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Abstract
Background  The advantages of laparoscopic appendectomy did not meet the same acceptance in the setting of perforated 
appendicitis as in uncomplicated appendicitis in the general surgical community. The aim of this study was to compare the 
clinical outcome of laparoscopic and open appendectomy in perforating appendicitis.
Methods  A randomized controlled study was conducted on 126 patients presenting with perforated appendicitis. Sixty 
patients were subjected to laparoscopic appendectomy (LA) and 66 patients underwent traditional open appendectomy (OA).
Results  65 (51.6%) patients were female, and 61 (48.4%) patients were male in whom the mean age was 37.6 + 8.5 years. A 
significant difference was calculated in the domains of postoperative pain, less need for analgesics, hospital stay, and return 
to daily activities. The mean operative time was shorter in OA 94 ± 10.4 min than LA 120.6 ± 17.7 min. No statistically 
significant difference between both groups was detected as regard occurrence of intra-abdominal collection.
Conclusion  In view of its clinical outcomes, laparoscopy should be considered in the context of perforated appendicitis. The 
possibility of intra-abdominal collection should not be a barrier against the widespread practice of this surgical procedure 
amidst laparoscopic surgeons if adequate precautions are employed.

Keywords  Perforated appendicitis · Peritonitis · Laparoscopy · Complicated appendicitis

Obstruction of the appendiceal lumen leads to rapid disten-
sion of the appendix because of its small luminal capacity 
and a dramatic rise of the intraluminal pressure [1]. Once the 
pressure exceeds 85 mmHg, thrombosis of the venules and 
impairment of lymphatic drainage occur, continued arteri-
olar inflow provokes vascular congestion, and engorgement 
of the appendix becomes more manifest. Mucosa becomes 
hypoxic and begins to ulcerate resulting in deficiency of the 
mucosal defenses, allowing invasion of the appendiceal wall 
by intraluminal bacteria [2].

If untreated, the inflamed appendix eventually perforates, 
especially if the condition is accompanied by appendiceal 

fecoliths, with periappendiceal abscess formation [2]. The 
rate of perforation in acute appendicitis has been estimated 
between 20 and 30% [3]. On clinical basis, a classic triad of 
pain, vomiting, and fever was demonstrated in one study in 
76% of patients [4].

Perforated appendicitis (PA) is associated with increased 
morbidity rates and longer hospital stay. In the same time, 
open surgery has its inherent problems such as surgical site 
infection (SSI), wound dehiscence, and incisional hernia. 
Therefore, seeking a minimally invasive access is warranted 
given the well-documented benefits of laparoscopic surgery 
in uncomplicated appendicitis [5–7].

Despite the progress in laparoscopic equipment, intra-
abdominal abscess (IAA) remains a common problem that 
general surgeons face after surgery for PA. A higher inci-
dence of IAA formation was reported with laparoscopic 
appendectomy (LA), especially for PA, which prevented LA 
from being a standard procedure for PA [8, 9]. Intra-abdom-
inal abscess prolongs hospital stay and increases readmis-
sion rate, in addition to the need for a subsequent drainage 
procedure and antibiotic treatment [8, 10, 11].
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On literature review, most studies were retrospective thus 
liable to selection bias and included heterogenous groups of 
patients. We hypothesized that LA is superior to open appen-
dectomy (OA) in patients with PA. The aim of this study was 
to compare the outcome of LA versus OA in patients with 
PA regarding operative time, morbidity, hospital stay, and 
time to resume normal activities.

