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Abstract

Background: In the last one hundred years much has been
written on peptic ulcer disease and the treatment options
for one of its most common complications: perforation. The
reason for reviewing the literature was evaluating most com-
mon ideas on how to treat perforated peptic ulcers (PPU) in
general, opinions on conservative treatment and surgical
treatment and summarizing ideas about necessary pre-, per-
and postoperative proceedings. Method: All relevant arti-
cles found by Medline, Ovid and PubMed search were used.
Results: A hundred articles written between 1929 and 2009
were reviewed. Of these, 9 were about the history of treat-
ment, 7 about conservative treatment, and 26 were about
the surgical procedure of which 8 were addressing laparo-
scopic correction. Overall there is no consensus, but some
advice is given. For conservative treatment there are only a
few indications. Use of an omental patch is recommended,
irrigation and drainage are not. Laparoscopic correction of
PPU as well as for definitive ulcer surgery has many advan-

tages. Conclusions: Surgery for PPU is still a subject of de-
bate despite more than an era of published expertise, indi-
cating the need for establishing guidelines.

Copyright © 2010 S. Karger AG, Basel

History

For thousands of years healthy people have had acute
abdominal pain, nausea, vomiting and diarrhea followed
by death in a few hours or days. Often these symptoms
were attributed to poisoning and people have been sent to
prison for this [1]. King Charles I's daughter, Henriette-
Anne, died suddenly in 1670 (at 26 years of age) after a
day of abdominal pain and tenderness. Since poisoning
was suspected autopsy was performed revealing peritoni-
tis and a small hole in the anterior wall of the stomach.
However, the doctors had never heard of a perforated
peptic ulcer (PPU) and attributed the hole in the stomach
to the knife of the dissector [1, 2]. Necropsies were first
allowed since 1500 and became more routine between
1600 and 1800 [2, 3]. As a consequence, perforation of the
stomach was more often observed. Johan Mikulicz-Ra-
decki (1850-1905), often referred to as the first surgeon
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Table 1. Demographics of patients with perforated peptic ulcer
disease [12, 13, 16, 31, 41-43, 45, 49, 51, 52, 58-100]

Total (n=2,784) n

Age, years 48 2,328
Male, % 79 2,678
History of ulcer, % 29 1,140
History of NSAID use, % 20 1,109
Smokers, % 62 472
Alcohol use, % 29 198
ASAL % 35 1,120
ASATL, % 37 1,060
ASATIL, % 20 1,060
ASATV, % 9 1,030
Boey 0, % 59 513
Boey 1, % 23 513
Boey 2, % 16 513
Boey 3, % 2 513
Shock at admission, % 7 1,107
Symptoms >24 h, % 11 723
Duration of symptoms, h 13.6 837
Free air on X-ray, % 85 510
WBC 12.3 147

who closed a PPU by simple closure, said: ‘Every doctor,
faced with a perforated duodenal ulcer of the stomach or
intestine, must consider opening the abdomen, sewing
up the hole, and averting a possible inflammation by
careful cleansing of the abdominal cavity’ [4]. Surpris-
ingly enough, treatment has not changed much since, still
consisting of primary closure of the perforation by a sin-
gle stitch suture and a convenient tag of adjacent omen-
tum on top of this [5-8]. Although this therapy sounds
very simple PPU still remains a dangerous surgical con-
dition, associated with high morbidity and mortality, not
to be underestimated [9].

