or gave conflicting results[13]. Thus 
the question of whether deep sedation with propofol 
improves ADR when compared to moderate sedation 
with benzodiazepines/opioids remains unresolved.

Adenoma detection depends on the entire colon 
being examined, therefore cecal intubation rate (CIR) is 
another quality parameter in screening colonoscopy. The 
more comfortable the patient is, the higher likelihood 
that the cecum will be reached especially in technically 
difficult cases. In general, the use of any level of 
sedation has improved the rates of cecal intubation over 
unsedated exams[9,10]. In one study using propofol for 
sedation, CIR was 98% and incomplete exams were 
associated with patient history of constipation and poor 
bowel prep[14].

Given the recent trend toward increased anesthesia 
involvement in endoscopy and the added cost, the 
current emphasis on value in health care services makes 
it worthwhile to evaluate the relationship between 
deep sedation and colonoscopy quality metrics. Our 
primary outcome was to determine the effect of deep 
sedation with propofol (total intravenous anesthesia, 
TIVA) compared to moderate sedation on ADR in a 
population of average-risk patients presenting for their 
index screening colonoscopy. Our secondary aim was 
to determine any differences in cecal intubation rates 
between these two sedation groups.

MATERIALS AND METHODS
We performed a retrospective chart review of all average 
risk patients aged 50 to 75 undergoing initial screening 
colonoscopy between July 2010 and May 2013 at 
the University of Texas MD Anderson Cancer Center. 
Patients who have had prior exams often cannot recall 
the pertinent details (whether adenomas were removed, 
if the exam was complete, preparation quality, etc.) in 
addition the risk of adenomas increases with patient 
age. Therefore based on chart review, we excluded 
patients who had undergone a prior colonoscopy to get 
a homogenous group of patients to determine ADR. 
High-risk patients (i.e., with a family history of colon 
cancer or genetic syndromes), diagnostic exams (done 
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for evaluation of symptoms) and patients who had 
undergone prior colon resection were excluded. Patients 
with a personal history of non-gastrointestinal cancers 
were included. In our group practice, the endoscopy 
time assigned to TIVA or moderate sedation use can 
vary between physicians. Endoscopists who performed 
less than 20 exams in either sedation group during 
the study period were excluded from analysis. This 
was done to evaluate a group of physicians who had 
contributed to both sedation groups to minimize bias 
and obtain accurate ADRs[15]. Full time faculty with 
endoscopic experience ranging from one year to 25 
years post fellowship training performed all exams. 
All patients received a standard split dose bowel to 
optimize the quality of bowel prep[16]. Our Institutional 
Review Board approved this study. Informed consent 
was not required for this retrospective study, data was 
collected in a de-identified manner and in the course of 
usual patient management.

Patients are referred to our endoscopy unit for 
screening exams after being evaluated in a cancer pre-
vention center, gastroenterology clinic, or by other MD 
Anderson clinics. These referrals are reviewed within 
our department and the patients are scheduled with 
moderate sedation or TIVA based on uniform criteria. 
Our criteria for TIVA mirror those of the American 
Society for Gastrointestinal Endoscopy and fall into three 
categories: (1) pulmonary (e.g., increased risk of airway 
obstruction or aspiration, documented sleep apnea with 
use of continuous positive airway pressure device); (2) 
co-morbid conditions (e.g., BMI ≥ 35, cardiac disease 
such as arrhythmia, pacemaker, decompensated 
heart failure, myocardial infarction within 6 mo, etc.); 
or (3) anticipated intolerance of moderate sedation 
(e.g., scheduled use of narcotics or benzodiazepines 
or patient preference)[4]. Moderate sedation consisted 
of intravenous midazolam and either meperidine or 
fentanyl under the direction of the endoscopist with 
routine monitoring. Deep sedation was the target for 
TIVA patients. In addition to routine monitoring of 
blood pressure, EKG, and use of nasal cannula oxygen, 
TIVA patients were also monitored with end-tidal 
capnography. 

Two investigators (WR and ST) performed data 
collection from the electronic medical record to identify 
patients for inclusion. Demographic information 
including age, gender, race and BMI were recorded for 
each patient. Transcribed clinic notes were reviewed to 
determine family history, presence of symptoms at the 
time of colonoscopy and reports of prior colonoscopy 
exams. Procedure notes and the endoscopy reporting 
software database (Endoworks Olympus Inc. Center 
Valley, PA, United States) were examined to determine 
method of sedation, insertion time to the cecum and 
scope withdrawal time (which are marked by the 
endoscopy technician during the procedure) as well as 
the number of polyps removed. The software system 
default for bowel prep quality is set to good/adequate 
and the physician must make the effort to change it. 

Since there is variability among our endoscopists in 
doing this, we did not specifically collect this data point. 
We used CIR as a surrogate marker for adequacy of 
bowel prep. Pathology reports were reviewed to record 
polyp histology (hyperplastic, adenoma, sessile serrated 
adenoma, or adenocarcinoma).

ADR was calculated for male and female patients by 
method of sedation. Statistical analysis was performed 
using the chi-square test for categorical variables and 
t test for continuous variables. Multivariable logistic 
regression analysis was performed to determine the 
effect of TIVA vs moderate sedation on ADR for male 
and female patients. The analyses were adjusted for 
potential confounders, namely BMI and age[17,18]. The 
relationship between the depths of sedation and CIR, as 
well as scope insertion times was evaluated. Pearson’s 
correlation coefficient was calculated to assess for any 
relationship between ADR and the proportion of TIVA 
procedures performed by each endoscopist. We did not 
perform any additional provider-level analyses (such as 
ADR by years in clinical practice) because of unequal 
sub-group distribution of physicians in our practice. 

RESULTS
A total of 2604 first-time screening colonoscopies were 
performed during the study period. The majority were 
done under moderate sedation (n = 1730, 66.4%; 
TIVA: n = 874, 33.6%). Female patients outnumbered 
male patients (n = 1681 and n = 926 respectively) 
and most patients were non-Hispanic whites (Table 1). 
Patients in the TIVA group had a significantly higher 
BMI and were older than the moderate sedation group 
as expected based on our allocation criteria. Adenomas 
were detected in 1118 exams while 1486 patients 
had negative exams. Of these, approximately 9% of 
patients had advanced adenomas and 6% had sessile 
serrated adenomas.

The overall ADR was higher in the TIVA group than 
the moderate sedation group (46.3% vs 41.2% p = 
0.01). The ADR was significantly higher among female 
patients undergoing exams with TIVA compared to 
moderate sedation (42.4% vs 36.4% p = 0.03). There 
was no significant difference in ADR in male patients 
between the TIVA and moderate sedation groups 
(53.7% vs 50.4% p = NS). Detection of sessile serrated 
adenomas and advanced adenomas was similar be-
tween the two groups. Multivariate analysis was per-
formed to adjust for potential confounders (i.e., age 
and BMI)[17]. There was no significant difference in ADR 
in either male or female patients between the study 
groups after multivariable analysis (Table 2). 

Cecal intubation rates were evaluated for the study 
group. CIR was 99.0% overall and similar between 
sedation groups (98.8% moderate sedation, 99.4% 
TIVA, p = 0.15). Failure to reach the cecum was 
more common among female patients (n = 15 of 
19 incomplete exams). The most common reason 
for an incomplete colonoscopy was poor bowel prep, 
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followed by technical difficulty (adhesions, fixed 
angulations, redundant colon). Three patients in the 
moderate sedation group had an incomplete exam due 
to inadequate sedation (pain during the procedure, 
paradoxical reaction to medication). In these cases, 
examination of the colon was completed by CT colono-
graphy or repeat colonoscopy with TIVA.

The mean scope insertion time to the cecum was 
calculated for complete exams and was significantly 
shorter among patients in the TIVA group compared to 
moderate sedation (6.9 min vs 8.2 min; p < 0.0001). 
Within the TIVA group, mean insertion times were longer 
for female patients compared to male patients (7.3 min 
vs 6.3 min; p = 0.003). Use of TIVA was associated with 
a significantly shorter scope insertion time to cecum 
among both females (OR = 0.96, 95%CI: 0.94-0.97, p 
< 0.001) and males (OR = 0.96, 95%CI: 0.60-0.99, p 
= 0.02) and remained significant even after adjusting 
for age and BMI (Table 2). Scope withdrawal times were 
similar for the TIVA and moderate sedation groups for 
exams done without polypectomy (p = 919, mean 12.6 
min vs 12.8 min respectively, p = 0.75). The proportion 
of TIVA procedures performed by each endoscopist had 
no correlation with the ADR the physician achieved (R = 
0.11). 

DISCUSSION
Our group aimed to evaluate the effect of deep sedation 
with propofol compared to moderate sedation on ADR 
and CIR in our clinical setting. The overall ADR for our 

group was 40.9% for moderate sedation and 46.1% 
for TIVA cases, higher than commonly reported rates 
and higher than the recently modified national society 
performance targets of 20% ADR for women and 30% 
for men[8]. Although our reported ADR is higher than 
generally expected, comparable rates are seen in high 
performers[19]. Our initial analysis found a significantly 
higher ADR among female patients having exams with 
TIVA but no difference among male patients. After 
adjusting for age and BMI, there was no difference in 
ADR among male or female patients regardless of the 
type of sedation. CIR was 99% in both sedation groups.

Although previous investigators have studied the 
effect of sedation on colonoscopy quality metrics, there 
are several important distinctions in our study[9-11]. 
One of our strengths is that we specifically compare 
propofol for deep sedation vs an opioid/benzodiazepine 
combination to achieve moderate sedation and is reflec-
tive of clinical practice. The depth of sedation achieved 
with this cocktail can be variable while propofol reliably 
induces deep sedation. Another strength is our homo-
genous patient population best suited to evaluate ADR 
among average-risk patients undergoing their first 
screening colonoscopy. Other studies were performed 
among higher risk patients presenting for colonoscopy by 
virtue of positive symptoms, prior adenoma, older age, 
positive family history, etc. which influence adenoma 
prevalence[10-12]. Our group had more female than male 
patients presenting for screening colonoscopy which 
supports existing literature[20]. 

The decision to perform colonoscopy with moderate 
vs deep sedation is often left to a practitioner’s clinical 
judgment and this variability can affect study outcomes. 
We consistently applied our department’s criteria in 
selecting patients for exams with TIVA, to ensure uni-
form patient selection for the sedation groups. While we 
recognize that our specific criteria are not used univer-
sally, we feel that they are fairly generalizable (age, co-
morbidity, BMI) and done with the patients’ safety in 
mind. While random assignment is ideal, it does not 
reflect clinical practice.

