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Abstract
AIM: To investigate the role of laparoscopy in diagnosis 
and treatment of intra abdominal infections.

METHODS: A systematic review of the literature was 
performed including studies where intra abdominal 
infections were treated laparoscopically.

RESULTS: Early laparoscopic approaches have become 
the standard surgical technique for treating acute 
cholecystitis. The laparoscopic appendectomy has 
been demonstrated to be superior to open surgery 
in acute appendicitis. In the event of diverticulitis, 
laparoscopic resections have proven to be safe and 
effective procedures for experienced laparoscopic 
surgeons and may be performed without adversely 
affecting morbidity and mortality rates. However 
laparoscopic resection has not been accepted by the 
medical community as the primary treatment of choice. 
In high-risk patients, laparoscopic approach may be 
used for exploration or peritoneal lavage and drainage. 
The successful laparoscopic repair of perforated peptic 
ulcers for experienced surgeons, is demonstrated to be 
safe and effective. Regarding small bowel perforations, 
comparative studies contrasting open and laparoscopic 
surgeries have not yet been conducted. Successful 
laparoscopic resections addressing iatrogenic colonic 
perforation have been reported despite a lack of 
literature-based evidence supporting such procedures. In 
post-operative infections, laparoscopic approaches may 
be useful in preventing diagnostic delay and controlling 
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the source.

CONCLUSION: Laparoscopy has a good diagnostic 
accuracy and enables to better identify the causative 
pathology; laparoscopy may be recommended for the 
treatment of many intra-abdominal infections.
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Infection; Pregnancy
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Core tip: Laparoscopic procedures have become widely 
accepted as a primary means of diagnosing and treating 
intra-abdominal infections (IAIs). The diagnostic accuracy 
of laparoscopy enables surgeons to better identify 
the causative pathology of acute abdominal pain, and 
related procedures can be employed to effectively treat 
a variety of IAIs. Depending on the patient’s symptoms, 
pathological severity, and the attending surgeon’s 
personal experience, laparoscopy may be recommended 
for the treatment of many IAIs.
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INTRODUCTION
Intra-abdominal infections (IAIs) include a variety of 
pathological conditions, ranging from uncomplicated 
appendicitis to fecal peritonitis. IAIs are subcategorized 
in 2 groups: uncomplicated and complicated IAIs[1]. In 
the event of an uncomplicated case of IAI, the infection 
involves a single organ and does not spread to the 
peritoneum. Patients with such infections can be treated 
with either surgical intervention or antibiotics.

When the infection is effectively resolved by means 
of surgery, a 24-h regimen of perioperative antibiotics 
is typically sufficient. In the event of complicated IAI, 
the infectious process proceeds beyond a single organ, 
causing either localized or diffuse peritonitis. The 
treatment of patients with complicated IAIs involves 
both surgical and antibiotic therapy[1]. Source control 
action encompasses all measures taken to eliminate the 
abdominal source of infection and to control ongoing 
intra-abdominal contamination. Control of the source 
of infection can be achieved by either operative or 
non-operative means. The percutaneous drainage of 
abscesses is an important non-operative interventional 
procedure. However, surgery remains the undisputed 
cornerstone of treatment for IAIs. Surgery may be 

required depending on the underlying pathology and 
the type and severity of the intra-abdominal infection. 
Surgical source control may entail resection or suture 
of diseased or perforated viscera (e.g., diverticular 
perforation, gastro-duodenal perforation), removal 
of the infected organ (e.g., appendix, gall bladder), 
or drainage of abscesses inaccessible by means of 
percutaneous drainage. Source control typically involves 
debridement, which is essential for the removal of 
infected or necrotic tissue.

Laparoscopic procedures have become widely acce
pted by the medical community as a primary means of 
diagnosing and treating IAIs.

For patients with complicated IAIs, the laparoscopic 
approach is an extremely useful technique, particularly 
for diagnosing uncertain cases[2].

Depending on the anatomical source of infection and 
the attending surgeon’s experience, laparoscopy may 
be recommended for the treatment of many IAIs. The 
aim of the present systematic review is to evaluate the 
role of laparoscopy in the management of the different 
causes of complicated IAIs.

