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Abstract
Peptic ulcer disease (PUD) affects 4 million people 
worldwide annually. The incidence of PUD has been 
estimated at around 1.5% to 3%. Perforated peptic ulcer 
(PPU) is a serious complication of PUD and patients with 
PPU often present with acute abdomen that carries high 
risk for morbidity and mortality. The lifetime prevalence 

of perforation in patients with PUD is about 5%. PPU 
carries a mortality ranging from 1.3% to 20%. Thirty-
day mortality rate reaching 20% and 90-d mortality 
rate of up to 30% have been reported. In this review 
we have summarized the current evidence on PPU to 
update readers. This literature review includes the most 
updated information such as common causes, clinical 
features, diagnostic methods, non-operative and operative 
management, post-operative complications and different 
scoring systems of PPU. With the advancement of medical 
technology, PUD can now be treated with medications 
instead of elective surgery. The classic triad of sudden 
onset of abdominal pain, tachycardia and abdominal 
rigidity is the hallmark of PPU. Erect chest radiograph 
may miss 15% of cases with air under the diaphragm 
in patients with bowel perforation. Early diagnosis, 
prompt resuscitation and urgent surgical intervention are 
essential to improve outcomes. Exploratory laparotomy 
and omental patch repair remains the gold standard. 
Laparoscopic surgery should be considered when ex
pertise is available. Gastrectomy is recommended in 
patients with large or malignant ulcer. 

Key words: Peptic ulcer; Perforation; Laparoscopy; 
Surgery

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

Core tip: The classic triad of sudden onset of abdominal 
pain, tachycardia and abdominal rigidity is the hallmark 
of perforated peptic ulcer. Early diagnosis, prompt resu
scitation and urgent surgical intervention are essential to 
improve outcomes. Exploratory laparotomy and omental 
patch repair remains the gold standard and laparoscopic 
surgery should be considered when expertise is available. 
Gastrectomy is recommended in patients with large or 
malignant ulcer to enhance outcomes; however the 
outcomes of patients treated with gastric resections 
remain inferior. 
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INTRODUCTION
Peptic ulcer disease (PUD) results from an imbalance 
between stomach acid-pepsin and mucosal defense 
barriers. It affects 4 million people worldwide an
nually[1]. The incidence of PUD has been estimated at 
around 1.5% to 3%[2]. A systematic review of seven 
studies from developed countries estimated that the 
annual incidence rates of PUD were 0.10%-0.19% 
for physician-diagnosed PUD and 0.03%-0.17% when 
based on hospitalization data[3]. Although 10%-20% of 
patients with PUD will experience complications, only 
2%-14% of the ulcers will perforate causing an acute 
illness[4,5]. Perforation is a serious complication of PUD 
and patients with perforated peptic ulcer (PPU) often 
present with acute abdomen that carries high risk for 
morbidity and mortality[6]. The lifetime prevalence of 
perforation in patients with PUD is about 5%[7]. PPU 
carries a mortality ranging from 1.3% to 20%[8-10]. 
Thirty-day mortality rate reaching 20% and 90-d 
mortality rate of up to 30% have been reported[11,12]. In 
this review we have summarized the current evidence 
on PPU and we hope our review will assist surgeons 
updated with evidence based practice.

AETIOLOGY
Although previous studies have indicated that seasonal 
variation did influence the incidence of PPU, other studies 
have failed to prove such a pattern[13-16]. In developing 
world, patients tend to be young male smokers while 
in developed countries; patients tend to be elderly with 
multiple co-morbidities and associated use of non-steroidal 
anti-inflammatory drugs (NSAIDs) or steroid[17,18]. NSAIDs, 
Helicobacter pylori (H. pylori), physiological stress, 
smoking, corticosteroids and previous history of PUD are 
risks factors for PPU[1,19-27]. In the presence of risk factors, 
recurrence of ulcer is common despite initial successful 
treatment. A systematic review of 93 studies has shown 
that the average long-term recurrence of perforation was 
12.2% (95%CI: 2.5-21.9)[5].

NSAIDs
NSAIDs are widely used for its analgesic, anti-inflam
matory and anti-pyretic effects. NSAID use is known to 
increase the risk of PPU[28,29]. About a quarter of chronic 
NSAID users will develop PUD and 2%-4% will bleed 
or perforate[30-33]. Drug interaction with steroids and 
selective serotonin reuptake inhibitors also increases the 
risks of PUD. Selective cyclo-oxygenase-2 inhibitors are 
less associated with PUD. A study in western Denmark 
showed that the standardized hospitalization rates for 

PPU reduced from 17 per 100000 population in 1996 to 
12 per 100000 population in 2004 (HR 0.71; 95%CI: 
0.57-0.88) after the introduction of selective cyclo-
oxygenase-2 inhibitors into clinical practice[34].

H. pylori
H. pylori remain one of the commonest infections 
worldwide. The prevalence of H. pylori has decreased in 
developed countries due to improved hygiene and reduced 
transmission in early childhood. The mean prevalence 
of H. pylori in patients with PPU varies between studies 
due to different diagnostic methods and geographical 
variations. Recent studies using histopathological methods 
of H. pylori detection have shown that H. pylori prevalence 
in patients with perforated duodenal ulcers ranges from 
50%-80%[22,35]. A randomized controlled trial in 2008 
involving 65 patients who underwent simple closure 
of a perforated duodenal ulcer showed one year ulcer 
recurrence rate of 6.1% in H. pylori treated patients as 
opposed to 29.6% in the control group[36]. Recurrent 
PUD mainly occurs in patients with H. pylori infection 
suggesting that H. pylori play an important role in the 
development of PUD and its complications[22,37]. The risk 
of recurrent H. pylori infection is significantly reduced with 
proton pump inhibitor therapy, but proton pump inhibitors 
have only a modest efficacy for reduction in ulcers with 
NSAID users.

Smoking
Tobacco is thought to inhibit pancreatic bicarbonate 
secretion, leading to increased acidity in duodenum[38,39]. 
It also inhibits the healing of duodenal ulcers. A meta-
analysis has indicated that 23% of PUD could be 
associated with smoking[40]. However, in some studies, 
there was no difference in tobacco use between patients 
with non-H. pylori, non-NSAID duodenal ulcers and 
those with H. pylori related ulcers, indicating a limited 
role of smoking[41]. This is in agreement with previous 
studies, which indicated that smoking did not increase 
the risk of ulcer recurrence once the H. pylori had been 
eradicated[42,43]. 

Others
A study involving 72 patients investigated the genetic 
differences between H. pylori-positive and negative 
duodenal ulcer patients. DQA1*0102 allele were sig
nificantly more common in H. pylori negative patients[44]. 
This study indicated that genotypes might influence the 
ability of the host to resist H. pylori infection. A study 
involving 228 patients indicated that steroid use prior 
to hospital admission was associated with two fold 
increase in 30 d mortality amongst patients admitted for 
PPU[45]. Other risk factors may include excessive alcohol 
consumption and excessive acid production such as 
gastrinomas and Zollinger-Ellison syndrome (ZES)[18,46,47]. 
Alcohol consumption is known to damage gastric mucosa 
and stimulate gastrin secretion. Despite these acute 
effects, there is no evidence that alcohol causes PUD. ZES 
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is caused by a gastrin secreting tumor of the pancreas 
that stimulates the parietal cells in stomach to increase 
the acidity, resulting in gastrointestinal mucosal ulceration. 
Over 90% of patients with ZES develop peptic ulcers 
and typically these ulcers are refractory to proton pump 
inhibitor therapy. ZES should be suspected in patients with 
multiple or refractory peptic ulcers, jejunal ulcers, family 
history of PUD and associated diarrhea. All patients with 
ZES should be screened for Multiple Endocrine Neoplasia 1 
(MEN1) syndrome. 

CLINICAL FEATURES 
In 1843 Edward Crisp stated that “the symptoms are so 
typical, I hardly believe that it is possible that anyone 
can fail in making a diagnosis”[48].

Symptoms of PUD include abdominal pain, upper 
abdominal discomfort, bloatedness and feeling of full
ness. When PUD worsen and eventually perforate, 
gastric juice and gas enters the peritoneal cavity leading 
to chemical peritonitis. Sudden onset of abdominal pain 
or acute deterioration of the ongoing abdominal pain 
is typical of PPU. Typically the pain never completely 
subsides despite usual premedical remedies and forces 
the patient to seek medical attention. The chemical 
peritonitis due to efflux of gastroduodenal contents 
and severe pain lead to tachycardia. The classic triad 
of sudden onset of abdominal pain, tachycardia and 
abdominal rigidity is the hallmark of PPU.

The clinical manifestation can be divided into three 
phases[49]. In the initial phase within 2 h of onset, 
epigastric pain, tachycardia and cool extremities are 
characteristic. In the second phase (within 2 to 12 h), 
pain becomes generalized and is worse on movement. 
Typical signs such as abdominal rigidity and right lower 
quadrant tenderness (as a result of fluid tracking along 
the right paracolic gutter) may be seen. In the third 
phase (more than 12 h), abdominal distension, pyrexia 
and hypotension with acute circulatory collapse may be 
evident. 

A study involving 84 patients with PPU reported that 
the commonest presenting symptoms were sudden 
onset of severe epigastric pain (97.6%), abdominal 
distention (76.2%) and vomiting (36.9%)[50]. Abdominal 
tenderness and classical signs of peritonitis could be 
elicited in 88.1% and 66.7% of the patients with PPU 
in this study. Other symptoms also included nausea 
(35.7%), severe dyspepsia (33.3%), constipation 
(29.8%) and fever (21.4%)[50]. In our experience of 
managing 332 patients with PPU, the most common 
presenting symptom was acute onset of abdominal 
pain (61.7%)[51]. A recent study in Taiwan has shown 
that patients with PPU were more likely to present to 
emergency room on weekends and this needs to be 
validated[52].

Tachycardia and abdominal tenderness with rigidity 
are common clinical signs. Severe pain, systemic 
inflammatory response from chemical peritonitis and 
fluid deficit either due to poor intake or vomiting or 

pyrexia leads to compensatory tachycardia. In patients 
who delay seeking medical attention, hypotension 
ensues due to total body water deficit. If uninterrupted; 
this progresses to mental obtundation and acute kidney 
injury. This leads to a state where patient becomes 
physiologically unfit for operative intervention which is 
absolutely necessary. Hence it is important to establish 
prompt confirmatory diagnosis.

DIAGNOSIS
An urgent erect chest X-ray and serum amylase/lipase 
is basic essential test in a patient with acute upper ab
dominal pain. In modern era it is not prudent to perform 
an exploratory laparotomy and establish a diagnosis of 
acute pancreatitis. Seventy-five percent of PPU have 
free air under diaphragm on erect chest X-ray[53]. In our 
experience of managing 332 patients, erect chest X-ray 
revealed free air in 59.8% of patients[51]. This variation 
could reflect the earlier presentation and easy access to 
healthcare locally. Sixty-one point seven percent of our 
patients presented within 24 h of onset of abdominal 
pain. In a patient with upper abdominal symptoms, free 
air on an erect chest X-ray establishes a diagnosis of 
PPU. In some patients, an abdominal X-ray may have 
been performed by emergency physician or primary 
medical team. It can show signs such as appearance of 
gas on both sides of the bowel wall (Rigler’s sign), a large 
volume of free gas resulting in a large round black area 
(Football sign) and gas outlining soft tissue structures 
such as liver edge or falciform ligament. It is authors’ 
practice not to perform an abdominal X-ray in patients 
with suspected PPU when chest X-ray does not show free 
air under the diaphragm. CT scan is recommended as 
it has a diagnostic accuracy as high as 98%[54]. Besides, 
CT scan can exclude acute pancreatitis that would not 
need surgical intervention. CT scan is performed in supine 
position and free air is usually seen anteriorly just below 
the anterior abdominal wall. The falciform ligament can 
sometimes be visible when air is present on both sides. In 
resource poor healthcare facilities, oral gastrograffin can 
be used to diagnose PPU. Water-soluble contrast leaking 
into the peritoneal cavity can confirm the diagnosis of PPU. 
Absence of a leak does not exclude PPU as the perforation 
may have sealed off spontaneously[55]. Barium study is 
contraindicated in gastrointestinal perforation and should 
be avoided as a tool to diagnose PPU. We consider lateral 
decubitis abdominal radiographs as obsolete and do not 
recommend. The traditional practice of instilling air via 
the nasogastric tube and repeating the erect chest X-ray 
after few minutes is not recommended except in resource 
poor facilities. It takes time and a repeat negative chest 
X-ray does not rule out the diagnosis of PPU and still a CT 
scan would be warranted. Rarely a CT scan is performed 
even when an erect chest X-ray reveals free air under 
diaphragm. The utility of this CT scan is justified when 
clinical presentation is not specific to upper gastrointestinal 
pathology or a malignancy is suspected and patients’ 
hemodynamics is not deranged. In patients with acute 
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kidney injury, a non-contrast CT scan is adequate to see 
free air. Oral contrast with CT scan is a useful tool and if 
free leak is seen, diagnosis is certain (Figures 1 and 2). 