Study design

This randomized controlled trial included patients with PA. 
This study was done at Alexandria Main University hospital 
and Medical Research Institute hospital, Petroleum hospital 
and Mabaret Alasafra hospitals, Alexandria, Egypt, in the 
period from January 2013 to April 2018. The study proto-
col was approved by the ethical committee of our institu-
tions. All patients with evidence of appendicular perforation 
(severe right iliac fossa pain, tenderness, rebound tender-
ness, rigidity, fever, leukocytosis more than 15000/mm3 and 
turbid peri-appendicular collection by ultrasonography (US) 
or computed tomography (CT)) were included; this corre-
sponds to grades III and IV laparoscopic grading system by 
Gomes et al. published in 2015 [12]. Patients with appen-
dicular mass/well-defined abscess unfit for laparoscopic sur-
gery and those who refused to participate were excluded. 
Informed consent was obtained from all participants and 
approved by the ethics committee of our institutions.

Sample size calculation

Using PASS program version 12 for sample size calculation, 
the minimum sample size required is 120 patients at 20% 
prevalence of PA and 0.07 error at 80% power and 5% level 
of significance.

Sampling technique and randomization

182 consecutive patients with PA were randomly selected; 
42 patients were excluded, five did not receive allocated 
intervention because of equipment failure and nine lost to 
follow-up leaving finally, 126 patients to be eligible in our 
study (Fig. 1).

Patients with PA were randomly categorized into two 
groups using the closed envelope method:

1.	 A study group who underwent laparoscopic appendec-
tomy (LA, n = 60).

2.	 A control group who underwent conventional open 
appendectomy (OA, n = 66).

Surgical technique

All included patients received a preoperative intravenous 
dose of two grams 3rd-generation cephalosporins (ceftri-
axone) and metronidazole were given and continued for 
3–5 days.

Laparoscopic appendectomy

LA was executed under the three-trocar protocol. 
After induction of low-pressure pneumoperitoneum at 
10–12 mmHg by open Hasson method, a 10-mm umbilical 
port was used for the camera followed by a 5-mm port in 
the suprapubic area and finally a 10-mm trocar in left iliac 
fossa. Trendlenberg’s position with a slight tilt to the left 
was adopted. An initial evaluation of different abdominal 
quadrants was performed.

Pus was immediately aspirated to prevent bacterial 
dissemination and a sample sent for culture sensitivity. 
Monopolar diathermy was used for adhesiolysis and then 
to separate the mesoappendix with clipping of appendi-
ceal artery. Three consecutive extracorporeal Roader knots 
were then applied on the base of appendix followed by 
scissor cutting of appendix. If the base was gangrenous, 
trimming of the gangrenous part or even partial caecal 
excision and suture repair was done. The infected speci-
men was retrieved from the left iliac fossa trocar enclosed 
in a prepared glove.

The right iliac fossa is repeatedly irrigated by warmed 
saline in the supine position that was then suctioned till 
it became clear. In localized periappendicular pus, one 
to two pelvic drains were inserted according to surgeon 
discretion. In diffuse peritonitis with pus dissemination 
all over the abdomen, four tube drains were left: two in 
the pelvis, one in Morison’s pouch, and one in the left 
subphrenic space emerging from the two port sites in the 
suprapubic and left iliac regions.

Open appendectomy

OA was performed via a lower midline or extended 
McBurney’s incision. The operation was performed by 
the standard technique with ligation/division of the mes-
oappendix including the appendicular artery followed by 
ligation/division of the appendix at its base. No purse 
string suture was used to invert the stump. Adhesions 
were cautiously divided. Suction irrigation of pus till it 
became clear and drain(s) was inserted through a separate 
stab incision the same as LA. Wound was closed primar-
ily in layers. Absorbable sutures (polyglactin 2/0) for the 
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peritoneum, non-absorbable (polypropylene 2/0) sutures 
for external oblique sheath. Skin was closed primarily with 
interrupted non-absorbable sutures.

Postoperative care and follow‑up

Ketorolac ampoules were given intravenously on patient 
demand. Pain severity was assessed every 12 h in the first 
two postoperative days by the visual analogue score (VAS) 
from zero to ten (where zero represent no pain and ten 

represent the most severe pain), and the average number was 
used for analysis. The primary outcome was the postopera-
tive complications. The secondary outcomes included the 
operative time, rate of conversion to open approach, resump-
tion of oral intake, length of hospital stay, and return to nor-
mal daily activities.