MATERIALS AND METHODS
Literature search strategy
Electronic searches were performed using MEDLINE, 
EMBASE (1988-2014), PubMed (January 1980-December 
2014), Cochrane Central Register of Controlled Trials, 
Cochrane Database of Systematic Reviews and CINAHL 
from (1966-2014). The search terms were: “appendicitis”, 
“diverticulitis”, “perforation”, “laparoscopy”, “intra-
abdominal”, “infection”, “management” combined with 
AND/OR. Research included also all the MeSH Terms. 
No search restrictions were imposed. Progressive filters 
have been introduced in the research strategy in order 
to focalize on the highest level of evidence existing 
articles (i.e., from meta-analysis to case series and 
case reports). The reference lists of all retrieved articles 
were reviewed for further identification of potentially 
relevant studies. Narrative review articles were also 
obtained to determine other possible studies. Duplicate 
published trials with accumulating numbers of patients 
or increased lengths of follow-up, were considered only 
in the last or at least in the more complete version (Figure 
1).

Selection criteria
Studies which have been judged eligible for this sys
tematic review are those in which patients with IAIs 
from different causes have been treated with laparos
copic approach. Eligibility for study inclusion into the 
systematic review and study quality assessment were 
performed independently by two authors (FeCo, FC). 
Discrepancies between the two investigators were 
resolved by discussion.

Level of evidence definition was provided according 
to Oxford Classification (2011).
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RESULTS
From the research a total of 600 studies were found. 
Among these papers 45 were selected for the inclusion 
in the systematic review.

Acute cholecystitis
Laparoscopic cholecystectomy have been widely acce
pted by the medical community as a safe and effective 
means of treating acute cholecystitis (AC). About the 
topic several randomized trials and meta-analysis exist.

The “laparoscopic vs open cholecystectomy” debate 
has been extensively investigated in the past two 
decades by researchers and clinicians worldwide. In the 
early 1990s, laparoscopic management techniques for 
AC were considered highly controversial; however, by 
today’s standards, the laparoscopic cholecystectomy is 
widely accepted as a safe and effective treatment for 
AC.

Several randomized trials have demonstrated the 
safety and efficacy of laparoscopic cholecystectomies in 
treating AC[3-8].

In 1998, Kiviluoto et al[3] published the first randomized 
trial investigating laparoscopic vs open cholecystec
tomies in the treatment of both acute and gangrenous 
cholecystitis. 

In the Kiviluoto randomized clinical trial, no deaths 
or bile-duct lesions were reported in both groups, but 
the post-operative complication rate was significantly 
higher (P = 0.0048) for the open cholecystectomy (OC) 
group than it was for the laparoscopic cholecystectomy 
(LC) group. Seven patients (23%) experienced major 
complications and six patients (19%) experienced 
minor complications following OC; by contrast, no 

patients experienced major complications and only one 
patient (3%) experienced minor complications following 
LC. The post-operative hospital stay was significantly 
shorter for the LC group than it was for the OC group 
[median 4 (IQR 2-5) d vs 6 (IQR 5-8) d; P = 0.0063]. 

An additional randomized controlled trial was pub
lished in 2005 by Johansson et al[4]. This study did not 
report any statistically significant differences between 
the laparoscopic and open groups in terms of rate of 
post-operative complications, pain score at time of 
discharge, or overall sick leave. For eight patients, laparo
scopic interventions were converted mid-procedure 
to OC. The median operating time was 90 min (range 
30-155 min) and 80 min (range 50-170 min) for the 
laparoscopic and open groups, respectively (P = 0.040). 
The direct medical costs were equivalent for the two 
groups. Although the median post-operative hospital 
stay was 2 d in each group, it was significantly shorter 
for the laparoscopic group (P = 0.011). 

Common bile injuries occurring during laparoscopic 
cholecystectomy for AC remain the most serious 
complication associated with this procedure. At the 
beginning of the so-called “laparoscopic era”, several 
studies reported alarmingly high rates of common 
bile duct injuries, but this rate decreased dramatically 
as the modern surgeon began to hone and fine-tune 
laparoscopic techniques[6,9-15].