We realize that our study has limitations. This was a 
retrospective study with the limitations inherent in that 
design. While we are a tertiary care center, MD Anderson 
has a Cancer Prevention and Screening clinic. As a 
result, over half of our colon cancer screening practice 
consists of patients without a prior cancer history. While 
we included patients with a prior history of cancer, we 
excluded those with a prior gastrointestinal malignancy 
in order to reduce bias. We feel that survivors of non-
gastrointestinal malignancies and are representative of 
the patients seen in general clinical practice. In addition, 
we have previously demonstrated that there was no 
difference in the ADR between patients without a cancer 
history and those with a history of non-gastrointestinal 
malignancy[21]. There may be additional unmeasured 
confounders or selection bias present. Sedation may 
have an effect on detection of right sided vs left sided 
lesions but our database did not allow us to investigate 

Moderate 
sedation, n  

(%)

Propofol 
sedation, n  

(%)

P  value

  Total 1730 (66.4) 874 (33.6)
  Gender 0.16
     Female 1133 (67.4) 548 (32.6)
     Male   597 (64.7) 326 (35.3)
  Race < 0.0001
     Non-Hispanic White  1190 (66.2) 607 (33.8)
     African American   166 (55.7) 132 (44.3)
     Hispanic   186 (65.5)   98 (34.5)
     Asian   172 (83.9)   33 (16.1)
     Unknown     16 (80.0)     4 (20.0)
  BMI < 0.0001
     < 25   617 (81.8)  137 (18.2)
     25-30   645 (76.0)  204 (24.0)
     > 30    451 (45.8)   533 (54.2)
     Missing     17 (100) 0 (0)
  Mean age (SD) 55.4 (5.3)    56.7 (5.9) < 0.0001
  Adenoma   0.01
     No 1017 (58.8)  469 (53.7)
     Yes   713 (41.2)  405 (46.3)
  Mean insertion time, min (SD)  8.2 (6.5) 6.9 (4.7) < 0.0001
  Mean scope withdrawal time, 
  min (SD)

12.8 (6.3)    12.6 (6.6) 0.75

  Advanced adenoma detection 
  rate (SD)

 134 (7.8)   95 (10.4)   0.065

  Sessile serrated adenoma 
  detection rate (SD)

106 (6.1)  54 (5.9) 0.52

Table 1  Patient characteristics by type of sedation
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this further.
Ease of scope insertion to the cecum and performing 

a deliberate exam during scope withdrawal are important 
factors for a quality exam[22]. In addition to overall CIR, 
we also evaluated mean scope insertion times and scope 
withdrawal times. The mean insertion time to the cecum 
was significantly shorter in our TIVA group. Investigators 
have shown that scope insertion to the cecum takes 
longer for female patients than male patients and this 
was confirmed in our study[23-26]. Increasing patient 
age and BMI are other well-recognized factors that 
independently prolong scope insertion time[23-26]. When 
adjusted for these factors, the scope insertion times 
were shorter with deep sedation compared to moderate 
sedation only in females. Our scope withdrawal times 
were similar between the two sedation groups for 
normal exams. One limitation is that polyp removal time 
was not separately recorded from insertion or withdrawal 
time. We assume that the endoscopist’s preference of 
polypectomy during insertion or withdrawal would be 
performed consistently regardless of the method of 
sedation. Reaching the cecum more quickly could allow 
for additional time for inspection and increased polyp 
detection in the deep sedation group, but this was not 
seen. Apart from patient and procedure-related factors 
that affect ADR, the endoscopist themselves may have 
a greater impact on ADR than patient age or gender[27]. 
Therefore we wanted to determine if there was a 
correlation between the proportion of TIVA procedures 
performed by an individual endoscopist and their ADR. 
No such correlation was seen in our study. 

Although the majority of propofol sedation is done 
safely, some have reported increased complications 
with deep sedation[3,28]. This may be a reflection of 
patient selection as regions of the country with more 
selective use of propofol show the highest complication 
rates compared to moderate sedation[3]. In areas where 
propofol is used indiscriminantly, the complication 
rates are more modest. While the participation of an-
esthesiologists can expand the population that can 
undergo endoscopy safely, the use of propofol for routine 
procedures and, in some centers, without specific 
medical justification, contributes to escalating healthcare 
costs[2]. We were not able to demonstrate an improve-
ment in screening colonoscopy quality metrics with 
the use of propofol sedation. The additional expense 
of propofol may not be fully mitigated by enhanced 

efficiency[29]. In these times of heightened concern for 
value in health care expenditures, the effect of propofol 
use for endoscopic sedation on patient outcomes 
deserves further study. 
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Abstract
AIM
To evaluate the safety and efficacy of upper esophageal 
sphincter (UES) dilatation for cricopharyngeal (CP) 
dysfunction. To determine if: (1) indication for dilatation; 
or (2) technique of dilatation correlated with symptom 
improvement.

METHODS
All balloon dilatations performed at our institution from 
over a 3-year period were retrospectively analyzed for 
demographics, indication and dilatation site. All dila-
tations involving the UES underwent further review 
to determine efficacy, complications, and factors that 
predict success. Dilatation technique was separated 

Retrospective Study
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into static (stationary balloon distention) and retrograde 
(brusque pull-back of a fully distended balloon across 
the UES).

RESULTS
Four hundred and eighty-eight dilatations were review-
ed. Thirty-one patients were identified who underwent 
UES dilatation. Median age was 63 years (range 27-81) 
and 55% of patients were male. Indications included 
dysphagia (28 patients), globus sensation with evidence 
of UES dysfunction (2 patients) and obstruction to 
echocardiography probe with cricopharyngeal (CP) 
bar (1 patient). There was evidence of concurrent oro-
pharyngeal dysfunction in 16 patients (52%) and a small 
Zenker’s diverticula (≤ 2 cm) in 7 patients (23%). Dilator 
size ranged from 15 mm to 20 mm. Of the 31 patients, 11 
had dilatation of other esophageal segments concurrently 
with UES dilatation and 20 had UES dilatation alone. 
Follow-up was available for 24 patients for a median 
of 2.5 mo (interquartile range 1-10 mo), of whom 19 
reported symptomatic improvement (79%). For patients 
undergoing UES dilatation alone, follow-up was available 
for 15 patients, 12 of whom reported improvement (80%). 
Nineteen patients underwent retrograde dilatation (84% 
response) while 5 patients had static dilatation (60% 
response); however, there was no significant difference in 
symptom improvement between the techniques (P  = 0.5). 
Successful symptom resolution was also not significantly 
affected by dilator size, oropharyngeal dysfunction, 
Zenker’s diverticulum, age or gender (P  > 0.05). The 
only complication noted was uvular edema and a shallow 
ulcer after static dilatation in one patient, which resolved 
spontaneously and did not require hospital admission.

CONCLUSION
UES dilatation with a through-the-scope balloon by either 
static or retrograde technique is safe and effective for the 
treatment of dysphagia due to CP dysfunction. To our 
knowledge, this is the first study evaluating retrograde 
balloon dilatation of the UES.

Key words: Cricopharygeal dysfunction; Cricopharyngeal 
bar; Dysphagia; Esophageal dilatation; Endoscopic 
balloon dilation

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Cricopharyngeal dysphagia can be treated with 
endoscopic balloon dilatation. In this series, a novel 
dilatation technique of pulling a fully inflated 15-20 mm 
balloon dilator in a retrograde manner across the upper 
esophageal sphincter was safe and effective for the 
treatment of cricopharyngeal dysphagia.

Chandrasekhara V, Koh J, Lattimer L, Dunbar KB, Ravich WJ, 
Clarke Jo. Endoscopic balloon catheter dilatation via retrograde 
or static technique is safe and effective for cricopharyngeal 
dysfunction. World J Gastrointest Endosc 2017; 9(4): 183188  
Available from: URL: http://www.wjgnet.com/19485190/full/
v9/i4/183.htm  DoI: http://dx.doi.org/10.4253/wjge.v9.i4.183

INTRODUCTION
The upper esophageal sphincter, comprised of the 
cricopharyngeus, or the cricopharyngeal (CP) muscle, 
inferior pharyngeal constrictor, and proximal cervical 
esophagus serves a pivotal role in the act of deglutition. 
The CP muscle normally remains in a contracted state and 
relaxes during swallowing prior to penetration of a food 
bolus into the cricopharyngeal region. Cricopharyngeal 
dysfunction (CPD) refers to incoordination of the crico
phyngeal muscle either due to a primary functional 
disorder or as a result of an underlying neurological or 
medical condition[1]. Symptoms of CPD can range from a 
globus sensation to oropharyngeal dysphagia manifested 
by regurgitation, coughing, choking and recurrent 
aspiration. 

The diagnosis of CPD can be difficult to make 
and often requires a meticulous history and physical 
examination. Videofluoroscopy is often helpful for 
the diagnosis of CPD with the typical appearance of 
a shelf in the posterior column of barium at the level 
of the cricoid cartilage, more commonly described as 
a cricopharyngeal bar[2]. The incidence of CP bars is 
variable in the reported literature, ranging from 5% 
to 22% in patients who undergo videofluoroscopic 
swallow studies for dysphagia[24]. CP bars are frequently 
detected in asymptomatic individuals and therefore 
other modalities such as esophageal manometry and 
upper endoscopy must be performed to exclude other 
etiologies of dysphagia.

Endoscopic treatment for CPD has not been well 
studied and remains controversial. Historically, manage
ment has relied upon surgical CP myotomy[57]. Endos
copic dilatation poses an attractive option, given the 
risks associated with myotomy; however, published 
case series to date have included very small numbers of 
patients with varying dilatation techniques[813]. The aim 
of our study was to determine the efficacy and safety of 
throughthescope (TTS) balloon dilatation of the upper 
esophageal sphincter (UES) in patients with CPD and 
to compare the traditional static technique of sequential 
distention of the balloon with a brusque “pullback” 
retrograde approach across the UES.

MATERIALS AND METHODS
The study was approved by the Johns Hopkins Medicine 
institutional review board. The medical records of all 
patients that underwent esophageal dilatation with a 
throughthescope balloon dilator at the Johns Hop
kins Hospital over a consecutive 3year period were 
reviewed. Patients were included in the study cohort if 
they had CPD that was treated with TTS balloon dilatation 
of the UES, including those with a Zenker’s diverticulum. 
Patients were excluded if they were under the age of 
18 years old and if balloon dilatation of the UES was not 
performed. Patient demographics, prior radiographic 
data, procedural indications, test results, complications 
and followup clinical outcomes were recorded.

Data was analyzed using Stata version 9 (StataCorp, 
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College Station, TX) on a perpatient basis. Descriptive 
statistics were calculated for all covariates and outcomes 
including t test, χ2 test, and Fisher’s exact test, where 
appropriate.

Procedural technique
Balloon dilatation of the upper esophageal sphincter 
was performed using two different techniques: Static 
and retrograde. With the traditional “static” technique, 
a throughthe scope balloon dilation catheter (Boston 
Scientific Corporation, Natick, MA) is positioned across 
the upper esophageal sphincter under visual guidance 
without the use of a guidewire or fluoroscopy. The 
balloon is then sequentially inflated, holding the 
balloon in position for 30 to 60 s with each distention 
to a maximum diameter of 15 mm to 20 mm at the 
discretion of the endoscopist. 

The retrograde approach across the UES is a 
newly described technique for the management of 
CPD. The actual technique has been used for mucosal 
disruption and treatment of esophageal rings, but has 
not been described in the management of CPD[14]. 
In this approach, the TTS balloon is inflated to the 
maximal desired diameter under visual guidance in 
the proximal esophagus, distal to the UES. The fully 
distended balloon is then brought back to the tip of the 
endoscope. Both the endoscope and distended balloon 
are then withdrawn across the UES into the oropharynx 
as one unit, usually with moderate resistance. 

In all cases, individuals were sedated for the pro
cedure. After dilatation was performed, the UES and 
the surrounding structures were closely inspected for 
evidence of mucosal damage.

RESULTS
Over a consecutive threeyear period 488 esophageal 
TTS balloon dilatations were performed at our institution, 
of which 31 patients had dilatation of the UES for CPD. 
The median age at time of UES dilatation was 63 years 
and 55% of the patients were male (Table 1). Indications 

for UES dilatation are summarized in Table 1. Twenty
eight patients (90%) were experiencing dysphagia 
symptoms. In addition to CPD, 16 patients (52%) had 
evidence of concurrent oropharyngeal dysfunction and 
7 patients (23%) were also found to have a Zenker’s 
diverticulum. 

Each individual underwent a median of 1 dilatation 
(range, 13), with 24 individuals (77%) receiving 
a retrograde approach (Table 2). The majority of 
individuals (26) underwent only 1 dilatation session. 
Four individuals underwent two dilatation sessions 
and one patient had three dilatation sessions. Eleven 
individuals had dilatation of other esophageal segments 
concurrently with UES dilatation and 20 patients had 
UES dilatation alone. Of those with multiple sites of 
esophageal dilatation, nine were for a Schatzki ring, one 
was for a peptic stricture and one was for subjective 
stenosis at the esophagogastric junction. The median 
maximal diameter for UES balloon dilatation was 20 
mm, ranging from 15 to 20 mm. Three individuals were 
dilated with a 15 mm balloon, nine individuals were 
dilated with an 18 mm balloon, and nineteen individuals 
were dilated with a 20 mm balloon. 

