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Background: Perforated peptic ulcer (PPU) is a common surgical emergency that carries high mortality

and morbidity rates. Globally, one-quarter of a million people die from peptic ulcer disease each year.
Strategies to improve outcomes are needed.
Methods: PubMed was searched for evidence related to the surgical treatment of patients with PPU.
The clinical registries of trials were examined for other available or ongoing studies. Randomized clinical
trials (RCTs), systematic reviews and meta-analyses were preferred.
Results: Deaths from peptic ulcer disease eclipse those of several other common emergencies. The
reported incidence of PPU is 3·8–14 per 100 000 and the mortality rate is 10–25 per cent. The possibility
of non-operative management has been assessed in one small RCT of 83 patients, with success in 29 (73
per cent) of 40, and only in patients aged less than 70 years. Adherence to a perioperative sepsis protocol
decreased mortality in a cohort study, with a relative risk (RR) reduction of 0·63 (95 per cent confidence
interval (c.i.) 0·41 to 0·97). Based on meta-analysis of three RCTs (315 patients), laparoscopic and open
surgery for PPU are equivalent, but patient selection remains a challenge. Eradication of Helicobacter
pylori after surgical repair of PPI reduces both the short-term (RR 2·97, 95 per cent c.i. 1·06 to 8·29)
and 1-year (RR 1·49, 1·10 to 2·03) risk of ulcer recurrence.
Conclusion: Mortality and morbidity from PPU can be reduced by adherence to perioperative strategies.
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Introduction

Perforation of a peptic (gastric or duodenal) ulcer is
a potentially fatal surgical emergency that remains
a formidable health burden worldwide1 . The global
prevalence of peptic ulcer disease has decreased in recent
decades (Fig. 1)2 – 5 , but this has not been followed by a
similar reduction in complications from peptic ulcers4 – 7 .
The reduction in peptic ulcer disease is in part explained
by the introduction of antibacterial therapy to eradicate
Helicobacter pylori and the widespread use of proton pump
inhibitors (PPIs). Yet, despite the introduction of PPIs,
the rate of peptic ulcer perforation has remained stable in
several regions of the world4,7 – 10 . Improved medical management of peptic ulcer disease has virtually eradicated the
need for acid-reducing surgery, such as proximal selective
vagotomy, gastric resection and surgery performed for
benign gastric outlet obstruction5,11 . The complications
of peptic ulcer disease, however, in particular bleeding
and perforation, continue to present as an emergency8,12 .
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Bleeding ulcers are about ﬁve times more common than
perforated ulcers2 . Non-operative management, including
medication, endoscopy and interventional radiology, has
decreased the role of emergency surgery to less than 2 per
cent of patients; bleeding ulcer is now predominantly a
medical emergency13,14 .
In contrast, the prevalence of perforated peptic ulcer
(PPU) has remained fairly stable over the past decade8 ,
and emergency surgery is the mainstay of treatment. As
most patients with a PPU are elderly with considerable comorbidity15 , a high mortality rate (up to 25 per cent) and
a morbidity rate of up to 50 per cent have been reported,
even in recent studies16 – 18 . Consequently, PPU remains a
frequent challenge to surgeons15,19 , and optimal treatment
strategies are needed20 .
This article reviews current knowledge on treatment of
PPU, including optimal strategies and published evidence
to support their use. Areas in need of improvement and
further research are highlighted.
BJS 2014; 101: e51–e64
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Age-standardized disability-adjusted life-years from peptic ulcer disease by country (per 100 000 inhabitants). The data are based
on a World Health Organization 2004 report, reproduced with permission from Wikimedia (http://commons.wikimedia.org/wiki/File:
Peptic_ulcer_disease_world_map_-_DALY_-_WHO2004.svg)

