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Abstract
AIM: To outline the feasibility, safety, adverse events 
and early results of endoscopic ultrasound (EUS)-
radiofrequency ablation (RFA) in pancreatic neoplasms 
using a novel probe. 

METHODS: This is a multi-center, pilot safety feasibility 
study. The intervention described was radiofrequency 
ablation (RF) which was applied with an innovative 
monopolar RF probe (1.2 mm Habib EUS-RFA catheter) 
placed through a 19 or 22 gauge fine needle aspiration 
(FNA) needle once FNA was performed in patients with 
a tumor in the head of the pancreas. The Habib™ EUS-
RFA is a 1 Fr wire (0.33 mm, 0.013”) with a working 
length of 190 cm, which can be inserted through 
the biopsy channel of an echoendoscope. RF power 
is applied to the electrode at the end of the wire to 
coagulate tissue in the liver and pancreas.

RESULTS: Eight patients [median age of 65 (range 
27-82) years; 7 female and 1 male] were recruited in a 
prospective multicenter trial. Six had a pancreatic cystic 
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neoplasm (four a mucinous cyst, one had intraductal 
papillary mucinous neoplasm and one a microcystic 
adenoma) and two had a neuroendocrine tumors (NET) 
in the head of pancreas. The mean size of the cystic 
neoplasm and NET were 36.5 mm (SD ± 17.9 mm) 
and 27.5 mm (SD ± 17.7 mm) respectively. The EUS-
RFA was successfully completed in all cases. Among 
the 6 patients with a cystic neoplasm, post procedure 
imaging in 3-6 mo showed complete resolution of 
the cysts in 2 cases, whilst in three more there was a 
48.4% reduction [mean pre RF 38.8 mm (SD ± 21.7 
mm) vs  mean post RF 20 mm (SD ± 17.1 mm)] in size. 
In regards to the NET patients, there was a change 
in vascularity and central necrosis after EUS-RFA. No 
major complications were observed within 48 h of the 
procedure. Two patients had mild abdominal pain that 
resolved within 3 d. 

CONCLUSION: EUS-RFA of pancreatic neoplasms with 
a novel monopolar RF probe was well tolerated in all 
cases. Our preliminary data suggest that the procedure 
is straightforward and safe. The response ranged from 
complete resolution to a 50% reduction in size. 

Key words: Endoscopic ultrasound; Radiofrequency 
ablation; Pancreas; Cystic neoplasms; Neuroendocrine 
tumors

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This manuscript presents a pilot, safety 
feasibility study with the results of the first in humans 
endoscopic ultrasound (EUS) guided radiofrequency 
ablation (RFA) for cystic neoplasms and neuroendocrine 
tumors of the pancreas with a novel EUS-RFA catheter. 
EUS-RFA is feasible and well tolerated. EUS-RFA with 
this novel catheter provides endoscopic treatment 
option other than surgical resection for pancreatic 
lesions.

Pai M, Habib N, Senturk H, Lakhtakia S, Reddy N, Cicinnati 
VR, Kaba I, Beckebaum S, Drymousis P, Kahaleh M, Brugge 
W. Endoscopic ultrasound guided radiofrequency ablation, for 
pancreatic cystic neoplasms and neuroendocrine tumors. World J 
Gastrointest Surg 2015; 7(4): 52-59  Available from: URL: http://
www.wjgnet.com/1948-9366/full/v7/i4/52.htm  DOI: http://
dx.doi.org/10.4240/wjgs.v7.i4.52

INTRODUCTION
Incidental pancreatic solid or cystic lesions are diagnosed 
with increased frequency due to the widespread use 
of abdominal cross-sectional imaging to investigate 
unrelated symptoms. In a large single-centre study, 
pancreatic cysts were diagnosed in 1.2% of 24000 
individuals subjected to abdominal cross-sectional 
imaging[1]. As a result, the majority of these lesions 

are diagnosed at an earlier stage, before they become 
invasive and present with jaundice, pancreatitis or 
abdominal pain[2]. Lesions such as neuroendocrine 
tumors (NET), mucinous cystadenomas and intraductal 
papillary mucinous neoplasms have the potential of 
malignant transformation. This risk is lower with NET, 
but significantly higher with mucinous lesions[3]. 

The standard treatment of solid or cystic pancreatic 
lesions with malignant potential has been surgical 
resection, with lesions in the pancreatic head requiring 
a Whipple resection whereas pancreatic tail lesions 
are treated with distal pancreatectomy. Both types 
of resection carry significant morbidity and mortality, 
resulting in unacceptably high risk/benefit ratios for 
many elderly patients with co-morbidities[4,5]. Currently, 
patients deemed unfit for major pancreatic surgery are 
offered cross-sectional imaging surveillance at regular 
intervals according to the International Association of 
Pancreatology Guidelines[6]; these guidelines recommend 
annual imaging for lesions < 10 mm, 6-monthly 
imaging for cysts 10-20 mm and 3-monthly imaging 
for lesions larger than 20 mm. However, controversy 
exists regarding the optimal follow up of patients with 
primary pancreatic lesions, underlying the need for 
minimally invasive ablative techniques as alternative to 
surgical resection. 

Radiofrequency ablation (RFA) has been used 
percutaneously and intraoperatively to treat primary and 
secondary liver cancers by achieving localized tumor 
necrosis[7-10]. Endo-biliary application of radiofrequency 
(RF) has been developed in our unit and used in 
patients with inoperable bile duct and pancreatic head 
adenocarcinomas presenting with biliary obstruction[11]. 
Many alternative techniques of endoscopic ultrasound 
(EUS)-guided tumor ablation have been described, 
including RF ablation, photodynamic therapy, laser 
ablation, and ethanol injection[12]. 

EUS-RFA could achieve complete ablation of pan
creatic cysts with malignant potential in patients unfit 
for surgery, thus eliminating the requirement for long-
term surveillance in this group of individuals. Gaidhane 
et al[13] showed that EUS-RFA of the pancreatic head 
using Habib EUS-RFA catheter (Emcision Ltd., United 
Kingdom) through a 19 gauge needle was well tolerated 
in 5 Yucatan pigs with minimum amount of pancreatitis. 
The aim of this study is to outline the safety, feasibility, 
adverse events and early results of EUS-RFA in patients 
with pancreatic neoplasms using a novel probe.

MATERIALS AND METHODS
Patients
Eight patients were subjected to EUS-RFA of a 
neoplastic lesion in the head of the pancreas. A novel 
monopolar RF catheter [Habib™ EUS-RFA catheter, 
Emcision Ltd., London (CE Marked)] (Figure 1) was 
placed through a 19 or 22 gauge fine needle aspiration 
(FNA) needle. 
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introduced into the target lesion. In pancreatic cystic 
lesions, effort was made to completely aspirate the 
cyst before applying RFA. The tip of the needle was 
positioned near the far end of the lesion. In case of 
pancreatic NET also, the FNA needle was positioned at 
the deepest part of the tumor. The stylet is removed 
from the biopsy needle and Habib™ EUS RFA catheter 
is gently pushed inside the hollow of the biopsy 
needle until it cannot be pushed any further. Carefully 
maintaining this position of the Habib™ EUS RFA 
probe, the FNA needle is gradually withdrawn by 3 cm 
in order to disengage contact between the active part 
of the RF catheter located at the tip and the metallic 
FNA needle. Fluoroscopy assists in visualization of the 
RFA probe protruding beyond the tip of the needle 
(Figure 2). The tip of the probe is floppy, and may take 
a curved shape in emptied cystic lesons.