Followup was available for 24 of the 31 patients, 19 
of whom underwent retrograde brusque technique. The 
median duration of followup was 2.5 mo (interquartile 
range: 110 mo), of whom 19 (79%) reported sym
ptomatic improvement. Sixteen patients (84%) patients 
with the retrograde approach responded to dilatation, 
whereas 3 patients (60%) with the static dilatation 
approach responded to treatment. However, there 
was no statistically significant difference in symptom 
improvement between the two techniques (P = 0.5).  
Successful symptom resolution was also not significantly 
affected by dilator size, presence of oropharyngeal 
dysfunction, presence of a Zenker’s diverticulum, age 
or gender (Table 3). Of those patients undergoing UES 
dilatation alone, followup was available for 15 patients, 
12 of whom (80%) reported symptom improvement.

One patient developed uvular edema and a shallow 
ulcer after static dilatation of the UES that spon
taneously resolved in the recovery room and did not 
require hospitalization. A second patient initially under
went dilatation of the GE junction that resulted in a 

  Patients undergoing UES dilatation n  = 31

  Age, yr, median (range) 63 (27-81)
  Sex 
     Male   17 (55)
     Female   14 (45)
  Indications
     Radiographic CP hypertrophy with dysphagia   22 (71)
     Endoscopic UES tightness with dysphagia     3 (10)
     Inclusion body myositis with dysphagia and prominent 
     cricopharyngeus

    3 (10)

     Globus sensation with evidence of UES dysfunction     2 (6)
     Obstruction to echocardiography probe with CP bar, but 
     otherwise asymptomatic

    1 (3)

  Presence of oropharyngeal dysfunction   16 (52)
  Presence of Zenker’s diverticulum     7 (23)

Table 1  Patient demographics  n  (%)

UES: Upper esophageal sphincter; CP: Cricopharyngeal.

Enrolled (n  = 31)

  Number of procedures per patient, median (range)     1 (1-3)
  Type of initial dilatation
     Retrograde (brusque pull-back) 24 (77)
     Static (sequential distention)   7 (23)
  UES dilatation alone 20 (65)
  Concurrent dilatation of the UES and other 
  portions of the esophagus

11 (35)

  Maximal diameter size, median (range) 20 mm (15-20 mm)
  Total Number of complications 1 (3)
  Serious complications requiring hospitalization 0

Table 2  Balloon dilatation procedural details  n  (%)

UES: Upper esophageal sphincter.

Chandrasekhara V et al . UES dilation for cricopharyngeal dysfunction
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small mucosal tear that was adequately treated with 
placement of a single endoclip. During the same endos
copy, subsequent to endoclip placement, the patient 
underwent retrograde dilatation of the UES without 
complication. There were no adverse events associated 
with the retrograde brusque technique of the UES.

DISCUSSION
Oropharyngeal dysphagia can be associated with 
significant morbidity and treatments to date are imper
fect and limited. Since first used for treatment of post
poliomyelitis dysphagia in 1951[15], surgical myotomy 
has been the traditional approach for dysphagia related 
to cricopharyngeal prominence or dysfunction[1618]. 
However, efficacy remains controversial and this 
procedure is not without risk  particularly in elderly 
patients in whom cricopharyngeal bars are more com
mon[1820]. Botulinum toxin injection has also been 
studied as a potential therapy and has been shown to be 
of benefit in several series[2123]. Reported complications 
have stemmed from diffusion of Botox to adjacent 
muscles leading to aspiration, worsened dysphagia, 
vocal cord paralysis and at least one recorded death[2426]. 
Moreover, the average duration of effect appears to 
be approximately 4 mo and waning efficacy may be 
observed with repeated therapy[25]. 

Endoscopic dilatation of the upper esophageal 
sphincter poses an attractive therapeutic alternative for 
dysphagia related to CPD. Data, however, is limited to 
small case series  most of which contained less than 10 
patients. The published data suggest that endoscopic 
dilatation may be a safe and effective option for carefully 
selected patients. A small series reported clinical 
improvement in 7 of 12 patients (58%) after dilatation 
with a Savary dilator (17 mm)[8]. Another limited series 
reported higher rates of symptomatic improvement in 9 
of 10 patients (90%) with similar dilatation techniques 
(1820 mm)[9]. Patel et al[13] recently reported a larger 
experience with 31 patients undergoing Savary dilation 
with 45 French to 60 French size dilators. In this study, 
65% of patients had significant improvement for at 
least 6 mo using a functional outcome swallow score. 

One study of 5 patients undergoing static balloon 
dilation of the UES to a maximal diameter of 20 mm 
achieved 100% success rate[10]. Another study reported 

complete success in 6 patients undergoing dilatation of 
CP bars, but this study only included one patient with 
balloon dilation to 20 mm and the five others underwent 
Savary dilation[12]. In these series and reports, there have 
been no recorded major complications. There has been 
one report of superficial mucosal injury after dilatation 
that was selflimited and did not require treatment or 
hospitalization[10]. The recent systematic review on 
management of CPD reported comparable success 
rates of endoscopic dilation and myotomy; however, the 
authors comment that there were significantly fewer 
studies investigating endoscopic dilatation (6 studies 
involving 113 patients) and therefore the data were 
insufficient to make a strong recommendation on the 
role of endoscopic dilatation for CPD[1]. 

Our series represents the largest published series 
to date looking at endoscopic balloon dilatation of the 
upper esophageal sphincter for dysphagia related to 
CPD. When compared to reported success rates for 
cricopharyngeal myotomy[18,20], the results for endoscopic 
dilatation appear equivalent. Moreover, the safety profile 
of this approach appears to be excellent. In our series, 
the only reported complication was uvular edema and 
a shallow ulcer after balloon dilatation using a static 
technique in 1 patient that did not require admission and 
spontaneously improved over time. To our knowledge, 
there have been no perforations reported in the literature 
with this approach and certainly no fatalities. 

At our institution, the preference has been to uti
lize endoscopic balloon dilatation via either a static or 
retrograde technique for CPD. The idea behind the static 
approach is to maximize radial forces while avoiding 
any sheering movements, whereas the concept for the 
retrograde approach is to combine radial and sheer
ing forces with directed attention to the upper eso
phageal sphincter. As opposed to a Savary dilatation, 
the retrograde balloon technique may allow a more 
rapid increase in diameter and, with experience, a 
better subjective gauge of sphincter resistance. To our 
knowledge, this technique has not been previously 
reported in the literature for the management of CPD but 
has been used frequently at our institution for disruption 
of Schatzki rings, mucosal webs and upper esophageal 
sphincter dysfunction. While the safety of this approach 
has not been directly compared to conventional static 
dilatation, it has been our subjective opinion that the 
safety of these two approaches is equivalent. The one 
patient who developed a shallow ulcer in our series did 
so in the context of a static dilatation.

Traditionally, the presence of a Zenker’s diverti
culum has often been felt to represent a relative con
traindication to endoscopic dilatation; however, mechanis
tically, these diverticula often arise in the context of 
elevated intrabolus pressure and/or upper esophageal 
sphincter dysfunction and for this reason may actually 
portend a better prognosis[27]. Certainly in our series, 
response rates seemed equivalent between patients with 
and without a diverticulum and there did not appear 
to be any safety concerns. Likewise, oropharyngeal 

  Characteristic Clinical response P  value

 Y (19) N (5)
  Age, mean ± SD 61.9 ± 11.9 66.4 ± 22.4 0.48
  Sex, Male 10 (53) 2 (40) 0.68
  Technique
     Retrograde 16 3 0.49
     Static   3 2
  Maximal dilator size 
  (mean ± SD, mm)

19.2 ± 1.4 19.6 ± 0.9 0.25

  Oropharyngeal dysfunction 11 (58) 2 (40) 0.68
  Zenker’s diverticulum   4 (21) 2 (40) 0.45

Table 3  Predictors of clinical response  n  (%)

Chandrasekhara V et al . UES dilation for cricopharyngeal dysfunction
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dysfunction has been hypothesized to be a potential 
issue that may limit efficacy. However, this group 
may actually be more sensitive to minor mechanical 
alterations in outflow resistance and the presence of 
oropharyngeal dysfunction in our series did not affect or 
predict response.

Our study does have several limitations worth 
noting. To begin with, it is a retrospective evaluation 
and clinical response was determined subjectively 
through review of medical records. A prospective 
study with validated dysphagia questionnaires would 
have been ideal and this certainly is worth future 
consideration. Second, 11 of our patients had dilatation 
of other esophageal segments other than the upper 
esophageal sphincter and it is unclear if the symptom 
response was due to dilatation of the cricopharyngeus 
or the other segment of the esophagus. However, 
even without including these patients, this remains the 
largest published experience with endoscopic balloon 
dilatation for CPD. Third, the indications for dilatation in 
our series were heterogeneous and it is possible (and 
indeed likely) that certain subsets have significantly 
varied responses. For example, it is our subjective 
opinion that patients with inclusion body myositis likely 
have a greater response to dilatation; however, given 
the total number of patients in our study there is no 
way to statistically address that question. Finally, our 
median followup was 2.5 mo and given the underlying 
mechanisms of upper esophageal sphincter dysfunction 
a longer evaluation period would have been ideal.

In summary, UES dilatation with a TTS balloon by 
either static or retrograde technique is safe and effective 
for the treatment of dysphagia in the context of CP 
dysfunction. As suggested in prior smaller series, this 
appears to be a safe and effective approach. Our series, 
however, is the first to describe retrograde balloon 
dilatation of the UES. Given this data is tandem with 
the reported complications of surgical myotomy and 
Botulinum toxin injection, we suggest that endoscopic 
dilatation of the upper esophageal sphincter should be 
the first therapy offered for patients with oropharyngeal 
dysphagia in the context of upper esophageal sphincter 
dysfunction. In addition, our experience would suggest 
that balloon dilatation via a retrograde technique is at 
least as safe and effective as conventional methods with 
either Savary or static balloon dilatation.
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Abstract
AIM
To determine the risk factors of severe post endoscopic 
retrograde cholangiopancreatography pancreatitis (sPEP) 
and clarify the indication of prophylactic treatments.

METHODS
At our hospital, endoscopic retrograde cholangio-
pancreatography (ERCP) was performed on 1507 patients 
from May 2012 to December 2015. Of these patients, 
we enrolled all 121 patients that were diagnosed with 
post endoscopic retrograde PEP. Fourteen of 121 patients 
diagnosed as sPEP were analyzed.

RESULTS
Forty-one patients had contrast media remaining in 
the pancreatic duct after completion of ERCP. Seventy-

Retrospective Study
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one patients had abdominal pain within three hours 
after ERCP. These were significant differences for 
sPEP (P  < 0.05). The median of Body mass index, the 
median time for ERCP, the median serum amylase level 
of the next day, past histories including drinking and 
smoking, past history of pancreatitis, sphincter of Oddi 
dysfunction, whether emergency or not, expertise of 
ERCP procedure, diverticulum nearby Vater papilla, 
whether there was sphincterotomy or papillary balloon 
dilation, pancreatic duct cannulation, use of intra-
ductal ultrasonography enforcement, and transpapillary 
biopsies had no significant differences with sPEP.

CONCLUSION
Contrast media remaining in the pancreatic duct and the 
appearance of abdominal pain within three hours after 
ERCP were risk factors of sPEP.

Key words: Pancreatic duct stent; Post endoscopic 
retrograde cholangiopancreatography pancreatitis; 
Prophylactic treatment; Risk factor; Severe acute 
pancreatitis

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Post endoscopic retrograde cholangiopan-
creatography pancreatitis (PEP) is a typical endoscopy-
related accident in the biliopancreatic field. Since 
PEP is a predictable pathology, and if discovered and 
appropriately treated early many patients rapidly recover. 
However, some cases aggravate to a severe state and 
become fatal. Therefore, it is important to identify factors 
leading PEP to a severe state. In our study, significant 
differences were noted in residual enhancement of 
the pancreatic duct and development of abdominal 
pain showing that these were independent risk factors 
of severe PEP. The presence of these findings is an 
indication of therapeutic intervention for severe PEP.