In 2008, Borzellino et al[16] published a detailed 
meta-analysis compiling the results of laparoscopic 
cholecystectomy in the treatment of severe AC.

Seven studies with a total of 1408 patients who 
had undergone laparoscopic cholecystectomy were 
assessed in the meta-analysis. The risks of conversion 
(RR = 3.2, 95%CI: 2.5-4.2) and overall post-operative 
complications (RR = 1.6, 95%CI: 1.2-2.2) were 
significantly higher for cases of severe AC than they 
were for the non-severe acute forms. However, no 
differences were reported in terms of local post-operative 
complications. The authors concluded that laparoscopic 
cholecystectomies are less effective in treating severe 
AC (gangrenous or empyematous cholecystitis) than 
they are in treating less severe forms. A lower threshold 
of conversion was recommended in order to reduce 
the likelihood and intensity of local post-operative 
complications.

In 2014, Catena et al[17] published the results from 
the ACTIVE trial. 144 consecutive patients were ran
domly assigned to receive either OC or LC for AC. The 
two groups were homogeneous. Seven patients (9.7%) 
required conversion to OC. There were no deaths or 
bile duct lesions in either group, and the postoperative 
complication rate was similar (P = NS). The mean 
postoperative hospital stay was also comparable. 
Authors concluded that even though LC for acute and 
gangrenous cholecystitis is technically demanding, in 
experienced hands it is safe and effective. It does not 
increase the mortality and the morbidity rate with a low 
conversion rate and no difference in hospital stay.
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Figure 1  PRISMA flow diagram. 
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treatment centre in the 4-year period between January 
2002 and December 2005 was conducted[24]. Early 
intervention for AC (preferably within 2 d of initial onset 
of symptoms) was the most important criterion for a 
successful laparoscopic cholecystectomy; treatment 
delays were associated with a higher likelihood of 
mid-procedure conversion from laparoscopic to open 
surgery.

In conclusion, in AC cholecystectomy should be 
attempted laparoscopically at first (Level of Evidence 1).

Acute appendicitis
Acute appendicitis (AA) is the most common intra-
abdominal condition requiring emergency surgery. 
Although antibiotic treatment has proven to be effective 
in treating select patients with AA[25-27], appendectomies 
remain the standard treatment of choice[28].

In recent years, the question of which surgical 
procedure, laparoscopic or open, is the best way of 
treating AA has been fiercely debated. Randomized trials 
and meta-analysis investigating the different surgical 
means of performing appendectomies have been pub
lished in the past 20 years. 

In 2010, Li et al[29] published an extensive meta-
analysis of randomized controlled trials (1990-2009) 
comparing laparoscopic (LA) and open appendectomies 
(OA) in both adults and children in the 19-year period 
from. Forty-four randomized controlled trials involving 
5292 patients were included in the meta-analysis. 
Authors found that operating time was 12.35 min 
longer for LA (95%CI: 7.99-16.72). Hospital stay after 
LA was 0.6 d shorter (95%CI: -0.85 to 0.36). Patients 
returned to their normal activity 4.52 d earlier after LA 
(95%CI: -5.95 to 3.10), and resumed their diet 0.34 d 
earlier (95%CI: -0.46 to 0.21). Pain after LA on the 
first postoperative day was significantly less. The overall 
conversion rate from LA to OA was 9.51%. With regard 
to the rate of complications, wound infection after LA 
was definitely reduced (OR = 0.45, 95%CI: 0.34-0.59), 
while postoperative ileus was not significantly reduced 
(OR = 0.91, 95%CI: 0.57-1.47). However, intra-
abdominal abscess, intraoperative bleeding and urinary 
tract infection after LA, occurred slightly more fre
quently (OR = 1.56, 95%CI: 1.01-2.43; OR = 1.56, 
95%CI: 0.54-4.48 and OR = 1.76, 95%CI: 0.58-5.29 
respectively). Authors concluded that LA provides 
considerable benefits over OA.