Laboratory tests are performed in PPU not to establish 
diagnosis but to rule out differential diagnosis and also to 
understand the insult to various organ systems. They are 
non-specific[56]. Serum amylase should be done at index 
presentation to emergency unit or after a normal chest 
X-ray. Raised serum amylase may be associated with 
PPU and it’s usually raised less than four times its normal 
level[57]. Tests such as white cell count and C-reactive 
protein may be done as part of the investigation in PPU. 
Leukocytosis and raised C-reactive protein may be raised 
as a result of inflammation or infection[57]. Elevated 
creatinine, urea and metabolic acidosis reflects systemic 
inflammatory response syndrome (SIRS) and prerenal 
injury[58]. Serum gastrin levels are indicated in patients 
with history of recurrent ulcers or recalcitrant PUD and 
can help establish diagnosis of Zollinger Ellison syndrome. 
In patients with suspected parathyroid disorders, serum 
calcium levels are indicated.

MANAGEMENT 
PPU is a surgical emergency associated with high 
mortality if left untreated. In general, all patients with 
PPU require prompt resuscitation, intravenous antibiotics, 
analgesia, proton pump inhibitory medications, naso
gastric tube, urinary catheter and surgical source control. 

Drug treatment in PPU
Omeprazole and triple therapy for H. pylori eradication 
are useful adjuncts in treatment of PPU. Evidence has 
shown that omeprazole and triple therapy treatment 
reduces the recurrence rate significantly. Ulcer healing 
shown at 8-wk follow up with endoscopy was significantly 
higher in triple therapy eradication group[36]. Eighty-five 
point three percent of ulcers were healed in the triple 
therapy group as opposed to 48.4% in the omeprazole 
alone group. Several other studies from different cou
ntries have also proven triple therapy eradication after 
simple closure of PPU reduced the incidence of recurrent 

ulcer[37,59,60]. It is our practice to prescribe intravenous 
proton pump inhibitor for 72-96 h and start oral triple 
therapy immediately after. We perform urea breath test 
to establish H. pylori eradication after completion of 
medical treatment. 

Non-operative management
Studies have shown that about 40%-80% of PPU will 
seal spontaneously with conservative management and 
overall morbidity and mortality are comparable[2,61,62]. 
Conservative management “Taylor method” consists 
of nasogastric suction, intravenous drip, antibiotics and 
repeated clinical assessment. A gastrograffin dye study 
is essential to confirm absence of leakage in patients 
selected for non-operative management. If patients are 
clinically stable and improving, especially with a sealed 
perforation, surgery may not be warranted. However, if 
they deteriorate, regardless of the presence and size of 
the leak, urgent operation is indicated. A Randomized 
controlled trial involving 83 patients compared the 
outcome of non-operative treatment with that of operative 
intervention in patients with PPU[61]. Cefuroxime, ampicillin 
and metronidazole were administered to all patients. 
Seventy-two point five percent (29/40) of patients in 
conservative group showed clinical improvement and 
were successfully managed without surgery. Covering 
with an appropriate antibiotic in patients with peritonitis is 
associated with an increased chance of resolution of the 
infection after primary surgery[63]. Another study looking 
at 82 patients who were treated conservatively also 
showed that 54% of the patients (44/82) showed clinical 
improvement and did not require a surgical intervention[64]. 
Study also suggests that patients do well without surgery 
if spontaneous sealing occurs[55]. A study has shown that 
about 40% of PPU had no evidence of leak on upper GI 
contrast studies, indicating that the perforation had sealed 
off spontaneously[65]. The mortality rate for non-operative 
management in patients with a sealed perforation was 
3% as opposed to 6.2% where emergency surgery was 
performed for PPU[65]. This suggests that PPU with a 
sealed perforation can be managed conservatively. The 
advantages of conservative management include avoidance 

Figure 1  Computerized tomography scan shows free air under the 
diaphragm with peri-hepatic free fluid.

Figure 2  Erect chest X-ray image of the same patient with equivocal free 
air under the right hemidiaphragm.
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of surgery, risks of general anaesthesia and post-operative 
complications. On the other hand, disadvantages include 
misdiagnosis and higher mortality rate if conservative 
management fails[61,66]. In clinical practice, non-operative 
management strategy is resource intensive and it requires 
a commitment of active regular clinical examination along 
with round the clock availability of a surgeon and if there is 
clinical deterioration, emergency surgery is warranted. The 
essential components of non-operative management of 
PPU can be grouped as “R”s: (1) Radiologically undetected 
leak; (2) Repeated clinical examination; (3) Repeated 
blood investigations; (4) Respiratory and renal support; (5) 
Resources for monitoring; and (6) Readiness to operate. 

Operative management
Management of PPU is primarily surgical and different 
suture techniques for closure of the perforation are 
described. Johan Mikuliczradecki stated that “every 
doctor who is faced with a perforated ulcer of stomach 
or duodenum must consider opening the abdomen, 
sewing up the hole and averting a possible inflammation 
by a careful cleansing of the abdominal cavity”[4]. In 
1992, Feliciano[67] also described 5 points of decision that 
surgeon needs to take into account. Those decisions 
include: (1) Is surgery indicated? (2) Is an omental patch 
sufficient or a definitive ulcer operation indicated? (3) Is 
the patient stable enough to undergo a definitive ulcer 
operation? (4) Which definitive ulcer operation should be 
done? (5) Should the availability of newer medical options 
influence the choice of operation? With the development 
of laparoscopic operation in the past few decades, a sixth 
decision point is proposed; and (6) Should the procedure 
be performed laparoscopically?[67,68]. Roscoe Graham 
described PPU to be not a local disease but a local 
manifestation of a constitutional disturbance[69]. There 
are many operative methods that could be used to treat 
PPU. Primary closure by interrupted sutures, closure by 
interrupted sutures covered with a pedicled omentum on 
top of the repair (Cellan-Jones repair) and plugging the 
perforation with a free omental plug (Graham patch) are 
the most common techniques. 

VAGOTOMY
Vagus nerve plays an important role in the regulation of 
gastrin release and gastric acid secretion by stimulating 
parietal cells via cholinergic receptors[70]. Vagal stimu
lation also releases histamine and gastrin from entero
chromaffin like cells and G-cells, which in turn, will 
stimulate the parietal cells to produce acid secretion. 
Vagotomy is a procedure that transects the vagal trunks 
(truncal vagotomy) or distal nerve fibers (highly selective 
vagotomy). Truncal vagotomy aims to reduce the gastric 
acid secretion, thus reducing the risks of recurrent PUD. 
Selective vagotomy, which spares the hepatic and celiac 
divisions of the vagal trunks, are associated with higher 
long-term recurrence rates[71]. Therefore, selective 
vagotomy is no longer performed. Studies have shown 

that the ulcer recurrence rate was as high as 42% in 
perforated duodenal ulcer patients who underwent simple 
omental patch repair[72,73]. Few prospective randomized 
studies also reported substantially less ulcer recurrence in 
patients who underwent vagotomy in addition to omental 
patch repair[37,74]. Nonetheless, vagotomy is now seldom 
performed for PPU due to the availability of medications 
such as histamine receptor antagonists, proton pump 
inhibitors and H. pylori eradication. 

GASTRECTOMY 
Rydiger did a partial gastrectomy for the management 
of PUD in 1880. Unfortunately, it was not successful[75]. 
A year later, Theodor Billroth performed a successful 
gastroduodenostomy in a 43-year-old woman with 
pyloric cancer. He was the first surgeon who did gastric 
resection for antral carcinoma[76]. Nowadays, emergency 
gastrectomy is reserved for a giant ulcer or a suspicion of 
malignancy when it is not safe to perform omental patch 
repair[77]. A retrospective study reported a mortality rate 
of 24% in 41 patients who underwent gastrectomy for 
perforated benign gastric ulcers[78]. A study comparing 
outcomes after gastrectomy and simple closure repair 
showed that there were no significant differences in 
patient recoveries[79]. Longer operating times, ventilation 
and postoperative blood transfusion are associated with 
increased mortality[80]. The larger size of perforation 
is associated with higher mortality and post-operative 
anastomotic leak[81]. In a study of 601 patients and 
including 62 patients treated with gastric resection, we 
have shown that serum albumin is the only preoperative 
factor predictive of mortality (OR 5.57) and outcomes 
of patients treated with gastric resection are inferior as 
compared to omental patch repair with mortality risk 
of 24.2%[82]. Gastric resections for acid reduction have 
become less favorable after proton pump inhibitors era 
and in our experience, up to 10% of PPU patients require 
gastric resection.

LAPAROSCOPIC REPAIR
Laparoscopic repair was first performed for a perforated 
duodenal ulcer in 1990[83]. Laparoscopic repair of PPU 
is believed to reduce the post-operative morbidity and 
mortality[84]. A recent systematic review of 3 randomized 
controlled trials with a total of 315 PPU patients com
pared laparoscopy with open surgery[85]. This study 
failed to demonstrate differences in abdominal septic 
complications, pulmonary complications, mortality and 
re-operation. However, the operative time was shorter in 
laparoscopic group in contrast with previous study[86]. A 
systematic review of 56 studies comparing laparoscopic 
vs open approach for PPU concluded that there was 
no consensus on the perfect operating techniques[87]. 
The overall conversion rate for laparoscopic surgery 
was 12.4% mainly due to the size of perforation. Ulcer 
size more than 9 mm is a significant risk factor for 
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conversion to open surgery[88]. The operating time was 
longer and recurrent leakage was higher in laparoscopic 
group. However, the laparoscopic group also showed 
less postoperative pain and a shorter hospital stay. 
Furthermore, the laparoscopic treatment is also ass
ociated with equivalent costs compared with the open 
surgery as it reduces duration of hospital stays[89]. The 
current evidence remains poor for choosing laparoscopic 
repair over open surgery for PPU. This review has sug
gested that patients with a Boey score of 3, age over 
70 years and symptoms lasting longer than 24 h should 
have open surgical approach as these patients have 
higher morbidity and mortality. Laparoscopic repair of 
PPU has now been performed by trainee surgeons with 
acceptable results[90,91]. Our local experience also showed 
that strict selection such as Boey score of 0-1, ulcer size 
of less than 10 mm, ulcer located in pyloro-duodenal 
area, haemodynamic stable, no previous abdominal 
surgeries, not suspected malignant ulcer and excluding 
ASA 3 and above score were safe for training[92]. There 
were no conversions, complications or mortality. 