Wound-related complications were reported when the 
wound showed redness, discharge (pus or blood) or dehis-
cence necessitating suture removal or frequent dressing. 
Infection was confirmed by positive culture results. Ileus 

Fig. 1   CONSORT diagram 
showing the flow of participants 
through each stage of the trial
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was defined as progressive abdominal distension and 
sluggish peristalsis after 3 days from the operation. Intra-
abdominal fluid collection demonstrated by US/CT accom-
panied by fever and ileus was considered IAA (Fig. 2) 
that were classified according to the Clavien–Dindo clas-
sification [13] as groups IIIa (CT-targeted drain) and IIIb 
(re-operation).

Patients were discharged on an oral antibiotic for a 
week and scheduled for follow-up at 1, 2, and 4 weeks 
after discharge from hospital and upon discovery of abnor-
mal bulge at the site of wound(s).

Statistical analysis

Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS) version 20 software 
(SPSS, Inc., Chicago, IL, USA).

Qualitative data were described using number and per-
cent. Categorical variables of both groups were expressed 
by number and percent and compared using the Chi square 
(X2) test. Quantitative values of both groups were expressed 
by mean and standard deviation (X ± 2SD) and compared 
using the independent t test after data exploration using 
Kolmogorov–Smirnov test. Z test was used to compare two 
proportions. All tests were done at 5% level of significance. 
Calculation of the risk estimates as relative risk (RR), abso-
lute risk reduction (ARR), relative risk reduction (RRR), and 
number needed to treat (NNT) were done.

Results

This randomized controlled trial was conducted on 126 
patients with perforated appendicitis (Fig. 1). The mean age 
was 37.6 ± 8.5 years ranging from 16 to 60 years. Sixty-five 
(51.6%) patients were females, and 61 (48.4%) patients were 
males. After randomization, 60 (47.6%) patients underwent 
LA while 66 (52.4%) patients were subjected to OA and 
served as controls. All operations were performed by the 
same surgical team. Both groups were comparable as regard 
demographic data, body mass index (BMI), and American 
society of anesthesiology (ASA) score (Table 1).

Operative data and postoperative outcomes are dis-
played in Table 2. A statistically significant difference in 
favor of laparoscopic approach was observed in the fields of 

Fig. 2   Computed tomography of pelvis showing a pelvic collection 
after laparoscopic appendectomy for perforated appendicitis that was 
managed by ultrasound-guided percutaneous drainage

Table 1   Patient characteristics 
in both groups

SD standard deviation, BMI body mass index, ASA American society of anesthesiology, X2 test; Chi square 
test
*Significant P value < 0.05

Characteristic LA (n = 60) OA (n = 66) Test of significance (P value)

Age (year) Independent t test
0.95 (0.33) Mean 36.83 ± 10.9 38.69 ± 10.8

 Min–max 16–55 18–60
Sex (n) X2 test

0.003 (0.98) Female 31 (51.7) 34 (51.5)
 Male 29 (48.3) 32 (48.5)

BMI Independent t test
0.86 (0.48) Mean ± 2SD 29.3 ± 6.3 30.2 ± 7.1

ASA score Independent t test
0.88 (0.34) Mean ± SD 1.95 ± 0.4 1.97 ± 0.2

Duration of pain (days) Independent t test
0.89 (0.37) Mean ± 2SD 4.16 ± 1.3 3.93 ± 1.5

 Min–max 2–6 2–6
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postoperative pain, use of ketorolac, time of drain removal, 
hospital stay, return to normal daily activities, and wound-
related complications. On the other hand, OA had a statisti-
cally significant shorter operative time.

In LA group, five patients (8.3%) were converted to OA. 
Causes of conversion included wide area of peri-appendic-
ular caecal gangrene in two patients, a large ileal injury in 
another case and excessive bleeding occurred in two cases 
as there was extensive adhesions and during adhesiolysis, 
excessive bleeding occurred (around 1 l) from the mesentery 
and omentum with failed trials to control so, conversion was 
done to control bleeding upon the recommendation of our 
anesthetist. No intra-operative complications were noted in 
OA patients.