RF energy is applied for 90-120 s at the set 
wattage. In larger lesions, the Habib™ EUS RFA probe 
and needle is pulled back as one unit and repositioned 
to ablate near end of the lesion (Figures 3-5). This 
process can be repeated as many times, as needed 
to ensure complete ablation of the lesion. In larger 
pancreatic lesions, repeat puncture with the FNA 
needle is done in a different axis (after withdrawing 
the RFA probe, with or without replacing with stylet). 
The patients were managed post procedure as per 
standard hospital practice for EUS interventional 
procedures.

RESULTS 
Eight patients [median age of 65 (range 27-82) years; 
7 female and 1 male] were recruited in a prospective 
multicentre trial. Six had a pancreatic cystic neoplasm 
(four a mucinous cyst, one had IPMN and one a 
microcystic adenoma). In all six cases, diagnosis was 
based on imaging reviewed by an expert radiologist. 
The remaining two cases, had a NET in the head of 
pancreas (previously documented with diagnostic FNA 
cytology and not suitable for surgical intervention). 
The mean size of the cystic neoplasms and NETs were 

Inclusion criteria were age over 18 years, patients 
with a cystic pancreatic lesions that were not suitable 
surgical candidates and patients that consented to 
participate in the study. Exclusion criteria included 
patients younger than 18 years, patients not consenting 
to participate in the study, uncorrected coagulopathy 
and cardiac pacemakers in situ.

All patients were investigated with blood tests; 
haematological, biochemical, tumor markers as well 
as radiological investigation including computed 
tomography scan and ultrasound scans. On follow-up, 
patients had clinical examination, blood tests and cross 
sectional imaging to assess the pancreatic lesion. The 
follow-up ranged from 3 to 6 mo. Data are presented 
as mean plus or minus standard deviations of the 
mean or median with range. Research was carried out 
in accordance with the Helsinki Declaration.

Description of device
The Habib™ EUS-RFA is a 1 Fr wire (0.33 mm, 0.013”) 
with a working length of 190 cm, which can be inserted 
through the biopsy channel of an echoendoscope. RF 
power is applied to the electrode at the end of the wire 
to coagulate tissue in the liver and pancreas. This is 
a monopolar device and is used in conjunction with a 
patient grounding/diathermy pad.

Intervention
Habib™ EUS-RFA catheter comes in a dispensing 
sheath. The catheter is removed from the dispensing 
sheath and connected to the adaptor cable, which 
is then connected to the generator. Power in the 
generator is set to the required wattage we used 5-25 
Watts in our patient group). A patient grounding/
diathermy pad is applied as close to the operating 
field as possible, since the catheter is monopolar. We 
applied the pad on the lower back of the patient. The 
entire area of the grounding pad should be reliably 
applied to the patient’s body to avoid skin burns. 

The echoendoscope is manoeuvred to obtain proper 
sonographic visualization of the target lesion. Under 
EUS control, a 19 gauge biopsy needle (with stylet) is 
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Uncoated electrode

PTFE coated stainless steel shaft

COOK EchoTip needle with U/S surface

Figure 1  Close up of the HabibTM endoscopic ultrasound-radiofrequency 
ablation catheter showing uncoated electrode at the tip and the PTFE 
Coated stainless steel shaft.

Figure 2  Fluoroscopic view of HabibTM endoscopic ultrasound-radiofrequency 
ablation catheter (black arrow) protruding out of the endoscopic ultrasound 
Biopsy needle (white arrow).



36.5 mm (SD ± 17.9 mm) and 27.5 mm (SD ± 17.7 mm) respectively. RF [Rita (Model 1500X) or ERBE 
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A B

C D

Figure 3  Endoscopic ultrasound pictures of radiofrequency 
ablation of pancreatic cyst. A: Pancreatic cyst with the biopsy 
needle in position; B: Aspiration of the pancreatic cyst; C and 
D: Complete aspiration of the cyst followed by radiofrequency 
ablation using the endoscopic ultrasound radiofrequency 
ablation catheter.

A B

Figure 4  Endoscopic ultrasound Pictures of radiofrequency ablation of pancreatic cyst. A: Pancreatic cyst Pre ablation (arrow); B: Pancreatic cyst aspirated 
completed and the radiofrequency ablation with in process using the endoscopic ultrasound radiofrequency ablation catheter (arrow).

A B

Figure 5  Endoscopic ultrasound radiofrequency ablation of pancreatic neuroendocrine tumors. A and B: Endoscopic ultrasound pictures of the pancreatic 
neuroendocrine tumors pre and during ablation.



(Model ICC 200) was applied at 5 watts, 15 watts, 20 
watts and finally 25 watts in 3, 2, 2 and one patients 
respectively over 90 s for each watt setting (Table 1). 
The median number of applications was 4.5 (range 
2-7). Patients with cystic neoplasm and one patient 
with NET had one session of RFA each, whilst a second 
patient with NET had two sessions of RFA. 

The EUS-RFA was completed in all cases. Amongst 
the 6 patients with pancreatic cystic neoplasm, the 
post procedure imaging in 3-6 mo showed complete 
resolution of the cysts in 2 patients, whilst in 3 patients 
there was 48.4% reduction [mean pre RF 38.8 mm (SD 
± 21.7 mm) vs mean post RF 20 mm (SD ± 17.1 mm)] 
in size (Table 2). Using cross sectional imaging in 2 
patients with NET, a change in vascularity and central 
necrosis after EUS-RFA was demonstrated. There 
were no episodes of post-procedural pancreatitis, 
perforation or bleeding within 48 h. Two patients had 
mild abdominal pain that resolved in 3 d. 