Laparoscopic repair techniques mirror techniques 
of open surgery and in particular sutureless techniques 
are more prominently described. This may in part due 
to training in intra-corporeal knotting skills. Sutureless 
techniques involve gelatin sponge plug with fibrin glue 
sealing or endoscopic clipping[68]. A recent study has 
compared the effectiveness of a sutureless onlay omental 
patch with a sutured omental patch method[93]. Forty-
three patients underwent laparoscopic repair of PPU with 
sutureless onlay omental patch and another 64 patients 
underwent laparoscopic repair of PPU with sutured 
omental patch. There were no leaks in either group. 
The operating time and length of stay were significantly 
shorter in sutureless onlay omental patch group. This 
study has indicated that both techniques are safe and 
effective for repair of PPU. Trainees can easily perform 
laparoscopic sutureless repair with limited experience 
in laparoscopic surgery. Laparoscopic gelatin sponge 
plug and fibrin glue sealing can be easily performed[94]. 
However, this technique has not been widely accepted 
as it has been reported to have a higher leak rate[95]. 
Endoscopic clipping of PPU is not widely practiced, as 
there are only few centers with technical expertise 
and experience is limited with reports showing high 
complications and mortality[96,97].

“Dilution with solution is the solution to pollution”. 
Towards the end of surgery, some surgeons like to 
irrigate the peritoneal cavity with 6-10 litres and even 
up to 30 litres of warm saline although no evidence 
has been found in literature to support that irrigation 
can lower the risk of sepsis[98,99]. On the other hand, 
pneumoperitonuem induced during laparoscopic surgery 
may increase the risk of bacterial dissemination[100]. It 
also seems to be a surgeon’s preference whether or not 
to leave a drain at the end of surgery[101]. There is no 
evidence to support that leaving a drain in can reduce 
the incidence of intra-abdominal collections[101,102]. On 
the contrary, it may lead to infection of drain site and 

increased risk of intestinal obstruction[102]. A questionnaire 
performed by Schein showed that eighty percent of the 
surgeons did not leave a drain in after surgery due to 
the reasons discussed above[63]. Nowadays, the tire test 
(watch for bubbles after submerging patch repair under 
water) and the dye test (to inject dye via nasogastric 
tube) to look for leakage after closure of PPU are rarely 
used (Figure 3). 

SELF-EXPANDABLE METAL STENTS
Primary stenting and drainage may be used as new 
treatment option for PPU[103]. Eight patients with PPU 
were treated with self-expandable metal stents[103]. Two 
patients were treated with stenting due to postoperative 
leakage after initial surgical closure and six patients were 
treated with primary stenting. Seven out of 8 patients 
recovered without complications and were discharged 
9-36 d after stenting. Another study involving 10 patients 
with PPU who were treated with stenting also showed 
good clinical results[104]. This study has indicated stent 
treatment as a minimal invasive alternative with fewer 
complications compared to surgical treatment. These 
studies indicate that patients with PPU may be treated 
with primary stenting and drainage where training and 
expertise is available. More data is required to prove the 
effectiveness of this method. 

MARGINAL ULCER PERFORATION
Any form of gastroenteric reconstruction can lead to the 
development of ulcer at the margins of the gastrojejunal 
anastomosis, known as marginal ulcer. The incidence 
of marginal ulcer is around 1% to 16%[105,106]. The ulcer 
tends to develop on the jejunal side of the stoma since it 
is directly exposed to the gastric acid[107]. Local ischemia, 
NSAIDS, anastomotic tension, chronic irritation due to 
the suture material and duodenal reflux are implicated 
in the aetiopathogenesis of marginal ulcer[108]. Marginal 
ulcer can rarely lead to perforation[109]. The presentation 
of patients with marginal ulcer perforation should be 
similar to PPU, however it may not be so. The small 
bowel contents has increased bacterial load and will 
also neutralize the gastric acid. A prospective study has 
shown that 28% of patients with marginal ulcers were 
asymptomatic[110]. Operative management for marginal 
ulcer perforation includes anastomotic revision such as 
converting Billroth Ⅱ gastro-jejunostomy reconstruction 
into a Roux-en-Y. It can also be treated with simple 
omental patch repair[109,111]. In recent time, majority 
of the published studies describe marginal ulcer and 
its perforation following bariatric procedures. We have 
reported a series of nine patients with marginal ulcer 
perforation following previous gastric resections for 
benign and malignant diseases[112]. We have concluded 
that patients with marginal ulcer do not present with 
septic shock. Also, revision of Billroth Ⅱ gastro-jeju
nostomy to Roux-en-Y anastomosis is not mandatory 
and omental patch repair is sufficient[112].
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POST-OPERATIVE COMPLICATIONS
PPU treatment is associated with a significant post
operative morbidity and mortality regardless of whether 
laparoscopic or open repair is performed[113]. Post-
operative mortality for PPU is estimated to be 6%-10%[114]. 
Age more than 60 years old, delayed treatment greater 
than 24 h, shock at presentation with systolic blood 
pressure less than 100 mmHg and concomitant diseases 
are the main risk factors influencing outcome[2,115]. Post-
operative mortality in elderly is 3 to 5 times higher[116]. 
This may be due to the presence of medical comorbidities, 
delayed presentation, atypical presentation or delay of > 
24 h in diagnosis[116]. 

Post-operative complications have been reported at 
around 30%[50,117]. Complications after surgical closure 
of PPU include surgical site infection, pneumonia, intra-
abdominal collection/abscess, wound dehiscence, enter
ocutaneous fistula, peritonitis, incisional hernia and 
ileus. A study has shown the commonest post-operative 
complications were surgical site infections (48%) and 
pneumonia (28%)[50]. However, this study only involved 
25 patients and may not be representative. A more 
recent study involving 726 PPU patients between 2011 
and 2013 in Denmark indicated the most common post-
operative complications were post-operative leak (5.9%) 
and wound dehiscence (4.7%)[118]. Around 1 in every 5 
patients underwent re-operation due to post-operative 
complications. This study also indicated that laparoscopic 
repair was associated with lower risk of re-operation 
than laparotomy or laparoscopic surgery converted to 
open surgery. Another study assessing postoperative 

complications in 96 patients reported that a total of 29 
patients developed a total of 50 events of postoperative 
complications[119]. The most common complications were 
surgical site infection (32%), respiratory complications 
(30%), wound dehiscence (12%) and postoperative 
fistula (8%). Each additional complication was estimated 
to prolong hospital stay by 1.25 d. This study also 
reported that age > 40 years, larger size of perforation 
and history of shock significantly increased the rate of 
postoperative complications. 

In our local study involving 332 patients who under
went surgery for PPU, post-operative complications 
included intra-abdominal collection (8.1%), leakage 
(2.1%) and re-operation (1.2%)[51]. Intra-abdominal 
abscess remains a serious postoperative complication 
after PPU surgery. Therefore, good surgical technique 
must be adopted to prevent this complication. Our 
low leak rates (2.1%) could be explained by early 
presentation, prompt diagnosis, early resuscitation and 
appropriate surgery. Our data on 30 d mortality was 
7.2% which is comparable to a recent study from South 
Korea[120]. The lower mortality in our local study could be 
due to younger age (54.7), less co-morbidity (16.2%) 
and less patients with pre-operative shock (7.2%). 

A recent study looked at the association of mortality 
with out of hours admission in patients with PPU[121]. 
A total of 726 patients who were surgically treated for 
PPU were included in this study. This study did not show 
statistically significance between 90-d mortality and 
out-of-hours admission in patients surgically treated for 
PPU.

In order to allocate resources appropriately and 
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Figure 3  Shows laparoscopic omental patch repair. A: Anterior duodenal perforation; B: Laparoscopic suturing; C: Omental patch; D: Abdominal drain placement.
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provide optimal care, it is important to stratify patients 
into low and high risk of mortality. There are many 
scoring systems available to predict the mortality.

SCORING SYSTEMS TO PREDICT 
OUTCOMES IN PPU
About 11 different scoring systems used to predict 
outcome in PPU can be identified through the literature: 
the Boey score, the Americal Society of Anesthesiologists 
(ASA) score, the Sepsis score, the Charlson Comorbidity 
Index, the Mannheim Peritonitis Index (MPI), the Acute 
Physiology and Chronic Health Evaluation Ⅱ (APACHE 
Ⅱ), the Simplified Acute Physiology Score Ⅱ (SAPS Ⅱ), 
The Physiology and Operative Severity Score for the 
Enumeration of Mortality and Morbidity Physical Sub-score 
(POSSUM-phys score, the Mortality Probability Models 
Ⅱ (MPM Ⅱ), Peptic Ulcer Perforation (PULP) score, the 
Hacettepe score and the Jabalpur score[121]. Amongst 
these 11 scoring systems, the Boey score and ASA score 
are the most commonly validated systems[8,80,122-124]. 
Other scoring systems are not widely used due a lack 
of validation or their complexity in clinical use. We have 
validated ASA score, Boey’s score, MPI and PULP score 
and found that all the four systems have moderate 
accuracy of predicting mortality with area under the 
receiver operator curve of 72%-77.2%[51]. In a recent 
study including 148 patients from two university affiliated 
hospitals in Singapore, Lee et al[125] has reported that in 
selected patients with presentation within 48 h and ulcer 
size < 2 cm, laparoscopic repair reduces length of hospital 
stay compared to open surgery in patients with MPI > 21. 

A recent study was looking at 62 patients who 
underwent emergency surgery for PPU[126]. This study 
was investigating the correlation between the amount of 
peritoneal fluid and clinical parameters in patients with 

PPU. Using the methods described by Ishiguro et al[126], 
it was possible to predict the amount of accumulated 
intraperitoneal fluid by CT scan. This study has shown 
that the method of Ishiguro et al[126] was useful for 
predicting the amount of intraperitoneal fluid in patients 
with PPU. It is believed that it will be useful for predicting 
the severity of postoperative complications and also 
helpful for treatment decision-making (Figure 4). 

MORTALITY
Mortality is a serious complication in PPU. As we men
tioned before, PPU carries a mortality ranging from 
1.3% to 20%[9,10]. Other studies have also reported 30-d 
mortality rate reaching 20% and 90-d mortality rate of 
up to 30%[11,12].

Significant risk factors that lead to death are presence 
of shock at admission, co-morbidities, resection surgery, 
female, elderly patients, a delay presentation of more 
than 24 h, metabolic acidosis, acute renal failure, 
hypoalbuminemia, being underweight and smokers[11,127-131]. 
The mortality rate is as high as 12%-47% in elderly patients 
undergoing PPU surgery[132-134]. Patients older than 65 
year-old were associated with higher mortality rate when 
compared to younger patients (37.7% vs 1.4%)[131]. A 
study involving 96 patients with PPU also showed that there 
was a ninefold increase in postoperative complications in 
patients with comorbidities[119]. In another large population 
study, patients with diabetes had significantly increased 
30-day mortality from PPU[135]. 