Clinical Presentation and Investigation

In 1843, Edward Crisp was the first to report 50 cases
of PPU and accurately summarized the clinical aspects of
perforation, concluding: “The symptoms are so typical, I
hardly believe it possible that anyone can fail to make the
correct diagnosis’ [10]. Patients with PPU have a typical
history of sudden onset of acute, sharp pain usually lo-
cated in the epigastric area and sometimes with shoulder
pain, indicating free air under the diaphragm [11]. Bases
on collected data from 52 papers on PPU clinical char-
acteristics have been summarized in table 1. The typical
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patient with PPU is male with an average age of 48
years. He may have a history of peptic ulcer disease
(PUD) (29%), or nonsteroidal anti-inflammatory drugs
(NSAIDs) usage (20%). Vomiting and nausea are present
in 50% of the cases. At physical examination, pulse might
be quickened, but seldom goes beyond 90 bpm. About
5-10% of patients experience shock with a mean arterial
pressure of less than 80 mm Hg [12]. Hypotension is a late
finding as is high fever. Obliteration or complete absence
of liver dullness was only noted in 37%, so as a diagnostic
tool, this has its limitations [7]. In blood analysis a mod-
erate leukocytosis will be found. The main reason for tak-
ing a blood sample is excluding other diagnoses like pan-
creatitis [4]. An X-ray of the abdomen/thorax in the
standing position will reveal free air under the diaphragm
in about 80-85% [7, 13]. Some centers perform abdomi-
nal ultrasonography, or computerized tomography (CT)
scans with oral contrast [14]. With current radiological
techniques, 80-90% of cases are correctly diagnosed [12].
As soon as diagnosis is made resuscitation is started with
large volume crystalloids, nasogastric suction to empty
the stomach, and administration of broad-spectrum an-
tibiotics [13, 15]. When PPU has been diagnosed, there
are a few different therapeutic options to be taken into
consideration [12]. Firstly, it must be evaluated if the pa-
tient is suitable for surgery or if conservative treatment
should be considered instead. If surgery is indicated, is a
simple closure with or without omentoplasty sufficient or
is there a need for definitive ulcer surgery and if so which
specific operation is indicated? Finally, can the operation
be performed laparoscopically or are there risk factors
that would make laparotomy a safer option [12, 16]?

Pathogenesis

The pathogenesis of PUD may best be considered as
representing a complex scenario involving an imbalance
between defensive (mucus-bicarbonate layer, prostaglan-
dins, cellular renovation, and blood flow) and aggressive
factors (hydrochloric acid, pepsin, ethanol, bile salts,
some medications, etc.) [15]. In recent years, Helicobacter
pylori infection and NSAIDs have been identified as the
two main causes of peptic ulcer [17]. The use of crack co-
caine has also led to an increase in PPU, but with a differ-
ent underlying mechanism, since PPU secondary to the
use of crack cocaine is caused by ischemia of the gastric
mucosa, and treatment of these perforations does not re-
quire acid reducing definitive surgery [12]. Three clinical
phases in the process of PPU can be distinguished [4]:
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Phase 1: Chemical peritonitis/contamination. The

perforation causes a chemical peritonitis. Acid sterilizes
the gastroduodenal content; it is only when gastric acid is
reduced by treatment or disease (gastric cancer) that bac-
teria and fungi are present in the stomach and duode-
num.
Phase 2: Intermediate stage. After 6-12 h many pa-
tients obtain some relief of pain. This is probably due to
the dilution of the irritating gastroduodenal contents by
ensuing peritoneal exudates.

Phase 3: Intra-abdominal infection. After 12-24 h in-
tra-abdominal infection supervenes.

Epidemiology

Perforation occurs in 2-10% of patients with PUD and
accounts for more than 70% of deaths associated with
PUD. Perforation is often the first clinical presentation of
PUD [18]. The incidence of duodenal perforation is 7-10
cases/100,000 adults per year [9, 15, 16, 19-22]. The per-
foration site usually involves the anterior wall of the duo-
denum (60%), although it might occur in antral (20%)
and lesser-curvature gastric ulcers (20%) [19]. Duodenal
ulcer is the predominant lesion of the western popula-
tion, whereas gastric ulcers are more frequent in oriental
countries, particularly in Japan. Gastric ulcers have a
higher associated mortality and a greater morbidity re-
sulting from hemorrhage, perforation and obstruction
[17]. PPU used to be a disorder mainly of younger patients
(predominantly males), but recently the age of PPU pa-
tients is increasing (predominantly females) [16, 20]. The
current peak age is 40-60 years [16]. The need for surgery
for PPU has remained stable or even increased and the
mortality of peptic ulcer surgery has not decreased since
the introduction of H, receptor antagonists and peptic
ulcersare still responsible for about 20,000-30,000 deaths
per year in Europe [19, 23]. This may be due to an increase
in use of aspirin and/or NSAIDs [12].