Regarding postoperative complications (Table 3), ileus 
and wound-related complications were found to be higher 
in OA while IAA and chest infection were higher in LA but 
statistically insignificant. Three cases of incisional hernia 
were encountered in the 2nd and 3rd postoperative months 
in OA. No mortality was recorded in either group.

Ten patients developed IAA (seven in LA and three in 
OA). Six abscesses were detected during the same hospi-
tal stay and four abscesses after patient discharge and were 
re-admitted. These collections were situated in the pel-
vis (n = 6) (Fig. 2), in the subhepatic space (n = 2) and in 
between bowel loops (n = 2). In all cases, broad spectrum 
antibiotic was started, and interventional radiology con-
sulted for possible ultrasound-guided percutaneous aspira-
tion that was performed in six cases when the abscess was 
larger than 5 cc. Intestinal leakage was not recorded in any 
of the patients.

Risk estimates (Table 4) revealed that OA increased the 
risk of some complications as ileus (1.8 times risk than those 
treated with LA). Also, the risk of wound infection and 

Table 2   Operative and postoperative parameters in both groups

SD standard deviation, VAS Visual Analogue Score
*Significant P-value < 0.05

Parameter LA (n = 60) OA (n = 66) Independ-
ent t test 
(P-value)

Operative time (min)
 Mean ± SD 120.6 ± 17.7 93.9 ± 10.4 10.13
 Min–Max 90–150 75–110 (0.000)*

Pain score (VAS)
 Mean ± SD 3.5 ± 1.7 5.96 ± 1.9 7.56
 Min–max 1–6 3–9 (0.000)*

Use of ketorolac (no of ampoules)
 Mean ± SD 6.5 ± 2.5 10.6 ± 4.6 6.18
 Min–max 3–12 5–20 (0.000)*

Return of peristalsis (days)
 Mean ± SD 4.1 ± 1.8 4.3 ± 1.5 0.769
 Min–max 2–7 2–9 (0.44)

Oral intake (days)
 Mean ± SD 4.7 ± 1.5 5.1 ± 1.3 1.85
 Min–max 2–8 3–8 (0.067)

Time of drain removal (days)
 Mean ± SD 5.5 ± 1.5 6.3 ± 1.4 3.3
 Min–max 3–8 3–9 (0.001)*

Hospital stay (days)
 Mean ± SD 6.2 ± 1.6 8.1 ± 1.8 6.3
 Min–max 4–9 4–12 (0.000)*

Return to normal activities (days)
 Mean ± SD 15.3 ± 3.4 22.3 ± 3.7 10.95
 Min–max 5–20 14–30 (0.000)*

Table 3   Complications in both 
groups

IAA intra-abdominal abscess
*Significant P value < 0.05

Complications LA (n = 60) n (%) OA (n = 66) n (%) Test of signifi-
cance (P-value)

Intra-operative Fisher exact test
 Excessive bleeding 2 (3.3) 0 (0%) (0.134)
 Ileal injury 1 (1.6) 0 (0%)

30 days morbidity
 Chest infection 13 (21.6%) 12 (18.2%) Z-test

0.2 (0.83)
 Ileus 9 (15%) 18 (27.2%) Z-test

0.71 (0.047)
 IAA 7 (11.6%) 3 (4.5%) Z-test

0.35 (0.73)
 Wound-related complications 5 (8.3%) 15 (22.7%) Z-test

0.71 (0.47)
Delayed (after 1 month): incisional hernia 0 (0%) 3 (4.5%) Z-test

2.79 (0.094)
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incisional hernia is increased in OA 2.7 and 9 times, respec-
tively. Also, we needed to treat 8 patients with LA to prevent 
one patient from developing ileus after OA (NNT = 8). We 
needed to treat seven and 22 patients in OA to prevent one 
patient from developing wound infection and incisional her-
nia, respectively.

