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ABSTRACT
Purpose and objectives. The purpose of this paper was to compare the “outcomes” of patients with perito-
nitis according to the surgical method selected (laparoscopic vs. conventional/open), in the treatment of such 
a severe pathology, in order to obtain an efficient management of postoperative morbidities and the reduction 
of the mortality rate (currently estimated at 5% - 40%). 
Material and method. We carried out a retrospective, observational, non-randomized study on a sample of 
hospitalized patients, based on a descriptive and analytical epidemiological investigation, supported by the 
laparoscopic experience of the General Surgery Clinic in “Sf. Ioan” Emergency Clinical Hospital of Bucharest 
in the last decade (01.01.2009-31.12.2018).
Results. We identified a sample of 378 patients with peritonitis, of which 109 were operated laparoscopical-
ly (i.e. 28.84%), and 269 patients (i.e. 71.16%) were operated traditionally. Following a rough analysis, it was 
observed that patients who underwent open surgery were hospitalized on an average 4.73 days longer than 
those operated laparoscopically (11.67 days vs. 6.94 days), the effect being statistically significant (p < 0.01). 
In the traditionally operated group of patients, the average duration of surgery was 46.31 minutes longer than 
those operated laparoscopically (113.92 vs. 67.60), the effect being also statistically significant (p < 0.01).
Conclusions. The conventional surgical approach is statistically significantly associated with an increased 
duration of operative time and hospitalization in patients with peritonitis and can be considered a factor of 
severe evolutive prognosis in the therapeutic management of this pathology.
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INTRODUCTION 

The diagnosis of peritonitis is obtained based on 
preoperative imaging investigations (ultrasonogra-
phy, computed tomography) or by diagnostic lapa-
roscopy, with the evidence of purulent fluid in the 
peritoneal cavity. As not all surgeons have a high 
level of training in laparoscopic surgery, it is rec-
ommended that in patients with acute abdomen be 
treated laparoscopically or by open surgery, taking 
into account the presence of a well-trained surgical 
team, and not by randomly assigning a certain type 
of approach [1].

The prognosis of peritonitis through organ per-
forations is still unfavourable, despite state-of-the-
art diagnostic and treatment techniques. Therefore, 

early diagnosis of patients with severe peritonitis is 
very important in selecting cases for emergency 
surgery [2-6].

Numerous studies [7-13] have demonstrated the 
usefulness of the minimally invasive method in the 
management of abdominal emergencies due to 
peritonitis. The feasibility, safety and advantages of 
minimally invasive surgery compared to conven-
tional techniques are emphasized, the open surgical 
procedures being also taken into account.

On the other hand, a deliberate conversion of a 
laparoscopic operation to the classical technique 
should not be seen as a reduced preference of the 
surgeon for the laparoscopic approach of the pa-
tient with peritonitis, but rather appreciated as a 
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surgical maturity in choosing the type of operation 
(conventional/laparoscopic), for the severe cases.

Not to be neglected are the undeniable advan-
tages of the classical intervention, such as: the pos-
sibility of performing an eventual laborious vis-
cerolysis caused by severe inflammatory reshaping, 
the rigorous lavage of the peritoneal cavity, and the 
excision of various digestive segments compro-
mised by the pathological process, interventions 
whose magnitude would often make it practically 
impossible to apply the laparoscopic technique in 
solving these cases. On the other hand, we cannot 
overlook the fact that patients complain of intense 
pain in the first days post-surgery, mobilize and 
breathe with difficulty, slowly resume their diges-
tive tolerance and intestinal transit, being exposed 
to the risk of pulmonary complications [14-15].

The identification of certain evolutive prognos-
tic factors in the conventional vs laparoscopic  
approach of peritonitis is a continuous concern of 
specialists, which would crown the desire to obtain 
an effective management of morbidities and to  
reduce mortality.

MATERIAL AND METHOD

This article presents the results of a retrospec-
tive, observational, non-randomized study on a 
sample of hospitalized patients, based on a descrip-
tive and analytical epidemiological investigation,  
supported by the laparoscopic experience of the 
General Surgery Clinic in “Sf. Ioan” Emergency 
Clinical Hospital of Bucharest in the last decade 
(01.01.2009-31.12.2018).