Role of Helicobacter pylori

Until the discovery of the role of H. pylori in gastric
and peptic ulcers by Barry J. Marshall and Robin Warren
in 1982, stress and life style factors were believed to be the
most important factors contributing to PUD and PPU
[24]. H. pylori infection can be held responsible in more
than 90% of duodenal ulcers and in up to 80% of gastric
ulcers [17, 24]. H. pylori infection and the accompanying
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inflammation disrupts the inhibitory control of gastrin
release by decreasing antral somatostatin, and this is
more marked if the infecting organism is a cagA-positive
strain [19]. The resulting increase in gastrin release and
gastric acid secretion is a key mechanism by which the
H. pylori infection induces PUD [19]. In most instances,
infection with H. pylori seems to be acquired in early
childhood. In contrast to many other infections, the im-
mune system does not contribute to the healing [3, 17].
Another problem with eradicating H. pylori is that it is
not only located on the surface of the gastric mucosa but
also in the layer of mucus protecting it. In 1994, the Na-
tional Institutes of Health Consensus Development Pan-
el on Helicobacter pylori in Peptic Ulcer Disease recom-
mended that ulcer patients positive for H. pylori should
be treated with antimicrobial agents [25]. The type, num-
ber of drugs given and treatment duration differ enor-
mously [25]. Although the problem of antibiotic resis-
tance of H. pylori is increasing, combination therapies
such as metronidazole with clindamycin or metronida-
zole with tetracycline can achieve eradication rates of
80% or more [19, 26]. According to the Maastricht III
consensus report, first line treatment for H. pylori infec-
tion should be triple therapy which should compromise a
proton pump inhibitor (PPI) plus clarithromycin plus
amoxicillin or metronidazole [17, 27]. Monotherapy by
just giving antibiotics has proven not to be successful
(<30% eradication rate) [17]. Traditionally, peptic ulcer is
diagnosed endoscopically, but this is an expensive tool
and not well tolerated by patients [22]. The carbon-13-
urea breath test is expensive, but represents a reliable in-
dicator of H. pylori infection. The preferred method to
diagnose H. pylori is by taking peroperative biopsies [22].
Even in patients with PPU and NSAID usage, it is advis-
able to look for the presence of H. pylori, since it can be
eradicated easily. To avoid missing gastric cancer, gastro-
endoscopy should be performed in patients >45 years of
age with alarming features like weight loss, anemia, or
dysphagia [17].

Current Management Perforated Peptic Ulcer

Nonoperative Management

Conservative treatment is known as the Taylor meth-
od and consists of nasogastric aspiration, antibiotics, in-
travenous fluids and nowadays H. pylori triple therapy
[23, 26]. In 1946, Taylor presented the first series of suc-
cessful outcome of conservatively treated patients with
PPU, based on the theory that effective gastric decom-
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Primary closure by interrupted
sutures

Primary closure by interrupted
sutures covered with pedicled
omentoplasty

Cellan-Jones repair:
plugging the perforation with
pedicled omentoplasty

Graham patch:
plugging the perforation with
free omental plug

Fig. 1. Different suture techniques for closure of the perforation.

pression and continuous drainage will enhance self-heal-
ing [9, 26]. The fundamental idea for conservative treat-
ment came from Crisp who in 1843 noted that perfora-
tions of the stomach were filled up by adhesions to the
surrounding viscera which prevented leakage from the
stomach into the peritoneum [26]. Since then, many re-
ports have been published on this topic, with different
success rates [9]. But still there is an ongoing debate
whether PPU generally needs to be operated on or not. It
has been estimated that about 40-80% of the perforations
will seal spontaneously and overall morbidity and mor-
tality are comparable [19, 23, 26, 28]. However, delaying
the time point of operation beyond 12 h after the onset of
clinical symptoms will worsen the outcome in PPU [9,
19]. Also in patients >70 years of age conservative treat-