Matsubara H, Urano F, Kinoshita Y, Okamura S, Kawashima 
H, Goto H, Hirooka Y. Analysis of the risk factors for severity 
in post endoscopic retrograde cholangiopancreatography 
pancreatitis: The indication of prophylactic treatments. World J 
Gastrointest Endosc 2017; 9(4): 189-195  Available from: URL: 
http://www.wjgnet.com/1948-5190/full/v9/i4/189.htm  DOI: 
http://dx.doi.org/10.4253/wjge.v9.i4.189

INTRODUCTION
Post endoscopic retrograde cholangiopancreatography 
pancreatitis (PEP) is a typical endoscopy-related 
accident in the biliopancreatic field, and there are 
many reports on its risk factors[1-4]. Many researchers 
reported methods to prevent PEP[5-17]. However, treat-
ment to prevent PEP in all endoscopic retrograde 
cholangiopancreatography (ERCP) patients is not 
recommended in consideration of accidents caused 

by the addition of preventive techniques, adverse 
reactions of preventive drug administration, and cost[13]. 
Since PEP is a predictable pathology, and if discovered 
and appropriately treated early many patients rapidly 
recover. However, some cases aggravate to a severe 
state and become fatal. Therefore, it is important to 
identify factors leading PEP to a severe state, and when 
such risk factors are observed, therapeutic intervention, 
such as the addition of preventive techniques and 
preventive drug administration, should be performed. 
The objective of this study was to retrospectively clarify 
risk factors aggravating PEP to a severe state and 
determine the indications to prevent and treat PEP.

MATERIALS AND METHODS
Patients
Between May 2012 and October 2015, 1507 patients 
were examined by ERCP at our hospital. PEP was 
diagnosed in 121 of them (8.02%), and 14 of them 
were diagnosed with severe PEP (sPEP) and analyzed. 
Patients accompanied by acute pancreatitis at the time 
of undergoing ERCP were excluded (Figure 1). The 
study was performed in conformity with the Declaration 
of Helsinki and registered at UMIN-CTR (000022086).

ERCP procedure
For ERCP, a side-view duodenoscope was used. The 
endoscope used was JF260V (Olympus Medical, 
Tokyo, Japan). For the cannula, for contrast medium, a 
0.035-inch V system (Olympus Medical, Tokyo, Japan) 
was used. For the guide wire, Jagwire (0.035inch; 
Boston scientific Corporation, Tokyo, Japan) or Visigride 
(0.025 inch; Olympus Medical, Tokyo, Japan) was 
used. Replacement fluid (2000 mL) was intravenously 
administered within 24 h before and after ERCP. Patients 
received protease inhibitor (nafamostat mesilate, 
20 mg/d) and prophylactic antibiotic administration 
(sulbactam/cefoperazone, 2 g/d) for 2 d. Vitals were 
checked 3 h after completion of ERCP. For patients in 
whom abdominal pain developed before this, 25 or 50 
mg of indomethacin suppositories were administered. 
When PEP was diagnosed, sufficient fluid replacement 
including protease inhibitor and antibiotics was continued 
so as to maintain the urinary volume at 1 mL/min under 
monitoring of circulatory dynamics.

Diagnoses and grading of PEP
PEP was diagnosed following the Cotton’s criteria[16]: 
When abdominal pain developed on the day following 
ERCP and the serum amylase level was 3 times or 
higher than the normal upper limit, the patient was 
diagnosed with PEP. sPEP was defined as PEP with 
10 d or longer prolongation of inpatient treatment, 
hemorrhagic pancreatitis, phlegmon, and pseudocyst.

Risk factors for sPEP
Clinical data of PEP patients were retrospectively 
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extracted from their clinical records. As sPEP risk 
factors, age, gender, Body mass index (BMI), past 
medial history including cigarette smoking and alcohol 
drinking and acute pancreatitis, the presence or 
absence of the sphincter of Oddi dysfunction (SOD), 
diverticulum nearby Vater papilla and common bile duct 
(CBD) diameter of patient with CBD stones, whether 
or not it was emergency ERCP, whether or not EST or 
EPBD was performed, pancreatography, the presence or 
absence of residual contrast medium in the pancreatic 
duct after completion of ERCP, the use of IDUS and 
transpapillary biopsy, treatment time, experience of 
operators, development of abdominal pain within 3 h 
after completion of ERCP, and serum amylase level, 
white blood cell count, and C-reactive protein on the 
day following ERCP were surveyed (Tables 1 and 2). The 
time from insertion to removal of a scope was defined 
as the ERCP treatment time. Experience of operators 
was defined based on the total and recent numbers 
of ERCP performed. Operators with a total number 
of ERCP performed of 200 or fewer and/or a recent 
number of ERCP performed of 40 or fewer per year 
were regarded as non-expert. Unfortunately, no study 
has examined role of sphincterotomy and number of 
pancreatic cannulation except our following conference 
paper.

Statistical analysis
In the univariate analysis, the difference between the 
two groups of categorical parameters were analyzed 
using Pearson’s c 2 test. The Kruskal-Wallis test was 
used for continuous parameters. The stepwise logistic 
regression model (forward selection) was used to 
calculate the odds ratio (OR) with 95%CI. Significant 
predictors in the univariate analysis were then included 
in a forward stepwise multiple logistic regression model. 
All tests were two-sided and P values of < 0.05 were 
considered significant. Analyses were performed using 
IBM SPSS statistical software (version 21; SPSS Japan 
Inc., Tokyo, Japan).

RESULTS
Patient characteristics in the PEP
The median age of the 121 PEP patients was 76 
(18-91) years old, and there were 64 male (52.9%) 
and 57 female (47.1%) patients. The median BMI was 
21.2 (14.0-35.2) kg/m2. Thirty-one and 42 patients 
were cigarette smokers and habitual alcohol drinkers, 
respectively. The past medical history was heart disease 
in 21 patients, diabetes in 24, chronic kidney disease in 
41, malignant disease in 27, and acute pancreatitis in 
2. SOD was suspected in 7. Diverticulum nearby Vater 
papilla was noted in 40. Forty-one patients had CBD 
stones (Table 3).

Clinical data and ERCP intervention in the PEP
ERCP was performed urgently in 17 patients. EST 
and EPBD were performed in 31 and 14 patients, 
respectively. Pancreatography was performed in 74 
patients, and residual enhancement of the pancreatic 
duct was noted at completion of ERCP in 41 patients. 
IDUS and transpalillary biopsy were performed in 26 
and 35 patients, respectively. The median treatment 
time was 50 (12-170) min. Experts and non-experts 
performed ERCP in 50 and 71 patients, respectively. 
Abdominal pain developed within 3 h after completion of 
ERCP in 71 patients. The median serum amylase level, 
WBC count, and serum CRP on the day following ERCP 

  Variables Mild-moderate 
PEP

Severe PEP

  Age (yr) (n = 121)
     Median 73.7 76.5
     (range) (18-93) (32-88)
  Gender (n = 121)
     Male/female 57/50 7/7
  BMI (kg/m2) (n = 121)
     Median 21.6 23.2
     (range) (13.97-35.20) (14.79-29.5)
  Smoking status (n = 121)
      Non-smoker/Ex- or current smoker 83/24 7/7
  Drinking status (n = 121)
     Absent/present 67/40 12/2
  Past history (n = 121)
     Absent/present 31/76 4/10
  Malignant disease (n = 121)
     Absent/present 84/23 10/4
  History of pancreatitis (n = 121)
     Absent/present 106/1 1/13
  SOD (n = 121)
     Absent/present 101/6 1/13
  Diverticulum nearby vater papilla 
  (n = 121)
     Absent/present 70/37 11/3
  CBD diameter of patient with CBD 
  stones (n = 41)
  ≥ 10 mm/< 10 mm 21/16 2/2

Table 1  Characterization of patients with post endoscopic 
retrograde cholangiopancreatography pancreatitis

PEP: Post endoscopic retrograde cholangiopancreatography pancreatitis; 
BMI: Body mass index; SOD: Sphincter of Oddi dysfunction; CBD: 
Common bile duct.

ERCP n  = 1507

Patients with acute pancreatitis
n  = 12

Without PEP
n  = 1374

PEP n = 12

Severe PEP
n  = 14

Mild - moderate PEP
n  = 107

Figure 1 Patients’ flow chart. ERCP: Endoscopic retrograde cholangiopan
creatography; PEP: Post endoscopic retrograde cholangiopancreatography 
pancreatitis.
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were 1065 (83-3604) IU/mL, 8050 (3240-26320)/μL, 
and 2.1 (0.04-38.31) mg/dL, respectively (Table 4). No 
patients died during the study.

Risk factors of sPEP
On univariate analysis, residual enhancement of the 
pancreatic duct at completion of ERCP and development 
of abdominal pain within 3 h after completion of ERCP 
were significant risk factors of sPEP (Tables 3 and 4). On 
multivariate analysis, significant differences were noted 
in residual enhancement of the pancreatic duct (OR 
= 4.254, 95%CI: 1.238-14.616) and development of 
abdominal pain (OR = 11.881, 95%CI: 1.400-100.784), 
showing that these were independent risk factors of 
sPEP (Table 5).

DISCUSSION
It has been reported that the incidence of PEP in all 
patients examined by ERCP was about 3.5%, and 

PEP aggravated to a severe state (sPEP) in 0.4%[17]. 
Therefore, the indication of ERCP should be carefully 
judged. It has become possible to refrain from per-
forming diagnostic ERCP as low-invasive examination 
techniques, such as MDCT, MRI, and EUS, have improved. 
However, ERCP is still essential as a therapeutic measure 
to diagnose the advancement of biliary tract malignancy 
and obstructive disease of the pacreaticobiliary duct, 
and ERCP has to be inevitably performed although 
there is a risk of causing PEP. There are many previous 
reports on risk factors of PEP, but risk factors of sPEP are 
unclear. Generally admitted risk factors of PEP include 
female gender, pancreatic sphincterotomy, difficulty in 
cannulation, 3 times or more applications of ERP, ERP 
reaching the tail of the pancreas even if it was performed 
once, excess contrast pressure, contrast imaging of the 
pancreatic acinus, brushing pancreatic juice cytology, 
and SOD[1-4]. These were risk factors of PEP, but not risk 
factors of sPEP in our study.