Three sources of statistical data were used: the 
existing statistical data in the hospital archive and 
the Hippocrates record program, the clinical obser-
vation sheets of patients and the surgical protocols 
that provided data on the nature of surgery (laparo-
scopic/conventional), the duration of surgery, the 
severity of peritonitis and intraperitoneal lesions, 
the appearance of peritoneal exudate at the time of 
intervention, the solving method through a laparo-
scopic/conventional intervention. In our study, all 
conversions were considered open operations, tak-
ing into account only the cases in which surgery 
was performed (N = 378 cases), and excluding the 
patients who benefited exclusively from conserva-
tive therapy.

Single and multiple univariate linear regression 
models (if necessary), bidirectional Welch T-type 
tests for two independent samples were used in  
inferential statistics, for continuous variables. For 
the category variables and the identification of  

evolutive prognostic factors with testing the power 
of the association between possible factors and 
their effect, techniques specific to the analytical  
epidemiological investigations were used, namely, 
simple and multiple linear regression (if necessary), 
calculating odd ratio (OR), coefficients and confi-
dence intervals [CI] 95%. The χ² (chi-square) test 
was used to compare categorical data for two or 
more independent proportions; the test was consid-
ered to have statistical significance at a sensitivity 
level 1 - α = 0.95 (the statistical significance thresh-
old was of p £ 0.05). 

We compared the “outcomes” of patients with 
peritonitis according to the therapeutic modality 
(laparoscopic vs conventional/open). When there 
were important differences between the two groups, 
a direct comparison of the “outcomes” between the 
two groups could have been inconclusive because 
of the differences between the variables that influ-
ence the “outcome” (the “confounding” phenome-
non). To avoid this effect, we resorted to a solution 
such as “attenuating” the differences between the 
two groups using a propensity score, based on age, 
gender and the origin of peritonitis, a score that will 
be used in comparison tests.

There are two ways of building the propensity 
score. In this study, we have chosen the “ATE” (av-
erage treatment effect) methodology offered by the 
“twang” package in R which uses as methodology 
an increased generalized regression - “boost” (of-
fered by the “gbm” package in R).

For comparison, the “survey” package in R was 
used, which allows comparison tests with penalties. 
To calculate the propensity score (arguments for 
the ps function in the twang package) we used the 
following parameters: n.trees (number of iterations 
of the argument) = 5000, interaction.depth = 3  
(interaction level allowed in gbm, value recom-
mended by the authors of the twang package), 
shrinkage = 0.001 (algorithm accuracy), perm.test.
iters = 500 (number of Monte Carlo trials to deter-
mine p values for the Kolmogorov-Smirnov statis-
tics); we mention that the determination of the  
parameter values (except interaction.depth) was an 
iterative process, the optimal values being deter-
mined with the help of diagnostic charts, and was 
obviously limited by the computational power we 
had at our disposal.

RESULTS

The comparative analysis of the prognostic fac-
tors such as age, gender, origin of peritonitis and 
duration of surgery was performed for 378 cases of 
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peritonitis (109 laparoscopic surgeries vs. 269 con-
ventional surgeries) from which complete data was 
obtained.

A careful analysis of the groups according to the 
type of surgery (laparoscopic/conventional) shows 
that almost 30% of the peritonitis cases were lapa-
roscopically operated (see table 1). 

TABLE 1. Analysis of the group of patients with 
peritonitis according to the type of surgery  
(laparoscopic/conventional)

Surgery type Patient lot (N = 378)
Laparoscopic – No (%) 109 (28.84)

Open – No (%) 269 (71.16)

The distribution of cases according to the type 
of surgery (conventionalvs. laparoscopic) for the 
peritonitis cases is shown in figure 1. The analysis 
indicates a greater propensity of the surgical teams 
to the classical surgical treatment, probably also 
due to the severity of lesions, often diagnosed by 
exploratory laparoscopy, as a primary operative 
time.

Table 2 compares the prognostic factors for the 
two groups (laparoscopic vs. conventional). In the 

table we notice that there were important differenc-
es between the two groups, therefore, to avoid the 
“confounding” phenomenon, we resorted to “atten-
uating” the differences between the two groups by 
using a propensity score, based on age, gender and 
origin of peritonitis, a score to be used in the com-
parison tests. 

Below are the diagnostic charts (for the final 
model), which will help us compare the degree of 
risk for the two groups (see figures 2-3).