CONCLUSION
PUD can now be treated with medications instead of 
elective surgery. However, PUD may perforate and PPU 
carries a high mortality risk. The classic triad of sudden 

Age Gender
Co-morbidity

Non-steroidal anti-inflammatory medication use

Steroid use

Blood transfusion

Need for gastric resection

Intensive care unit

Complications

Parenteral nutrition

Shock at presentation

Gastric vs  duodenal 
location

Underlying malignancy

Elevated urea or 
creatinine

Disease factors

Size

Anemia or 
hypoalbuminemia

Treatment factors

American Society of 
Anesthesiology score

History of peptic ulcer 
disease

Delay in presentation

Patient factors

Perforated peptic ulcer

Figure 4  Determinants of outcomes in patients with perforated peptic ulcer.
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onset of abdominal pain, tachycardia and abdominal 
rigidity is the hallmark of PPU. Erect chest radiograph 
may not establish the diagnosis and an index of suspicion 
is essential. Early diagnosis, prompt resuscitation and 
urgent surgical intervention are essential to improve 
outcomes. Non-operative management should be 
conducted by experienced teams with optimal resources 
and ideally under trial conditions. Exploratory laparotomy 
and omental patch repair remains the gold standard 
and laparoscopic surgery should be considered when 
expertise is available. Gastrectomy is recommended 
in patients with large or malignant ulcer to enhance 
outcomes; however the outcomes of patients treated 
with gastric resections remain inferior. Gelatin sponge 
plugs, fibrin glue sealants, self-expandable stents and 
endoscopic clipping techniques deserve to be tested in a 
controlled trial setting.
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Abstract
Surgical management of diseases is recognised as a 
major unmet need in low and middle-income countries 

(LMICs). Laparoscopic surgery has been present since the 
1980s and offers the benefit of minimising the morbidity 
and potential mortality associated with laparotomies. 
Laparotomies are often carried out in LMICs for diagnosis 
and management, due to lack of radiological investigative 
and intervention options. The use of laparoscopy for 
diagnosis and treatment is globally variable, with high-
income countries using laparoscopy routinely compared 
with LMICs. The specific advantages of minimally invasive 
surgery such as lower surgical site infections and earlier 
return to work are of great benefit for patients in LMICs, 
as time lost not working could result in a family not being 
able to sustain themselves. Laparoscopic surgery and 
training is not cheap. Cost is a major barrier to healthcare 
access for a significant population in LMICs. Therefore, 
cost is usually seen as a major barrier for laparoscopic 
surgery to be integrated into routine practice in LMICs. 
The aim of this review is to focus on the practice, training 
and safety of laparoscopic surgery in LMICs. In addition it 
highlights the barriers to progress in adopting laparoscopic 
surgery in LMICs and how to address them.

Key words: Laparoscopic surgery; Global surgery; Low 
and middle-income countries; Laparoscopic training; 
Patient safety; Laparoscopy; Minimally invasive surgery

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

Core tip: The rate of laparoscopic surgery in low and 
middle-income countries (LMICs) is gradually increasing. 
In this review we highlight the practice of laparoscopic 
surgery in LMICs from diagnostic procedures to complex 
resections. Training in laparoscopic surgery is inherently 
variable in LMICs, however innovative teaching methods 
with inexpensive materials have been developed. Safety 
data on laparoscopic surgery in LMICs is minimal and 
more research needs to be done. It is essential to 
establish safe practices that must be contextualized to 
serve the population in various LMICs.
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INTRODUCTION
Surgical management of diseases are now recognized as 
major unmet needs in low and middle-income countries 
(LMICs)[1]. These countries are defined by the World 
Bank as having a gross national income (GNI) per capita 
of $1045 or less for low-income countries and more 
than $1045 but less than $12736 for middle income 
countries[2]. High-income countries (HICs) by definition 
have a GNI per capita of more than or equal to $12736[2]. 

Laparoscopic surgery was first introduced in the 1980s 
and is the preferred approach to a number of surgical 
procedures in HICs[3]. There are growing numbers of global 
surgery initiatives that have acknowledged surgical need 
and volume will continue to rise in LMICs[4-6]. Laparoscopic 
surgery offers the benefit of minimizing the morbidity 
and potential mortality associated with laparotomies. 
Several studies have shown that laparoscopic surgery is 
feasible in LMICs with reports of laparoscopy reducing 
laparotomy rates from fourteen to six percent[7-11]. Par
ticular advantages of minimally invasive procedures are 
lower surgical site infection rates, ileus, earlier return to 
work, better pain control and cosmesis[12,13]. Decreasing 
the length of stay in hospital is of paramount importance 
to patients in LMICs, where days lost working translates 
into lack of food for some families. Hence, laparoscopic 
surgery seems attuned to serve such communities.

There has been sporadic and marginal adoption of 
laparoscopic surgery in LMICs for various reasons. Some 
of the obstacles are intrinsically health care system 
related, others financially driven such as inadequately 
trained personnel and lack of equipment. The cost of 
initial set up and maintenance of laparoscopic surgery 
equipment has been reported in some studies as the 
main inhibitory factor for minimally invasive surgery 
being commonly used in LMICs[9,10]. Nevertheless, 
laparoscopic procedures are performed in a number of 
surgical specialties in LMICs such as general surgery, 
urology, paediatric surgery and gynaecology. Laparo
scopic procedures such as hysterectomies, tubo-ov
arian surgery, cholecystectomies, appendicectomies, 
herniorrhapies and diagnostic laparoscopies are well 
established and performed routinely mainly in private 
centres in LMICs[7,10,14,15]. The aim of this review is to 
highlight the practice, training and safety of laparoscopic 
surgery in LMICs.

PRACTICE OF LAPAROSCOPIC SURGERY
The benefits of laparoscopic surgery in LMICs are parallel 
to those of HICs. Diagnostic laparoscopy has the value of 

decreasing laparotomy rates. Furthermore, laparoscopy 
in certain LMICs has replaced radiological diagnosis due to 
the lack of radiologisits and radiological facilities. A study 
from Nigeria by Adisa et al[16] reported neoplastic lesions 
identified in 64 patients through diagnostic laparoscopy, 
which aided further management of their cancers in 
some cases with chemotherapy or palliative procedures. 
The study highlighted only six computed tomography (CT) 
scanners and three magnetic resonance imaging (MRI) 
scanners were serving a population of approximately 15 
million in Southwestern Nigeria as at 2012[16].

The challenges of the adoption and use of new tech
nology or ideas are common to any health care setting. 
The initial reservations of laparoscopic surgery not being 
“orthodox” surgery in LMICs are gradually disappearing. 
Interestingly, hierarchical surgical culture has been quoted 
as a hindrance for laparoscopic surgery being performed 
in some hospitals, as senior surgeons “did not feel 
comfortable with it” due to lack of engagement[17]. Some 
patient driven factors due to deficiencies in communication 
or education also contribute to the hurdles of the accep
tance of laparoscopic surgery in LMICs[18,19].

Equipment donated by charitable organisations has 
enabled the practice of laparoscopic surgery in numerous 
LMICs. Minimally invasive procedures are being used 
in LMICs for both emergency and elective procedures. 
In many parts of Africa, laparoscopic surgery is much 
more common in private hospitals due to the availability 
of funding for equipment and maintenance. Diagnostic 
laparoscopy in particular has taken center stage in 
LMICs where radiological facilities are lacking. Udwadia[9] 
reported performing approximately 3000 diagnostic 
laparoscopies over an 18 year period with no mortalities 
and a complication rate of 0.1%. These procedures had 
been used for the evaluation of abdominal tuberculosis, 
peritoneal pathology and abdominal trauma[9]. Shehata 
et al[20] reported 36 successful laparoscopic inguinal 
hernia operations with no recurrences or conversions to 
open surgery in a paediatric cohort. Day case procedures 
in LMICs are feasible provided set discharge criteria 
are in place to ensure patient safety[18,19]. Laparoscopic 
appendicectomies have been performed with 87% of 
patients being discharged on the same day successfully 
from a cohort of thirty in India[21].

Studies on certain specialised laparoscopic procedures 
such as colorectal, endocrine and urological surgery are 
scarce. Laparoscopic colorectal surgery as a whole is not 
commonly performed in African countries[10], this may 
be a reflection of the low incidence of colorectal disease. 
An Egyptian study however has reported successful 
outcomes in 37 patients with colorectal cancer managed 
laparoscopically[22]. Laparoscopic urological procedures 
in sub-Saharan Africa are usually performed by visiting 
surgeons from HICs during voluntary work or by spon
sored invitations.

Spinal and regional rather than general anaesthesia 
has been safely used in LMICs for laparoscopic sur
gery[9,23,24]. Insufflation with carbon dioxide alone is an 
expensive venture in LMICs. Therefore, the development 
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and use of “gasless” laparoscopy in LMICs has been 
revolutionary[25]. Inventive strategies such as insufflation 
with room air, extracorporeal knot tying and hand assisted 
techniques have evolved in LMICs[26,27]. Adisa et al[10] used 
tube drapes that can be autoclaved as camera covers. 
Such innovative measures make laparoscopic surgery 
more attainable in LMICs.

TRAINING IN LAPAROSCOPIC SURGERY 
In certain LMICs, visiting surgeons and some nationals 
who have relocated from HICs work on the expansion and 
further development of laparoscopic surgery. Moreover, as 
part of their continuing professional development, some 
surgeons from LMICs travel to centres in the United States 
and Europe to gain more laparoscopic experience[28]. This 
also stimulates practice on box trainers where available 
on their return. Laparoscopy is not suited to the old 
surgical mantra of “see one, do one, teach one”. Under 
this traditional model, some local surgeons in LMICs 
have acquired and developed laparoscopic abilities in 
an unstructured way. This has the potential for unsafe 
practices being learnt by surgeons in training.

The challenges for the surgeon of learning to de
cipher two to three dimensional images, hand eye 
co-ordination; past pointing and haptic feedback are 
universal. Learning and practicing outside the operating 
theatre is crucial for acquiring laparoscopic skills. The 
resource-limited environment in LMICs also hampers the 
progress of laparoscopic training, with the lack of expert 
trainers. Laparoscopy is not taught in postgraduate 
residency training programmes in several LMICs and 
hence simulated laboratories are not readily available 
due to equipment costs. Lack of animal laboratories or 
wet labs as aids to practice in a safe location also add 
to the training constraints. Nevertheless, innovative 
measures have been developed to counteract the 
simulation problem with low fidelity but effective trainers. 
Ingenious low technology and cost laparoscopic trainers 
have evolved from both LMICs and HICs. Low cost 
trainers vary in price in different countries ranging from 
$0 (if using already available materials) to $85[29,30]. For 
example, Mir et al[4] reused an empty dextrose solution 
cardboard box to make an inexpensive trainer. Home 
laparoscopic trainers have been made from recyclable 
materials such as storage and shoe boxes[29,31]. 
Simulation based training even with low cost equipment 
requires investing time and sustainability[32]. Locally 
sourced materials are key to the success of making low 
cost laparoscopic training tools.

Andreatta et al[33] developed a training programme 
in Ghana with laparoscopic exercises such as cutting 
or peeling a tangerine into as few pieces as methods 
to assist in learning dissection and haptic feedback[33] 
American surgeons have used validated training tools 
such as the McGill Inanimate System for Training and 
Evaluation of Laparoscopic Skills in Tanzania to assess 
the use of a low-cost laparoscopic box trainer, which 
they found to be effective when an expert trainer was 

present[29].
The recording of commonly performed procedures 

such as appendicectomies and cholecystectomies for 
teaching and training is significantly underutilized in 
both LMICs and HICs. This can allow nurses, medical 
students, surgical and anaesthetic trainees to understand 
the processes involved in these laparoscopic operations. 
Access to the Internet can also aid learning as a number 
of laparoscopic operations are freely available online. 
Curricular can facilitate learning of laparoscopic skills 
in LMICs using low cost trainers and these need to be 
developed.

Both surgeons and nurses need to be trained in 
the principles and practical aspects of laparoscopic 
surgery. Knowledge of the instruments is essential 
when performing laparoscopic surgery. The training 
and practice of laparoscopic surgery in LMICs, could 
be improved and made more widely available through 
postgraduate medical education. In Nigeria for example, 
a group of general surgeons have recently formed the 
Laparoscopic Surgery Society of Nigeria to assess the 
scope of practice, basic competency, proficiency, and 
outcomes of laparoscopic surgery, so as to develop 
training.

SAFETY OF LAPAROSCOPIC SURGERY
Variability in safety and quality exists with laparoscopic 
surgery in LMICs[34]. Although a number of studies have 
reported safely preforming laparoscopic surgery, studies 
on the early complication rates may however be under 
reported in the literature. Mortality associated with 
anaesthesia is a major concern in LMICs, with reports 
ranging from 1 in 100 to 500[35,36]. The direct relationship 
of anaesthetic risks during laparoscopic surgery in LMICs is 
scarce in the literature. This may be because in a number 
of LMICs, spinal rather than general anaesthetic is used 
for laparoscopic surgery. Furthermore, the numbers of 
laparoscopic cases in most units have not reached a level 
whereby complications directly related to laparoscopy are 
reported such as respiratory compromise secondary to a 
pneumothorax or pulmonary odema.