Wei et al[30] in 2011 published another meta-analysis 
analysing 25 RCTs involving 4694 patients (2220 LA 
and 2474 OA cases). LA showed fewer postoperative 
complications (OR = 0.74; 95%CI: 0.55-0.98), less pain 
[length of analgesia: weighted mean difference (WMD), 
-0.53; 95%CI: -0.91 to -0.15, earlier start of liquid diet 
(WMD, -0.51; 95%CI: -0.75 to -0.28)], shorter hospital 
stay (WMD, -0.68; 95%CI: -1.02 to -0.35), and earlier 
return to work (WMD, -3.09; 95%CI: -5.22 to -0.97) and 
normal activity (WMD, -4.73; 95%CI: -6.54-12.92). 
In term of hospital costs the two techniques seemed 

The other question widely debated regarding the 
surgical treatment of AC concerns the timing.

There is strong evidence to support[18-21] that, comp
ared to delayed laparoscopic cholecystectomies, early 
laparoscopic cholecystectomies for AC reduce both the 
duration of hospitalization and the risk of readmission 
due to recurrent AC. 

Gurusamy et al[18] recently published a meta-
analysis of randomized clinical trials contrasting early 
laparoscopic cholecystectomies (performed within 1 
wk of onset of symptoms) with delayed laparoscopic 
cholecystectomies (performed at least 6 wk after the 
first onset of symptoms) in the treatment of AC. Five 
trials involving 451 patients were included in the study. 
In the resulting meta-analysis, no statistically significant 
differences were reported between the two groups 
regarding either bile duct injury or conversion to OC. 
The early laparoscopic cholecystectomy group featured 
a shorter overall hospital stay by 4 d. 

The last published randomized controlled trial by 
Gutt et al[22] compared the immediate laparoscopic 
cholecystectomy (within 24 h from the admission) 
(ILC) and the initial antibiotic treatment, followed by 
delayed laparoscopic cholecystectomy at days 7 to 45 
(DLC) in 618 patients. All patients were treated with 
moxifloxacin for at least 48 h. The primary endpoint 
was the occurrence of relevant morbidity within 75 d. 
Secondary endpoints were: 75-d morbidity, conversion 
rate, change of antibiotic therapy, mortality, costs and 
length of hospital stay. The trial showed as morbidity 
rate was significantly lower in group ILC (304 patients) 
than in group DLC (314 patients): 11.8% vs 34.4%. 
The conversion rate to open surgery and mortality did 
not differ significantly between the two groups. The 
mean length of hospital stay (5.4 d vs 10.0 d; P < 0.001) 
and total hospital costs (€2919 vs €4262; P < 0.001) 
were significantly lower in group ILC. Authors concluded 
that laparoscopic cholecystectomy within 24 h since 
hospital admission has shown to be superior to the 
conservative approach concerning morbidity and costs. 
Moreover authors believe that ILC cholecystectomy 
should become therapy of choice for AC in operable 
patients.

A recently published meta-analysis demonstrated 
that The post-operative morbidity rate was half with LC 
(OR = 0.46). The post-operative wound infection and 
pneumonia rates were reduced by LC (OR = 0.54 and 
0.51 respectively). The post-operative mortality rate 
was reduced by LC (OR = 0.2). The mean postoperative 
hospital stay was significantly shortened in the LC group 
(MD - 4.74 d). There were no significant differences 
in the bile leakage rate, intraoperative blood loss and 
operative times [23].

In order to determine if the treatment delay 
following the initial onset of symptoms was truly 
correlated with increased conversion rates in patients 
with AC, a retrospective case study review of patients 
undergoing emergency cholecystectomies in a single 
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comparable. LA demonstrated to need longer operative 
time (WMD, 10.71; 95%CI: 6.76-14.66). Authors 
concluded that LA is an effective and safe procedure for 
AA.

