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Abstract  Objective: to compare laparoscopic and open appendectomy in acute complicated appendicitis in pediatric 

population. Material and methods. The study included 250 children with acute complicated appendicitis, operated from 

December 2012 to August 2019 (164 laparoscopic, 60 open and 26 converting appendectomies). Most patients were 13-17 

years old (101 cases, 40.4%). Perforated appendicitis was most often detected (47.6% of cases, 119 out of 250). In prevalence, 

in most cases there was spilled appendicular peritonitis (40.5%). Results. A significantly low incidence of early 

complications was revealed in the group of laparoscopic appendectomies (15.2% versus 56.7%; p<0.001), both specific  

(7.9% versus 40%) and general (7.3% versus 15%). There was a slight difference in relation to the average operative time in 

favor of laparotomy (p> 0.05), however, the hospital stay was reduced by 5.4 days with laparoscopy (9.3±2.6 versus 14.9±3.2 

days, p<0.05) compared with similar indicators in the open appendectomy group. In the second period of the study 

(2016-2019), compared with the first (2012-2015), it was possible to increase the incidence of good long-term outcomes from 

57.7% to 78.3% and reduce the frequency of bad outcomes from 9.2% to 2.5%. Conclusion. Improvement of tactical and 

technical approaches and the active introduction of endovisual technologies in the surgery of acute complicated appendicitis 

in children made it possible significantly reduce the frequency of postoperative specific and general complications, and 

significantly increase the incidence of good long-term outcomes. 
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1. Introduction 

Acute appendicitis is the most common surgical 

emergency in pediatric surgery with a peak incidence in 

early adolescence [1-4]. According to the latest data, the 

incidence of appendicitis is ~ 90/100.000 [5,6]. To date, the 

incidence of acute appendicitis among preschoolers has 

decreased to 1.1/10000 (from 2 to 9% of children with acute 

appendicitis), to 6.8/10000 in children aged 5-9 years and up 

to 19.3/10000 in children at the age of 10-14 years and 

prevails in boys (55-60%) [1,7]. The proportion of perforated 

appendicitis varies widely from 15 to 50% [8,9]. 

Diagnosis of acute appendicitis in children is difficult, 

which is explained by the non-specificity of symptoms   

and the atypical manifestations of the disease, the partial 

coincidence of symptoms with many other common 

pathologies in children, as well as the child’s inability to 

express complaints and difficulties in examining the 

abdominal cavity in this age group [10,11]. A complicated 

course is diagnosed in 30% of pediatric patients (under    

16 years old) with acute  appendicitis who are  in hospital  
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treatment and is a particularly resource-intensive state 

[12,13]. Literature data indicate that children with 

complicated appendicitis have a longer stay, a higher cost of 

hospitalization and a higher risk of subsequent visits to the 

hospital compared to children with uncomplicated course. 

The analysis and comparative assessment of the surgical 

interventions results in acute appendicitis and its 

complications in pediatric patients is one of the leading 

factors in evaluating a particular surgical treatment method. 

These methods determining the feasibility of widespread 

introduction of new endovisual technologies in pediatric 

abdominal surgery, developing and implementing patient 

management algorithms in perioperative period, which 

ultimately leads to a sharp decrease in the number of adverse 

outcomes. 

This study aims to compare laparoscopic and open 

appendectomy in a pediatric population. 

2. Material and Methods 

From December 2012 to August 2019, 250 patients (164 

laparoscopic appendectomies (LA), 60 open appendectomies 

and 26 conversion appendectomies (KA)) were performed in 

the Pediatric Surgery Department with acute appendicitis. 

Most patients were 13-17 years old (101 cases, 40.4%). 

http://creativecommons.org/licenses/by/4.0/
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Children under 3 years old were 16 (6.4%), 4-7 years old - 61 

(24.4%) and 8-12 years old - 72 (28.8%). Most patients were 

boys - 171 (68.4%). 

Table 1.  Characteristics of the compared groups with types of appendicitis 
and the prevalence of peritonitis 

 

Open appendectomy 

(n=60) 

Laparoscopic and converting 

appendectomy (n=190) 

n % n % 

Types of appendicitis 

Phlegmonous 27 45,0% 74 39% 

Gangrenous 6 10,0% 24 12,6% 

Perforative 27 45,0% 92 48,4% 

Total 60 100% 190 100% 

Types of appendicular peritonitis 

Localized 24 40,0% 84 44,2% 

Diffuse 13 21,7% 29 15,3% 

General 23 38,3% 77 40,5% 

Total 60 100% 190 100% 

The most common perforated appendicitis was found both 

in the LA group (48.4% of cases, 92 out of 190) and in the 

OA group (45.0%; 27 out of 60). In prevalence, in most cases, 

there was diffuse appendicular peritonitis, 40.5% and 38.3% 

in the LA and OA groups, respectively (table 1). 