In a comparative study, Manning et al[37] reported 
major complications such as bile leaks and duodenal 
perforations in patients following laparoscopic chole
cystectomy in a large patient series from Afghanistan. 
More advanced laparoscopic procedures are being 
undertaken in certain LMICs. Senthilnathan et al[38] 
reported long-term results of a 130 patients following a 
laparoscopic pancreaticoduodenectomy for pancreatic 
cancer. This included a 5-year actuarial survival of 29%, 
a mortality rate of 2% and a positive margin rate of 
9%[38]. Adequate training is crucial for patient safety. 
The inability to easily recognise the complications 
associated with laparoscopic surgery is a potential safety 
concern. In LMICs, there are significant implications with 
morbidity and mortality risks that can be associated 
with laparoscopic surgery such as bile duct injury in 
laparoscopic cholecystectomies, as facilities such as 
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endoscopic retrograde cholangiopancreatography are 
lacking[39].

The use of reusable laparoscopic instruments has 
helped in reducing the financial load in LMICs compared 
with disposable instruments. Studies have reported 
instruments being used for over 10 years, as well as 
reusing disposable instruments[9,40]. However, safety data 
about such usage is unknown. Nonetheless, no short-
term safety concerns or suboptimal function have been 
described post sterilization. The upkeep and repairs 
of laparoscopic equipment is a significant challenge in 
LMICs. Part of the problems with donated instruments 
and equipment is the unavailability of trained personnel to 
undertake servicing. To counteract this, the manufacture 
and maintenance of low-cost equipment should be part of 
the future projects for industries to cater for LMICs. 

DISCUSSION
Laparoscopic surgery has been a paradigm shift in 
surgical practice. Global surgical diseases have been 
estimated at eleven percent, although this may be 
an underestimate[41-44]. Only four percent of surgical 
procedures are carried out in low-income countries[45]. 
Lower life expectancy and infant mortality, which could 
partly be related to surgical need in terms of trauma 
and obstetric care respectively, remain a major issue in 
LMICs[46,47]. Therefore, there is a rising trend to develop 
surgical treatment in LMICs[48-50] with laparoscopic surgery 
playing a central role.

Surgical cultures and behaviours have been narrated 
as having an impact on the introduction and progress 
of new technology. Therefore a mindshift towards 
laparoscopic surgery and other new surgical techniques 
needs to be encouraged in LMICs to challenge the status 
quo. The time taken for some laparoscopic procedures, 
because of the set up, is much longer than open surgery. 
Therefore in LMICs where demand for high output 
surgical procedures is great, the throughput ability of 
laparoscopic surgery may be questioned. The specialist 
“general surgeon” is fast disappearing in HICs due to sub-
specialisation. In LMICs however, the general surgeon is 
still very necessary given the array of conditions he or 
she is required to treat. Controversially, the generalist 
laparoscopic surgeon may be too demanding to have 
among a personnel limited and population heavy setting 
that exists in many LMICs.

Inequalities in health with regards to access and 
affordability are wider in LMICs, where the more affluent 
are more likely to have their operations performed 
laparoscopically. The payment plans of health care 
services vary in LMICs. They may be self-financed, 
government subsidized or insurance based and this 
has the potential effect of influencing the choices in 
procedures carried out specifically with regards to cost 
such as in laparoscopic surgery. A number of units in 
LMICs have acquired their laparoscopic instruments 
through donations or following surgical missions from 
HICs. A way of accessing materials is for surgeons, 

healthcare service providers and governments to engage 
in the development process for laparoscopic surgery to 
be more accessible in LMICs. 

Cost is a major barrier to healthcare access for 
a significant number of individuals in LMICs. The fin
ancial afflictions that face some LMICs may have 
been the result of war, conflict, corruption and other 
humanitarian crises. Thus, understanding the baseline 
operative capabilities in these countries is paramount 
before embarking on an improvement operation[51]. It is 
also key for surgical mission trips to endeavour to build, 
adapt and tailor practices that are sustainable for LMICs, 
rather than perform procedures with considerations only 
for the standards of HICs. The focus of these mission 
trips should be goal directed with long-term planning 
for continuous teaching, training and supervision of new 
initiatives.

The price of equipment is a major obstacle to 
laparoscopy being routine in LMICs. This was one of 
the initial factors hindering rapid uptake of laparoscopic 
surgery in a number of hospitals in HICs. Although 
some studies have reported diagnostic laparoscopy to 
be more cost effective in some African countries, others 
have reported laparoscopy costs to be similar to that of 
laparotomy[7-9]. Remarkably laparoscopic equipment per 
case has been reported to be as low as $20, with the cost 
of the procedures themselves ranging from approximately 
$55 to $300 in some LMICs[9,10,15]. Lowering the cost of the 
equipment, maintenance and surgery itself will increase 
the endorsement of laparoscopic surgery in LMICs. 
This could be achieved through collaborative work with 
governments and medical equipment suppliers. 

Bal et al[18] have shown that day case laparoscopic 
procedures such as laparoscopic cholecystectomies 
are feasible in LMICs. Chauhan et al[19] on the other 
hand argue that day surgery is not cost effective in 
LMICs compared with HICs because of infrastructural 
constraints. The practice of day case surgery to negate 
the cost of hospital stay would be variable in LMICs. As 
patients sometimes have come from long distances and 
for safety reasons a period of in-patient observation may 
be necessary. However with the advent of global mobile 
phone technology, telephone and video based reviews 
and follow-ups may be the way forward to offset this 
problem.

The fundamentals of Laparoscopic Skills, which 
involves web-based and technical skills training in 
the United States, is a good example of a method for 
standardizing skills. A low cost version of such a program 
would be appropriate in a resource-limited environment 
to provide education, training and accreditation. The 
training programmes should be structured to include 
lectures and workshops rather than just short-term 
courses. Global connectivity though technology can 
also facilitate teaching and training methods with the 
development of Google glasses, Face Time and Skype 
for example, to allow communication, consultation and 
feedback.

International organizations provide a lot of surgical 

Alfa-Wali M et al . Laparoscopic surgery in low and middle-income countries



17 January 27, 2017|Volume 9|Issue 1|WJGS|www.wjgnet.com

care in LMICs; therefore, cooperative efforts are crucial 
to the success of safe laparoscopic operations in LMICs. 
The benefit of experience from visiting or locally trained 
surgeons will provide insight into potential short and long-
term problems with solutions, as well as the economic 
contingency measures. Centralization of laparoscopic 
surgery maybe better for infrastructure planning in the 
initial stages of service provision in LMICs. This may 
curtail the differences in the quality of health care delivery 
and integrate various concepts such as patient selection, 
safety, re-cycling of equipment and resource allocation. 
It could also help in training surgeons and nursing staff 
from different peripheral hospitals to a certain standard. 

This review has a number of limitations that we 
acknowledge such as the difficultly in generalizing the 
differences between LMICs in terms of health care 
budgets and the surgical needs of the population. 
Therefore, some of the solutions we suggest may not 
be suitable for all LMICs. Most of the studies reported in 
the literature were retrospective, non-comparative with 
short-term follow-up periods. More research needs to be 
encouraged into data collection, formation of registries 
and reporting of outcomes of laparoscopic surgery in 
LMICs.

CONCLUSION
The management of surgical conditions in LMICs are now 
of great interest to health care funders and researchers 
in HICs. We believe laparoscopic surgery in LMICs offers 
the same advantages as in HICs - reduced surgical 
site infections, length of stay; and should be promoted 
as such. Social and economic change alongside with 
manufacturers and health ministries are the main 
drivers for cost effective healthcare in LMICs to enable 
deprived individuals access to surgical care. The global 
economic picture for better healthcare should include the 
manufacture of robust, durable and affordable surgical 
instruments that can be used by LMICs. 

The realms of safety in surgery in certain LMICs still 
lies in the ability to obtain basic amenities such as clean 
water and electricity as well as having adequately trained 
medical, nursing and allied health professional staff. The 
culture of guidelines, regulation and monitoring also 
needs to be adopted in LMICs in line with accountability 
for complications. The trend of laparoscopic surgery is 
here to stay for a few years before robotic surgery or 
other means take over. It is therefore vital to establish 
safe practices that must be contextualized to serve the 
population in various LMICs.
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Abstract
AIM
To prospectively study the outcome of difficult gastro
duodenal perforations (GDPs) treated by triple tube 
drainage (TTD) in order to standardize the procedure.

METHODS
Patients presenting to a single surgical unit of a tertiary 
hospital with difficult GDPs (large, unfavourable local and 
systemic factors) were treated with TTD (gastrostomy, 
duodenostomy and feeding jejunostomy). Postoperative 
parameters were observed like time to return of bowel 
sounds, time to start enteral feeds, time to start oral 
feeds, daily output of all drains, time to clamping/removal 
of all drains, time for skin to heal, complications, hospital 
stay, and, mortality. Descriptive statistics were used. 

RESULTS
Between December 2013 and April 2015, 20 patients 
undergoing TTD for GDP were included, with mean age 
of 44.6 ± 19.8 years and male:female ratio of 17:3. Mean 
pre-operative APACHE Ⅱ scores were 10.85 ± 3.55; most 
GDPs were prepyloric (9/20; 45%) or proximal duodenal 
(8/20; 40%) and mean size was 1.83 ± 0.59 cm (largest 
2.5 cm). Median times of resumption of enteral feeding, 
removal of gastrostomy, removal of duodenostomy, 
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removal of feeding jejunostomy and oral feeding were 4 
d (4-5 IQR), 13 (12-16.5 IQR), 16 (16.25-22.25 IQR), 18 
(16.5-24 IQR) and 12 d (10.75-18.5 IQR) respectively. 
Median hospital stay was 22 d (19-26 IQR) while mortality 
was 4/20 (20%). 

CONCLUSION
TTD for difficult GDP is feasible, easy in the emergency, 
and patients recover in two-three weeks. It obviates the 
need for technically demanding and riskier procedures.

Key words: Peptic ulcer; Perforation peritonitis; APACHE; 
Triple tube drainage; Duodenostomy

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

Core tip: Generalised peritonitis secondary to hollow 
viscous perforation is common in India, with poor 
outcomes in many patients. Gastroduodenal perforations 
(GDPs), commonly treated by pedicled omental patch 
repair, have high leak rates and consequent high mortality, 
especially with advancing age, large perforations, and 
other systemic insults. Described strategies for leakage 
like jejunal patches or grafts, or pyloric exclusion are 
actually fraught with more risk. To emphasize minimizing 
time and skill, the concept of damage control from trauma 
is extrapolated and triple tube drainage is proposed for 
sick and difficult GDP patients. This study is prospective 
and demonstrates the ease and utility of this procedure, 
in an attempt to standardize it.   

Agarwal N, Malviya NK, Gupta N, Singh I, Gupta S. Triple 
tube drainage for “difficult” gastroduodenal perforations: A 
prospective study. World J Gastrointest Surg 2017; 9(1): 19-24  
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INTRODUCTION
Generalised peritonitis secondary to hollow viscous 
perforation continues to be one of the most common 
surgical emergencies in India. In fact, the most common 
cause of exploratory laparotomy in the emergency setting 
is intestinal perforation peritonitis[1,2].  In most Indian 
series, small bowel and gastroduodenal perforations are 
the predominant causes[1,3]. Gastroduodenal perforations 
(GDPs) in India occur in younger patients and have a 
worse outcome than in developed countries[1,3,4]. The 
most common and easily performed procedure for GDP 
is the pedicledomental patch repair[4,5].