In our study, the residual contrast medium in the 
pancreatic duct at completion of ERCP was an indepen-
dent risk factor of sPEP, suggesting that reduction of 
intraductal pressure of the pancreas at completion of 
ERCP may prevent sPEP, which may lead to a method to 
effectively avoid sPEP. Akashi et al[5] compared groups 
with and without the addition of EST and observed 
that the incidence of sPEP was lower in the group with 
EST. They hypothesized that reduction of intraductal 
pressure of the pancreas by the addition of EST reduced 
the incidence of sPEP. However, EST may accidentally 
perforate the digestive tract and it is contraindicated for 
patients treated with oral antithrombin. Thus, not all 
patients should be treated with EST. On the other hand, 
Nakahara et al[6] reported that when the pancreatic duct 
guide wire method is employed for a patient with difficult 
bile duct cannulation, pancreatic duct stenting should 
be performed even though EST was added. In addition, 
Ito et al[7] reported that preventive pancreatic duct 
stenting contributes to reducing the incidence of PEP, 
excluding IPMN patients not accompanied by pancreatic 
duct dilatation in the pancreatic head. The European 
Society of Gastrointestinal Endoscopy Guideline[18] and 
the American Society for Gastrointestinal Endoscopy 
Guideline[19] recommend pancreatic duct stenting in 
patients with a risk factor, and Sofuni et al[8] reported 
that the use of a spontaneous dislodgment pancreatic 
duct stent prevented PEP regardless of the presence 
or absence of a risk factor. However, the frequency of 
cannulation for stenting increases as a problem with 
preventive pancreatic duct stenting. We also consider 
that pancreatic duct stenting reported by many resear-
chers[6-12,15], is an effective method to prevent PEP 
including sPEP, but no patients with pancreatic duct 
stenting were included in our study. The appropriate 
conditions for pancreatic duct stenting in ERCP patients 
have not been established, but, based on the results 
of our study, conduct of a large-scale clinical study on 
the addition of preventive EST and pancreatic duct 

  Variables Mild-
moderate 

PEP
(n  = 107)

Severe PEP
(n  = 14)

  ERCP procedure
     Not emergency/emergency 91/16 13/1
  EST 29 2
  EPBD 12 2
  Pancreatography
     No/yes 38/69 9/5
  Contrast media remained in the 
  pancreatic duct
     No/yes 75/32 5/9
  IDUS
     No/yes 86/21 9/5
  Transpapillary biopsies
     No/yes 76/31 10/4
  Time for ERCP procedure (min)
     Median 50 56
     (range) (12-170) (26-150)
  Expertise of ERCP procedure
     Not expert/expert 62/45 9/5
  Abdominal pain within three hours after 
  ERCP
     No/yes 49/58 1/13
  Serum amylase level of the next day 
  (IU/mL)
     Median 1001 1543
     (range) (83-3604) (258-2969)
  White blood cell of the next day (/μL)
     median 8040 8790
     (range) (3240-26320) (6270-13410)
  C-reactive protein of the next day (mg/dL)
     Median 2.08 3.1
     (range) (0.04-32.55) (0.20-38.31)

Table 2  Clinical data and endoscopic retrograde cholangio-
pancreatography intervention of patients with post endoscopic 
retrograde cholangiopancreatography pancreatitis

ERCP: Endoscopic retrograde cholangiopancreatography; PEP: Post 
endoscopic retrograde cholangiopancreatography pancreatitis; EST: 
Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; 
IDUS: Intraductal ultrasonography.

Matsubara H et al . Risk factors for severe PEP
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stenting in patients with residual contrast medium in the 
pancreatic duct at completion of ERCP is expected.

In addition, development of abdominal pain within 
3 h after completion of ERCP was a strong risk factor 
of sPEP. In our facility, cannulation is intended to be 
followed by 25-50 mg dose of rectal indomethacin 
only when abdominal pain exceeded restraining pain. 
Elmunzer et al[14] reported that rectal indomethacin 
significantly reduced the incidence of PEP in patients 
with a PEP risk factor. On the other hand, Levenick et 
al[13] reported that the preventive rectal indomethacin 
does not always inhibit PEP in all ERCP-applied cases. 
They mentioned that the rectal indomethacin can 
prevent PEP only in patients with a risk factor of PEP, 
and its indication should be reconsidered. Moreover, 
100 mg of indomethacin is excessive for Japanese with 
a relatively small physique, and not all ERCP cases 
are treated with rectal indomethacin at our facility. 
Furthermore, this treatment inhibited some cases of 
PEP, but it did not prevent the progression to sPEP in 
our study. This might have been due to differences in 
the indication of the rectal indomethacin.

There are several limitations in this study. No dia-
gnosis by exclusion based on the indication and inter-
vention was established. Since it was a retrospective 
study performed at a single institution, the sample size 
was small. However, risk factors of sPEP were clarified 
and these may contribute to demonstrate appropriate 
conditions and methods to prevent sPEP. As discussed 

with many PEP-inhibitory methods, the addition of 
preventive techniques, such as EST and pancreatic duct 
stenting, and preventive drug administration, such as 
rectal indomethacin, should be performed after clarifying 
risk factors of sPEP.

Residual contrast medium in the pancreatic duct at 
completion of ERCP and development of abdominal pain 
within 3 h after completion of ERCP are risk factors of 
sPEP. The presence of these findings is an indication of 
therapeutic intervention for sPEP, and a method to avoid 
it should be considered.

  Variables No. of 
patients

Median of 
patients
(range)

Univariate 
analysis
P  value

  Age (yr) (n = 121) 76 (18-91) 0.874
  Gender (n = 121) 0.818
     Male/female 64/57
  BMI (kg/m2) (n = 121) 21.2 (14.0-35.2) 0.379
  Smoking status (n = 121) 0.201
     Non-smoker/Ex- or current 
     smoker

90/31

  Drinking status (n = 121) 0.302
     Absent/present 79/42
  Past history (n = 121) 0.967
     Absent/present 35/86
  Malignant disease (n = 121) 0.550
     Absent/present 94/27
  History of pancreatitis (n = 121) 0.606
     Absent/present 119/7
  SOD (n = 121) 0.644
     Absent/present 114/7
  Diverticulum nearby vater 
  papilla (n = 121)

0.325

     Absent/present 81/40
  CBD diameter of patient with 
  CBD stones (n = 41)

0.796

     ≥ 10 mm/< 10 mm 23/18

Table 3  Univariate analyses of characterization for severe post-
endoscopic retrograde cholangiopancreatography pancreatitis

BMI: Body mass index; SOD: Sphincter of Oddi dysfunction; CBD: Common 
bile duct.

  Variables No. of 
patients

(n  = 121)

Median of 
patients
(range)

Univariate 
analysis
P  value

  ERCP procedure 0.429
     Not emergency/emergency 104/17
  EST 31 0.302
  EPBD 14 0.736
  Pancreatography 0.798
     No/yes 47/74
  Contrast media remained in the 
  pancreatic duct

0.011

     No/yes 80/41
  IDUS 0.168
     No/yes 95/26
  Transpapillary biopsies 0.975
     No/yes 86/35
  Time for ERCP procedure (min) 50 (12-170) 0.343
  Expertise of ERCP procedure 0.65
      Not expert/expert 71/50
  Abdominal pain within three 
  hours after ERCP

0.006

     No/yes 50/51
  Serum amylase level of the next 
  day (IU/mL)

1065 
(83-3604)

0.184

  White blood cell of the next day 
  (/μL)

8050 
(3240-26320)

0.668

  C-reactive protein of the next day 
  (mg/dL)

2.1 
(0.04-38.31)

0.601

Table 4  Univariate analyses of clinical data and endoscopic 
retrograde cholangiopancreatography intervention for post- 
endoscopic retrograde cholangiopancreatography pancreatitis

ERCP: Endoscopic retrograde cholangiopancreatography; EST: Endoscopic 
Sphincterotomy; EPBD: Endoscopic papillary balloon dilation; IDUS: 
Intraductal ultrasonography.

  Variables Multivariate analysis

Odds ratio (95%CI) P  value
  Contrast media remained in 
  the pancreatic duct
      No 1
      Yes 4.254 (1.238-14.616) 0.021
  Abdominal pain within three 
  hours after ERCP
     No 1
     Yes 11.881 (1.400-100.784) 0.023

Table 5  Multivariate analyses of risk factors for severe post- 
Endoscopic retrograde cholangiopancreatography pancreatitis

ERCP: Endoscopic retrograde cholangiopancreatography.
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COMMENTS
Background
Cholangiopancreatography pancreatitis (PEP) is an unavoidable endoscopic 
complication for pancreatobiliary systems. Since PEP is a predictable pathology, 
and if discovered and appropriately treated early many patients rapidly recover. 
However, some cases aggravate to a severe state and become fatal. Therefore, 
it is important to identify factors leading PEP to a severe state.

Research frontiers
There are many reports about risk factors of PEP; however, there are few reports 
to assess the risk factors of severe PEP (sPEP).

Innovations and breakthrough
Significant differences were noted in residual enhancement of the pancreatic 
duct and development of abdominal pain showing that these were independent 
risk factors of sPEP.

Applications
The presence of residual contrast medium in the pancreatic duct at completion 
of endoscopic retrograde cholangiopancreatography (ERCP) and development 
of abdominal pain within 3 h after completion of ERCP is an indication of 
therapeutic intervention for sPEP, and a method to avoid it should be considered.

Terminology
PEP is one of the major adverse events of ERCP. Some PEP aggravate to 
severe state as sPEP. sPEP sometimes results in the death, so that it has been 
the most concern still now.

Peer-review
This is a unique single center retrospective study with a significant number of 
patients investigating an important topic, the risk factors of severe PEP and 
clarify the indication of prophylactic treatments. The results have a clinical impact 
on detecting the patients in need for therapeutic intervention for preventing 
severe PEP; patients with residual contrast medium in the pancreatic duct 
at completion of ERCP and development of abdominal pain within 3 h after 
completion of ERCP. This is a wellwritten article; the manuscript is concise, 
clear, comprehensive, and convincing.
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Abstract
AIM
To review the role of multidisciplinary management in 
treating sporadic duodenal adenomas (SDA).

METHODS
SDA managed at North Shore Hospital between 
2009-2014 were entered into a prospective database. 
Pathology, endoscopic and surgical management as well 
as follow up were reviewed.

RESULTS
Twenty-eight patients (14 male: Median age 68 years) 
presented with SDA [18 were classified as non ampul-
lary location (NA), 10 as ampullary location (A)]. 
All SDA were diagnosed on upper gastrointestinal 
endoscopy and were imaged with a contrast enhanced 
CT scan of the chest, abdomen and pelvis. Of the NA 
adenomas 14 were located in the second part, 2 in 
the first part and 2 in the third part of the duodenum. 
Two patients declined treatment, 3 patients underwent 
surgical resection (2 transduodenal resections and 
1 pancreaticoduodenectomy), and 23 patients were 
treated with endoscopic mucosal resection (EMR). The 
only complication with endoscopic resection was mild 
pancreatitis post procedure. Patients were followed with 
gastroduodenoscopy for a median of 22 mo (range: 2-69 
mo). There were 8 recurrences treated with EMR with one 

Observational study
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patient proceeding to pancreaticodeuodenectomy because 
of high grade dysplasia in the resected specimen and 2 
NA recurrences were managed with surgical resection 
(distal gastrectomy for a lesion in the first part of the 
duodenum and a transduodenal resection of a lesion in 
the third part of the duodenum).

CONCLUSION
SDA can be treated endoscopically with minimal morbidity 
and piecemeal resection results in eradication in nearly 
three quarters of patients. Recurrent SDA can be treated 
with endoscopic reresection with surgical resection 
indicated when the lesions are large (> 4 cm in diameter) 
or demonstrate severe dysplasia or invasive cancer.

Key words: Duodenal adenoma; Endoscopic resection; 
Surgical resection; Pancreaticoduodenectomy; Endos-
copic surveillance; Dysplasia

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Sporadic duodenal adenomas can be treated 
endoscopically with minimal morbidity and even 
piecemeal resection results in eradication in nearly three 
quarters of patients. Optimal surveillance strategies 
include re-endoscopy 6 mo after the initial resection is a 
satisfactory starting point. Recurrent sporadic adenomas 
can be treated with endoscopic re-resection with 
surgical resection indicated when the lesions are large (> 
3 cm in diameter) or demonstrate severe dysplasia or 
invasive cancer. 
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JB. Endoscopic assessment and management of sporadic 
duodenal adenomas: The results of single centre multidisciplinary 
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INTRODUCTION
Sporadic duodenal adenomas (SDA) are rare lesions 
with a prevalence of 0.3%-1.5%[1]. Due to this rarity, 
the natural history of SDA is not well understood 
although it is known to follow an adenoma to carcinoma 
sequence similar to colorectal cancer[2]. The reported 
rate of malignant transformation of SDA ranges 
from 25% to 85% and this provides a rationale for 
preventative intervention and surveillance[2-4]. The 
majority of sporadic adenomas are sessile and occur 
in the second part of the duodenum[5,6] and can be 
divided into those with an ampullary location (A) or non 
ampullary location (NA)[1,2].