Ohtani et al[31] in 2012 published the last meta-
analysis reporting results from 39 randomized controlled 
trials (1990-2012) that compared LA with OA for AA. 
This meta-analysis included 5896 patients with AA: 
2847 had undergone LA, and 3049 had undergone 
OA. LA was associated with longer operative time (by 
13.12 min, 95%CI: 9.72-16.61). As a counterpart, it 
was associated with earlier resumption of liquid and 
solid intake, shorter duration of postoperative hospital 
stay, a reduction in dose numbers of parenteral and 
oral analgesics, an earlier return to normal activity, 
work, and normal life, a decreased occurrence of 
wound infection (OR = 0.44; 95%CI: 0.32-0.60), a 
better cosmesis and similar hospital charges. Authors 
concluded that laparoscopic surgery may now be the 
standard treatment for AA.

From the literature analysis appears that LA has 
proven to be superior to OA. LA was, however, asso
ciated with a slightly increased rate of incidence of 
intra-abdominal abscesses, intra-operative bleeding, 
and urinary tract infections. Moreover the use of lap
aroscopic appendectomy should be used carefully 
in pregnant women. A systematic review of twenty 
eight articles (2008) documenting 637 cases of LA in 
pregnancy were included. The authors concluded that 
laparoscopic appendectomy in pregnancy is associated 
with a low rate of intra operative complications in all 
trimesters. However, LA in pregnancy is associated 
with a significantly higher rate of fetal loss compared to 
OA. Rates of preterm delivery appear similar or slightly 
better following a laparoscopic approach. According 
to the revised data authors suggested that OA would 
appear to be the safer option for pregnant women for 
whom surgical intervention is indicated[32].

A more recent systematic review (2012) with meta-
analysis analysing laparoscopic vs open appendectomy 
during pregnancy in eleven studies with a total of 3415 
women (599 in laparoscopic and 2816 in open group) 
showed that fetal loss rate was statistically significantly 
higher in those women who underwent laparoscopy. 
The pooled relative risk (RR) was 1.91 (95%CI: 1.31-2.77) 
with no heterogeneity. The pooled RR for preterm labour 
was not statistically significant. The mean difference 
in length of hospital stay was -0.49 (-1.76 to -0.78) d. 
No significant difference was found for wound infection, 
birth weight, duration of operation or Apgar score[33]. 
Authors concluded that laparoscopic appendectomy in 
pregnant women might be associated with a greater 
risk of fetal loss. 

In conclusion, literature evidences demonstrated that 
the laparoscopic appendectomy is the treatment of choice 
in the vast majority of patients (Level of evidence 1).

Diverticulitis
Emergency surgery for colonic diverticular perforations 

is recommended for patients with large and/or multi-
loculated diverticular abscesses inaccessible by means 
of percutaneous drainage, patients with persistent 
clinical symptoms following CT-guided percutaneous 
drainage, and patients presenting with diverticulitis 
associated with free perforation and purulent or fecal 
diffuse peritonitis.

When a colectomy is performed to address dive
rticular disease, a laparoscopic procedure appears 
to be the most viable approach. Even in the event of 
complicated diverticular disease, laparoscopic resections 
have proven to be safe and effective; when performed 
by experienced surgeons, such procedures do not 
appear to adversely affect the morbidity and mortality 
rates. However, in most cases the mainstream medical 
community does not consider laparoscopic procedures 
to be the optimal treatment of choice, despite the 
support of the aforementioned clinical evidence.

Although the intra-operative course for perforated 
diverticulitis patients undergoing laparoscopic resection 
may appear challenging, many retrospective studies 
performed by expert laparoscopic surgery groups 
have demonstrated at least no significant increase in 
the duration of surgery or the conversion rate among 
patients with Hinchey stage Ⅰ, Ⅱ, or Ⅲ disease[34-38].

Furthermore, in situations requiring the use of a 
Hartmann’s procedure, laparoscopic resection with 
subsequent laparoscopic colostomy reversal has often 
been implemented successfully[39]. 

In 2009, the results of the only existing randomized 
multicentre controlled trial, the Sigma trial, were 
published[40]. One hundred and four patients were rando
mized: 52 to receive laparoscopic sigmoid resection 
(LSR) and 52 to open sigmoid resection (OSR). The 
two groups were homogeneous for gender, age, Body 
Mass Index, ASA grade, comorbid conditions, previous 
abdominal surgery, and indication for surgery. LSR took 
significantly longer but caused significantly less blood 
loss The conversion rate was 19.2%. The mortality 
rate was 1%. There were significantly more major 
complications in OSR patients (9.6% vs 25.0%). Minor 
complication rates were similar (LSR 36.5% vs OSR 
38.5%). LSR patients had less pain (Visual Analog Scale 
1.6), systemic analgesia requirement, and returned 
home earlier. The short form-36 questionnaire showed 
significantly better quality of life for LSR.