164 Dig Surg 2010;27:161-169

ment is unsuccessful with a failure rate as high as 67% [9,
28]. Shock at admission and conservative treatment were
associated with a high mortality rate (64%) [9, 23]. Pa-
tients likely to respond well to conservative treatment can
be selected by performing a gastroduodenogram as de-
scribed by Donovan et al. [26]. Nonsurgical treatment in
these patients, who had proven sealing of their perfora-
tion site, was safe, only resulting in 3% intra-abdominal
abscess formation and <2% repeat leak [26]. The advan-
tages of conservative treatment are avoidance of opera-
tion with associated morbidity caused by surgery and an-
esthesia, reduction in formation of intra-abdominal ad-
hesion induced by surgery which makes elective surgery
for PUD or for other indications in a later phase less com-
plicated and hospital stay perhaps shorter [29]. However,
there are also studies that showed a prolonged hospital
stay after conservative treatment [13, 19]. Disadvantages
are a higher mortality rate in case conservative treatment
fails. Another disadvantage is the lack of the benefit of
laparoscopy or laparotomy as a diagnostic tool in case the
patient was misdiagnosed [28, 29]. Finally, one always has
to bear in mind that PPU can be a symptom of gastric
cancer, so if conservative treatment has been chosen after
a few weeks endoscopy should be performed [9, 28]. In
conclusion, one can say that nonoperative treatment is
limited to patients <70 years of age who are not eligible
for surgical repair due to associated morbidity, with doc-
umented contrast studies showing that the perforation
has sealed completely. When the patient is in shock or
when the time point between perforation and ‘start of
treatment’ is >12 h, simple closure should be the first
treatment of choice.

Simple Suture

Open Repair Technique. All surgical procedures start
by giving prophylactic antibiotics at induction of anes-
thesia. In conventional surgery, an upper midline inci-
sion is performed. Identification of the site of perforation
is not always easy: sometimes a perforation has occurred
at the dorsal site of the stomach, only to be detected after
opening of the lesser sac through the gastrocolic liga-
ment. Also, double perforations can occur. In case of a
gastric ulcer, a biopsy is taken to exclude gastric cancer.
Simple closure of the perforation can be done in different
ways (fig. 1): simple closure of the perforation by inter-
rupted sutures without omentoplasty or (free) omental
patch, simple closure of the perforation with a pedicled
omentum sutured on top of the repair, representing
omentoplasty, a pedicled omental plug drawn into the
perforation after which the sutures are tied over it, and
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finally the free omental patch after Graham. The repair
can be tested by either filling the abdomen with warm
saline and inflating some air into the nasogastric tube. If
no bubbles appear, the perforation has been sealed appro-
priately. Also, dye can be injected through the nasogastric
tube [30]. Thorough peritoneal toilet is then performed.
A drain is not left routinely [31]. The abdominal wound
can be infiltrated with bupivacaine 0.25% at the end of
the procedure.

Omentoplasty or Omental Patch: Necessary or Not?
Cellan-Jones [32] published an article in 1929 entitled ‘a
rapid method of treatment in perforated duodenal ulcers’.
Treatment of choice at that time was, after excision of fri-
able edges if indicated, the application of purse string su-
tures and on top an omental graft. An encountered prob-
lem was narrowing of the duodenum. To avoid this, he
suggested omentoplasty without primary closure of the
defect. His technique consisted of placing 4-6 sutures,
selecting a long omental strand passing a fine suture
through it, the tip of the strand is then anchored in the
region of the perforation and finally the sutures are tied
off [32]. It was not until 1937 that Graham published his
results with a free omental graft [33]. He placed three su-
tures with a piece of free omentum laid over these su-
tures, which are then tied. No attempt is made to actu-
ally close the perforation [33]. The omental graft provides
the stimulus for fibrin formation. His approach has been
the golden standard since [34]. Very often surgeons men-
tion they used a Graham patch, but they actually mean
they used the pedicled omental patch described by Cel-
lan-Jones [32]. Schein [4] could not have outlined it any
clearer: ‘Do not stitch the perforation but plug it with vi-
able omentum and patch a perforated ulcer if you can, if
you cannot, then you must resect’.