Fig. 1

Methods

The study included a systematic search of PubMed for
research related to PPU using the search terms ‘peptic
ulcer’, ‘gastroduodenal’, ‘gastric’, ‘duodenal’ with ‘ulcer’
and ‘perforation’ or ‘perforated’. The focus was on studies
reported since 2000, with a particular emphasis on the past
5 years (search completed 31 August 2013). The search
emphasized randomized clinical trials (RCTs), systematic
reviews and meta-analyses covering themes on PPU.
Papers using a collective review approach and recent narrative reviews were also included. Clinical trial registries
(www.clinicaltrials.gov, www.controlled-trials.com) were
searched for planned, ongoing or recently completed
trials on PPU. Owing to the heterogeneous nature of the
available data, formal meta-analyses were not planned.

Results

Papers covering speciﬁc topics, including systematic
reviews with, or without meta-analyses were found for a few
topics, including the epidemiology and mortality of PPU2 ,
the comparison of open and laparoscopic surgery21 – 25 , the
 2013 BJS Society Ltd
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role of H. pylori eradication26 – 28 , and the role of scoring
systems and prediction models29,30 .
Only one unpublished RCT was found in the
clinical registries (ClinicalTrials.gov; registration number
NCT01620671), which aimed to investigate fast-track
surgery for PPU. The trial is recorded as completed
in January 2013, with enrolment of 61 patients (all
adults, perforations smaller than 5 mm, American Society
of Anesthesiologists (ASA) grade I–II, no shock on
admission), but no published results were found. One
further registered trial31 (NCT01080326) investigated
the feasibility of endoscopic omental patch repair in
three patients, of whom two underwent natural oriﬁce
transluminal endoscopic surgery.

Global scope and health burden
Although there has been a substantial decrease, the
estimated global number of deaths attributable to peptic
ulcer disease in 2010 was 246 000 (95 per cent conﬁdence
interval (c.i.) 215 000 to 282 000). In context, this is seven
times the death rate from appendicitis, considerably more
than that for ruptured abdominal aortic aneurysm, and
similar to the death rate from cancers such as those of
www.bjs.co.uk
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the prostate in men and ovarian and cervical cancer in
women32 . Almost 70 per cent of deaths from peptic ulcer
disease are the result of perforation33 .
Estimated annual incidence rates of peptic ulcer
haemorrhage and perforation are 19·4–57·0 and 3·8–14
per 100 000 individuals respectively2 . Based on data from
11 European studies2 , there are between 4750 and 17 750
deaths from PPU every year. A study from 1993 to 2006,
which captured 20 per cent of all hospital admissions in
the USA, showed that the number of surgical procedures
for perforation (deﬁned as oversewing of peptic ulcer site)
decreased by 21 per cent, from 15 000 to 12 000. The
mortality rate from peptic ulcer disease was more than ten
times higher than that from acute appendicitis and acute
cholecystitis (index year 2006)5 .

Cause of disease and risk factors
The aetiology of peptic ulceration has changed as
H. pylori infections have decreased, and the use of

Preoperative care

non-steroidal anti-inﬂammatory drugs (NSAIDs)34,35 and
cyclo-oxygenase 2 inhibitors36 has increased. Several
risk factors remain strongly associated with perforation,
including smoking37,38 , and the use of NSAIDs1 and
corticosteroids39 (Fig. 2). A decrease in complicated peptic
ulcer disease occurred after the introduction of PPIs6,40 .
Other less common factors may contribute to PPU, such as
the use of crack cocaine or amphetamine41 , and prolonged
fasting42 – 44 . The increase in bariatric surgery has resulted
in marginal ulcer perforations following Roux-en-Y gastric
bypass45 – 47 , replacing the stomal ulceration previously
seen after gastric resection for malignant disease (such
as Billroth II resection). In patients with recurrent or
multiple peptic ulcers, the Zollinger–Ellison syndrome
(gastrinoma) should not be forgotten48 .
Stress ulcers with perforation may occur in critically
ill patients in intensive care, where the diagnosis may
be obscured owing to lack of signs and symptoms in an
unconscious or sedated patient. Evidence for the beneﬁt