The leak rates after patch repair are 8%-10% in 
Indian series, while the mortality rates are also high 
(10%-15%). Leakage leads to a significant increase 
in morbidity and mortality[1,5,6]. The factors reported 
to be associated with high leak rates and mortality in 
gastroduodenal perforations are advancing age, large 

perforation size (≥ 1.5 cm diameter), presence of 
malignancy or immunocompromised status, delay in 
treatment, pre-operative hypotension, and raised serum 
creatinine levels[4,7]. Up to 25% of GDPs are more than 1 
cm in size; about 2%-3% are more than 2 cm. These are 
particularly predisposed to leakage[5,6]. In our hospital, 
almost 20% of patients of GDPs have two or more of 
these adverse factors.

Operative strategies to treat or prevent leakage 
have included jejunal serosal patch, jejunal or omental 
pedicle graft, pyloric exclusion with gastrojejunostomy, 
gastrectomyand vagotomy, and, novel techniques like 
myocutaneous flaps or gastric disconnection[5,6,8,9]. How
ever, many authors now feel that adding more suture lines 
in these sick and septic patients is fraught with more risk 
and poorer results. These procedures need high degree 
of surgical expertise and may prolong operative time, and 
none of the above technique is immune to postoperative 
leak[6]. The emphasis should be on minimizing time and 
surgical skill. 

The concept of damage control surgery for the 
treatment of complex pancreatico-duodenal injuries has 
led to the acceptance of diversion and decompression 
of all enteric secretions. This is mostly performed as 
“triple tube ostomy” or “triple tube drainage (TTD)”. 
The components are tube gastrostomy, retrograde tube 
duodenostomy, and, feeding jejunostomy[10,11].

Duodenal decompression is also recommended for 
the protection of the duodenal stump after gastrectomy 
for malignancy[12]. Some authors have extrapolated 
the concept of damage control for GDPs, especially the 
large or “giant” subtypes and in re-operations after 
leakage. However, the reported experience of TTD for 
GDP is small, with only a few case series. There is only 
one study from India, despite the high prevalence of 
the condition here. The proponents of TTD feel it to be a 
significantly underutilized procedure[6,12-14].

This prospective observational study was performed 
as a pilot study in patients with difficult GDPs treated by 
triple tube drainage, to study outcomes and standardize 
this procedure.

MATERIALS AND METHODS
This prospective observational pilot study was conducted 
in the department of surgery of a teaching tertiary 
hospital in north India, from December 2013 to April 
2015, after getting clearance from the institutional ethics 
committee. Patients undergoing triple tube drainage for 
difficult duodenal perforation were included in the study. 
Difficult gastroduodenal perforations, for the purpose 
of our study, were defined as cases with two or more 
of the following features: Perforation size ≥ 1.5 cm, 
late presentation (≥ 3 d), unfavorable systemic factors 
(APACHE Ⅱ score ≥ 10), unfavorable local factors 
(copious pus, friable bowel, indurated or friable margins), 
and, re-operated patients (leakage after omental patch 
repair).

The aim of the study was to observe the postoperative 
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course and outcome of patients undergoing triple tube 
drainage for difficult gastroduodenal perforations. The 
primary outcome variables were: Time to oral feeding, 
time to removal of drains, hospital stay, complications 
(leakage, surgical site infections, and respiratory com
plications), and, mortality. As a secondary objective, 
this was proposed as a pilot study to compare two 
techniques of duodenal decompression, namely T-tube 
duodenostomy and retrograde duodenostomy in terms 
of hospital stay and leak rate. 

Flow of study
After a provisional diagnosis of gastroduodenal perforation 
peritonitis in the emergency room, the patients were 
admitted for investigations and treatment. Informed 
written consent was obtained from the patients. The 
relevant biochemical, haematological and radiological tests 
were performed; the APACHE Ⅱ score was recorded. 
After optimization, exploratory laparotomy was performed. 
Copious lavage with normal saline was followed by 
identification of perforation site, and assessment of 
suitability for patch repair. In patients who fulfilled the 
inclusion criteria for difficult gastroduodenal perforations, 
the gastroduodenal perforation was first repaired using 
the standard omental patch technique. This was followed 
by TTD, consisting of: (1) Gastric decompression using 
12-14 Fr tube brought out as gastrostomy; (2) duodenal 
decompression by retrograde duodenostomy (RD) 
using 12-14 Fr tube brought out through the jejunum, 
10 cm from duodeno-jejunal flexure; and (3) feeding 
jejunostomy (FJ) using 10-12 Fr tube introduced into 
jejunum 20 cm from duodeno-jejunal flexure.

All tubes were fixed internally to parietal peritoneum 
by double purse-string absorbable polygalactin (Vicryl) 
2-0 sutures, and fixed externally using purse-string 
suture with silk No.1. Polydiaxanone sutures would 
offer less friction, but are more expensive. The feeding 
jejunostomy and gastrostomy tubes were pulled up till 
the parietal wall and bowel sutured to peritoneum to 
ensure a controlled fistula. A sub-hepatic drain (28-32 
Fr) was placed near the duodenostomy tube to act as a 
sump drain.

The abdomen was closed using interrupted far-near 

technique with polypropylene No. 1 suture. Skin was 
sutured loosely with packs soaked in antiseptic solution. 

Postoperative assessment
Patients were assessed on daily basis in the postoperative 
period using the following outcome parameters: time 
to return of bowel sounds, time to start enteral feeds, 
time to start oral feeds, daily output of all drains, time 
to clamping/removal of all drains, time for skin to heal, 
complications, hospital stay, and, mortality. All outcome 
parameters were analysed using descriptive statistics 
with SPSS software.

RESULTS
Between December 2013 and April 2015, 20 patients 
undergoing TTD for difficult gastroduodenal perforation 
were included in the study. Mean age of the patients was 
44.6 ± 19.8 years (range: 10-73 years) with a male:
female ratio of 17:3. Table 1 shows the mean/median 
hematological and laboratory parameters for the 20 
patients.

Five patients (25%) were anaemic (Hb < 10 g/dL) at 
presentation, while five (25%) had total leukocyte counts 
within the normal range (4000/mm3-11000/mm3). Most 
had leukocytosis, while 4 (20%) had leucopenia. The 
slightly deranged mean renal functions reflect the state 
of prerenal/renal azotemia secondary to sepsis. Table 2 
reflects the common physiological parameters and mean 
APACHE-II scores.

Intra-operative findings
Peritoneal contamination with more than 1.4 L of pu
rulent fluid was present in all the cases. The perforation 
was prepyloric in 9 patients (45%), in the first part of 
duodenum (D1) in 8 (40%), present in the body of 
stomach in 2 (10%), and, in the duodenum distal to D1 in 
1 (5%). Friable irreparable edges were noted in 11 (55%) 
perforations (excluding the 2 cases where the patients 
were re-explored after leak). The mean diameter of the 
perforations in our cases was 1.83 ± 0.59 cm (largest 2.5 
cm).

Seven patients (35%) with perforation size of 0.5 
cm were included, due to fulfillment of other inclusion 
criteria. All patients underwent TTD with the retrograde 
duodenostomy technique, as none were found suitable 
for T-tube duodenostomy. The reasons were: friable and 
edematous duodenal wall (8), and, dense adhesions 
around lateral duodenal wall (13). 

Table 1  Mean/median hematological/laboratory parameters 
(n  = 20)

Parameter Mean/median ± SD IQR (1st to 3rd)

Haemoglobin (g/dL) 11.76 ± 2.59
Total leukocyte counts (/mm3) 12550 4675 - 19425
Platelet (× 105/mm3) 1.80 ± 1.05
Blood urea (mg/dL) 47.15 39.75- 67.5
Serum creatinine (mg/dL) 1.49 ± 0.68
Serum sodium (meq/L) 135.7 ± 7.70
Serum potassium (meq/L) 4.33 ± 0.90
pO2 (mmHg) 93.8 ± 33.20
pH 7.37 ± 0.07

IQR: Inter quartile range.

Table 2  Pre-operative physiological profile

Parameters Mean ± SD

Temperature (℃) 37.46 ± 0.87
Mean arterial pressure (mmHg) 78.40 ± 18.60
Pulse rate (beats/minute) 116.7 ± 20.63
Respiratory rate (/minute)   22.3 ± 2.77
Pre-op APACHE-II score 10.85 ± 3.55
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Postoperative course
All patients were observed till discharge or death, in 
terms of parameters listed in Table 3.

The gastrostomy tube was accidentally pulled out in 
one patient, while the retrograde duodenostomy came 
out in two patients. These patients were excluded for 
the determination of time of removal of tubes. 

The total hospital stay ranged from 17 to 139 d. Out of 
20 patients included in the study, four (20%) died in the 
postoperative period. One patient underwent Whipple’s 
procedure on postoperative day (POD) 29 for duodenal 
neuroendocrine tumor reported on histopathological 
examination of the perforation edge. Table 4 lists the 
various complications in the postoperative period.

DISCUSSION
Despite the proven advantages of TTD in pancreatico-
duodenal trauma, it is an underused strategy for peptic 
perforations. This is despite the high morbidity (> 30% 
mortality; up to 50% leak rates) of certain types of peptic 
perforations. Less than 5 case series (largest about 40 
patients) have been published on triple tube drainage 
for gastroduodenal perforations; most published data 
is retrospective. There is no standardization regarding 
postoperative management[6,11-14].

Though classical pedicled omental patch repair remains 
gold standard for the gastro-duodenal perforations[5,6], 
patients with difficult gastro-duodenal perforations are 
associated with poor outcome in terms of postoperative 
complications, postoperative leak, morbidity and mor
tality. Most authors have labeled large (> 1.5-2.5 cm) 
GDPs as difficult; however, we have included poor 
physiological performance also as “difficult” due to the 
known propensity for leak and mortality (vide infra). In 
our study, we have prospectively observed 20 cases of 
difficult gastroduodenal perforation undergoing triple 
tube drainage (Cellan-Jones omental patch repair with 
gastrostomy, retrograde duodenostomy and feeding 
jejunostomy) during December 2013-April 2015. Lal et 

al[6] compared 20 cases of controlled tube duodenostomy 
(primary repair of perforation with nasogastric tube or 
gastrostomy, retrograde duodenostomy and feeding 
jejunostomy) with 20 cases of classical omental patch 
repair over a period of 10 years. Fujikuni et al[13] studied 
3 patients over 18 mo (between November 2009 and 
March 2011) undergoing triple-tube-ostomy for iatrogenic 
duodenal perforations. The higher number of patients 
in the present study could possibly be due to increased 
occurrence of difficult duodenal perforations in the study 
group or due to different inclusion criteria, which were not 
limited only to the size of perforation.

The higher mean age of patients in the present study 
is consistent with results of Svanes et al[15] who have 
shown that median age of the patients has increased 
from 38 years in 1935-44 to 60 years in 1985-90 for 
men and 55 to 69 years for women (Table 5). The 
authors have also observed that the relative incidence of 
duodenal perforation as has decreased, while pyloric and 
prepyloric perforations have increased from 1935-1990 in 
1483 patients[15]. Male predominance in the cases is also 
consistent with available literature, which can be attributed 
to the higher incidence of smoking in males.

There is no clear-cut definition of giant gastroduodenal 
perforation in literature; it has varied from 1.5 to 3 
cm[5,6,16]. Most authors would accept that a perforation of 
> 2 cm is fraught with more risk of leakage and mortality, 
and needs more specific intervention that just primary 
closure. Many of our patients are referred from far-off 
hospitals and present late; we have added physiological 
scoring (APACHE-Ⅱ) along with perforation size to 
improve the accuracy of the risk assessment. This has 
been shown to be consistent for prediction of outcome in 
GDPs[17,18].