In 2013, Mbadiwe et al[41] published a vast retrospe
ctive trial including a total of 11981 patients. Patients 
undergoing laparoscopy experienced significantly lower 
rates of complications with both primary anastomosis 
(14% vs 26%) and colostomy (30% vs 37%). The 
laparoscopic approach was associated with decreased 
mortality rates for patients undergoing primary ana
stomosis (0.24% vs 0.79%). At the multivariate analysis 
the laparoscopic approach was associated with lower 
postoperative morbidity for patients undergoing primary 
anastomosis. The reduced risk of death for patients 
undergoing laparoscopic primary anastomosis (vs 
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open approach) didn’t achieve a statistical significance. 
A small number of patients underwent laparoscopic 
colostomy (n = 237, 2.4%), and they did not have a 
significantly different risk of death. Authors concluded 
that the laparoscopic approach is associated with lower 
complication rates compared with the open approach 
for the surgical treatment of diverticulitis with colonic 
resection and primary anastomosis.

Lastly the laparoscopic approach for exploration, 
peritoneal lavage, and drainage has recently been 
developed as a treatment option for patients with 
acute perforated diverticulitis. However only a small 
number of studies have been published to date[42-44]. 
Two prospective cohort studies, nine retrospective case 
series and two case reports reporting 231 patients 
have been published. The majority of patients (77%) 
had purulent peritonitis (Hinchey Ⅲ). The laparoscopic 
peritoneal lavage approach successfully controlled 
in 95.7% of cases abdominal and systemic sepsis. 
Mortality was 1.7%, morbidity 10.4%. Four patients 
(1.7%) received colostomy[42]. In 2010 the Ladies trial 
protocol has been published about this topic. This is a 
nationwide multicentre randomised trial on perforated 
diverticulitis performed in The Netherlands that aims to 
provide evidence on the merits of laparoscopic lavage 
and drainage for purulent generalised peritonitis and 
on them optimal resectional strategy for both purulent 
and faecal generalised peritonitis (Trial registration: 
Netherlands Trial Register NTR2037). No results have 
still been published.

In conclusion, laproscopy in the treatment of acute 
diverticulitis demonstrated to be a safe and effective 
procedure (Level of evidence 3).

Iatrogenic colonic perforation
Colonoscopy or foreign bodies induced iatrogenic 
perforations are slightly rare and serious complications. 
Resolution of this condition typically requires segmental 
colonic resection. In this case, a laparoscopic approach 
may be ideal in order to minimize the effects of such a 
complication. Especially if exists the possibility to perform 
a direct suture of a recent and small perforation[44]. No 
studies exist about the comparison between the open 
and laparoscopic repair of iatrogenic foreign bodies 
colonic perforations. Similarly no prospective studies 
comparing laparoscopic and open approaches have been 
conducted, but several retrospective studies have demon
strated that laparoscopic resection is often effective in 
resolving colonic perforation due to colonoscopy and that 
it may offer certain clinical advantages over the open 
procedure[45] (Level of evidence 4).

Gastro-duodenal perforations
Gastroduodenal perforations have decreased signifi
cantly in recent years due to the widespread use of 
stress ulcer prophylaxis and other medical therapies 
for peptic ulcer disease among critically ill patients. 
Other causes of gastro-duodenal perforation include 

trauma, neoplasm, foreign body ingestion, or iatrogenic 
(endoscopic procedures)[46]. No trials exist about the 
laparoscopic management of post-traumatic, neoplastic, 
iatrogenic or foreign body due perforations. Literature 
however reports many studies about the laparoscopic 
management of perforated peptic ulcer[47].

Although non-operative management is often 
attempted, in most cases of perforated peptic ulcer the 
surgery is considered the standard method of source 
control[48-51]. 