The chart shows that the distributions of the pro-
pensity scores have approximately identical mini-
mum and maximum values.

A difference attenuation of the 3 initial parame-
ters is observed, in two of the parameters the differ-
ences becoming without statistical significance 
(full circles are the differences that have statistical 
significance, empty circles are the differences with-
out statistical significance, unweighted represents 
the situation before the propensity score penalty, 
weighted represents the situation after the propen-
sity score penalty).

In table 3 and figure 4 we analyzed the relative 
influence of the 3 variables (age, gender, origin of 

FIGURE 1. Distribution of peritonitis cases according to the type of surgery  
(conventional vs. laparoscopic) – bar plots of absolute and relative frequencies

TABLE 2. Analysis of evolutive prognostic factors for the peritonitis cases 
operated laparoscopically vs. open
Parameter Laparoscopy Conventional Differences p value
Age – Average ± S.D. 42.53±15.70 50.38±15.90 < 0.0001¹
Gender M – % 40.37 54.65 < 0.0001²
Origin of appendicitis (%)
Genital (%)
Gall bladder (%)
Other origins (%)
Gastric (%)
Colon Rectum (%)
Small intestine (%)

35.78
27.52
9.17

25.69
1.83
0.00
0.00

8.18
12.64
3.72

20.07
29.37
14.87
11.15

< 0.0001³
-
-
-

¹ Welch T Test              ² χ² test         ³ G test  
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peritonitis) in the conventional and laparoscopic 
groups, for patients with peritonitis.

TABLE 3. Relative influence depending on variables
Variable Relative influence

Origin of peritonitis 76.71
Age 22.74

Next, an analysis was made of the influence of 
the type of operation on the 2 “endpoints” of inter-
est (hospitalization duration, operation duration), 
first the rough analysis (without any penalty) and 
then adjusted, and to increase the accuracy, we  
decided to use a “double robust” method, taking as 
a model both the propensity score and the variables 
that can influence the outcome (age, gender, origin 
of peritonitis).

For continuous variables (duration of operation, 
duration of hospitalization), a simple univariate lin-

ear regression model was used for the simple anal-
ysis, with the dependent variable the “outcome” to 
be analysed, and the independent variable the type 
of operation (laparoscopic or classical) – see table 
4, while for the penalized analysis (using the pro-
pensity score), a multiple univariate linear regres-
sion was used, with the same dependent variable 
and with independent variables the type of opera-
tion, age, gender and origin of peritonitis – see ta-
ble 5.

TABLE 4. Rough analysis of hospitalization 
duration(comparisons are conventional vs.  
laparoscopic)

Variable T 
statistic

P 
value

Coefficient 
[CI 95%]

Open vs. 
laparoscopic surgery

3.43 0.0007 4.73 [2.03 to 7.44]

FIGURE 2. Diagnostic chart comparing the propensity scores

FIGURE 3. Diagnostic chart comparing differences before attenuation to those 
after attenuation
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Patients who underwent open surgery were hos-
pitalized on average 4.73 days longer than those 
operated laparoscopically (11.67 days vs. 6.94 days), 
the effect being statistically significant (p < 0.01), 
as can be seen in figure 5.

TABLE 5. Penalized analysis for the duration of 
hospitalization in patients with peritonitis

Variable T 
statistic

P 
value

Coefficient 
[CI 95%]

Open (vs. 
laparoscopic) surgery

1.80 0.0017 2.81 [1.07 to 4.85]

In the analysis that considers other variables, 
patients who underwent classical surgery remained 
hospitalized only 2.81 days longer than those lapa-
roscopically operated (a decrease of 2 days  
compared to the rough analysis), the effect remain-
ing statistically significant (p < 0.01) – see also  
figure 6.

In table 6 we performed the rough analysis for 
the continuous variable – operation duration, using 
a simple univariate linear regression model.

TABLE 6. Rough analysis for the duration of the 
operation

Variable T 
statistic

P 
value

Coefficient 
[CI 95%]

Open (vs. 
laparoscopic) surgery

17.36 < 0.0001 46.31 
[37.31 to 55.32]

In the group of classically operated patients, the 
average duration of the operation was 46.31 min-
utes longer than those laparoscopically operated 
(113.92 vs 67.60), the effect being statistically sig-
nificant (p < 0.01) – see figure 7.