In our view, the most crucial part of the procedure 
is the adequate decompression of the duodenal C-loop, 
as it is retroperitoneal in position and cannot be brought 
out as a stoma. The duodenum is also an unfriendly 
organ in terms of repair, as it lacks a proper serosal wall. 
Hence, in our mind, tube decompression of right side of 
the duodenal segment seemed like the most attractive 
option, as demonstrated by a few authors[11-14]. A T-tube, 
as used by Isik et al[12] seems ideal. Unfortunately, in 
our patients, extensive inflammation in the right upper 
quadrant precluded the use of this technique, and we 
used the retrograde duodenostomy inserted more 

Table 3  Postoperative course (n  = 20)

Observations Postoperative days 
(mean/median)

Standard deviation 
OR IQR (1st-3rd) 

Time to return bowel sounds 3.53 ± 0.91
Time to start feeding via FJ 4 4-5
Time to start oral feed 12 10.75-18.5
Time of clamping of 
Gastrostomy

9.87 ± 3.75

Time of clamping of RD 13 ± 4.18
Time of removal of 
Gastrostomy

13 12-16.5

Time of removal of RD 16 16.25-22.25
Time of removal of  FJ 18 16.5-24
Total hospital Stay 22 19-26
Wound healing time 15.75 ± 1.91

IQR: Inter quartile range; FJ: Feeding jejunostomy; RD: Retrograde duo
denostomy.

Table 4  Postoperative outcomes/complications n  (%)

Outcomes/complications n  = 20

Surgical site infection   9 (45)
Respiratory complications   4 (20)
Peritubal leakage   4 (20)
Peritubal excoriation   2 (10)
Burst abdomen   5 (25)
Bed sore   2 (10)
Postoperative leak 1 (5)
Mortality   4 (20)
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distally. The latter technique is limited by the maximum 
calibre possible though such a circuitous route, and is 
more prone to blockage and failure. We actively end
eavoured to keep it patent with frequent flushes, and 
would prefer to perform T-tube decompression when 
possible.

Postoperative course
It is evident that a reliable inpatient protocol should 
be in place to manage these multiple tubes without 
complications. Unfortunately, due to the scant research 
on the subject, no clear guidelines are available. The 
prospective study which most closely resembles our 
design was conducted by Lal et al[6] at a nearby center. 
The postoperative course in the two studies has been 
compared. In present study, mean time of return of 
bowel sounds was 3.53 ± 0.91 d. Lal et al[6] observed 
that bowel sounds returned in 72 h, after which enteral 
feed could be attempted through the jejunostomy tube. 
It is consistent with other emergency procedures that 
small bowel peristalsis returns in 48-72 h. We clamped 
the gastrostomy and retrograde duodenostomy tubes at 
was 9.87 ± 3.75 d and 13 ± 4.18 d respectively, while it 
was 7 d and 9-10 d respectively in the Lal study. These 
tubes are safely removed once the patient resumes 
a normal oral diet 3-4 d later. The removal of tubes 
may vary by 24-72 h, at the discretion of the treating 
physician.

It would be needless to emphasize the importance of 
fluid and electrolyte balance during the recovery period. 
Our patients are thin-built and nutritionally poor; the 
high output from controlled fistulae can be the “tipping 
point” towards a poorer outcome. It is also imperative to 
ensure the patency of the tubes too, as any undrained 
collections could cause crippling sepsis. Since the entire 
assembly works as a proximal diversion of gastric, 
duodenal and pancreatic secretions (at least 2-2.5 L/d), 
patency is important (vide supra). 

Damage control procedures are performed in the 
most critical patients. In the present study, median 
hospital stay was 22 d (17-139 d) while the mortality was 
20%. The incidence of postoperative complications was 
also higher than similar series[6,15-17,19,20]. Poorer outcomes 
can be explained by the fact that all the patients included 
in our study had “difficult” gastroduodenal perforations in 
the truest sense, with higher predicted deaths.

We have thus shown in a prospective group of patients 
that TTD is feasible, easy to perform in the emergency 

setting, and is followed by two-three weeks of easy 
convalescence. The patients usually accept oral diet after 
the second week.  

Limitations
Some limitations are evident in our study. A larger 
sample size over a longer duration would allow better 
recommendations to be put forward. We had hypothesized 
before the start of our study that TTD would be useful 
in both GDPs and also some very proximal jejunal 
perforations with tuberculous etiology. The latter are 
commonly seen in our scenario; and are difficult to treat 
due to high leak rate and an unmanageable short bowel 
if exteriorized. However, in the present study, we did not 
include such patients in order to enable comparison of “like 
with like”. Also, a well-described technique of TTD, namely, 
T-tube decompression of the lateral wall of the duodenum, 
could not be evaluated as all our patients demonstrated 
intense fibrosis in that area. With a larger study duration 
and more number of patient, the next stimulus for 
research would be a more analytical study comparing the 
two types of TTD. 

COMMENTS
Background
Generalised peritonitis secondary to hollow viscous perforation continues to 
be one of the most common surgical emergencies in India. In fact, the most 
common cause of exploratory laparotomy in the emergency setting is intestinal 
perforation peritonitis.  

Research frontiers
Operative strategies to treat or prevent leakage have included jejunal serosal 
patch, jejunal or omental pedicle graft, pyloric exclusion with gastrojejunostomy, 
gastrectomyand vagotomy, and novel techniques like myocutaneous flaps or 
gastric disconnection.

Innovations and breakthroughs
In authors’ mind, tube decompression of right side of the duodenal segment 
seemed like the most attractive option, as demonstrated by a few authors. 
A T-tube, as used by Isik et al seems ideal. Unfortunately, in the patients, 
extensive inflammation in the right upper quadrant precluded the use of this 
technique, and the authors used the retrograde duodenostomy inserted more 
distally. The latter technique is limited by the maximum calibre possible though 
such a circuitous route, and is more prone to blockage and failure. The authors 
actively endeavoured to keep it patent with frequent flushes, and would prefer 
to perform T-tube decompression when possible.        

Peer-review
This is a very comprehensive review of the literature on NETs, also being very 
well written.

Table 5  Comparison between age, gender, and intra-operative findings

Study Most common age group (yr) Gender distribution (M:F) Size of perforation Site of perforation

Present study 46-70 5.6:1 1.83 ± 0.59 Prepyloric 45%, Duodenal 40%
Lal et al[6] 30-50 4:1 60% 2 to 3 cm; 40% > 3 cm
Jani et al[16] 21-50 7.3:1 > 2 cm
Menekse et al[17] 39-62 6.1:1 13% with > 1 cm
Berleff et al[19] 40-50 3.7:1
Chaudhary et al[20] 18-40 4.3:1 > 1 cm in 7.29% Duodenal 69.7%, Gastric 30.2%
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Abstract
AIM
To investigate and summarise the current evidence 
surrounding management of Bouveret’s syndrome (BS).

METHODS
A MEDLINE search was performed for the BS. The search 
was conducted independently by two clinicians (Yahya AL-
Habbal and Matthew Ng) in April 2016. A case of BS is 
also described.

RESULTS
A total of 315 articles, published from 1967 to 2016, were 
found. For a clinically meaningful clinical review, articles 
published before 01/01/1990 and were excluded, leaving 
235 unique articles to review. Twenty-seven articles 
were not available (neither by direct communication nor 
through inter-library transfer). These were also excluded. 
The final number of articles reviewed was 208. There 
were 161 case reports, 13 reviews, 23 images (radiological 
and clinical images), and 11 letters to editor. Female to 
male ratio was 1.82. Mean age was 74 years. Treatment 
modalities included laparotomy in the majority of cases, 
laparoscopic surgery, endoscopic surgery and shockwave 
lithotripsy.

CONCLUSION
There is limited evidence in the literature about the 
appropriate approach. We suggest an algorithm for 
management of BS.

Key words: Bouveret’s syndrome; Biliary anomalies; 
Endoscopy; Digestive system; Duodenal obstruction 
diagnosis; Gallstones surgery; Gallstones complications; 
Duodenal obstruction etiology; Duodenal obstruction 
surgery; Intestinal fistula diagnosis; Humans

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.
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ction secondary to an impacted gallstone in the 
duodenum or stomach. There is limited evidence sur
rounding management of this rare syndrome. Here we 
systematically review the published cases and recommend 
a treatment algorithm to clinicians facing this syndrome in 
future.

AL-Habbal Y, Ng M, Bird D, McQuillan T, AL-Khaffaf H. 
Uncommon presentation of a common disease - Bouveret’s 
syndrome: A case report and systematic literature review. World J 
Gastrointest Surg 2017; 9(1): 25-36  Available from: URL: http://
www.wjgnet.com/1948-9366/full/v9/i1/25.htm  DOI: http://dx.doi.
org/10.4240/wjgs.v9.i1.25

INTRODUCTION
Bouveret’s syndrome (BS) was first described by 
Beaussier in 1770, but reported in the literature first 
by Leon Bouveret in 1896, where he had two cases[1]. 
Leon Bouveret was actually an internist but supported 
surgery[2]. BS is gastric outlet obstruction secondary to 
a gallstone impacted in the duodenum or stomach.

We report a 39-year-old lady who presented with 
upper abdominal pain and vomiting. She was diagnosed 
with BS after scans and endoscopy. Her gallstone was 
successfully removed by gastroscopy. Though her sym
ptoms continued, a literature review was sought to 
manage her according to the recent evidence. Almost 
all the case reports and limited case series were in 
favour of conservative management. She was managed 
expectantly, but represented with ongoing pain.

The patient underwent laparoscopic cholecystectomy. 
The fistula was dissected and closed laparoscopically. 
On intra-operative cholangiogram, she had more bile 
duct stones which were treated by laparoscopic bile 
duct exploration and stone extraction. She did well in 
the post-operative course.

MATERIALS AND METHODS
MEDLINE and PubMed searches were performed for the 
terms BS. The search was conducted in April 2016. Three 
hundred and fifteen articles, published between 1967 
and 2016, were identified. For a clinically meaningful 
clinical review, articles published before 01/01/1990 and 
were excluded, leaving 235 unique articles to review. 
Twenty-seven articles were not available (neither by direct 
communication nor through inter-library transfer). The 
final number of articles reviewed was 208 (Figure 1A).

Data from retrieved articles were independently 
reviewed by the two authors (Yahya AL-Habbal and 
Matthew Ng) and data was extracted using a standardised 
collection tool. Data was analysed with descriptive 
statistics. In contrast to classic meta-analyses, statistical 
analysis was performed where the outcome was calculated 
as the percentages of an event (without comparison) in 

pseudo-cohorts of observed patients. 

RESULTS
Articles comprised 161 case reports[3-163], 13 reviews[164-176], 
23 images reports (radiological and clinical images[177-198] 
and 11 letters to the editor[199-209], as illustrated in (Figure 
1F).

Articles were written in multiple languages. English 
articles constituted the main bulk of the literature (176 
articles, 77%). The rest were Spanish (20 articles, 9%), 
Italian (7 articles, 3%) French (5 articles, 2%), and 
other languages (13%). These other languages include: 
Bulgaria, South Korean, Japanese, German, Romanian, 
Turkish, Hungarian, Ukrainian, and Czech. Articles not 
in English were translated to English using dependable 
medical dictionaries (Figure 1D and E).

A 39 years old lady presenting to the emergency 
department with two-week history of epigastric and 
right upper quadrant pain. The pain was constant, dull, 
and radiating to the back, she had acidity and reflux 
symptoms, nausea and vomiting. There was no history 
of jaundice, or weight loss.

On examination she was mildly dehydrated. Pulse 
rate was 92 beats/min and temperature was 37.3°. She 
was tender in the epigastrium and right upper quadrant, 
with a negative Murphy’s sign.

Initial blood tests showed high white cells count 13.9 
× 109. Her liver functions were deranged. Bilirubin was 
14 IU/L, ALP 285 IU/L, ALT 335 IU/L, GGT 445 IU/L, 
and ALT 0f 205 IU/L. Her lipase was mildly raised at 455 
IU/L (normal range < 45 IU/L).