DISCUSSION
RFA is a well-recognized, safe and effective modality 
for the treatment of focal malignant diseases[14,15]. RFA 
uses high-frequency alternating current to generate 
thermal energy and thus coagulative necrosis to 
the tissue[16]. The technique is minimally invasive 
and has very good tolerability which are the major 
advantages[17]. RFA is increasingly applied in pancreatic 
lesions[18], including unresectable pancreatic carcinoma 
where RFA has an acceptable mortality but high 
morbidity[16,17,19-21]. In general, adverse events are 
associated with the duration of ablation. Pancreas is 
very thermo-sensitive, and when heat is applied on 
normal pancreas it produces an inflammatory response 
causing edema and later fibrosis and occasionally 
cystic transformation[18]. Massive necrosis of the 
pancreas following RFA have been reported, probably 
due to sequential ablations done in close proximity at 

the same session[17,20]. 
In recent years there have been reports of pro

spective studies using RFA in locally advanced 
pancreatic adenocarcinoma. In 2010, Girelli et al[22] 
reported ultrasound-guided RFA during laparotomy in 
fifty patients with locally advanced pancreatic cancer. 
In this prospective study the main outcome measures 
were short-term morbidity and mortality. In thirty four 
patients the tumor was located in the pancreatic head 
or the uncinate process and in 16 in the body or tail; 
median diameter was 40 (inter-quartile range 30-50) 
mm. Abdominal adverse events occurred in 24% of 
patients. Half of those were directly associated with 
RFA (two pancreatic fistulas and four cases of portal 
vein thrombosis) and were managed conservatively. 
When the applied heat was reduced from 105 degrees 
C to 90 degrees C there was a significant reduction in 
adverse events (ten vs two of 25 patients; P = 0.028). 
Median postoperative hospital stay was 10 (range 
7-31) d. The authors concluded that RFA of locally 
advanced pancreatic cancer is feasible and relatively 
well tolerated. In another observational study, the 
same group compared patients with locally advanced 
pancreatic carcinoma treated with either primary RFA 
(group 1) or RFA following any other primary treatment 
(group 2)[23]. In total, 107 consecutive patients were 
treated with RFA of which 47 patients in group 1 and 60 
in group 2. Median overall survival was 25.6 mo and it 
was significantly shorter in group 1 than in group 2 (14.7 
mo vs 25.6 mo; P = 0.004). In this study the authors 
reported that RFA after alternative primary treatment 
was associated with prolonged survival. 

RFA has been proposed by many groups as a 
strong adjuvant for antitumor response as it induces 
an immune response targeting tumor antigens[24-26]. 
In situ tumor destruction by RFA provides the immune 
system with an antigen for the induction of antitumor 
immunity. Antigen-presenting cells take up antigens 
in the periphery after which they induce specific 
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Table 1  Patient characteristics and procedure specifications

Age Sex Diagnosis No. of RF 
applications/session

No of 
sessions 

Dead/
alive

5 Watts
  82 F Mucinous cyst 3 1 Alive
  73 F Mucinous cyst 5 1 Alive
  46 F Microcystic 

adenoma 
5 1 Alive

15 Watts
  40 F Mucinous cyst 3 1 Alive
  27 F Mucinous cyst 2 1 Alive
20 Watts
  57 F NET 6 1 Alive
  82 F NET 4 2 Alive
25 Watts
  78 M IPMN 7 1 Alive

IPMN: Intraductal papillary mucinous neoplasm; NET: Neuroendocrine 
tumors; RF: Radiofrequency; F: Female; M: Male.

Table 2  Outcome after endoscopic ultrasound radiofrequency 
ablation of pancreatic cystic neoplasm and neuroendocrine tumors

No. Diagnosis Pre ablation 
size (mm) 

Post ablation size 
(mm) 

Adverse 
events

1 Mucinous cyst 30 10 No 
2 Mucinous cyst 40 Cyst not seen No 
3 Microcystic 

adenoma
20 8 No 

4 Mucinous cyst 70 45 Mild pain 
5 Mucinous cyst 24 Cyst not seen Mild pain 
6 IPMN 35 17 No 

7 NET 15 Change in 
vascularity 

No 

8 NET 40 Central area of 
necrosis 15 mm 

No 

IPMN: Intraductal papillary mucinous neoplasm; NET: Neuroendocrine 
tumors.



immune responses[25]. Wissniowski et al[24] reported 
that RFA can induce a tumor-specific T-cell reaction 
in the non-reactive neoplasm-bearing host, probably 
by overcoming immune tolerance and leading to the 
presentation of otherwise cryptic neoplastic antigens. 
In another study, ablation of hepatocellular carcinoma 
(HCC) was found to induce a functional transient 
activation of myeloid dendritic cells associated with 
increased serum levels of TNF-α and IL-1b with a 
sustained antitumoral immune response[26]. Moreover, 
animals treated with subtotal RF ablation showed 
significant increases in tumor-specific class Ⅰ and 
Ⅱ responses to male minor histocompatibility (HY) 
antigens and tumor regression[27]. Subtotal RF ablation 
produces an enhanced systemic antitumor immune 
response and tumor regression which is related to 
increased dendritic cell infiltration. RFA can also induce 
a tumor-specific proliferative T cell response and even 
transplantable protective immunity[28].

Intraoperative RFA uses a larger device with higher 
energy and is associated with significant morbidity 
and mortality. However, EUS guided RFA is a more 
conservative approach and avoids surgical intervention. 
Goldberg et al[29] applied EUS guided RFA to the 
pancreas of 13 Yorkshire pigs at 285 ± 120 mA for 6 
min resulting in discrete zones of coagulation necrosis 
in the porcine pancreas. Only one of the 13 animals had 
increased lipase levels and mild focal pancreatitis. No 
other significant adverse events were observed. A more 
recent study in 2008 demonstrated the feasibility and 
efficacy of EUS RFA using a newly developed bipolar 
ablation probe combining RFA and cryotechnology in 14 
pigs. The size of the ablation achieved was related to the 
duration of ablation; when applied for 900 s there was a 
high complication rate in the healthy pancreas. Adverse 
events were less common compared to conventional 
RFA needles[18]. In a recent study by Kim et al[30], EUS-
RFA of the pancreas was applied on 10 adult mini pigs. 
An 18 gauge endoscopic RFA probe was used to ablate 
the body and tail of the pancreas, with an output power 
of 50 W for 5 min. On histology, there was a spherical 
necrotic lesion surrounded by fibrous tissue localized 
in the pancreatic parenchyma. The mean diameter 
of the ablated tissue was 23.0 ± 6.9 mm. No major 
procedure-related adverse events were observed, and 
all pigs survived without any distressed behavioural 
pattern for 7 d until autopsy. Another minimally invasive 
technique for treatment of pancreatic cystic lesions with 
moderate success is the EUS-guided injection of ethanol 
into the cyst, with reported efficacy of 33.5%-62% 
in achieving cyst resolution[31,32]. The adverse events 
associated with this technique are significant, with 
a reported risk of severe post-procedural pain and 
pancreatitis of 4%-20%. Also, the presence of multiple 
septations within the cyst reduces the efficacy of 
ethanol injection. Another limitation of ethanol ablation 
is that this method would not be suitable for treatment 
of solid pancreatic lesions. A major potential advantage 
of EUS-RFA of cystic tumors is that it could be done in 

a minimally invasive way, with the likelihood of fewer 
adverse events than the alcohol injection because the 
area of ablation can be assessed and monitored in real-
time by EUS.