3. Results and Discussion 

The total endovisual surgical activity in the first period 

(December 2012-December 2015) was 59.2%, and in the 

second period (January 2016-August 2019) – 94.2%, which 

was significantly higher (χ2=41.75, df=2, p<0.001). The 

overall conversion rate was 13.7%. 

If we consider the conversion rate over time, the majority 

of open access conversions occurred in the first 3 years of the 

analyzed period, when the rate was 18.2% (14 out of 77 

cases), while over the past 3 years conversion work was 

carried out in 12 of 113 cases (10.6%) (Fig. 1). 

 

Figure 1.  Indicators of surgical activity in comparison groups 

The distribution of patients by the final type of surgical 

treatment is presented in Fig. 2. So, it is clear that in the 

comparison group open operations were performed in     

53 (40.8%) cases, while the proportion of completed 

laparoscopic appendectomies was 48.5% (63 out of 130), in 

14 (10.8%) cases the operation ended with conversion.  

 

Figure 2.  The distribution of patients by the final type of treatment 

With the accumulation of experience and improvement of 

technology, the frequency of use of laparoscopy has 

significantly increased. So, in the main group, the share of 

completed laparoscopic interventions accounted for 84.2% 

(101 of 120), and conversions - 10.0% (12 of 120) cases 

(χ2=35.252, df=2, p<0.001). Open operations were 

performed in only 7 cases, which amounted to 5.8%. 

The introduction and active use of the laparoscopic 

surgical techniques for acute complicated appendicitis in 

children helped to reduce the frequency of both specific - 

from 40% in OA to 7.9% in LA (χ2=32.7, p=0.001), and 

general postoperative complications - with 15.0% to 7.3% 

(Table 2). So, in the OA, wound infection was significantly 

less frequently observed (1.2% versus 11.7% of cases, 

χ2=12.43, p <0.001) and, accordingly, eventration (0.0% 

versus 6.7% of cases, χ2=11.13, p <0.001). The effectiveness 

of the laparoscopic technique is convincingly demonstrated 

by criteria such as a significant decrease in cases of ongoing 

peritonitis by 4.9% (from 6.7% to 1.8%, p=0.066) and early 

adhesive intestinal obstruction by 4.9% (from 6.7% to 1.8%, 

p=0.066) in children after LA. In addition, in this group of 

patients there was a slight decrease in the frequency of 

postoperative intra-abdominal abscesses (from 5.0 to 3.0%, 

p=0.486) and there were no cases of intra-abdominal and 

gastrointestinal bleeding.  

A significantly lower incidence of early complications 

was revealed in the LA group than in the OA group (15.2% 

versus 56.7%; χ2=36.18, df=2, p<0.001), both specific (7.9% 

versus 40%), and general (7.3% versus 15%) (Fig. 3). 

A significant decrease in the frequency of intra-abdominal 

complications, naturally, had a positive effect on the 

frequency of repeated laparoscopy and relaparotomy. If in 

the group of patients after LA the number of patients who 

underwent repeated surgical interventions was 3.6% (8 of 

164), then in children after OA this indicator reached 8.3% (5 

of 60) cases (χ2=7.37, p=0.007). 
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Table 2.  The frequency and nature of postoperative complications after OA and LA 

Complication 
Open appendectomy, 

n=60 

Laparoscopic 

appendectomy, n=164 
χ2 Р value 

Specific complications 

Bleeding 1 1,7% 0 0,0% 2,746 0,098 

Continued peritonitis 4 6,7% 3 1,8% 3,396 0,066 

Acute adhesive intestinal obstruction 4 6,7% 3 1,8% 3,396 0,066 

Intra-abdominal abscess 3 5,0% 5 3,0% 0,486 0,486 

Intestinal fistula 1 1,7% 0 0,0% 2,746 0,098 

Wound infection 7 11,7% 2 1,2% 12,43 0,001 

Eventration 4 6,7% 0 0,0% 11,13 0,001 

In total 24 40,0% 13 7,9% 32,77 0,001 

Common complications 

Respiratory failure 1 1,7% 0 0,0% 2,746 0,098 

Liver and kidney failure 3 5,0% 8 4,9% - 0,971 

Disseminated intravascular coagulopathy 2 3,3% 2 1,2% 1,119 0,291 

Cardiac failure 2 3,3% 2 1,2% 1,119 0,291 

Mortality 1 1,7% 0 0,0% 2,746 0,098 

In total 9 15,0% 12 7,3% 3,052 0,081 

 