Operative care

Postoperative care

Non-modifiable factors
Size of ulcer
Degree of contamination
State of SIRS/sepsis

Age
Sex
Co-morbidity
Alcohol/drug abuse
Smoking
Immunosuppression

Inflammation

Availability of ICU, expertise
Development of complications

Infection

Onset of disease
SIRS

Sepsis

Multiple organ failure

Modifiable factors
Delay to diagnosis
Correction of deterioration
Obtain cultures
Analgesia
Early antibiotics
Early PPI
Resuscitation – fluids

Delay to surgery
Choice of surgery
Laparoscopic versus open
± Omental patch
Degree of lavage ± abdominal drainage

Correction of fluid balance
Monitoring of vital signs
Continued antibiotics
Correction for culture (bacteria, fungi)
Helicobacter pylori eradication
Pre-emptive lung-recruiting techniques
(avoid pneumonia)
Continued acid suppression

Modiﬁable and non-modiﬁable risk factors in perforated ulcer disease. SIRS, systemic inﬂammatory response syndrome; ICU,
intensive care unit; PPI, proton pump inhibitor

Fig. 2

 2013 BJS Society Ltd
Published by John Wiley & Sons Ltd

www.bjs.co.uk

BJS 2014; 101: e51–e64

e54

of prophylactic acid suppression against stress ulcer is
sparse49 , and patients taking PPIs may still develop a
perforated ulcer.
Perforated ulcer may also occur in children50 – 52 ,
sometimes associated with other conditions51,53 . Albeit
rare, it should not be forgotten as a possible cause of acuteonset pain or otherwise unexplained abdominal symptoms.
Finally, although predominantly benign in nature,
underlying gastric cancer can occasionally present with
perforation, as reported in over 13 per cent in one series54 .

Risk scoring
Several investigators have tried to predict disease severity
in patients with PPU. The ﬁrst prediction model and
the one most frequently used is the Boey score55,56 . It
was developed and validated prospectively and uses three
variables: major medical illness, preoperative shock and
longstanding perforation (more than 24 h). The Boey score
correctly predicted outcome in 93·8 per cent of patients
with PPU55 . However, later evaluation in other cohorts
demonstrated inconsistency57,58 , which led to alternative
risk scores being developed59 – 62 , although none has yet
been adopted universally. Most risk prediction models
are limited in their ability to predict outcome for the
individual30 .
Even though a number of risk factors for adverse
outcome have been identiﬁed, many can be explained by
the septic state of a patient with PPU. In a comprehensive
literature search29 of 50 studies comprising almost 30 000
patients, 37 prognostic factors were investigated. The
strongest associations with mortality were older age,
co-morbidity and use of NSAIDs or steroids. Shock,
preoperative metabolic acidosis, tachycardia, acute renal
failure, low serum albumin level, high ASA grade
and preoperative delay exceeding 24 h were associated
with poor prognosis. The authors suggested that early
identiﬁcation and treatment of sepsis is needed to improve
the outcome of patients with PPU.
Another tool for predicting 30-day mortality is the Peptic
ULcer Perforation (PULP) score59 , which was developed
on 2668 patients who had surgery for PPU across
35 hospitals in Denmark. The PULP score comprises
eight variables associated with worse outcome including:
age over 65 years, active malignant disease or acquired
immunodeﬁciency syndrome, liver cirrhosis, steroid use,
increasing time (more than 24 h) from perforation to
admission, preoperative shock, raised serum creatinine
level (over 130 mmol/l) and ASA grade over I59 . The score
predicted mortality well, with an area under the receiver
operating characteristic (ROC) curve (AUC) of 0·83. The
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PULP score was better than the Boey score (AUC 0·70)
and use of ASA grade alone (AUC 0·78)59 . However, the
PULP score has yet to be validated outside this Danish
cohort30 .