Several prospective case-control studies have docu
mented the successful laparoscopic repair of perforated 
gastric and duodenal ulcers. Recently published literature 
includes a few systematic reviews[52,53], three controlled, 
randomized trials published in a 10-year period from 
1996 to 2009[53-55] compare open and laparoscopic 
approaches in the treatment of gastroduodenal perfor
ations and one meta-analysis published in 2004[56].

In 2010, Bertleff et al[52] published a literature 
systematic review investigating laparoscopic corrections 
of perforated peptic ulcers. Data from 56 papers were 
extracted and systematically analyzed. The overall 
conversion rate for laparoscopic procedures addressing 
perforated peptic ulcers was 12.4%. The perforation 
diameter appeared to be the most significant factor 
affecting the rate of conversion. The operating time 
was significantly longer and the incidence of recurrent 
leakage at the site of repair significantly higher for the 
laparoscopic groups. However, laparoscopic patients 
reported significantly less post-operative pain and 
exhibited reduced morbidity, less mortality, and shorter 
hospital stays. The authors concluded that there are 
solid evidence to support the use of laparoscopic 
procedures as the primary treatment of choice when 
addressing perforated peptic ulcers. However, patients 
70 years or older with a Boey score of 3 and symptoms 
persisting longer than 24 h were associated with 
higher morbidity and mortality rates, and as such, 
they are typically not viable candidates for laparoscopic 
procedures.

Lau et al[53] in 1996 published the first randomized 
trial where 103 patients were randomly assigned to 
receive either laparoscopic suture repair or laparoscopic 
suturless repair or open repair or open sutureless 
repair of perforated peptic ulcers. Laparoscopic repair 
of perforated peptic ulcer (either sutureless either not) 
took significantly longer than open repairs (94.3 ± 40.3 
min vs 53.7 ± 42.6 min), but the amount of analgesic 
required after laparoscopic repair was significantly 
less than in open surgery (median 1 dose vs 3 doses). 
There was no significant difference in the four groups of 
patients in terms of duration of nasogastric aspiration, 
duration of intravenous drip, total hospital stay, time to 
resume normal diet, visual analogue scale score for pain 
in the first 24 h after surgery, morbidity, reoperation, 
and mortality rates[53].

In 2002, Siu et al[54] published the results from 
another randomized trial where 130 patients with a 
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clinical diagnosis of perforated peptic ulcer were rando
mly assigned to undergo either open or laparoscopic 
omental patch repair. Nine patients with a surgical 
diagnosis other than perforated peptic ulcer were 
excluded; 121 patients entered the final analysis. The 
two groups were homogeneous in respect to age, sex, 
site and size of perforations, and American Society of 
Anesthesiology classification. Nine patients needed 
conversion to open technique. The laparoscopic repair 
group patients required significantly less parenteral 
analgesics and showed a visual analog pain scores in 
days 1 and 3 after surgery were significantly lower. 
Laparoscopic repair required significantly less time than 
open repair. The median postoperative stay was 6 d in 
the laparoscopic group vs 7 d in the open group. The 
laparoscopic group showed a lower chest infections 
rate. There were two intra-abdominal collections in the 
laparoscopic group. One patient in the laparoscopic 
group and three patients in the open group died after 
surgery[54].

In 2009, Bertleff et al[55] published the results from 
the last randomized trial where 109 patients with 
symptoms of perforated peptic ulcer and evidence of 
air under the diaphragm were scheduled to receive 
either laparoscopic (52 patients) or open (49 patients) 
repair. The operating time in the laparoscopy group 
resulted significantly longer than in the open group (75 
min vs 50 min). Differences regarding postoperative 
dosage of opiates and the visual analog scale (VAS) for 
pain scoring system were in favor of the laparoscopic 
procedure. The VAS score on postoperative days 1, 3, 
and 7 was significant lower in the laparoscopic group. 
Complications were equally distributed. Hospital stay 
was also comparable (6.5 d in the laparoscopic vs 8.0 d 
in the open group)[55].