EUS-RFA using Habib EUS-RFA catheter (Emcision 
Ltd., United Kingdom) through a 19 gauge needle 
for ablation of lymphatic and pancreatic tissue, was 
reported in two animal studies. In the former study[33], 
EUS-guided RFA ablation of mediastinal lymph nodes 
was successfully attempted in six pigs. RFA was 
performed with the ERBE Vaio generator (ERBE, 
Tuttlingen, Germany) with bipolar settings of 10 watts, 
effect 2 for 2 min. During the procedure, the probe 
was visible in all cases. No evidence of ablation effect 
in the surrounding tissue or at the needle puncture site 
was seen on gross examination. There was a direct 
correlation between the probe length and the size 
of necrosis. In the pancreatic study using the same 
catheter, five Yucatan pigs underwent EUS-guided RFA 
of the head of the pancreas[13]. RFA was applied with 
6 mm of the probe exposed at 4 watts for 5 min, 5 
watts for 0.9 min, and 6 watts for 0.2 min. Then, with 
10 mm of the probe exposed in the pancreas, RFA was 
performed at 4 watts for 4.3 min, 5 watts for 1.4 min, 
and 6 watts for 0.8 min. Autopsy showed moderate 
level of pancreatitis, with involvement of 20% of the 
proximal pancreatic tissue in only one pig. There was 
minimal tissue damage in the other animals. In this 
study EUS-guided RFA of the pancreatic head with the 
monopolar probe through a 19 gauge needle was well 
tolerated with a minimal amount of pancreatitis. 

We have reported in this prospective study the 
application of RFA via the novel Habib EUS-RFA 
catheter (Emcision Ltd., United Kingdom) for pancreatic 
cystic neoplasms and NET. The concept of treating 
pre-malignant asymptomatic pancreatic lesions by 
means other than surgical resection is appealing, as 
the latter is associated with major morbidity and some 
mortality. This study shows that such an approach 
is feasible and safe. Our patients were discharged 
hours without any major adverse events. However, it 
is conceivable that the application of RF energy in the 
pancreatic parenchyma may be associated with some 
adverse events. Such adverse events may include 
(but not necessarily limited to) acute pancreatitis, 
pancreatic leaks, infection of necrotic pancreatic tissue 
post treatment and bleeding. Using lower energy also 
allows for repeating the ablation with low morbidity 
as per clinical indication. EUS-RFA of pancreatic 
neoplasms with a novel monopolar RF probe was well 
tolerated in all patients. These preliminary data results 
suggest that the procedure is technically easy and 
safe. The response ranged from complete resolution 
to a 50% reduction in diameter. Further multicenter 
experience is required before widespread use of this 
novel procedure.
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The aim of this report is to outline the feasibility, safety, adverse events and 
early results of endoscopic ultrasound guided radiofrequency ablation (EUS-
RFA) in pancreatic neoplasms using a novel RF probe. The HabibTM EUS-
RFA is monopolar catheter with a 1 Fr wire (0.33 mm, 0.013”) with a working 
length of 190 cm, which can be inserted through the biopsy channel of an 
echoendoscope. RF power is applied to the electrode at the end of the wire to 
coagulate tissue in the liver and pancreas.
Research frontiers
This first in human study shows that EUS-RFA with this novel catheter provides 
an endoscopic treatment option other than surgical resection for pancreatic 
lesions.
Innovations and breakthroughs
The standard treatment of solid or cystic pancreatic lesions with malignant 
potential has been surgical resection. Pancreatic resections carry significant 
morbidity and mortality, resulting in unacceptably high risk/benefit ratios for 
many elderly patients with co-morbidities. There is an unmet need for minimally 
invasive ablative techniques as alternative to surgical resection.
Applications
Our results show that the procedure is technically easy and safe. The response 
in this series ranged from complete resolution to a 50% reduction in diameter. 
Therefore it might be an excellent alternative for patients that are not suitable 
surgical candidates.
Terminology
Radiofrequency ablation is the procedure of destructing tissue with the use of heat 
generated from high frequency alternating current (in the range of 350-500 kHz). It is 
a widely accepted method of tissue destruction for primary solid organ tumors. 
It has been used in the management of primary liver and lung tumors in patients 
that are not suitable surgical candidates and in secondary malignancies as part 
of the treatment algorithm. 
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Abstract
Pancreatic neoplasms producing exclusively glucagon 
associated with glucagon cell hyperplasia of the islets 
and not related to hereditary endocrine syndromes have 
been recently described. They represent a novel entity 
within the panel of non-syndromic disorders associated 
with hyperglucagonemia. This case report describes 
a 36-year-old female with a 10 years history of non-
specific abdominal pain. No underlying cause was evident 
despite extensive diagnostic work-up. More recently 
she was diagnosed with gall bladder stones. Abdominal 
ultrasound, computerised tomography and magnetic 
resonance imaging revealed no pathologic findings apart 
from cholelithiasis. Endoscopic ultrasound revealed a 5.5 
mm pancreatic lesion. Fine needle aspiration showed 
cells focally expressing chromogranin, suggestive but 
not diagnostic of a low grade neuroendocrine tumor. 
OctreoScan® was negative. Serum glucagon was elevated 
to 66 pmol/L (normal: 0-50 pmol/L). Other gut hormones, 
chromogranin A and chromogranin B were normal. 
Cholecystectomy and enucleation of the pancreatic lesion 
were undertaken. Postoperatively, abdominal symptoms 
resolved and serum glucagon dropped to 7 pmol/L. 
Although H and E staining confirmed normal pancreatic 
tissue, immunohistochemistry was initially thought to be 
suggestive of alpha cell hyperplasia. A count of glucagon 
positive cells from 5 islets, compared to 5 islets from 5 
normal pancreata indicated that islet size and glucagon 
cell ratios were increased, however still within the wide 
range of normal physiological findings. Glucagon receptor 
gene (GCGR) sequencing revealed a heterozygous deletion, 
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K349_G359del and 4 missense mutations. This case may 
potentially represent a progenitor stage of glucagon cell 
adenomatosis with hyperglucagonemia in the absence 
of glucagonoma syndrome. The identification of novel 
GCGR mutations suggests that these may represent the 
underlying cause of this condition.
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gene; Mutation; Adenomatosis; Pancreas
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Core tip: We identify novel mutations in the glucagon 
receptor gene in a patient with hyperglucagonemia but 
no glucagonoma syndrome. Physicians dealing with 
pancreatic disorders should be aware of this unusual 
condition.

Miller HC, Kidd M, Modlin IM, Cohen P, Dina R, Drymousis 
P, Vlavianos P, Klöppel G, Frilling A. Glucagon receptor gene 
mutations with hyperglucagonemia but without the glucagonoma 
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from: URL: http://www.wjgnet.com/1948-9366/full/v7/i4/60.
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INTRODUCTION
Glucagon cell adenomatosis has been reported by 
Henopp et al[1] as an independent previously un­
recognised disease of the endocrine pancreas. Multiple 
pancreatic neoplasms exclusively producing glucagon, 
associated with glucagon cell hyperplasia of the islets 
and unrelated to multiple endocrine neoplasia (MEN) 
type 1 (MEN 1), p27 MEN or von Hippel-Lindau (VHL) 
syndromes, are the hallmarks of the condition[2]. To 
date very few such patients have been reported[1,3,4].