Discussion

There are traditional myths among general surgeon not to 
perform LA in patients with PA. Worries about the tech-
nical demand, high conversion rate, difficulty in managing 
the appendiceal stump and high rate if postoperative IAA 
led to preference of open approach in such cases [14]. To 
answer these queries, this study was conducted to evaluate 
the postoperative consequences of LA in patients with PA 
as compared to control group of OA through a prospective 
double-blinded randomized controlled trial.

In the literature, the term “complicated appendicitis” 
needs more clarification as different complications such as 
abscess, mass and peritonitis can ensue for which different 
management should be followed. All patients in the current 
study had perforated appendicitis resulting in localized or 
generalized peritonitis confirmed radiologically by US or 
CT.

It is unknown exactly when the first LA for PA in adults 
was performed. Wullstein et al. [15] in 2001 were the first to 
prove the feasibility of LA in complicated appendicitis and 
Towfigh et al. [16] published the first prospective study in 
2006. The safety and feasibility of Laparoscopic appendec-
tomy in PA were confirmed by many authors [11, 14, 17–22] 
and even recommended by some [15, 23] to be the standard 
approach in the background of PA.

In the present study, the operating time was statistically 
longer in the LA group. Adhesions to surrounding omen-
tum and bowel form rapidly in a host defense to localize the 
inflammatory process caused by perforation. While dissec-
tion of these adhesions is straightforward in open surgery, a 
longer operative time in laparoscopy related to positioning 
of patient, narrow space, and the difficulty in proper instru-
ment positioning to free these adhesions is required [11, 17]. 

A marked reduction in operative time was recorded between 
early and late cases after improvement in the learning curve, 
but still longer than the open approach. There is consensus 
that operative time is related to surgical skill and learning 
curve [11, 17, 22] accounting for different reports between 
authors in this aspect.

As our financial resources are limited, we successfully 
employed hand-made Roeder’s knots to ligate the appendicu-
lar stump. Perforation at the base was managed by trimming 
of the edges and direct closure with laparoscopic absorbable 
stitches. In two patients, the base and surrounding caecal 
wall were gangrenous, the operation was converted to OA 
and ileo-cecostomy was performed. In the beginning of this 
century, some authors [24, 25] recommended endoscopic 
staplers to minimize appendicular stump disruption that 
required 12-mm trocar and marked rise in operative costs. 
Katsuno et al. [19] employed commercial endoloops and 
used staplers selectively in difficult cases with perforation 
or inflammation at the base.

In contrast to the general belief that conversion depends 
on the surgeon experience, we think that intra-operative situ-
ations are the main reason to convert. Five patients (8.3%) 
were converted due to difficulties related to the disease state 
itself despite surgeons’ experience. The conversion rate in 
the literature ranges from zero to 47% [18, 19, 22–28]. Galli 
et al. [21] explored all suspected cases of PA laparoscopi-
cally according to hospital’s policy and selected easy cases 
only to be completed laparoscopically leading to high con-
version rate.

Postoperative pain was assessed by VAS score and patient 
requirement of ketorolac sodium ampoules which are effec-
tive and cheap analgesic. Furthermore, to diminish shoulder 
pain from residual gas irritation, suction of CO2 from the 
right subphrenic space and low-pressure pneumoperitoneum 
[29] were executed in all cases in addition to minimal tis-
sue handling and trauma, which also contributes to reducing 
pain sensation [28]. Our findings proved a significant advan-
tage of LA in this issue. Similar findings were reported with 
opioid-combined analgesics as the oral opioid Pentazosine 
and diclofenac sodium suppositories by Fukami et al. [18], 
Pethidine IM with oral loxoprofen sodium used by Katsuno 
et al. [19] showing less analgesic requirement after LA.