The only existing meta-analysis published in 2004 by 
Lau et al[56] in 2004, included 13 studies (658 patients) 
among which 2 were randomized trials, comparing open 
and laparoscopic repair in perforated gastro-duodenal 
peptic ulcers. The overall success rate for laparoscopic 
repair of perforated peptic ulcer was 84%. Reported 
rates of conversion to open repair ranged from 0% 
to 29.1%. Five studies demonstrated a significantly 
longer operative time for laparoscopic repair, whereas 
another five trials showed no significant difference. The 
postoperative assessment of pain score was reported 
by three studies which showed a lower pain score after 
laparoscopic repair than after open repair. A significant 
reduction in the dosage of opiate analgesic required in 
the laparoscopic group was observed in eight studies. 
Chest infection was the most common postoperative 
morbidity. The meta-analyses showed a lower overall 
chest infection rate after laparoscopic repair (OR = 
0.79; 95%CI: 0.38-1.62; P = 0.51). Wound infection 
was the second most common morbidity after open 
repair. The meta-analyses showed that laparoscopic 
repair reduces the wound infection rate (OR = 0.39; 
95%CI: 0.16-0.94; P = 0.036). The leakage was more 
common after laparoscopic repair. The meta-analyses 

demonstrated a lower leakage rate after open repair 
(OR = 1.49; 95%CI: 0.53-4.24; P = 0.45). There were 
no significant difference between open and laparoscopic 
repair in intra-abdominal collection rate. Prolonged 
ileus was less common after laparoscopic repair (OR = 
0.62; 95%CI: 0.20-1.92; P = 0.41). The reoperation 
rate after was significantly lower after open repair (OR 
= 2.52; 95%CI: 1.02-6.20; P = 0.045). The overall 
mortality rate favored laparoscopic repair (OR = 0.63; 
95%CI: 0.34-1.15; P = 0.13)[56].

In conclusion, laparoscopy showed to be safe and 
effective in treating gastro-duodenal perforations (Level 
of evidence 1).

Small bowel perforation
Small bowel perforations are more uncommon sources 
of peritonitis in industrialized nations than they are in 
less-developed countries. Most small intestinal perfor
ations are a result of undetected intestinal ischemia. 
Treatment most commonly involves resection of the 
affected bowel segment. In less-developed countries, 
small bowel perforations usually accompany enteric 
fever or intestinal tuberculosis[57].

The laparoscopic management of small bowel per
forations has been well documented in retrospective 
series[58], but studies that systematically compare and 
contrast this procedure with open surgery especially in 
intestinal infections are needed (Level of evidence 4).

Post-operative infections
Post-operative peritonitis is a life-threatening mani
festation of IAIs that is characterized by high rates of 
both subsequent complications and mortality.

The inability to effectively control the septic source 
is one of the most important factors associated with the 
high mortality rates[59,60].

Delaying a re-laparotomy for more than 24 h in the 
event of organ failure results in high mortality rates for 
patients exhibiting post-operative IAIs. 

The value of physical tests and laboratory parameters 
in diagnosing abdominal sepsis is extremely limited. 
CT scans are believed to yield the most accurate dia
gnosis. Early (non-delayed) follow-up surgery appears 
to be the most viable means of treating post-operative 
infections[59,60].

The laparoscopic control and treatment of post-
operative infections have been well documented in 
recent literature. The diagnostic accuracy of laparoscopy 
allows for the successful diagnosis of post-operative 
complications. A few retrospective studies have demon
strated that the laparoscopic approach may prevent 
delayed diagnoses for post-operative infections and 
enable experienced surgeons to better control the post-
operative source of infection[61,62] (Level of evidence 4).

DISCUSSION
Laparoscopic procedures have become widely accepted 
by the medical community as a primary means of 
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diagnosing and treating IAIs.
The diagnostic accuracy of laparoscopy enables 

surgeons to better identify the causative pathology of 
acute abdominal disease, and subsequent procedures 
can be employed to effectively treat a variety of IAIs. 
Depending on the patients’ symptoms and clinical 
conditions, on pathological severity, and on the attending 
surgeon’s personal experience, laparoscopy may be 
recommended for the treatment of many IAIs.
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