Most patients present with abdominal pain and 
increased serum glucagon levels but fail to exhibit the 
characteristics of the glucagonoma syndrome (necrolytic 
migratory erythema, diabetes mellitus, stomatitis 
and weight loss)[5]. While macroscopic tumors are 
evident on imaging in some, numerous microadenomas 
scattered throughout the pancreas and enlarged islets 
are the findings in others[1,3,4]. Malignancy has not been 
identified in any cases reported to date. The underlying 
cause of glucagon cell hyperplasia and consequent 
development of glucagon cell neoplasia without the 
glucagonoma syndrome remains unknown. Yu et 
al[3], Zhou et al[6] have proposed that malfunction of 
the glucagon receptor (GCGR) and/or glucagon may 
be responsible for the disease after detection of a 
homozygous missense mutation, c.256C>T (P86S) in 
the GCGR of a patient.

We present another example of hyperglucagonemia 
without morphological evidence of neoplasia or the 
glucagonoma syndrome in which we identified GCGR 

mutations which may represent the underlying 
pathogenic cause of the condition.

CASE REPORT
A 36 years old Caucasian female with no previous 
medical or known family history was referred to us 
in 2011 with a 10 year history of non-specific diffuse 
abdominal pain. She repeatedly underwent complete 
gastrointestinal diagnostic work-up over a period 
of 8 years which revealed no pathologic results. In 
2009, she had been diagnosed with cholelithiasis on 
abdominal ultrasound. Upon referral to our centre in 
2011, extensive investigations including upper and 
lower intestinal endoscopy, computerised tomography 
and magnetic resonance imaging (MRI) were carried 
out. Apart from the previously diagnosed cholelithiasis, 
no other pathology was evident. Endoscopic ultrasound 
(EUS) confirmed calculi in the gallbladder and a mild 
dilatation of the distal common bile duct. In addition, a 
5.5 mm hypoechoic lesion with irregular margins was 
detected in the pancreatic tail. Fine needle aspiration 
(FNA) revealed cells focally expressing chromogranin 
A. The features were suggestive but not diagnostic of a 
low grade neuroendocrine tumor. Somatostatin receptor 
scintigraphy showed no foci of increased uptake. 
While serum gastrin, vasoactive intestinal polypeptide, 
somatostatin, and pancreatic polypeptide were within 
the normal range, glucagon was elevated to 66 pmol/L 
(normal: 0-50 pmol/L). Serum fasting and postprandial 
glucose was normal. Neuroendocrine tumor markers 
chromogranin A and chromogranin B were not elevated. 
At laparotomy, a sub-centimeter lobulated lesion 
was found at the inferior margin of the pancreatic 
tail corresponding with the lesion identified on EUS. 
No further lesions were identified in the remaining 
pancreas after meticulous bimanual exploration and 
intraoperative ultrasound. There were no enlarged 
peripancreatic lymph nodes. The pancreatic tail lesion 
was enucleated and cholecystectomy performed. A 
grade 1 pancreatic fistula developed postoperatively and 
resolved within 2 wk. The further course was uneventful 
and the patient was entirely asymptomatic. Moreover, 
she reported that the abdominal pain she experienced 
over the last decade had completely disappeared. 
Serum glucagon was assessed 1 mo postoperatively 
after the pancreatic morphology returned to normal on 
imaging. It was found to have decreased to 7 pmol/L. 
Serum glucagon was monitored at regular intervals 
(see Table 1). At the last follow-up, 31 mo after surgery, 
the patient remained asymptomatic with a normal MRI 
result, serum glucagon was 10 pmol/L and insulin was 
within the normal range. 

Histology (H and E) showed features of normal 
pancreatic tissue. Immunohistochemical examination 
for glucagon and insulin was undertaken using the 
technique of Henopp et al[1]. Approximately 20% 
of the islet cells were glucagon positive and 80% 
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control sample and the national centre for biotechnology 
information (NCBI) reference sequences for the human 
GCGR, DNA (NG_016409.1), mRNA (NM_000160.3) and 
protein (NP_000151.1).

MEN1 sequencing was carried out on gDNA from 
the peripheral blood. PCR amplification of exons 2-10 
of MEN1 was undertaken using previously described 
primers[9,10]. The DNA extraction, sequencing and 
analysis were carried out using the same technique 
as for GCGR. The reference sequence used was NCBI 
GenBank: U93237.1.

VHL sequencing was carried out on gDNA from the 
peripheral blood. PCR amplification of exons 1-3 of VHL 
was undertaken using primers previously described[11]. 
The DNA extraction, sequencing and analysis were 
carried out using the same technique as for GCGR. 
The reference sequence used was NCBI GenBank: 
NM_000551.3.

Results of genetic analysis
A heterozygous deletion of 33 nucleotides in exon 
11 of the GCGR was detected. This corresponded to 
a K349_G359del in the GCGR with the loss of the 
following 11 amino acids, KSTLTLIPLLG. There were 
also 5 heterozygous point mutations including 4 
missense mutations, E362K, V368L, K381E, S389N 
and 1 synonymous mutation (Figure 2). There were 
no mutations in MEN1 or VHL. No mutations were 

insulin positive. Glucagon cell hyperplasia was initially 
considered (Figure 1). In order to investigate this 
further, glucagon cell counts were done with 5 islets 
from 5 normal pancreatic controls and compared to 5 
islets from the patient (Table 2). The counts showed 
that the average islet size and the average number of 
glucagon positive cells per islet were increased in the 
patient, however still within the wide range observed 
in normal pancreatic tissue.

Methods of genetic investigation
A peripheral blood sample was obtained from the 
patient, her daughter and a healthy individual as a 
normal control (informed consent obtained). Genomic 
DNA (gDNA) was extracted using the DNeasy Blood and 
Tissue Kit according to the protocol (Qiagen, catalogue 
number: 9506). Polymerase chain reaction (PCR) 
amplification of exons 2-13 (and most of exon 14) of 
GCGR and the intron:exon borders was carried out using 
previously described primers[6]. Purified PCR products 
were sequenced by the W.M. Keck Biotechnology 
Resource Laboratory at Yale University, New Haven, 
United States using an automated Applied Biosystems 
373A Stretch DNA sequencer (Perkin-Elmer, Norwalk, 
United States). PCR products were sequenced using 
forward primers. If ambiguous peaks were evident, the 
sequence was confirmed with the reverse primers[7]. 
Bioedit software was used to analyse the sequencing 
results[8]. Sequencing products were compared to the 
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Figure 1  Islet from patient. Immunohistochemistry for A: Insulin; B: Glucagon, x 200 magnification (600 μm at maximum diameter).