Irrigation of the Peritoneal Cavity. Although some sur-
geons doubt the usefulness of irrigation, nothing has
been found in the literature supporting this theory. Gen-
erally, it is reflected on to be one of the most important
parts of the surgery and irrigation with 6-10 liters and
even up to 30 liters of warm saline are recommended [16].
However, the rational for the routine use of intraopera-
tive peritoneal lavage seems to be more a historically
based custom lacking any evidence-based support [35].

Drainage or Not. There seems to be no unanimity of
opinion on this topic [16, 30]. In a questionnaire 80% of
the responders answered that they would notleave a drain
[30]. A drain will not reduce the incidence of intra-ab-
dominal fluid collections or abscesses [30]. On the other
hand, the drain site can become infected (10%) and can
cause intestinal obstruction [30, 36]. Often, a drain is left
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as a sentinel. However, in case of suspected leakage, a CT
scan will provide all the information needed, probably
better than a nonproductive drain.

Definitive Surgery

Indications for elective surgery are still not defined
[19]. The number of elective procedures performed for
PUD has declined by more than 70% since the 1980s [19,
22]. The results of a questionnaire with 607 responders
showed that only 0.3% of the surgeons routinely perform
a vagotomy for duodenal ulcer complications and 54.5%
mentioned they never include it [37]. Reasons for decline
in definitive ulcer surgery are: lower recurrence rate of
PUD and PPU because of good results of H. pylori eradi-
cation and elimination of NSAID use. Also patients now-
adays operated for PPU are older with higher surgical risk
which make them less suitable candidates for definitive
ulcer surgery. Finally, many surgeons practicing today
have limited experience with definitive ulcer operations
[22]. Patients in whom definitive ulcer surgery should
be considered are those with PPU who are found to be
H. pylori-negative, or those with recurrent ulcers despite
triple therapy [12, 19, 26, 38, 39]. In these patients, a pa-
rietal cell vagotomy is recommended if necessary com-
bined with anterior linear gastrectomy [40]. This proce-
dure can be safely and relatively easily performed laparo-
scopically [19, 22].

Laparoscopy

Since the 1990s laparoscopic closure of a PPU has been
described. Laparoscopic surgery offers several advantag-
es. First of all, a laparoscopic procedure serves as a mini-
mally invasive diagnostic tool [41]. Other benefits from
laparoscopic repair are postoperative pain reduction and
less consumption of analgesics and a reduction in hospi-
tal stay [42]. Also, a reduction in wound infections, burst
abdomen and incisional hernia due to shorter scars has
been noted [16, 42]. Avoiding upper laparotomy might
lower the incidence of postoperative ileus and chest infec-
tions [16, 42]. Drawbacks are a prolonged operating time,
higher incidence of re-operations due to leakage at the
repair site and a higher incidence of intra-abdominal col-
lection secondary to inadequate lavage [16, 42, 43]. If the
presence of these fluid collections has any clinical rele-
vance is unclear. The higher incidence of leakage might
be caused by the difficulty of the laparoscopic suturing
procedure. First of all, this emphasizes the need for a ded-
icated laparoscopically trained surgeon to perform this
procedure [13]. Alternative techniques to simplify the su-
turing process have been thought of [13, 42]. Some lapa-
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Table 2. Overview of complications after surgery for PPU [13, 16,
19, 20, 42, 43, 51-55]

Complication % incidence
Pneumonia 3.6-30
Wound infection 10-17
Urinary tract infection 1.4-15
Suture leak 2-16
Abscess formation 0-9
Heart problems

(myocardial infarction, heart failure) 5
Ileus 2-4
Fistula 0.5-4
Wound dehiscence 2.5-6
Biliary leak 4.9
Bleeding 0.6
Re-operation 2-9
Sepsis 2.5
Stroke 4
Death 5-11