This statistically significant difference in the du-
ration of operations (classical and laparoscopic) for 
peritonitis is natural, if we take into account the ad-
ditional tens of minutes allocated to the onset times 

FIGURE 4. Relative influence depending on variables

FIGURE 5. Influence of the type of operation (conventional/laparoscopic) on the 
hospitalization duration – rough analysis



Romanian medical JouRnal – Volume lXVii, no. 3, 2020282

(access to the peritoneal cavity) and the end times 
(closure of the wide laparotomy), in the classical 
interventions, incomparably more than the few 
minutes allocated to these operating times during 
the laparoscopic procedure.

In table 7 we performed the penalized analysis 
for the continuous variable – the duration of the  
operation, using a simple univariate linear regres-
sion model.

TABLE 7. Penalized analysis for the duration of the 
operation

Variable T 
statistic

P 
value

Coefficient 
[CI 95%]

Open (vs. laparoscopic) 
surgery

6.07 < 0.0001 28.28 [19.15 
to 37.42]

Compared to the rough analysis, following the 
penalized analysis, the difference decreased to 

28.28 minutes, the effect still having statistical sig-
nificance (p < 0.01) – see also figure 8.

Therefore, based on the rough analysis, patients 
who underwent open surgery were hospitalized on 
average 4.73 days longer than those laparoscopi-
cally operated (11.67 days vs. 6.94 days), the effect 
being statistically significant (p < 0.01); in the pe-
nalized analysis, which also takes into account the 
other variables, patients who underwent conven-
tional surgery remained hospitalized only 2.81 days 
longer than those laparoscopically operated (a de-
crease of 2 days compared to the rough analysis), 
the effect remaining statistically significant  
(p < 0.01).

Also, in the group of classically operated pa-
tients, the average duration of surgery was 46.31 
minutes longer than those operated laparoscopically 
(113.92 vs. 67.60), the effect being statistically  

FIGURE 6. The influence of the surgery type (conventional/laparoscopic) on the 
hospitalization duration –penalized analysis

FIGURE 7. Influence of the surgery type (conventional/laparoscopic) on the 
duration of the operation – rough analysis 
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significant (p < 0.01), and following the penalized 
analysis, the difference decreased to 28.28 minutes, 
the effect continuing to have statistical significance 
(p < 0.01).

DISCUSSION

The comparative study between the groups of 
patients with peritonitis, traditionally vs. laparo-
scopically operated, has been the concern of spe-
cialists for a long time. In an analysis [13] of 138 
cases (85 men/53 women) with a mean age of 46.5 
years who underwent laparoscopic surgery, perito-
nitis was present in 92 (66.6%) cases. The exact 
cause of peritonitis was established in 88% (81 of 
92) by laparoscopy. Conversion to laparotomy was
required in 17 patients to clarify the diagnosis sus-
pected by laparoscopy. Thus, upon laparoscopic
examination, the preoperative clinical diagnosis
was changed in 31 (22.4%) cases, thus avoiding an
unnecessary laparotomy in 10 (7.2%) of these pa-
tients.

In our practice, depending on the severity of the 
case, we opted for either surgery (conventional/lap-
aroscopic) in immediate emergency or in planned 
emergency (delayed), in order to rebalance the pa-
tient’s hemodynamics and improve their biological 
status.

Other authors prefer to perform planned laparot-
omies 48 hours after admission. However, there is 
no evidence of the definite benefits of planned sur-
gery in the specialty literature [16-18].

Regarding the surgeon’s options for solving cas-
es through a certain type of surgical approach de-
pending on the origin of peritonitis, we can say 
that, in principle, in the General Surgery Clinic of 
“St. Ioan” Hospital of Bucharest, the diagnosis of 

peritonitis of any kind, has not been a contraindica-
tion for laparoscopic operations.

In a retrospective study [19] in South America, 
performed on a group of 227 patients with appen-
dicular peritonitis, 43% of them were men with an 
average age of 39 ± 17 (range: 12-85 years old). 97 
cases (43%) underwent laparoscopic appendicecto-
my, with a conversion rate of 13% (13 cases).  
According to the authors, there were no differences 
in the approach rate of diffuse peritonitis in the two 
groups (laparoscopic and conventional), which was 
found in 48 of 130 patients in the group with clas-
sical appendectomy (36.9%), compared to 46 of 97 
patients in the laparoscopic group (47.4%, p = 0.13). 
According to the same South American authors 
[19], laparoscopic appendectomy had a longer  
operating period, but a shorter hospital stay  
(p < 0.05), while open appendectomy had a shorter 
operating time (p < 0.001), but a longer hospital 
stay (p = 0.02), compared to laparoscopic surgery.