Table 1  Serum glucagon levels

Time Serum glucagon (pmol/L) (normal range: 0-50 pmol/L)

Pre-surgery 
  2 mo 66
Post-surgery 
  1 mo 7
  5 mo 28
  6 mo 6
  17 mo 15
  20 mo 29
  31 mo 10

Table 2  Islet size and number of glucagon positive cells in 
the current case compared to 5 normal pancreata

Average1

islet size (μm)
Average1 number glucagon positive cells

Count 1 Count 2

Patient 192 29.2 28.8
Control 1 256 59.8 61.8
Control 2 186 25.6 25.2
Control 3 255 32.2 31.6
Control 4 260 52.4 53.4
Control 5 190 44.6 42.6

1Average of 5 pancreatic islets.

A B



detectable in the daughter.

DISCUSSION
This case report represents the second case of 
hyperglucagonemia which has been associated with 
a specific genetic lesion in the GCGR. The case could 
potentially represent a progenitor stage of an entity 
leading to glucagon cell adenomatosis. 

To date 8 individuals exhibiting characteristics of 
glucagon cell adenomatosis with hyperglucagonemia 
but without glucagonoma syndrome have been reported 
in the literature[1,3,4,6,12,13]. It is a matter of debate 
whether all cases cited completely fulfil the criteria 
of glucagon cell adenomatosis as defined by Henopp 
et al[1]. For example, the individual described by Yu 
et al[3] had not only raised serum glucagon levels but 
also pathologic values of pancreatic polypeptide. The 
patient reported by Balas et al[13] in 1988  had normal 
serum glucagon levels; however immunohistological 
findings in the resected pancreas were consistent with 
glucagon cell adenomatosis. In our patient, although 
the morphology of the resected pancreatic islets 
was within the broad range of findings reported in 
unaffected pancreata, we speculate that a cluster of 
hyperfunctioning cells might potentially be responsible 
for the development of hyperglucagonemia. Functional 
studies would be needed to confirm this theory. 

The majority of individuals had glucagon cell 
adenomatosis, but were asymptomatic with respect to 
evidence of the glucagonoma syndrome. The results of 
imaging ranged from no pathologic findings to diffuse 
pancreatic enlargement associated with multiple tumors 
of various sizes. Abdominal pain is present in most 
individuals as was the case in our patient (Table 3). 
While the case we present exhibited normal uptake on 
somatostatin receptor scintigraphy, diffusely increased 
uptake was reported on OctreoScan® in a patient with 
diffuse pancreatic enlargement and multiple tumors by 
Henopp et al[1]. In our patient the positive staining for 
chromogranin on FNA was thought to be suggestive of 

a neuroendocrine tumor. This might reflect the small 
number of cells obtained from the FNA, with a sampling 
error leading to a higher proportion of chromogranin 
positive cells (e.g., if FNA sampling comprised an islet). 
In comparison to two reported cases which had highly 
elevated serum glucagon levels, our patient had only 
slightly increased serum glucagon (Table 3). The lack of 
standardised serum glucagon reporting in the majority 
of cases and the small number of patients means it is 
difficult to tell if the levels in our patient were truly lower 
than average.

The majority of previously reported patients 
demonstrated numerous microadenomas expressing 
almost exclusively glucagon and/or glucagon cell 
hyperplasia. This observation prompted Henopp et al[1,14] 
to postulate that diffuse glucagon cell hyperplasia might 
represent a precursor from of glucagon cell neoplasia. 
In the case described by Yu et al[3], 60%-80% of the 
hyperplastic islet cells stained positive for glucagon but 
negative for insulin. A similar trend was noted by Henopp 
et al[1]. In our patient, the pancreatic morphology was 
unusual, nevertheless still within the wide range of 
physiological findings. Approximately 20% of the islet 
cells expressed glucagon while 80% expressed insulin. 
Based on this observation and only mildly increased 
serum glucagon, we hypothesize that the disease might 
have been diagnosed at a very early stage prior to 
evidence of hyperplasic transformation and development 
of overt morphological evidence of neoplasia/s. 
While a subcentimeter nodule at the pancreatic tail 
was evident on EUS and confirmed intraoperatively, 
standard histology showed regular findings. This 
scenario resembles a report by Martignoni et al[4] of 
hyperglucagonemia but no microadenomas. 

Both of the two previously reported patients for 
whom follow-up data was available showed increased 
serum glucagon levels after pancreatic resection in the 
presence of negative imaging results[1,3]. These findings 
underline the presumption of disease persistence. Our 
patient however, had normal serum glucagon levels at 
31 mo after surgery (10 pmol/L) (Table 1). Due to the 
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Figure 2  Genetic findings. A: Sequencing results showing a heterozygous 33 nucleotide deletion and 5 point mutations in exon 11 of the GCGR; B: Amino acid 
sequence showing K349_G359del, E362K, V368L, K381E, S389N in the GCGR. Alignments done using Clustal W multiple sequence alignments software [25]. 
Numbers indicate the position of the last residue shown along the GCGR cDNA/protein.
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genetic predisposition of the disease we cannot exclude 
the possibility that at some point in the future the 
disease may recur therefore our patient requires life-
long follow up. Any future increases in serum glucagon 
levels could potentially represent the emergence of 
alpha cell hyperfunction consistent with the concept of 
a residual genomic lesion representing a diffuse alpha 
cell abnormality in the remaining pancreatic islets.

The GCGR is a member of the class B G protein-
coupled receptor family, glucagon binding triggers 
downstream signalling, allowing glucagon to regulate 
blood glucose levels by stimulating glycogenolysis[15,16]. 
The knockout mouse for GCGR expresses high 
glucagon levels associated with pancreatic enlargement, 
glucagon cell adenomatosis and microglucagonomas 
or glucagonomas at 10-12 mo when compared to 
their heterozygous littermates[17,18]. Based on these 
observations, Yu et al[3,6] sequenced GCGR and the 
glucagon gene in their patient with hyperglucagonemia, 
alpha cell hyperplasia and microglucagonoma. They 
detected a homozygous c.256C>T (P86S) mutation 
in GCGR resulting in lower binding affinity of GCGR 
P86S to glucagon and hypothesized that this mutation 
was responsible for the alpha cell hyperplasia and 
hyperglucagonemia. They showed in vitro that the 
GCGR P86S localized to the plasma membrane but 
bound glucagon with less avidity than wild type 
GCGR; a greater glucagon concentration was thus 
needed to trigger downstream signalling via adenylate 
cyclase activation[6]. Neuroendocrine cells undergoing 
hyperplastic changes is particularly relevant for 
MEN1 conditions however they probably also occur in 
sporadic cases. Very recently Klöppel et al[14] identified 
3 further patients with germline GCGR mutations and 
glucagon cell adenomatosis unrelated to MEN1 or VHL 
syndromes. The genetic lesions present in the GCGR 

were not described, however a further 3 patients had 
glucagon cell adenomatosis in the absence of any 
GCGR mutation[14].