Our data are consistent with published studies [4, 10, 
11, 14, 17–22, 24, 26, 30, 31] emphasizing the perceived 
value of LA in wound related complications notably infec-
tions in favor of the protective endobag preventing contact 
between the infected appendix with the external wound. 
Extraction in prepared glove was as effective as endobag 
in decreasing SSI. Taguchi et al. [10] and Edwards et al. 
[32] showed that using a wound protection system in OA 
resulted in no difference in SSI between LA and OA in 
PA. The alternative is to leave wounds open for free drain-
age, thus reducing SSI. Low-cost endobags made from a 

Table 4   Risk estimate associated with LA and OA

RR relative risk, RRR​ relative risk reduction, ARR​ absolute risk 
reduction, NNT number needed to treat

Complications RR RRR (%) ARR (%) NNT

Ileus 1.8 45 12.2 8
Wound-related com-

plications
2.7 63.4 14.4 7

Incisional hernia 9 100 4.5 22
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surgical glove were used by some authors and offered the 
same advantages as the commercial endobags [26].

No statistical significance in the incidence of IAA was 
found between both groups. Certain operative considera-
tions were taken in mind to lower the incidence of IAA: 
Firstly, low-pressure pneumoperitoneum limits bacterial 
translocations to blood stream [33, 34]. Secondly, suc-
tion of pus immediately at the start of procedure. Thirdly, 
complete adhesiolysis, to avoid missing pockets of pus. 
Fourthly, suction irrigation to wash out infected fluid till 
clear aspirate and finally adequate drainage by multiple 
drains. Some surgeons may disagree with multiple drains, 
but we found it useful in decreasing IAA. Asarias et al. [8] 
stated that IAA is fivefold more common with complicated 
appendicitis and considered increasing age as a predictive 
factor. Horvath et al. [17] blamed the use of Roeder knot, 
excessive irrigation and the Trendlenberg’s position for the 
higher incidence of IAA after LA in PA, while Gupta et al. 
[35] accused aggressive manipulation of infected appendix 
and excessive irrigation to increase infectious complica-
tions. In contrast, Piskun et al. [24] and Reid et al. [36] 
believed that IAAs have several determinants and their 
development is based on the magnitude of intra-abdominal 
inflammation rather than a specific technical issue during 
excision a perforated appendix.

Convenient amount of irrigation fluid was utilized in 
our cases, providing as little amount as necessary under 
direct vision then suctioned, and this maneuver was 
repeated till clear fluid was retrieved. Indeed, the signifi-
cance of irrigation as a causative agent for IAA is contro-
versial; Moore et al. [37] and Yau et al. [20] suggested that 
irrigation increases IAA. On the other hand, others [9, 10, 
38] concluded that there is no difference between irriga-
tion and suction alone in IAA formation.

Patients in LA were discharged from hospital 2 days 
earlier than their counter group. This finding agrees with 
most publications [11, 14, 16, 18–21, 23, 30, 39] and could 
be attributed to less infectious complications, which oblige 
patients to stay longer in hospital. In contrast most Ameri-
can/European groups would discharge patients sooner but 
prolongation of the hospital stays in the current study 
occurred in some cases due to complications such as ileus, 
chest infection, IAA, wound complications; although most 
of them could be managed on outpatient basis, it is related 
to cultural reasons, educational level of the patients and 
their relatives and medicolegal causes.

The study design conferred no selection bias as both 
groups were consistent regarding demographic data, a firm 
definition of PA and operations were done by the same sur-
gical team in each hospital with high experience in lapa-
roscopic surgery performing more than 20 LA per year.

Conclusion

LA is superior to OA in PA in terms of less wound-related 
complications, better pain score and less need for anal-
gesics, shorter hospital stay, and earlier return to normal 
activities. Based on these findings, laparoscopy should be 
considered in the context of PA. The possibility of IAA 
should not be a barrier against the widespread practice of 
this surgical procedure amidst laparoscopic surgeons if 
adequate precautions are employed.
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