Diagnosis and imaging
The clinical presentation of acute pain in the upper
abdomen, with signs of peritonitis, is typical for PPU,
but is seen in only about two-thirds of patients63,64 .
When present, peritonitis is an indication for immediate
laparoscopy or laparotomy, taking into account the
patient’s condition and observations. Delay should not
be introduced by additional imaging.
Fewer than one-third of patients have a history of
peptic ulcer disease before perforation33 . Erect chest X-ray,
seeking free air under the diaphragm, has been the imaging
procedure of choice historically, but the diagnostic yield is
suboptimal65 and free air is reported to be visible at rates
varying from 30 to 85 per cent33,63,66 . X-ray has now been
replaced by abdominal computed tomography (CT), which
has a higher diagnostic yield, reportedly around 70–98 per
cent63,66 – 69 . In addition, CT can rule out other differential
diagnoses of importance (such as acute pancreatitis) that
would obviate the need for surgery.
Ultrasonography may be useful in experienced hands
and can locate the site of ulcer perforation70,71 . The role of
ultrasonography is limited and it should not delay surgery
if other diagnostic procedures have conﬁrmed the presence
of free air, or the patient is ill.

Surgical treatment
Since gastric resections and truncal vagotomy for acid
reduction became obsolete with the advent of PPIs, the
main surgical treatment for PPU has become simple suture
of the perforation site with, or without the addition of
an omental patch (Fig. 3). The surgical trend has shifted
towards minimally invasive laparoscopic surgery in selected
patients63,72 – 74 .
Laparoscopic repair (Fig. 4) was ﬁrst used for a perforated
duodenal ulcer in 199075 . The ﬁrst RCT that compared
open and laparoscopic surgery for PPU was done in
Hong Kong and included 103 procedures76 ; there were no
differences in the outcomes between the two procedures
(Table 1). Similarly, a second small randomized trial80 of
20 patients, which examined possible effects on the acutephase response and the presence of endotoxaemia, found
no difference between laparoscopy and open repair; a
subsequent similar investigation81 conﬁrmed this ﬁnding.
A further RCT78 , also from Hong Kong, that included
www.bjs.co.uk
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a

Primary closure

c

Omental pedicle flap;
Cellan – Jones repair

b

e55

Primary closure with
omental pedicle flap

d

Free omental plug;
Graham patch

e

f

Long tails

Tacking sutures

Alternative techniques for suture of a perforated ulcer: a primary suture; b primary suture with pedicled omental ﬂap; c pedicled
omental ﬂap sutured into the perforation (Cellan–Jones repair); d free omental plug sutured into the perforation (Graham patch); e use
of three long-tailed sutures to close the perforation and buttress with a pedicled omental ﬂap; f use of tacking sutures around the
perforation (for example when friable edges or a large perforation may not allow approximation of wound edges)

Fig. 3

130 patients reported in 2002, and the only European
study (the Dutch LAMA trial)79 reported in 2009. All
three RCTs favoured laparoscopic repair, as being at
least not inferior to open surgery for PPU; however,
a subsequent meta-analysis22 has provided inconclusive
results owing to the small sample sizes for each outcome
measured (Table 1).

As increasing numbers of retrospective and cohort
studies of laparoscopic surgery for PPU have been
reported, the combined meta-analyses of RCTs, prospective observations and retrospective cohorts have yielded
more favourable advantages for laparoscopy21 . Collective
reviews74 also favour a laparoscopic approach, but most
of these were conducted before the advent of guidelines
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1st assistant