 

 

Figure 3.  Early outcomes after acute complicated appendicitis surgery in 

pediatric patients 

Against the background of a significant decrease in the 

frequency of specific and general postoperative 

complications in the group of children after LA, we observed 

a decrease in the rate of postoperative mortality from 1.7% to 

0.0% (χ2=2.74, p=0.098). 

Table 3.  The operative time and the hospital stay in the comparison groups 

 

Open 

appendectomy, 

n=60 

Laparoscopic 

appendectomy, 

n=164 

Р value 

Operative time 

(mean) min 
54,3±7,4 81,7±9,3 0.001 

Hospital stay 

(mean) days 
14,9±3,2 9,3±2,6 0,02 

There was a slight difference in relation to the average 

operative time in favor of laparotomy (p>0.05), however, the 

hospital stay was reduced by 5.4 days (9.3±2.6 in case of LA 

versus 14.9±3.2 days in OA, p<0.05) compared with similar 

parameters in the group of OA (Table 3). 

We separately considered the results of CA (n=26). So, the 

immediate causes of CA are presented in fig. 4. It is seen that 

pathological changes in the abdominal cavity identified 

during laparoscopic revision, which caused significant 

technical difficulties when performing the operation with a 

minimally invasive method, are most often noted. Thus, in 

23.1% (6 of 26) cases, pronounced gastrointestinal paresis 

was observed, in 19.3% (5 of 26) - dense appendicular 

infiltrate with abscess formation, in 3 patients (11.5%) - 

adhesions around the appendix , and most often the cause of 

CA was phlegmon/necrosis of the cecum, leading to diffuse 

peritonitis - 53.9% (14 of 26). 

 

Figure 4.  The immediate causes of the converting appendectomy 

In 3 patients (11.4%) there were intraoperative 

complications that could not be managed by the endosurgical 

method: bleeding during excretion of the appendix (1 case, 

3.8%), perforation of the appendix at the base (1 case, 3.8%). 
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Table 4.  The frequency and nature of postoperative complications in the CA and LA 

 
Converting 

appendectomy, n=26 

Laparoscopic 

appendectomy, n=164 
χ2 Р value 

Operative time (mean), min 148.8±19.4 81,7±9,3 - <0.01 

Blood volume (mean), ml 196.3 ±87.8 29.7±3.4 - <0.001 

Hospital stay (mean), days 14.3±5.6 9,3±2,6 - <0.01 

Specific complications 

Intraoperative complications 3 11,5% 2 1,2% 9.326 0.003 

Continued peritonitis 4 15,4% 3 1,8% 11,62 <0,001 

Acute adhesive intestinal obstruction 3 11,5% 3 1,8% 6,92 0,043 

Intra-abdominal abscess 1 3,8% 5 3,0% 0,047 0,829 

Intestinal fistula 1 3,8% 0 0,0% 6.341 0.012 

Wound infection 4 15,4% 2 1,2% 14,72 <0,001 

Eventration 1 3,8% 0 0,0% 6.341 0.012 

In total 21 80,8% 15 14,6% 74.96 <0,001 

 

A comparative assessment of the short-term outcomes  

and postoperative complications after LA and CA are 

summarized in table 4. Such indicators as the duration of 

surgery, and/or blood loss, hospital days had a statistically 

significant difference, which once again emphasizes the 

importance of determining preoperative conversion 

predictors in reducing “negative” LA. Thus, attempts to 

complete the operation with laparoscopic access, even in 

cases with severe adhesion or inflamed pathological 

appendix, resulted in twice as long interventions in CA as in 

LA (81.7±9.3 min for LA versus 148.8±19.4 min for CA;   

p< 0.01). Patients after CA had a greater volume of 

intraoperative blood loss than with LA (29.7±3.4 ml for LA 

versus 196.3±87.8 ml for CA; p<0.01). 