Table 3. Boey’s score related to morbidity and mortality

Morbidity rate, %  Mortality rate, %

Boey 0 17.4 L5
Boey 1 30.1 14.4
Boey 2 42.1 32.1
Boey 3 100

roscopic surgeons use omentopexy alone [12, 41]. Suture-
less techniques have been tried, in which fibrin glue alone
or a gelatin sponge has been glued into the ulcer [12]. The
downside of this technique is that it can only be used to
close small perforations. To overcome this problem, a
biodegradable patch that can be cut into any desirable
size has been tested in rats with good results [44]. Finally,
combined laparoscopic-endoscopic repair has been de-
scribed as well [45].

Postoperative Management

In reviewing the literature, all patients receive naso-
gastric probes for at least 48 h [16]. This, however, seems
to be a more ‘common practice’ than evidence-based
medicine [46]. A recently published Cochrane review
concludes that routine nasogastric decompression does
not accomplish any of its intended goals and should only
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be applied in selected cases, which has been supported by
other trials as well [46-48]. This also means that oral
feeding can be started early, as in colorectal surgery, and
that waiting for 3 days, as is often done according to pro-
tocol, is unnecessary [48, 49]. As can be seen in table 2,
wound infections represent the second most common
complication after surgery for PPU. Also, the incidence
of sepsis is 2.5%. Preoperative intravenous administra-
tion of antibiotics has proven to lower the overall infec-
tion rate [50]. Though for most surgical procedures a sin-
gle dose seems to be sufficient, in the case of H. pylori
infection triple therapy is recommended consisting of a
PPI combined with clarithromycin and amoxicillin for 14
days [16, 27, 49, 50]. Upper gastrointestinal endoscopy is
suggested to be performed after 6 weeks to assess healing
of the ulcers and to evaluate H. pylori status [49].

Postoperative Complications

The most commonly observed postoperative compli-
cation was pneumonia followed by wound infection. An
overview of all the complications and their incidences
based on literature reviews is listed in table 2 [13, 16, 19,
20, 42, 43, 51-55].

Risk Factors Influencing Outcome

Mortality after surgery for PPU is between 6 and 10%
[20]. There are four main factors which can increase this
mortality rate even up to 100%. These are age >60 years,
delayed treatment (>24 h), shock at admission (systolic
BP <100 mm Hg) and concomitant diseases [19, 21]. Also,
gastric ulcers are associated with a two- to threefold in-
creased mortality risk [19, 22]. Boey’s score, which is a
score based on scoring factors as shock on admission,
confounding medical illness, and prolonged perforation,
has been found to be a useful tool in predicting outcome
(table 3) [16, 23, 39, 51].

Perforated Peptic Ulcer in the Elderly

Mortality rate after surgery for PPU is three to five
times higher in the elderly (up to 50%) [56]. This can be
explained by the occurrence of concomitant medical dis-
eases but also by difficulties in making the right diagno-
sis resulting in a delay of >24 h [56]. In case of a perfo-
rated gastric ulcer or recurrent PUD (hemi)gastrectomy
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with vagotomy might be indicated, but overall simple clo-
sure is a safe procedure and there seems to be no need for
definitive surgery in this group of patients since ulcer re-
currence is only 14% [12, 56, 57].

Conclusion

Surgery for PPU still is a subject of debate despite more
than an era of published expertise. Reviewing different
policies regarding for instance the indication for conser-
vative treatment, sense or no sense of drains, the need for

omentoplasty or not, performing the procedure laparo-
scopically and the need for definitive ulcer surgery, might
contribute to establishing consensus. Reviewing results
of laparoscopic correction of PPU and correction by up-
per laparotomy one may conclude that the complications
seen after laparoscopic procedure (longer operation time
and higher incidence of re-leakage), which can be re-
duced by allowing only surgeons trained in laparoscopy
to perform this surgery, do not outweigh the benefits of
performing this procedure laparoscopically (lower pain,
morbidity and mortality), even in the elderly. Therefore,
a laparoscopic procedure should be the first choice.
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