Operator

5mm
5mm 5mm
10mm

2nd assistant

a

c

b

Set-up

Long-tailed sutures

d

Pedicled omental flap

Access

e

Final result

Fig. 4 Laparoscopic set-up for suture of perforated peptic ulcer: a suggested arrangement of patient, surgeon and assistants; b
triangulation of equipment and camera access through umbilicus, with one additional port for the assistant to retract the liver; c use of
long-tailed sutures to form d pedicled omental ﬂap; e ﬁnal result

for systematic reviews, such as the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations82 , and have the inherent risk
of publication bias. Thus, the current state of evidence
remains poor for choosing laparoscopy over laparotomy
for PPU. Yet laparoscopic surgery for PPU has been taken
up enthusiastically in many hospitals and reports from
population-based series have shown no adverse effects on
outcomes63,83 . Specialist society guidelines84,85 suggest that
a laparoscopic approach is warranted in selected patients.
Laparoscopic repair of PPU has also been done by trainee
surgeons, with acceptable results63,86 , probably because of
the increased exposure to laparoscopy by current young

surgical trainees73,87 . Guidelines on which patients with
PPU are best suited to a laparoscopic approach have not yet
been established, but shock on admission (blood pressure
below 90 mmHg), delayed presentation (over 24 h) after
perforation, age over 70 years, ASA ﬁtness grade III–IV
and a high Boey score should be considered adverse risk
factors, and should guide towards laparotomy rather than
laparoscopy88 . Inadequate ulcer localization, large perforation (deﬁned by some as larger than 6 mm diameter, and
by others as over 10 mm) and ulcers with friable edges
are also likely to result in failure of laparoscopic surgery,
with conversion to open repair88 . Patient selection for
laparoscopic repair remains a challenge, but considerable
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Available evidence for treatment decisions regarding perforated peptic ulcer management
Study information
and results

Intervention

Evidence-based data

Country of origin*

Perioperative protocol

Multicentre
prospective study16 ,
n = 2619

Reduced 30-day
mortality rate in
hospitals applying
protocol (17%
versus 27% for
others; P = 0·005);
RR 0·63 (95% c.i.
0·41 to 0·97)

Denmark

Non-operative
management

RCT77 , n = 83
43 had immediate
surgery; 40 had
resuscitation with
i.v. fluids,
nasogastric suction,
and i.v. antibiotics
and ranitidine

Hong Kong, China

Laparoscopic versus
open surgery

Meta-analyses21 – 25
based on 3
RCTs76,78,79 ,
n = 315

Similar mortality (5% in
each group)
11 (27%) in
conservative group
required surgery
after 12 h
Non-operative
management failed
in patients aged
> 70 years
No difference between
open and
laparoscopic
approach for most
outcomes
investigated in
meta-analysis

Helicobacter pylori
eradication after
surgery to reduce
ulcer recurrence

Meta-analyses27,28 of
5 RCTs, n = 401

Reduced incidence of
ulcer recurrence at
8 weeks (RR 2·97,
95% c.i. 1·06 to
8·29) and at 1 year
(RR 1·49, 1·10 to
2·03) after surgery

Egypt (1)
India (2)
Hong Kong (1)
Turkey (1)

The Netherlands (1)
Hong Kong, China (2)

Comment on results,
limitations
Strong role of
preoperative,
perioperative and
postoperative
optimal care with
focus on sepsis,
fluid management
and systematic
monitoring
Only 117 patients in
intervention group
Success rate > 70%,
but based on small
study sample
Not repeated/
validated
Performed before
PPI era

First trial in 1996, last
in 2009
Small numbers, two
single-centre studies
Early laparoscopic
experience; may
include learning
curve effect
Reduces risk of ulcer
recurrence
Published between
2000 and 2011
Sample size 40–124
patients
Only simple duodenal
ulcers included
Long-term effects not
reported

*Country of primary studies. RR, relative risk; c.i., conﬁdence interval; RCT, randomized clinical trial; i.v., intravenous; PPI, proton pump inhibitor.

laparoscopic expertise of the surgeon is mandatory89 . In
addition, the optimal laparoscopic surgical technique for
closure of the perforation remains unknown; the decision
rests on whether or not to use an omental patch74,89 – 91 .
Finally, the latest options for PPU include endoscopic
closure92 and natural oriﬁce transluminal treatment, which
has been reported in a few small series31,93,94 ; these remain
experimental and beyond the scope of this review.