Currently there is no consensus on the optimal 
management of SDA and, in particular, the choice 
of surgical or endoscopic resection remains con-
troversial since surgical resection involves either 

local resection by the transduodenal approach or by 
pancreaticoduodenectomy with the risk of significant 
morbidity and mortality. In contrast endoscopic mucosal 
resection (EMR) was first described in 1992 and has 
become increasingly favoured as the first line treatment 
modality[6-8].

This investigation describes the multidisciplinary 
management strategy for SDA as used at a single unit 
and involves contributions from surgery, endoscopy 
and gastroenterology. The specific aims of this study 
were to: (1) define the role of EMR of SDA; (2) define 
the role of whole vs piece meal endoscopic resection; 
(3) define an optimal surveillance strategy following 
endoscopic resection; and (4) define the optimal treat
ment for recurrence SDA following endoscopic resection.

MATERIALS AND METHODS
Consecutive cases of duodenal adenoma diagnosed at 
North Shore Hospital (NSH) between 2009 and 2014 
were reviewed. The pathology findings from all patients 
was entered into a prospective database. Demographic, 
diagnostic, biopsy, treatment and follow up information 
was then reviewed as well as details pertaining to local 
recurrence rate and salvage treatments. 

This project was logged with the Awhina Research 
and Knowledge Centre at NSH and ethics approval was 
obtained from the Regional Ethics Committee.

RESULTS
Thirty-four patients were diagnosed with duodenal 
adenomas between 2009 and 2014 of which six patients 
were excluded because of an underlying diagnosis of 
familial adenomatous polyposis. Data from 28 patients 
was analysed for the investigation of whom 18 were 
classified as NA and 10 as A.

Demographics, presentation and investigation
A summary of patient demographics, polyp morphology 
and investigations utilized in the management of the 
reported patients with SDA are presented in Table 1. 
All patients were New Zealand European with no Maori 
or Pacific Island patients presenting with SDA. Five 
patients (50%) with ampullary lesions presented with 
adenoma specific symptoms (iron deficiency anaemia 
3, obstructive jaundice 2), while five (28%) of the NA 
patients presented with iron deficiency anaemia. The 
remaining patients with ampullary lesions underwent 
investigation for nonspecific abdominal pain or following 
an incidental finding on ERCP for choledocolithiasis. 
In patients with NA upper gastrointestinal endoscopy 
was also undertaken for nonspecific pain (4 patients), 
peptic ulcer disease or reflux (4 patients), and one 
patient each for globus, dysphagia, incidental finding 
during ERCP and investigation of Crohn’s disease and 
incidentally noted raised carcino-embryonic antigen. 
All SDA were diagnosed on upper gastrointestinal 
endoscopy and were biopsied (Table 1). All patients 
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were imaged with a contrast enhanced CT scan of the 
abdomen to define signs of invasion or metastases. 
Of the non-ampullary adenomas 14 were located in 
the second part of the duodenum, two in the first part 
and two in the third part of the duodenum. Endoscopic 
ultrasound (EUS) was used selectively to locoregionally 
stage lesions that were large, ulcerated or had high 
grade dysplasia on biopsy (5 of 8 ampullary adenomas 
and 8 of 15 non-ampullary adenomas). EUS permitted 
detailed assessment of lesional size and depth and 
location of further biopsy specimens[4,5,7].

Treatment
Patient management is summarised in Figure 1 and 
Table 2. All endoscopically treated patients had an EMR. 
All endoscopic procedures were undertaken in a specialist 
endoscopy suite with conscious sedation administered 
intravenously followed by recovery and same day 
discharge. Endoscopic resection was undertaken after 
submucosal injection of saline, epinephrine or methylene 
blue depending on the endoscopist’s preference. The 
median number of endoresections per patient was 1 
and was higher for ampullary (median 2.5) than non-
ampullary adenomas (median 1). Endoscopic en bloc 
resection was aimed for in all cases but, due to the size 
of the lesions, 11 NA and 6 A underwent piecemeal 
resection (Table 2). The only complication of endoscopic 
resection was one episode of mild pancreatitis post-
procedure which was self-limiting.

Once removed specimens were orientated and sent 
for pathological examination. Overall biopsies were 
concordant with final pathology in 4 of 7 NA and 7 of 8 
A (Table 2).

Two non-ampullary adenomas underwent surgical 
resection: Two patients underwent transduodenal 
resection of lesions in the second and third parts of 
the duodenum and one patient with a large ampullary 
adenoma, was treated with a pancreaticoduodenectomy. 
In addition, two elderly patients declined any treatment. 

Surveillance
All patients had follow up gastroscopies although 
five patients declined follow up and one patient had 
undergone a pancreaticoduodenectomy (n = 1). The 
average time taken for the first endoscopic surveillance 
post resection was 7.9 mo for NA and 5.9 mo for A. The 
median follow up period was 22 mo (range 2-69 mo).

Recurrence
Details on recurrence rate in the 20 cases actively 
followed up are presented in Table 3 in addition to 
salvage therapy employed. EMR was used to treat 8 
recurrences. Endoscopic ultrasound was used in two 
ampullary recurrences to rule out transmural invasion. 
One of eight patients treated with endoscopic resection 
was shown to be a high grade dysplastic lesion and was 
subsequently treated with a pancreaticoduodenectomy 
(final pathology T1N0 adenocarcinoma). Two non-
ampullary recurrences were managed with surgical 
resection (distal gastrectomy for a lesion in the first part 
of the duodenum and a transduodenal resection of a 
lesion in the third part of the duodenum).

DISCUSSION
This investigation was undertaken to review multidis-
ciplinary management of SDA and confirms that 
the majority of SDA are not symptomatic and are 
found incidentally[6-9]. Endoscopically SDA tend to be 
large, sessile and located in the second part of the 
duodenum[6,10-13] and this series also confirms that most 
SDA harbour dysplasia[14-19]. Kim et al[13] found that all 
of their 17 non ampullary adenomas were dysplastic 
while a larger series from Japan[14] demonstrated that 
dysplasia was presented in all 233 non-ampullary 
adenomas assessed. The rate of low grade dysplasia 

 Non-ampullary 
(n  = 18)

Ampullary 
(n  = 10)

  Demographics
     Median age, yr (range) 69 (47-88) 67 (48-80)
     Male: female               9:9             5:5
  Morphology
     Pedunculated              3 (17)            1 (10)
     Sessile            15 (83)            9 (90)
     Median size, mm (range)            15 (9-24)          20 (10-35)
     Number ≥ 20 mm              7 (39)            6 (60)
  Investigations
     Biopsy              7 (39)            8 (80)
     EUS              3 (17)            0
     ERCP              0          10 (100)

Table 1  Summary of patient demographics, adenoma 
morphology and investigations utilized  n  (%)

ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic 
ultrasound.

Non-ampullary 
(n  = 18)

Ampullary 
(n  = 10)

 Endoscopic treatment 15 8
     Stenting
     Biliary   0 2
     Pancreatic   0 5
  Specimen removal
     Piecemeal 11 6
     En bloc   4 2
     Complications   0 1
     Surgical resection   2 1
     No treatment   1 1
  Histology

1 no dysplasia 7 low grade dysplasia
13 low grade 

dysplasia
1 high grade 

dysplasia
3 high grade 

dysplasia
1 adenocarcinoma

  Concordance with biopsy 4/7 7/8
  Recurrence 5 5

Table 2  Summary of treatment, biopsy and final pathology 
and recurrence
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in non-ampullary adenomas in our series was 73.3%, 
which was within range (52%-84%) of recently pub-
lished series[13-15,19], while the rate of low grade dysplasia 
in our ampullary adenomas (78%) was higher than 
53%-66% previously reported[16-18]. The processes 
responsible for the high rates of dysplasia in SDA are not 
clear however Rubio[19] suggested that the duodenum of 
those patients may exhibit gastric duodenal metaplasia 
and bile acids and pancreatic juices may provide a milieu 
that encourages the metaplasia to proceed onto the 
adenoma-carcinoma sequence. It is possible that SDA 
progress to dysplasia faster than other adenomas in the 
gastrointestinal tract[19].

Strategy for investigations
The variable investigations performed during patient 
workup is a reflection of the lack of guidelines available 
in managing this rare entity. 

Role of biopsy: There are no clear guidelines regarding 
the absolute need to biopsy all lesions and therefore the 
decision is often left to the discretion of the endoscopist. 
However a pre resection biopsy for SDAs may com-
promise a subsequent safe “lift off” technique of EMR 
and may increase the risk of perforation especially in 
the setting of a thin duodenal wall or a large duodenal 

tumour. Moreover morphological changes after biopsy 
may give the false impression of submucosal infiltration 
of a superficial lesion[20,21]. The American Society for 
Gastrointestinal Endoscopy (ASGE) guidelines suggests 
that all suspicious lesions should be biopsied[22]. 
Although biopsy concordance with final pathology is 
commonly around 75%, as in this investigation[23-25], 
and the non-concordant biopsies usually fail to sample 
a small focus of malignancy within the SDA particularly 
ampullary adenomas[26]. Elek suggests taking large, 
multiple biopsies (up to 6) or doing papillectomies to 
improve the diagnostic yield[27].

Role of EUS: We pursued a selective policy of EUS 
prior to resection to define invasion or pancreatic ductal 
involvement in large SDA that were suspicious (large 
size, ulceration or the presence of high grade dysplasia 
on biopsy)[8,27-29]. However SDA size is a variable 
determinant of high grade dysplasia or malignant 
change with authors quoting a size > 10 mm[30], > 20 
mm[8,27,28,31], and > 30 mm[29]. ASGE guidelines suggest 
the use of EUS in lesions > 2 cm in non-ampullary and 
> 1 cm in ampullary adenoma[22]. Currently the role 
of intraductal ultrasound is not well defined. Menzel et 
al[32] suggested it was more useful than EUS in tumour 
diagnosis but a recent prospective study suggested that 
it could overstage tumours[33].

Role of ERCP: This is the least controversial investi-
gational tool for ampullary adenomas and was per-
formed in all our patients since it provides an accurate 
means of assessing ductal involvement[34-36].

Treatment
Most of the SDAs were resected endoscopically, which is 
in line with contemporary management[37].

Role for EMR: The factors affecting the suitability for 
a lesion to undergo endoscopic resection include size, 
presence of malignant signs, extension along the wall 

Recurrence 
(n  = 10)

No recurrence 
(n  = 10)

  Non-ampullary/
  ampullary

5:5 7:3

  Median size (mm) 20 mm 10 mm
  Treatment
     Endoscopic resection 10 8
     Surgical resection   0 2
  Specimen retrieval
     Piecemeal   8 6
     En bloc   2 4
  Margin positivity 9 (90%) 6 (60%)
  Salvage therapy
     Endoscopic resection   8
     Surgical resection   2

Table 3  Comparison of characteristics of recurrences (n  = 
10) vs  no recurrence (n  = 10)

28 pts

EMR
23 pts

Surgery
3 pts

No treatment
2 pts

Follow-up
20 pts

No follow-up
6 pts

Recurrence
10 pts

No recurrence
10 pts

EMR
8 pts

Surgery
2 pts

Figure 1  Summary of treatment of ampullary and non-ampullary 
adenomas. EMR: Endoscopic mucosal resection.
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of the duodenum and extension into biliary/pancreatic 
ducts[37]. There is no consensus regarding the absolute 
size that would make a lesion suitable for endoscopic 
resection although a maximum size of 4-5 cm for an 
endoscopic ampullectomy has been suggested, due 
to the increased risk of malignancy. Large adenomas 
can be challenging to resect en bloc although Irani had 
a success rate of 84%, with a mean lesion size of 2.4 
cm[38]. 

There has been a significant shift with respect to 
size criteria for non ampullary lesions. In 2003 Perez 
et al[8] suggested that lesions more than 2 cm ought 
to be resected surgically. In 2009 Alexander et al[7] 
showed that lesions with mean size of 27.6 mm could 
be resected endoscopically. Apart from size, the physical 
appearance of the lesion is important. If the depressed 
segment is < 10 mm and non-depressed segment < 50 
mm then it will be suitable for endoscopic resection and 
the non-lift sign is a strong sign of malignancy[39]. 