Our case represents the second case with genetic 
lesions described in the GCGR associated with 
hyperglucagonemia in the absence of the glucagonoma 
syndrome. The heterozygous K349_G359del and 
E362K, V368L, K381E, S389N mutations could 
potentially represent a loss of function mutation in 
the GCGR. Functional studies would be needed to 
show if these mutations might be the cause of the 
hyperglucagonemia observed in our patient. All 
mutations were in exon 11 towards the C terminal end 
of GCGR. The point mutations appear to represent 
rather conservative amino acid changes in terms of 
hydrophobicity. Lysine and glutamate have a positively 
and a negatively charged R group respectively and the 
serine to asparagine change represents an alteration 
from a hydroxyl R group to a carboxamide R group. Site 
directed mutagenesis studies have noted that D385 is 
relevant to the specificity of glucagon/GCGR binding[19]. 
Since this residue is close to the K381E mutation site 
and adjacent to the glucagon binding site, the alteration 
in R group may affect glucagon binding. However in the 
absence of high resolution crystal structure data for the 
human glucagon receptor (except for the extracellular N 
terminal domain) and site directed mutagenesis studies 
for these sites, the effects of these genetic changes 
cannot be directly inferred[15]. 

The K349_G359del falls within the 6th transmembrane 
domain of GCGR, therefore the 11 amino acid deletion 
could prevent GCGR from inserting into the plasma 
membrane. This would prevent GCGR binding to 
glucagon[20]. In structural studies where COS-1 cells 
were transfected with the rat glucagon receptor 
gene, truncation mutants lacking any of the different 
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Table 3  Hyperglucagonemia without the glucagonoma syndrome-review of the literature

Martignoni et  al [4] Henopp et  al [1] (patient 2) Yu et  al [3], Zhou et  al [6] Present case

Patient 54, M 43, F 60, F 36, F
Origin - - Persian Caucasian
Clinical symptoms Abdominal pain

Diarrhea1
Abdominal pain Abdominal pain

Constipation
Abdominal pain

Serum Glucagon (pmol/L) Elevated Elevated (25-fold)2 170113 66
Imaging Negative Positive Positive Negative (positive on EUS)
OctreoScan® Negative - Negative Negative
Localization No focal abnormality Tail Uncinate Tail
Pancreatic pathology α-cell hyperplasia

nesidioblastosis
α-cell hyperplasia, large cystic 
tumor and small solid tumors, 
multiple microadenomas

α-cell hyperplasia non-
functioning pancreatic NET
microglucagonoma
microadenoma

Normal pancreatic morphology on 
standard H and E staining

GCGR - - Homozygous
gDNA point mutation

Heterozygous gDNA deletion 5 
point mutations

Other Genes - Negative for MEN1/VHL 
gDNA mutations

- Negative for MEN1/VHL gDNA 
mutations

Relatives GCGR - - Brother
Negative

Daughter
Negative

1Mild diabetes was initially suspected but then found to be unlikely; 2The glucagon levels were only measured postoperatively; 3Glucagon levels converted 
to pmol/L from pg/mL. M: Male; F: Female; EUS: Endoscopic ultrasound; GCGR: Glucagon receptor.



transmembrane domains, were not localized to the 
plasma membrane suggesting that all 7 transmembrane 
domains are needed for correct membrane insertion[21]. 
The K349_G359del mutation is predicted by membrane 
topology prediction software to prevent the GCGR 
from properly inserting into the plasma membrane[22] 
(Figure 3). If this was the case, then the GCGR would 
be miss-localized preventing glucagon binding. This 
would however need to be confirmed by in vitro protein 
localization studies and assays to check glucagon binding 
efficiency in the presence of the deletion. In addition, 
since the mutation in the GCGR is heterozygous, there 
would still be a normal gene copy present which might 
allow sufficient glucagon signalling via the remaining 
receptors to give normal function. However, the clinical 
pathology evident in the presence of hyperglucagonemia 
seems to suggest that this may not be the case. 

The phenotype could potentially represent incomplete 
dominance leading to the modest elevation of serum 
glucagon in our patient. Alternatively, it is possible that 
this individual might have a second mutation in the other 
copy of the GCGR within some of the pancreatic alpha 
cells which could potentially be causing them to become 
hyperfunctional.

It has been previously suggested that incretin 
treatment is associated with the development of alpha 
cell hyperplasia since pancreata from autopsies of 
incretin treated persons exhibit alpha cell hyperplasia 
(and beta cell hyperplasia) and some had glucagon 
expressing microadenomas[23,24]. A possibility exists that 
as incretin usage increases, alpha cell hyperplasia may 
become more prevalent. 

In conclusion, we have identified a novel hete­
rozygous K349_G359 deletion and 4 missense mutations 
in the GCGR which appear to be associated with 
hyperglucagonemia without the glucagonoma syndrome. 
Physicians dealing with pancreatic disorders should be 
aware of this very unusual condition. Further study leading 
to a better understanding of this disease entity would 

be of benefit to patients.  The further usage of GCGR 
sequencing in such individuals should be undertaken 
to provide additional information on the breadth of the 
spectrum of mutational abnormalities associated with 
alpha cell transformation and excess glucagon production.

COMMENTS
Case characteristics
36 years old patient with a 10 year history of non-specific diffuse abdominal pain.
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Figure 3  Membrane topology prediction. The loss of 11 amino acids from the glucagon receptor (GCGR) 6th transmembrane domain is predicted to prevent the 
insertion of GCGR into the plasma membrane. A: Predicted normal GCGR membrane topology; B: Predicted K349_G359del GCGR membrane topology. Software 
used: MetaTM[22]; input amino acid sequence shown in Figure 2B. DAS: Distributed Annotation System.
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with pancreatic disorders should be aware of this very unusual condition.
Peer-review
This is an interesting case of an entity not described before. 
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Abstract 
Acute appendicitis is the most common surgical 

emergency that we encounter. Adynamic Intestinal 
obstruction due to appendicitis or its complication may 
be seen time and often. Mechanical obstruction because 
of appendicitis is uncommon and even rarer for a closed 
loop obstruction to occur. Although it was described as 
early as 1901, very few cases have been reported. We 
report the case of a 20 years male who presented with 
generalized colicky pain abdomen, abdominal distension, 
vomiting and obstipation for three to four days. Vital 
signs were stable. His abdomen was distended and 
peritonitic, especially in the right iliac fossa. Rest of the 
physical examination was unremarkable. Blood tests 
were normal except for leucocytosis with neutrophilia. 
An abdominal X-ray finding was indicating a small bowel 
obstruction. A midline laparotomy was performed. 
On intraoperative examination, distended loops of 
small bowel from the jejunum to the distal ileum was 
observed, and a constricting ring around the terminal 
ileum created by a phlegmonous appendicitis with 
its tip adherent to the root of mesentery was found, 
obstructing an edematous loop of small bowel without 
signs of ischemia. As the bowel was viable simple 
appendectomy was done. Postoperatively, he had an 
uneventful recovery and was discharged after 3 d. 