Several Mexican surgeons [20] at the “Hospital 
Español de Mèxico” have published the results of a 
study conducted in 2005-2009 on a group of 73 pa-
tients (31 men and 42 women) operated for the di-
agnosis of acute surgical abdomen with peritonitis, 
whose average age was 58.4 (28-83 years old). In 
these patients, peritonitis was caused by: appendi-
citis in 52 cases, diverticulitis in 13 patients and 
perforated ulcers in 8 of them. They reported an  
average duration of laparoscopic surgery for cases 
of peritonitis of 148 minutes (60-220 min) and an 
average duration of hospitalization of 6 days.

Regarding another etiology of peritonitis, it is 
well known that the issue of choosing laparoscopic 
cholecystectomy versus classical cholecystectomy, 
in the approach of acute cholecystitis complicated 
by biliary peritonitis, has been intensively analysed 

FIGURE 8. Influence of the surgery type (conventional/laparoscopic) on 
the duration of the operation – penalized analysis
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in the last 3 decades. The laparoscopic technique is 
now unanimously accepted as feasible for the sur-
gical treatment of acute cholecystitis, and early lap-
aroscopic cholecystectomy is safer and has lower 
complication rates compared to delayed surgery 
[21]. Thus, several studies [22-25] have shown that 
early laparoscopic surgery led to a significantly 
shorter hospital stay compared to delayed laparo-
scopic cholecystectomy, with no significant differ-
ences in the rate of complications and conversions.

Surprisingly, a study by Biondi et al. [26] on 593 
appendectomies (310 operated classically and 283 
operated laparoscopically) obtained short hospital-
ization duration for the classical group compared to 
the length of hospital stay for the laparoscopic 
group (2.7 ± 2.5 days for the laparoscopic group 
and 1.4 ± 0.6 days for the group of classical opera-
tions), corresponding to a significantly shorter  
operating time in the open group (31.36 ± 11.13 
min open and 54.9 ± 14.2 laparoscopic). This result 
was correlated with other previous results [27-29]. 
In contrast, some studies have not shown signifi-
cant differences in terms of hospital stay between 
the two groups, classical and laparoscopic [30,31].

However, data from the literature mention, in 
the case of appendectomies for appendicular perfo-
rations [32], a duration of hospitalization in the 
open group (8.9 days), significantly longer than in 
the laparoscopic group (4.1 days, p < 0.05).

In an Irish comparative study [33] on approach 
techniques in peritonitis by perforated sigmoid  
diverticulitis (3rd and 4th degree Hinchey), there was 
a significant reduction in the operative time in lap-
aroscopic peritoneal lavage, as opposed to laparo-
scopic sigmoid resection (WMD = −72.105, 95% 
CI = −88.335 to –55.876, p < 0.0001), emphasizing 

that, among specialists [34-38], there are still heated 
debates over the appropriate therapeutic strategy 
for this type of pathology. However, there seems to 
be a general consensus that laparoscopic peritoneal 
lavage should not be used for patients with 4th  
degree Hinchey perforated sigmoid diverticulitis 
[33-35,39-46].

The well-known advantages of laparoscopic 
surgery with regards to the the short duration of 
hospitalization and rapid socio-professional reinte-
gration are also highlighted by a systematic review 
of literature data on peritonitis by perforated ulcer 
[47-49]. Thus, a study [50] comparing 843 patients 
in the laparoscopic group and 1,031 patients in the 
open surgery group showed a reduction in the 
length of hospital stay from 10.3 days to 6.3 days in 
favour of the laparoscopic group compared to open 
surgery patients. Other authors [47] reported a 
mean decrease of 2.9 days, which had a statistically 
significant reduction in favour of laparoscopic sur-
gery for the surgical treatment of perforated ulcers.

CONCLUSIONS

The surgical treatment by classical approach of 
patients with peritonitis is statistically significantly 
associated with increased duration of surgery and 
hospitalization. The open surgical technique is a  
severe evolutive prognostic factor in the surgical 
treatment of these patients.
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