With this mixed picture the initial differential diagnosis 
was cholangitis or pancreatitis, or Mirrizzi syndrome.

The patient was referred for an ultrasound (US) 
scan. The images were degraded by pneumobilia and, 
while difficult to characterize, demonstrated a contracted 
gallbladder without stones. Common bile duct was 10 
mm with mild intrahepatic biliary tree dilatation (Figure 2). 
CT scan obtained to further characterize the gallbladder 
demonstrated large-volume pneumobilia, a fistula bet
ween the distal stomach and the collapsed gallbladder, 
and oral contrast in the region of the gallbladder neck.

There was an opacity in the stomach that was inter
preted as hypo-dense gallstone in the stomach (Figures 
3 and 4). At this point the diagnosis of cholecysto-gastric 
fistula secondary to gallstone disease with subsequent 
intermittent gastric outlet was made.

Upper GI endoscopy confirmed the presence of gall­
stone in the stomach and fistula orifice (Figure 5). The 
stone was successfully retrieved by snare (Figure 6). 
Patient’s symptoms improved significantly and ultimately 
discharged home after 2 d. Her liver functions normalized 
before discharge. Given that there was no evidence of 
any further gallstones, and after reviewing the current 
evidence and practice, we decided to manage her 
expectantly.

Upon follow up, it was found that the patient was 
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still complaining of abdominal pain. An MRCP done at 
this point that showed more gallstones have fallen into 
the bile duct.

She underwent a laparoscopic cholecystectomy. The 
operation revealed adhesions between the gallbladder 
and distal stomach. No real fistular tract was seen, but 
dense adhesions were ligated by an Endoloop. Intra-
operative cholangiogram confirmed bile duct stones. 
These were difficult to be retrieved by trans-cystic 

exploration. A laparoscopic bile duct exploration was 
performed. Several stones were successfully retrieved. 
Bile duct repaired primarily by 4/0 monofilament non-
absorbable suture material. The postoperatrive course 
has been uneventful.

DISCUSSION
BS is a rare cause of gastric outlet obstruction caused 
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by gallstones. The stone(s) tend to migrate secondary 
to fistulation. The fistula can be cholecystogastric (less 
common) or more commonly, cholecystoduodenal. 
BS constitutes 1%-3% of cases of gall stone ileus 
which in turn complicates only 0.3%-4% cases of 
cholelithisasis[91,107]. BS can be associated with high 
mortality (up to 12%) mainly due to the frailty of 
patients[136]. The pathophysiology is usually caused 
by prolonged pressure, ischemia, and then fistulation 
and stone migration. The stone(s) then obstruct the 

gastric outlet or duodenum. A collection of small stones 
can produce the same picture[210]. Malignancy can 
also produce fistulation and stone migration. This has 

Figure 2  Common bile duct was 10 mm with mild intrahepatic biliary tree 
dilatation. 

Figure 5  Upper gastrointestinal endoscopy confirmed the presence of 
gallstone in the stomach (A) and fistula orifice (B).

Figure 3  Coronal section of computed tomography scan.
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Figure 4  Cross section of computed tomography scan showing gall­
stone in the stomach and pneumobilia. The gallbladder is contracted and 
gas-filled.
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B

Figure 6  The stone was successfully retrieved by snare.
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been reported by Sharma et al[35] where the patient 
underwent laparotomy and stone extraction with gastro-
jejunostomy to relieve the obstruction, while Shinoda 
et al[34] offered a curative cancer resection and fistula 
repair in a similar case of fistulating cancer.

In one interesting variant of BS, a patient presented 
with upper abdominal pain 10 years after Roux-en-Y 
Billroth Ⅱ resection for benign disease. A stone retrieved 
from the duodenum after laparotomy[64]. There have 
been a few cases in the literature where BS presented 
with pancreatitis[33,122]. The stone(s) can be lodged tightly 
in the duodenum causing necrosis and intra or extra-
peritoneal perforation[109].

BS has been reported many times as a single case 
report. A few reports included more than one case[99,

130,153,160,163,173,188]. These patients usually present with 
abdominal pain and vomiting as universally reported. 
There was one case in which the vomiting was severe to 
the point of causing Boerhaaves oesophageal rupture[63]. 
The diagnosis is usually late given the uncommon and 
vague nature of its symptoms. In about one-third of cases 
the diagnosis can be made by a plain abdominal film 
that demonstrates the classical Rigler’s triad of a dilated 
stomach, pneumobilia, and a radio-opaque shadow in 
the region of the duodenum representing the ectopic 
gallstone[47,209-213]. There have been some reported cases 
of migrating stone into the mediastinum after relieving an 
obstructed duodenum of BS via endoscope[71]. Ultrasound 
can be helpful as indicated in some papers[184], but the 
study can be greatly degraded by the presence of gas in 
the biliary tree. Historical data shows that the diagnosis 
has only been made preoperatively in 50% of cases[80]. 
Due to the nearby inflammation, the gallbladder can be 
FDG/PET positive[178]. 

Spontaneous resolution can occur when the impacted 
stone falls back away from the pyloric orifice[16], but this 
can be associated with further bowel obstruction distal 
to the stomach and duodenum (gall stone ileus)[114,141]. 
On the other hand, the condition can be fatal due to the 
profound metabolic derangement[13], and later by sepsis 
and multi-organ failure[62].

In our review, the sex (female to male) ratio was 
(1.82), female being 64% and male being 36% (Figure 
1A). Age distribution of these cases showed majority 
of cases being elderly patients above 60 years old with 
the average age of (74 ± 13), and minority less than 30 
years old (Figure 1B). 

There are multiple available treatment modalities. 
This includes laparotomy, laparoscopy, endoscopy and 
ESWL (Figure 1C). Majority of cases were treated with 
laparotomy and stone extraction through either an 
enterotomy or gastrotomy (146 cases, 71%). Successful 
laparoscopic treatment was also possible (13 cases, 
6%). Some of patients had a radical procedure where 
the procedure was combined with cholecystectomy 
(51 cases, 25%), as illustrated in (Figure 1G). The 
advantages of doing cholecystectomy is not only 
removing the source of stones, but eliminating the 
theoretical carcinogenic risk of gastro-intestinal juices 

contacting the biliary tree[212]. Cholecystectomy has 
been described as a single procedure combined 
with fistula dissection and closure, or as a separate 
procedure done later on elective or semi-urgent basis 
(like our case). 

With the recent advents in endoscopic technology, 
endoscopic treatment was tried in 160 cases (77%) 
and was successful in removing the stone in 46 cases 
of patients (29%). This was either through direct 
visualization and retrieval of the stone or combined with 
a lithotripsy method (laser, mechanical, shockwave). This 
is more than the reported 10% success rate in earlier 
narrative review of BS[168]. In recent years, therapeutic 
endoscopy has been more frequently and successfully 
used to extract the obstructing stone(s). This might 
be attributed to improved lithotripsy, better optical 
instruments and improved graspers and nets to extract 
gallstones.

Extracorporeal shock-wave lithotripsy (ESWL) has 
been described by Gemmel et al[115], Chick et al[181], 
Dumonceau et al[130] and Tanwar et al[23] which was 
successful combined with either endoscopy alone or 
laparotomy to remove stone fragments from distal 
bowels. Intracorporeal lithotripsy using water jet[6], or 
other mechanical methods[139], have been described.

It is estimated that up to 90% of patients will 
need some form of surgical intervention[173]. These 
interventions can vary but mainly depend on the patient’s 
age and co-morbidities. The vast majority of these stones 
pass spontaneously without producing obstruction. 
Stones that obstruct the digestive tract are usually 
greater than 2-2.5 cm in diameter[175]. Cholecystostomy 
has been tried to treat associated cholecystitis but this 
has not been associated with a great deal of success[145]. 
Sometimes, to alleviate the obstruction and allow 
patients to eat and drink, an interim bypass procedure 
has been described[53]. Subtotal cholecystectomy and 
drain tube insertion is another option which is safe and 
successful[8,178]. 

A minority of cases in the literature were not 
treated due to either severely compromised patients 
or spontaneous resolution (5 cases, 2%). In addition, 
there were some reports where the treatment modality 
was not mentioned (6 cases, 3%).

After reviewing the (review) articles of BS, it was 
noted the majority of these reviews are more or less 
narrative reviews and not systematic, except three 
reviews[165,166,170]. A summary of these articles can be 
found in Table 1. There were issues with the previously 
done reviews being either limited to English language 
(thus excluding almost 15% of the literature) or 
incomplete not including all the papers. The limitation of 
our paper is the fact that we excluded 27 articles as we 
could not get them through multiple available channels. 
But almost all of these articles were published prior to 
1995 and are case reports including single cases, or 
images for doctors.

Finally, the term pseudo BS has been used in the 
literature once to describe the condition of gall stones 

Al-Habbal Y et al . Bouveret’s syndrome: A systematic review
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and gastric outlet obstruction due to external duodenal 
or pyloric compression (akin to Mirizzi’s type I)[213].

In conclusion, with the current paucity of high level of 
scientific evidence about BS, the management remains 
highly arbitrary. Here we present a young patient with 
BS who failed conservative measures, and suggest a 
treatment algorithm for these patients. The management 
of this uncommon condition should be tailored to the 
patient’s clinical presentation and morbidities. Per
haps a more radical treatment (which might include 
cholecystectomy) should be offered to young patients 
and patients with ongoing symptoms. Whenever 
possible, endoscopic approach should be offered first 
after immediate resuscitation, with stone extraction 
and lithotripsy as two options. If that fails, surgical 
management with enterolithotomy or gastrolithotomy 
depended on stone position. We do not recommend 
immediate cholecystectomy or fistula dissection as this 
can be associated with significant morbidity and mortality. 
Delayed cholecystectomy and fistula repair should be 
offered electively to patients with persistent symptoms or 
patients younger than 50 years old.
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COMMENTS
Background
Bouveret’s syndrome (BS) is a rare complication of gallstone disease, where 
a gallstone erodes into the duodenum and causes gastric outlet obstruction 
following impaction in the stomach or duodenum. The stone must be removed 
to restore normal function of the gastrointestinal tract. This may be done via 
laparotomy or laparoscopic stone removal, or more recently, using lithotripsy 
with or without endoscopic retrieval to dislodge the stone.

Research frontiers
The literature surrounding BS is sparse and consists mainly of case reports and 
series. Reviews of these cases have been few and far between, with the most 
recent dating back to 2006. In this time, endoscopy, endoscopic interventions, 
and laparoscopy have improved, potentially offering new options for managing 
these patients.

Innovations and breakthroughs
In this study the authors systematically reviewed the published cases of BS 
from 1990 to the present. While laparotomy and laparoscopy were performed 
in a significant number of cases, endoscopic treatment has become much 
more successful with the advent of improved lithotripsy, improved endoscopic 
retrieval devices, and improved visualisation. Extracorporeal shockwave 

lithotripsy has also been successfully used in multiple cases.

Applications
They recommend that patients presenting with BS should be initially managed 
with attempted endoscopic retrieval, with or without lithotripsy, followed by open 
or laparoscopic surgical retrieval via enterotomy or gastrotomy if unsuccessful. 
In younger, healthier patients, a delayed cholecystectomy may be performed, 
however in older or multiply comorbid patients, this may be omitted from the 
treatment algorithm. 

Terminology
BS is gastric obstruction due to an impacted gallstone in the duodenum or 
gastric outlet. Lithotripsy is the act of breaking a stone into multiple smaller 
pieces. This may be effected with extracorporeal shock waves, using a 
mechanical lithotripter, or a laser device. 

Peer-review
In this systematic review, the authors have presented a thorough and critical 
analysis of the published cases of BS, and recommended an appropriate 
treatment algorithm for future cases.
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