Supportive treatment
As soon as the diagnosis of PPU has been made, antibiotic
treatment should commence (after obtaining blood
cultures). No speciﬁc antibiotics are recommended95 ,
and antibiotic regimens should be based on institutional,
national or society guidelines, drug availability and any
 2013 BJS Society Ltd
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known local patterns of microbial resistance96 – 98 . It is
important not to stop antibiotics too soon after surgery,
particularly if there is signiﬁcant contamination, as intraabdominal abscess may complicate subsequent recovery.
For patients who do not improve on broad-spectrum
antibiotics, fungal cultures should be obtained, as fungal
superinfection is a known late complication of PPU99,100 .
Routine use of prophylactic antifungal therapy in high-risk
patients was well tolerated but did not reduce mortality in
critical care101 , although it did decrease the rate of fungal
infection102 .
As vagotomy is seldom performed during surgery for
PPU103 , it is important to eradicate H. pylori after surgery,
and to give long-term antacid treatment, as perforation
may recur in about 12 per cent of patients. This is
particularly true for duodenal ulcers, and also in endemic
www.bjs.co.uk
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areas104 – 107 . Two recent systematic reviews27,28 support
Helicobacter eradication to prevent ulcer recurrence
(Table 1). Wong and colleagues28 included ﬁve RCTs
with a total of 401 patients treated surgically for PPU.
Eradication of H. pylori signiﬁcantly reduced the rate of
ulcer recurrence after 8 weeks (relative risk 2·97, 95 per
cent c.i. 1·06 to 8·29) and 1 year (1·49, 1·10 to 2·03). A
second report27 concluded that patients who completed
eradication therapy had a 1-year recurrent ulcer rate of
5 per cent, compared with 35 per cent in those without
eradication. The choice of eradication therapy and outcomes are reviewed elsewhere108 . The role of H2 -receptor
blockers has largely decreased with the more widespread
availability and use of PPIs. Overall, PPIs reduce the risk
of complications after the diagnosis of peptic ulcer109 , and
should be used particularly for patients taking NSAIDs.

of sepsis is considerable, resuscitation should commence
before surgery, as recommended in guidelines from the
Surviving Sepsis Campaign116 . The PULP project16 in
Denmark demonstrated a decrease in the overall mortality
rate from 27 to 17 per cent by instituting a care bundle. A
Danish nationwide quality-of-care (QoC) initiative has
since been launched to improve outcome in patients
with PPU. During the study, an increasing number
of hospitals fulﬁlled four preset QoC indicators. These
included preoperative delay no more than 6 h, and daily
monitoring of bodyweight, ﬂuid balance and vital signs.
After introduction of the care bundle, fewer patients had
early discontinuation of routine prophylactic antibiotics.
The adjusted 30-day mortality rate decreased, albeit
non-signiﬁcantly, and the rate of reoperation remained
unchanged; a further RCT is planned117 .

Non-operative management

Other outcomes

In high-risk patients, those who would not tolerate or
cannot undergo general anaesthesia, or for patients with
a sealed retroperitoneal perforation, a non-operative
approach may be considered (Table 1). This includes PPI
and antibiotic treatment, a nasogastric tube and percutaneous drainage of any collections, as required110 – 112 . For
the elderly and very sick patients with PPU, the mortality
rate is over 50 per cent for both operative and conservative
approaches113 .
One report suggested that patients with PPU and a
short duration of symptoms, few signs and no generalized
peritonitis, with only minor amounts of free air visible
on imaging, may be most suitable for conservative
treatment114 . However, the amount of visible free air is
not always a reliable guide to disease severity. A small RCT
of 83 patients, of whom 40 were randomized to primary
conservative treatment and 43 to immediate surgery,
reported that conservative management was successful in
73 per cent, with a mortality rate similar to that of surgery;
it was less likely to work in patients aged over 70 years77 .
Conservative treatment for PPU is seldom reported115 ,
and restricted mostly to case reports, so its role remains
uncertain and best based on individual evaluation. Notably,
for gastric ulcer perforations, it is crucial to perform an
upper gastroendoscopy to rule out gastric cancer if the
patient has not undergone surgery, or biopsies have not
been obtained during surgery.