Role for endoscopic submucosal dissection: In 
our institution we have favoured EMR as a method of 
endoscopic resection. In general it has a success rate of 
79%-100% with ability to deal with any lesion in only 
one session in 80%. The complication rate been quoted 
as 0.6% for perforation and up to 9% for non-fatal 
bleeding. Endoscopic submucosal dissection has recently 
been trialled in duodenal adenomas and electrosurgical 
dissection with an endoscopic knife achieves a better en 
bloc resection of the lesion[11]. However the complication 
rate is higher with perforation rates of 31%, 15% 
for post-procedural bleeding and a longer procedural 
duration. 

En bloc vs piecemeal resection: We have more 
commonly resorted to piecemeal resection for both 
types of adenoma. Ideally en bloc resection would 

allow an oncologically better resection of the tumour 
but this can be challenging for lesions > 2 cm[7,40]. 
Piecemeal resection allows tumours of larger size to be 
resected endoscopically with reduced risk of perforation, 
reduces resection time and uses less electrocautery. 
Unfortunately it does predispose to repeated subsequent 
resections[22] as there is increased risk of recurrence[7] 
especially when the lesion is > 20 mm[7,22].

Role of pancreatic stenting following ampullec
tomy: Pancreatic duct stenting has been shown to 
reduce the risk of post procedural pancreatitis in a 
prospective randomised trial[41], although the study only 
included 19 patients. A meta-analysis of five studies 
involving 481 patients showed that patients in the no 
stent group had a 3-fold increased risk of post-ERCP 
pancreatitis[42]. Our pancreatic stenting rate is only 
62.5%, without however any trend towards significant 
pancreatitis post resection. There is no strong evidence 
regarding prophylactic biliary stenting, although it 
has a role should biliary drainage post procedure be a 
concern[33].

Complications
We reported a 4.3% complication rate. This was a 
single patient with self-limiting mild pancreatitis after 
a papillectomy. The rate of specific complications 
associated with endoscopic resections include pan-
creatitis (8%-15%), perforation (up to 4%), cholangitis 
(up to 2%), papillary stenosis (0%-8%)[22]. A recent 
prospective study showed a risk of minor bleeding of 
18% and 6.5% for major bleeding[43]. The low rate of 
bleeding at our institution could be due to meticulous 
hemostasis being achieved once resection is completed. 

Surveillance and recurrence
In our series of cases, recurrences in ampullary 

Gastroscopy

Suspicious for malignancy
(friable, ulcerated, non-lift off 

sign, size ≥ 4 cm)Yes No

Biopsy, EUS, ERCP EUS ± ERCP

Surgical resection

Malignancy confirmed

Endoresection

Gastroscopy

Suspicious for malignancy
(friable, ulcerated, non-lift 

off sign, size ≥ 4 cm)Yes No

Biopsy, EUS EUS

Malignancy ±
invasion on EUS

Surgical resection Endoresection

Malignancy confirmed

Figure 2  Management of ampullary adenomas. ERCP: Endoscopic 
retrograde cholangiopancreatography; EUS: Endoscopic ultrasound.

Figure 3  Management of non-ampullary adenomas. EUS: Endoscopic 
ultrasound.
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adenomas occurred earlier and more often than in non 
ampullary SDA. The inherent risk of recurrence after 
endoscopic resection has been investigated separately in 
both subgroups of adenomas. Two series on ampullary 
adenomas showed a recurrence rate of 19% on follow-
up[43,44] while a published case series of endoscopic 
resection of non-ampullary adenomas showed an 
average recurrence rate of 19.9%[31]. However subset 
analysis shows that the recurrence rate of 37% can go 
up to 63% if lesion of > 2 cm diameter are analysed 
separately[6]. Currently there is no accepted standardized 
follow up regime. Most commonly it is suggested that 
patients should have annual endoscopic follow up for first 
2 years after complete resection[6], while Apel et al[10] 
suggests 3 monthly endoscopy for 1 year, increasing to 
6 monthly for 2 years followed by annual endoscopy.

Best salvage therapy
A treatment plan for recurrences should be devised 
by all units offering endoscopic therapy of duodenal 
adenomas as recurrences are common, especially 
if there has been more than one endoresection, the 
lesion was large or the resection was incomplete. 
Unfortunately there is no consensus on the optimal 
salvage therapy. As more experience is being gathered 
with endoresection it is increasingly becoming an 
attractive tool to treat recurrences, often coupled with 
ablative therapy such as argon beam coagulation (APC). 
Alexander et al[7] noted 5 recurrences after treating 23 
patients with NA by EMR, with median size of 20 mm. 
Those were cleared with a further session of APC ± EMR 
with a mean follow up of 13 mo. Similarly a series of 54 
patients with non-ampullary adenomas (mean size 15 
mm)[45] had 16 recurrences of which 15 were eradicated 
with a further session of EMR ± APC. However, the 
median follow up period was only 10.8 mo. 

Very few series have assessed ablation therapy in 
isolation. Lienert et al[46] assessed 16 cases of NA treated 
with APC ± polypectomy where 3 of the 4 recurrences 
were successfully treated with ablative therapy. Apel 
et al[10] had assessed 18 cases of non-ampullary 
adenoma, with a median size of 27.5 mm, treated with 
a combination of serial sessions of polypectomy and APC 
(33 sessions) carried out over 3 wk to achieve a 55% 
success rate although 6 cases could not be eradicated 
despite multimodal endoscopic therapy.

Recently Schneider et al[47] addressed the role of 
surgery to treat recurrences after failed endoscopic 
treatment of ampullary adenomas. Forty-four cases 
were referred for transduodenal surgical ampullectomy 
following a median of 3 endoscopic treatments before 
referral. The surgical cure rate was 84% with a post-
operative morbidity of 24%, the majority being mild 
(Clavien-Dindo grade I/II). This was comparable to 
morbidity associated with endoresection (8%-27%).

Proposed management algorithm
Based on this information a management algorithm for 
sporadic non-ampullary and ampullary adenomas is 

summarised in Figures 2 and 3 respectively. However, 
management does depend on the experience of the 
endoscopist (e.g., with respect to size of polyp), the 
availability of investigative tools (e.g., EUS) and the 
fitness of the patient to tolerate the treatment offered. 

In conclusion, this investigation has confirmed that 
SDA can be treated endoscopically with minimal morbi-
dity and that piecemeal resection results in eradication 
in nearly three quarters of patients. Optimal surveillance 
strategies following resection are not clearly established 
but re-endoscopy 6 mo after the initial resection is 
a satisfactory starting point. Recurrent SDA can be 
treated with endoscopic reresection with surgical resec-
tion indicated when the lesions are large (> 3 cm in 
diameter) or demonstrate severe dysplasia or invasive 
cancer. 

ACKNOWLEDGMENTS
The medical and nursing staff of wards 4, 6 and 8 and 
the Department of Gastroenterology at North Shore 
Hospital are gratefully acknowledged.

COMMENTS
Background
The optimal treatment strategy for sporadic duodenal adenomas (SDA) is not 
yet established although it is clear that this involves contributions from both 
advanced endoscopy and upper gastrointestinal surgery.

Research frontiers
Developing algorithms to accurately predict the optimal treatment (endoscopic 
or surgical resection) based on morphology and pathology of both primary and 
recurrent SDA will assist in their multidisciplinary management.

Innovations and breakthrough
Most SDA can be treated endoscopically with even piecemeal resection resulting 
in eradication in three quarters of patients. Surgical resection can be reserved 
for lesions > 4 cm in diameter or with malignant change.

Applications
With multidisciplinary review, endoscopic resection can be the primary treatment 
modality for SDA.

Terminology
SDA is a management challenge due to their anatomical position and the often 
comorbid status of patients.

Peer-review 
This manuscript is interesting due to the paucity of precise international 
guidelines regarding the topic.

REFERENCES
1 Jepsen JM, Persson M, Jakobsen NO, Christiansen T, Skoubo-

Kristensen E, Funch-Jensen P, Kruse A, Thommesen P. Prospective 
study of prevalence and endoscopic and histopathologic characteristics 
of duodenal polyps in patients submitted to upper endoscopy. Scand J 
Gastroenterol 1994; 29: 483-487 [PMID: 8079103 DOI: 10.3109/003
65529409092458]

2 Seifert E, Schulte F, Stolte M. Adenoma and carcinoma of the 
duodenum and papilla of Vater: a clinicopathologic study. Am J 

 COMMENTS

Rajkomar K et al . Management of duodenal adenomas



202 April 16, 2017|Volume 9|Issue 4|WJGE|www.wjgnet.com

Gastroenterol 1992; 87: 37-42 [PMID: 1728122]
3 Spigelman AD, Talbot IC, Penna C, Nugent KP, Phillips RK, 

Costello C, DeCosse JJ. Evidence for adenoma-carcinoma sequence 
in the duodenum of patients with familial adenomatous polyposis. 
The Leeds Castle Polyposis Group (Upper Gastrointestinal 
Committee). J Clin Pathol 1994; 47: 709-710 [PMID: 7962621 
DOI: 10.1136/jcp.47.8.709]

4 Hirota WK, Zuckerman MJ, Adler DG, Davila RE, Egan J, 
Leighton JA, Qureshi WA, Rajan E, Fanelli R, Wheeler-Harbaugh 
J, Baron TH, Faigel DO. ASGE guideline: the role of endoscopy in 
the surveillance of premalignant conditions of the upper GI tract. 
Gastrointest Endosc 2006; 63: 570-580 [PMID: 16564854 DOI: 
10.1016/j.gie.2006.02.004]

5 El Hajj II, Coté GA. Endoscopic diagnosis and management of 
ampullary lesions. Gastrointest Endosc Clin N Am 2013; 23: 95-109 
[PMID: 23168121 DOI: 10.1016/j.giec.2012.10.004]

6 Abbass R, Rigaux J, Al-Kawas FH. Nonampullary duodenal 
polyps: characteristics and endoscopic management. Gastrointest 
Endosc 2010; 71: 754-759 [PMID: 20363416 DOI: 10.1016/
j.gie.2009.11.043]

7 Alexander S, Bourke MJ, Williams SJ, Bailey A, Co J. EMR of 
large, sessile, sporadic nonampullary duodenal adenomas: technical 
aspects and long-term outcome (with videos). Gastrointest Endosc 
2009; 69: 66-73 [PMID: 18725157 DOI: 10.1016/j.gie.2008.04.061]

8 Perez A, Saltzman JR, Carr-Locke DL, Brooks DC, Osteen RT, 
Zinner MJ, Ashley SW, Whang EE. Benign nonampullary duodenal 
neoplasms. J Gastrointest Surg 2003; 7: 536-541 [PMID: 12763412 
DOI: 10.1016/S1091-255X(02)00146-4]

9 Takahashi T, Ando T, Kabeshima Y, Kawakubo H, Shito M, 
Sugiura H, Omori T. Borderline cases between benignancy and 
malignancy of the duodenum diagnosed successfully by endoscopic 
submucosal dissection. Scand J Gastroenterol 2009; 44: 1377-1383 
[PMID: 19821793 DOI: 10.3109/00365520903287551]

10 Apel D, Jakobs R, Spiethoff A, Riemann JF. Follow-up after 
endoscopic snare resection of duodenal adenomas. Endoscopy 
2005; 37: 444-448 [PMID: 15844023 DOI: 10.1055/s-2005-861287]

11 Honda T, Yamamoto H, Osawa H, Yoshizawa M, Nakano H, Sunada 
K, Hanatsuka K, Sugano K. Endoscopic submucosal dissection for 
superficial duodenal neoplasms. Dig Endosc 2009; 21: 270-274 
[PMID: 19961529 DOI: 10.1111/j.1443-1661.2009.00908.x]