Key words: Appendicitis; Appendicular band; Intestinal 
obstruction; Mechanical small bowel obstruction; Closed 
loop obstruction

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: It is safe to say, almost no-one will become a 
surgeon without seeing or doing appendectomy. It is 
so common, yet time and often we are deceived by it. 
As we know, abdomen is a “Pandora’s box”, we never 
know what come up sometimes and this is a perfect 
example. We report a case of mechanical small bowel 
obstruction due to acute appendicitis that was timely 
and successfully managed surgically.
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INTRODUCTION
Acute appendicitis is one of the most common surgical 
problems that we encounter. Diagnosis is not always 
so straightforward and can impose a dilemma. Indeed 
appendicitis is well known to cause mechanical small 
bowel obstruction because of adhesion. On the 
contrary, very few cases of mechanical small bowel 
obstruction developed as a direct result of acute 
appendicitis have been reported in literature[1,2]. In 
1901, Hotchkiss et al[3] first reported it but till date 
only a handful of cases has been reported. The clinical 
feature of small bowel obstruction may obscure the 
clinical picture of appendicitis, making its diagnosis 
further challenging if not impossible. Hence, the 
preoperative diagnosis is very difficult and is made 
during laparotomy. Its paucity makes this case 
interesting. 

CASE REPORT
A 20 years young male presented with the four days 
history of worsening generalized colicky pain abdomen, 
three days history of abdominal distension and bilious 
vomiting and three days history of obstipation. There 
was no history of previous abdominal surgery. On 
examination he was afebrile and vital signs were stable. 
His abdomen was distended, with visible bowel loops 
remarkably in the center abdomen and peritonitic, 
especially in the right iliac fossa, with exaggerated bowel 
sound. The rectal examination was normal. Rest of the 
physical examination was unremarkable. Laboratory 
parameters were within normal limits, except for the 
leukocytosis (16800/μL) with neutrophilia. A plain 
abdominal skiagram (Figure 1) showed dilated jejunal 
and ileal loops with multiple air-fluid levels indicating a 
small bowel obstruction.

The patient was kept nil per oral with active 
nasogastric aspiration. Intravenous fluid, prophylactic 
intravenous antibiotics and analgesics were started. 
Meanwhile the patient was planned for emergency 
laparotomy with a diagnosis of mechanical small bowel 
obstruction of unknown etiology.

A midline laparotomy was performed. On intra­
operative examination, distended loops of small bowel 
from the jejunum to the distal ileum were observed. 
These loops were followed distally to reveal a constricting 
ring around the terminal ileum (Figure 2) created by a 
phlegmonous appendicitis (as represented in Figure 3) 
with its tip adherent to the root of mesentery (Figure 
4), obstructing an edematous loop of terminal ileum 

without signs of ischemia (Figure 2). As the bowel 
was viable simple appendectomy was done and the 
abdomen was closed with a drain in the pelvis.

Postoperatively, he had an uneventful recovery. 
The drain was removed on the 2nd operative day, and 
was orally started after around 48 h with the evidence 
of bowel movement. Subsequently, he was discharged 
on the 4th postoperative day. Histopathology report of 
excised appendix revealed acute appendicitis. He was 
doing well till 2 mo.

DISCUSSION
The first case of intestinal obstruction due to acute 
appendicitis was described by Hotchkiss[3]. In 1909, 
Hawks[4] divided the causes into mechanical and 
septic appendicitis or a combination of both. Appendix 
is a mobile organ and has variable position. Hence, 
during appendicitis it has tendency to get adhere to 
surrounding structures resulting in mechanical small 
bowel obstruction, and an increased length seems to 
facilitate the phenomenon[5].

In 2009, Bhandari et al[6] classified intestinal 
obstruction because of appendicitis into four types: 
adynamic, mechanical, strangulation, and caused by 
mesenteric ischemia. Adynamic obstruction or paralytic 
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Figure 1  Abdominal radiograph showing multiple distended loops of 
small bowel with fluid levels.

Figure 2  The Appendix (black arrow) encircling the loop of terminal Ileum 
(green arrow) with dilatation of proximal small bowel (black arrowheads).



challenging in making its preoperative diagnosis. In 
the early inflammation phase, CT (Computerized 
Tomography) may help to clinch the diagnosis. After 
resolution of appenditis, its role is very limited[5-7]. 
Thorough history and clinical examination, imaging 
findings and high index of suspicion may help in 
diagnosis. Diagnostic laparoscopy may be a valuable 
option.

Treatment is straightforward and depends on 
intraoperative findings. Appendectomy is sufficient 
if intervened early, as in our case. It may require 
small bowel or ileocaecal resection when there is 
strangulation. 

Closed loop and strangulating obstruction of the 
small bowel are serious lesions that require emergency 
surgery. An accurate and early diagnosis of intestinal 
strangulation is essential in patients with small bowel 
obstruction to minimize the risks of morbidity and 
mortality. Delayed operation potentially results in 
high mortality. Preoperative, diagnosis of Appendiceal 
tie syndrome[7] is always difficult. Early surgical 
intervention in case of small bowel obstruction can 
reduce the postoperative risk.

COMMENTS
Case characteristics
A 20 years young male presented with generalized colicky pain abdomen, 
abdominal distension, bilious vomiting and obstipation.
Clinical diagnosis
Acute abdomen, Mechanical small bowel Intestinal obstruction.
Differential Diagnosis
Congenital anomalous bands, Intestinal malrotation.
Laboratory Diagnosis
Laboratory tests showed a leukocytosis (16800/μL; 4000-11000) rest within 
normal range (including haemoglobin, haematocrit, creatinine, ABG analysis).
Imaging diagnosis
An abdominal X-ray radiography indicated remarkably multiple air-fluid levels.
Pathological diagnosis
Pathology findings indicated acute appendicitis.
Treatment
Appendectomy.
Related reports
Acute appendicitis, as a cause of mechanical small bowel obstruction is very 
rare. Long inflamed appendix may lead to this problem. Close loop obstruction 
by loop of the appendix, in the context of appendicitis, is even rarer. A literature 
review in 2005 identified only six such cases leading to strangulation.
Term explanation
Appendiceal tie syndrome also called as appendicular band or knot syndrome 
is an extremely rare surgical entity, in which there is entrapment of bowel loop 
by the appendix, acting as constricting ring, and may lead to its strangulation.
Experiences and Lessons
Sometimes a very common disease like appendicitis can surprise you with its 
very rare presentation. But the key thing is the early intervention before it really 
does the damage, that is, to prevent strangulation.
Peer-review
This manuscript is a well designed with visual materials and will contribute to 
the literature.
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Cecum

Appendix looping around ileum

Strangulated loop of terminal ileum

Figure 3  Depiction of Appendix wrapping around loop of Ileum. (Reproduced 
with permision from Menon et al[7]).

Figure 4  Inflamed and odematous tip of Appendix adherent to the root of 
mesentry (black arrow).
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