The 30-day mortality rate varies considerably in reported
studies and is related to patient selection, as well as
geographical differences2,8,83,118 – 120 . There is consistent
evidence of adverse effects of delay in diagnosis and
delay before surgery118,121,122 , as well as higher mortality
among the elderly7,8,123 – 125 . Postoperative complications
are frequent120,126,127 , and include common diagnoses such
as wound and other abdominal infections, thromboembolic
events and organ failure. Rarer complications include
omental patch leakage requiring reoperation in about 4
per cent of patients126 and persistent duodenal ﬁstula128 .

Long-term outcomes
Data on long-term survival after treatment for PPU are
based on just a few studies. One from the Mayo Clinic129
followed all patients residing in Rochester, Minnesota
from treatment until death. Death rates were high, in
particular from heart disease and cancer; excess mortality
was highest in older patients, men and smokers. Another
study from Norway130 found similar results, with most
deaths due to smoking-related diseases. A national cohort
from Denmark131 showed no difference in survival up
to 2 years after surgery between patients who had the
PULP trial bundle of care compared with those who did
not. Whether changes in national smoking habits (many
countries currently report a signiﬁcant reduction) will
coincide with improvements in long-term survival after
surgery for PPU is currently unknown.

Multimodal approach to assessment
and resuscitation

Future strategies to improve outcomes

A multidisciplinary approach to patients with PPU should
be initiated at the time of diagnosis. Because the risk

The evidence of an optimal strategy for patients with
PPU is currently based on a few small RCTs (Table 1).
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There is also information from a limited number
of prospective studies, but most published research
derives from retrospective single-institution studies. For
a common disease with a high mortality rate and
considerable morbidity after surgery, there is ample scope
for improvement. The worldwide prevalence of PPU
suggests that large trials of various aspects of care could be
conducted through international collaboration132 .
Investigation into the value of protocol-driven care
bundles that focus on sepsis and sepsis syndrome in patients
with PPU could inform QoC outcomes. A ‘before and after’
approach could be explored, in order to demonstrate any
potential effect on mortality, which is the most obvious
hard endpoint. As PPU is a worldwide disease, simple
agreement to adhere to a speciﬁed protocol is an affordable
intervention that could be applied across several regions;
this is the most likely action to reduce mortality from
PPU.
Current controversies include the role of non-operative
management, both in frail patients, and also in the
healthy patient with minimal disease. Patient selection
for conservative treatment is currently poorly understood,
and better data could be provided by large-scale studies.
Optimal management strategies remain to be deﬁned in
relation to the range of disease severity.
There also remains uncertainty about the optimal role
of laparoscopic repair for PPU. Future comparison of
open and laparoscopic surgery for PPU could focus
on softer endpoints than death, such as: need for
reoperation, time to recovery and rate of intra-abdominal
infection/abscess. Laparoscopic experience has increased
since the previous RCTs, which were not powered to
examine the secondary endpoints reliably. Other operative
variables that could be studied include whether or not an
omental patch is beneﬁcial, type and duration of antibiotics,
and antifungal therapy. Long-term follow-up studies would
be valuable, particularly for young patients treated for
PPU.
Finally, life expectancy is increasing in many highly
populated regions of the world, including Europe133 , the
USA134 and China135 . A study of the increasing burden of
gastrointestinal disorders requiring admission to hospital
in Ireland estimated that admission of patients aged over
65 years will increase by 128 per cent by 2031136 , with an
equal increase in the need for surgical procedures. Surgeons
should be prepared for an increasing number elderly, frail
patients needing emergency treatment for PPU137 – 139 .
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