12 Lépilliez V, Chemaly M, Ponchon T, Napoleon B, Saurin JC. 
Endoscopic resection of sporadic duodenal adenomas: an efficient 
technique with a substantial risk of delayed bleeding. Endoscopy 2008; 
40: 806-810 [PMID: 18828076 DOI: 10.1055/s-2008-1077619]

13 Kim HK, Chung WC, Lee BI, Cho YS. Efficacy and long-term 
outcome of endoscopic treatment of sporadic nonampullary 
duodenal adenoma. Gut Liver 2010; 4: 373-377 [PMID: 20981216 
DOI: 10.5009/gnl.2010.4.3.373]

14 Goda K, Kikuchi D, Yamamoto Y, Takimoto K, Kakushima N, 
Morita Y, Doyama H, Gotoda T, Maehata Y, Abe N. Endoscopic 
diagnosis of superficial non-ampullary duodenal epithelial tumors in 
Japan: Multicenter case series. Dig Endosc 2014; 26 Suppl 2: 23-29 
[PMID: 24750144 DOI: 10.1111/den.12277]

15 Kedia P, Brensinger C, Ginsberg G. Endoscopic predictors of 
successful endoluminal eradication in sporadic duodenal adenomas 
and its acute complications. Gastrointest Endosc 2010; 72: 
1297-1301 [PMID: 20970793 DOI: 10.1016/j.gie.2010.07.039]

16 Boix J, Lorenzo-Zúñiga V, Moreno de Vega V, Domènech E, 
Gassull MA. Endoscopic resection of ampullary tumors: 12-year 
review of 21 cases. Surg Endosc 2009; 23: 45-49 [PMID: 18398649 
DOI: 10.1007/s00464-008-9866-3]

17 Jeanniard-Malet O, Caillol F, Pesenti C, Bories E, Monges G, 
Giovannini M. Short-term results of 42 endoscopic ampullectomies: a 
single-center experience. Scand J Gastroenterol 2011; 46: 1014-1019 
[PMID: 21492053 DOI: 10.3109/00365521.2011.571711]

18 Laleman W, Verreth A, Topal B, Aerts R, Komuta M, Roskams 
T, Van der Merwe S, Cassiman D, Nevens F, Verslype C, Van 
Steenbergen W. Endoscopic resection of ampullary lesions: a 
single-center 8-year retrospective cohort study of 91 patients with 
long-term follow-up. Surg Endosc 2013; 27: 3865-3876 [PMID: 

23708714 DOI: 10.1007/s00464-013-2996-2]
19 Rubio CA. Gastric duodenal metaplasia in duodenal adenomas. J 

Clin Pathol 2007; 60: 661-663 [PMID: 16837629 DOI: 10.1136/
jcp.2006.039388]

20 Uno Y, Munakata A. The non-lifting sign of invasive colon cancer. 
Gastrointest Endosc 1994; 40: 485-489 [PMID: 7926542 DOI: 
10.1016/S0016-5107(94)70216-0]

21 Han KS, Sohn DK, Choi DH, Hong CW, Chang HJ, Lim SB, 
Choi HS, Jeong SY, Park JG. Prolongation of the period between 
biopsy and EMR can influence the nonlifting sign in endoscopically 
resectable colorectal cancers. Gastrointest Endosc 2008; 67: 97-102 
[PMID: 18155430 DOI: 10.1016/j.gie.2007.05.057]

22 Chathadi KV, Khashab MA, Acosta RD, Chandrasekhara V, 
Eloubeidi MA, Faulx AL, Fonkalsrud L, Lightdale JR, Salztman JR, 
Shaukat A, Wang A, Cash BD, DeWitt JM. The role of endoscopy 
in ampullary and duodenal adenomas. Gastrointest Endosc 2015; 
82: 773-781 [PMID: 26260385]

23 Elek G, Gyôri S, Tóth B, Pap A. Histological evaluation of 
preoperative biopsies from ampulla vateri. Pathol Oncol Res 2003; 
9: 32-41 [PMID: 12704445 DOI: 10.1007/BF03033712]

24 Bellizzi AM, Kahaleh M, Stelow EB. The assessment of specimens 
procured by endoscopic ampullectomy. Am J Clin Pathol 2009; 132: 
506-513 [PMID: 19762527 DOI: 10.1309/AJCPUZWJ8WA2IHBG]

25 Rodríguez C, Borda F, Elizalde I, Jiménez Pérez FJ, Carral D. 
How accurate is preoperative diagnosis by endoscopic biopsies in 
ampullary tumours? Rev Esp Enferm Dig 2002; 94: 585-592 [PMID: 
12647408]

26 Pandolfi M, Martino M, Gabbrielli A. Endoscopic treatment of 
ampullary adenomas. JOP 2008; 9: 1-8 [PMID: 18182736]

27 Ahmad NA, Kochman ML, Long WB, Furth EE, Ginsberg GG. 
Efficacy, safety, and clinical outcomes of endoscopic mucosal 
resection: a study of 101 cases. Gastrointest Endosc 2002; 55: 
390-396 [PMID: 11868015 DOI: 10.1067/mge.2002.121881]

28 Min YW, Min BH, Kim ER, Lee JH, Rhee PL, Rhee JC, Kim 
JJ. Efficacy and safety of endoscopic treatment for nonampullary 
sporadic duodenal adenomas. Dig Dis Sci 2013; 58: 2926-2932 
[PMID: 23695872 DOI: 10.1007/s10620-013-2708-8]

29 Lim GJ, Devereaux BM. EUS in the assessment of ampullary 
lesions prior to endoscopic resection. Tech Gastrointest Endosc 
2010; 12: 49-52 [DOI: 10.1016/j.tgie.2010.01.008]

30 Baillie J. Endoscopic ampullectomy. Am J Gastroenterol 
2005; 100: 2379-2381 [PMID: 16279887 DOI: 10.1111/j.1572-
0241.2005.00332.x]

31 Basford PJ, Bhandari P. Endoscopic management of nonampullary 
duodenal polyps. Therap Adv Gastroenterol 2012; 5: 127-138 
[PMID: 22423261 DOI: 10.1177/1756283X11429590]

32 Menzel J, Hoepffner N, Sulkowski U, Reimer P, Heinecke A, 
Poremba C, Domschke W. Polypoid tumors of the major duodenal 
papilla: preoperative staging with intraductal US, EUS, and CT-
-a prospective, histopathologically controlled study. Gastrointest 
Endosc 1999; 49: 349-357 [PMID: 10049419 DOI: 10.1016/S0016-
5107(99)70012-X]

33 Ito K, Fujita N, Noda Y, Kobayashi G, Horaguchi J, Takasawa 
O, Obana T. Preoperative evaluation of ampullary neoplasm 
with EUS and transpapillary intraductal US: a prospective and 
histopathologically controlled study. Gastrointest Endosc 2007; 66: 
740-747 [PMID: 17905017 DOI: 10.1016/j.gie.2007.03.1081]

34 Norton ID, Gostout CJ, Baron TH, Geller A, Petersen BT, 
Wiersema MJ. Safety and outcome of endoscopic snare excision of 
the major duodenal papilla. Gastrointest Endosc 2002; 56: 239-243 
[PMID: 12145603 DOI: 10.1016/S0016-5107(02)70184-3]

35 Catalano MF, Linder JD, Chak A, Sivak MV, Raijman I, Geenen 
JE, Howell DA. Endoscopic management of adenoma of the major 
duodenal papilla. Gastrointest Endosc 2004; 59: 225-232 [PMID: 
14745396 DOI: 10.1016/S0016-5107(03)02366-6]

36 Norton ID, Geller A, Petersen BT, Sorbi D, Gostout CJ. Endoscopic 
surveillance and ablative therapy for periampullary adenomas. Am J 
Gastroenterol 2001; 96: 101-106 [PMID: 11197237 DOI: 10.1111/
j.1572-0241.2001.03358.x]

37 Moon JH, Choi HJ, Lee YN. Current status of endoscopic 

Rajkomar K et al . Management of duodenal adenomas



203 April 16, 2017|Volume 9|Issue 4|WJGE|www.wjgnet.com

papillectomy for ampullary tumors. Gut Liver 2014; 8: 598-604 
[PMID: 25368746 DOI: 10.5009/gnl14099]

38 Irani S, Arai A, Ayub K, Biehl T, Brandabur JJ, Dorer R, Gluck 
M, Jiranek G, Patterson D, Schembre D, Traverso LW, Kozarek 
RA. Papillectomy for ampullary neoplasm: results of a single 
referral center over a 10-year period. Gastrointest Endosc 2009; 70: 
923-932 [PMID: 19608181 DOI: 10.1016/j.gie.2009.04.015]

39 Kahaleh M, Shami VM, Brock A, Conaway MR, Yoshida C, 
Moskaluk CA, Adams RB, Tokar J, Yeaton P. Factors predictive of 
malignancy and endoscopic resectability in ampullary neoplasia. 
Am J Gastroenterol 2004; 99: 2335-2339 [PMID: 15571579 DOI: 
10.1111/j.1572-0241.2004.40391.x]

40 Desilets DJ, Dy RM, Ku PM, Hanson BL, Elton E, Mattia A, 
Howell DA. Endoscopic management of tumors of the major 
duodenal papilla: Refined techniques to improve outcome and avoid 
complications. Gastrointest Endosc 2001; 54: 202-208 [PMID: 
11474391 DOI: 10.1067/mge.2001.116564]

41 Harewood GC, Pochron NL, Gostout CJ. Prospective, randomized, 
controlled trial of prophylactic pancreatic stent placement for 
endoscopic snare excision of the duodenal ampulla. Gastrointest 
Endosc 2005; 62: 367-370 [PMID: 16111953 DOI: 10.1016/
j.gie.2005.04.020]

42 Singh P, Das A, Isenberg G, Wong RC, Sivak MV, Agrawal D, 

Chak A. Does prophylactic pancreatic stent placement reduce the 
risk of post-ERCP acute pancreatitis? A meta-analysis of controlled 
trials. Gastrointest Endosc 2004; 60: 544-550 [PMID: 15472676 
DOI: 10.1016/S0016-5107(04)02013-9]

43 Aschmoneit-Messer I, Richl J, Pohl J, Ell C, May A. Prospective 
study of acute complication rates and associated risk factors in 
endoscopic therapy for duodenal adenomas. Surg Endosc 2015; 29: 
1823-1830 [PMID: 25380706 DOI: 10.1007/s00464-014-3871-5]

44 Zádorová Z, Dvofák M, Hajer J. Endoscopic therapy of benign 
tumors of the papilla of Vater. Endoscopy 2001; 33: 345-347 [PMID: 
11315897 DOI: 10.1055/s-2001-13693]

45 Navaneethan U, Lourdusamy D, Mehta D, Lourdusamy V, 
Venkatesh PG, Sanaka MR. Endoscopic resection of large sporadic 
non-ampullary duodenal polyps: efficacy and long-term recurrence. 
Surg Endosc 2014; 28: 2616-2622 [PMID: 24695983 DOI: 10.1007/
s00464-014-3512-z]

46 Lienert A, Bagshaw PF. Treatment of duodenal adenomas with 
endoscopic argon plasma coagulation. ANZ J Surg 2007; 77: 371-373 
[PMID: 17497979 DOI: 10.1111/j.1445-2197.2007.04063.x]

47 Schneider L, Contin P, Fritz S, Strobel O, Büchler MW, Hackert T. 
Surgical ampullectomy: an underestimated operation in the era of 
endoscopy. HPB (Oxford) 2016; 18: 65-71 [PMID: 26776853 DOI: 
10.1016/j.hpb.2015.07.004]

P- Reviewer: de Angelis GL    S- Editor: Gong ZM    L- Editor: A    
E- Editor: Wu HL

Rajkomar K et al . Management of duodenal adenomas



© 2017 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk

http://www.f6publishing.com


	WJGEv9i4-Cover
	WJGE-Editorial Board2014-2017
	WJGEv9i4-Contents
	149
	153
	162
	171
	177
	183
	189
	196
	WJGEv9i4-Back cover