An untimely transition to OA led to intraoperative 

complications in 3 cases, which also affected the incidence 

of ongoing peritonitis (1.8% in LA versus 15.4% in CA, 

χ2=11.62, p<0.001), acute adhesive intestinal obstruction 

(1.8% against 11.5%, χ2=6.92, p=0.043) and repeated 

interventions (11.5%). The expansion of operative access 

also influenced the development of suppuration of 

postoperative wounds (15.4% for CA compared with 1.2% 

for LA, χ2=14.72, p<0.001).  

The overall incidence of specific perioperative 

complications was higher with CA than with LA (80.8% for 

CA versus 14.6% for LA; χ2=74.96, p<0.001). In both groups, 

no fatal outcomes were noted. Patients in the LA group were 

discharged earlier (9.3±2.6 days for LA versus 14.3±5.6 days 

for CA; p<0.01). 

An analysis and comparative evaluation of the long-term 

results of surgical treatment was carried out in two periods of 

the study: the main group - the period from December 2012 

to December 2015, the comparison group - the period from 

January 2016 to August 2019. 

A good outcome was defined as a complete cure for the 

underlying disease, subject to standard standards for the 

length of hospital stay. In instrumental studies - the absence 

of a visible pathology. 

A satisfactory outcome was determined when treating the 

underlying disease with the presence of postoperative 

complications, when standard standards for the duration of 

the patient’s stay in the clinic were exceeded. In instrumental 

studies, the absence of gross changes in the abdominal 

cavity. 

An unsatisfactory (bad) outcome was noted in the 

presence of postoperative complications that entailed 

subsequent repeated surgical interventions or death. In 

instrumental studies, the presence of gross changes in the 

abdominal cavity. 

As shown in fig. 5, the main group of patients was 

characterized by significantly better long-term results after 

all operations for complicated acute appendicitis in children 

in the comparison groups. 

 

Figure 5.  Summary long-term outcomes after all surgeries  

Thus, 78.3% (94 out of 120) cases accounted for good 

treatment outcomes, and 19.2% (23 out of 120) cases 

satisfactory cases, while in the comparison group these 

indicators were 57.7% (75 out of 130) and 33.1% (41 out of 

130) (χ2=12.13; df=2; p<0.001). The incidence of bad results 

was 9.2% (12 of 130) in the comparison group, 2.5% (3 of 

120) in the main group of patients. 

Our study shows that LA has a clear superiority over OA 

due to shorter operating time, less intraoperative bleeding, 

reduced hospital stay, and a decrease in the frequency of 
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specific and general postoperative complications. Our data 

are partially consistent with the results of Tuggle et al., 

(2010), which provided data from a nationwide study 

showing that in cases of complicated appendicitis, LA is 

better in terms of superficial and deep wound infections; and 

unlike our results, LA is associated with a relatively greater 

likelihood of developing an intra-abdominal abscess [14]. 

In another study, C. Athanasiou et al. (2017) reported  

that with LA (in accordance with our results) there is no 

significant additional risk of postoperative abscess [15].   

In terms of morbidity, in patients with LA, the authors 

observed 12% fewer cases of intra-abdominal abscess as a 

postoperative complication [15]. 

The conversion rates reported in the literature are variable. 

Liu et al. (2017) reported a conversion rate of 9.7%, due to 

various reasons related to patients, surgeons, or technical 

factors [16]. The conversion rate in this study is consistent 

with other published studies, although lower rates (0-3.3%) 

have also been reported [17,18]. The results of most other 

studies are that the conversion of surgery to open access 

prolongs working time, leads to a longer stay in the hospital, 

and is characterized by a high frequency of postoperative 

complications, which often requires additional surgical 

interventions, including drainage of the abdominal cavity, 

which also increases the rate of bed days. 

Our results also show that even in cases of diffuse 

peritonitis, LA can be successfully performed and is 

associated with important advantages compared with 

patients undergoing CA. However, in cases where there are 

several factors (pathological changes in the abdominal cavity) 

during laparoscopic revision that cause significant technical 

difficulties, further attempts to perform the operation with a 

minimally invasive method lead to the development of 

several postoperative complications and bad treatment 

outcome. 

4. Conclusions 

Improvement of tactical and technical approaches and the 

active introduction of endovisual technologies in the surgery 

of acute complicated appendicitis in children made it 

possible significantly reduce the frequency of postoperative 

specific and general complications, and significantly 

increase the incidence of good long-term outcomes. 
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