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Introduction
Traditionally, the management of acute 
appendicitis complicated by peritonitis has 
been exploratory laparotomy plus appen-

dectomy, placement of intraperitoneal 
drainage, and secondary closure of the 
surgical wound, in addition to other measures 
associated with the management of this 
disease, such as non-surgical management.i

© 2025 by the authors. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution license.
(CC BY) (https://creativecommons.org/licenses/by/4.0/).

Abstract
Introduction. There is evidence that not using intracavitary drains in the management of acute appendicitis, as well 
as performing primary closure of the operative wound in these cases, does not lead to an increase in post-surgical 
complications. Objective. To describe the development of complications and hospital indicators in two groups of patients 
with acute appendicitis, one group with drains and secondary closure of the operative wound, and another group without 
drains and with primary closure. Methodology. Descriptive cross-sectional study. 498 files of children diagnosed with acute 
appendicitis were reviewed. Of these, 156 were included in the study. Two analysis groups were formed. The first described 
the use of abdominal drains and the second related to the closure of the surgical wound. Morbidity and hospital indicators 
were compared. Results. Significant differences were found in the need for reoperation (-7.3) and in the value of some 
hospital indicators: use of antibiotics (-0.48), use of parenteral analgesics (-0.49), initiation of oral feeding (-0.35), and hospital 
stay (-0.59); which were lower in the primary closure group. However, no significant differences were found in the use 
of postoperative drains. Conclusion. Secondary closure of the surgical wound favors reoperation and increases hospital 
indicators.
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Resumen
Introducción. Existe evidencia que el no utilizar drenos intracavitarios en el manejo de la apendicitis aguda, así como realizar 
el cierre primario de la herida operatoria en estos casos, no implica un aumento en las complicaciones postquirúrgicas. 
Objetivo. Describir el desarrollo de complicaciones e indicadores hospitalarios en dos grupos de pacientes con apendicitis 
aguda, un grupo con drenos y cierre secundario de la herida operatoria, y otro grupo sin drenos y con cierre primario. 
Metodología. Estudio transversal descriptivo. Se revisaron 498 expedientes de niños con diagnóstico de apendicitis aguda. 
De estos se incluyeron 156 en el estudio. Se formaron dos grupos de análisis. El primero describiendo el uso de drenos 
abdominales y el segundo relacionado con el cierre de la herida operatoria. Se comparó la morbilidad y los indicadores 
hospitalarios. Resultados. Se encontraron diferencias significativas en la necesidad de reintervención (-7,3) y en el valor de 
algunos indicadores hospitalarios: uso de antibióticos (-0,48), uso de analgésicos parenterales (-0,49), inicio de la vía oral 
(-0,35) y estancia hospitalaria (-0,59); que fueron son menores en el grupo del cierre primario. Sin embargo, en el uso de 
drenos postoperatorios no se encontraron diferencias significativas. Conclusión. El cierre secundario de la herida operatoria 
favorece la reintervención y aumenta los indicadores hospitalarios.
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Since the late 20th century, there has been 
debate about the usefulness of intra-abdom-
inal drains and the management of the 
surgical wound in cases of acute appendicitis 
in the pediatric age.ii There is even evidence 
suggesting that the surgical wound should 
be closed with continuous sutures in cases 
of complicated appendicitis.iii Although they 
can reduce the incidence of post surgical 
complications of an infectious nature, it has 
also been shown that their use does not 
provide benefits but, on the contrary, is asso-
ciated with negative post outcomes.iv

There are several references to this 
change in practice in the literature. In a 2007 
case-control study, Narci et al., compared 
both approaches and concluded that it was 
advisable to discontinue the use of intraperi-
toneal drainage in this type of patient.v 

It is internationally accepted that the 
perforation rate varies from 16  % to 40  %, 
with a higher frequency in younger age 
groups (40-57  %) and in patients over 50 
years of age (55-70 %). Appendicular perfora-
tion is associated with increased morbidity 
and mortality compared to clinical condi-
tions where no perforation is evident. The 
risk of mortality from acute non-gangrenous 
appendicitis is less than 0.1  %, but this risk 
rises to 0.6 % in gangrenous appendicitis and 
increases to around 5  % when associated 
with perforation.i,ii 

The main objective of this research is 
to describe the complications of perfo-
rated acute appendicitis with peritonitis 
in pediatric patients at the San Rafael 
National Hospital between January 1, 
2021, and August 31, 2022..

Methodology
This was an observational, cross-sectional, 
descriptive study in which all the files of 
patients discharged from the pediatrics 
department of a second-level healthcare 
hospital with a diagnosis of perforated appen-
dicitis with peritonitis, between January 1, 
2021, and August 31, 2022, were reviewed. 
The population consisted of 498 records of all 
acute appendicitis cases, both perforated and 
non-perforated. The inclusion criteria were a 
diagnosis of acute gangrenous or perforated 
appendicitis with peritonitis, intra-abdominal 
abscesses, or appendicular abscesses during 
the operative and postoperative periods, and 
discharge from the pediatric ward. Exclusion 
criteria were: diagnosis of acute edematous, 
suppurative, or fibrinopurulent appendicitis; 
patients with incomplete medical records; 
and laparoscopic procedures. A total of 156 
patients were reviewed, corresponding to all 
those who met the above criteria.

Due to the variability of surgical manage-
ment, it was decided to perform two 
separate analyses. One analysis focused 
on the use of drains and was divided into 
two groups: with drains (123 patients) and 
without drains (33 patients). The other group 
referred to the method of surgical wound 
closure and was similarly divided into two 
subgroups. One group consisted of patients 
with primary closure, i.e., the operative 
wound was closed during the same surgical 
procedure (88 patients). The other group 
consisted of patients with secondary, also 
called delayed clousure (68 cases); in these 
patients, the skin was not closed at the end 
of the surgical procedure, and closure was 
performed upon discharge.

General demographic variables were 
investigated: age, sex, and place of origin. 
The variables for the development of 
complications were: surgical site infection, 
presence of abdominal abscesses, intestinal 
obstruction syndrome, and surgical reop-
erations. The following hospital indicators 
were also described: operative time, days 
of intravenous antibiotic use, days of intra-
venous analgesia use, days of fasting, and 
length of hospital stay.

The data were obtained from hospital 
records to compile the required information. 
The information was downloaded into an 
Office 365 Excel spreadsheet designed for 
this purpose. Frequencies, percentages, and 
means were used for descriptive statistical 
analysis. In addition, the difference in means 
for hospital variables and indices, as well as 
the difference in proportions of complica-
tions, were calculated in the same program.

Results
Of the 156 cases investigated, 59.6 % were 
male, and the average age was 8.5 years, 
ranging from 2.2 to 11.9 years. The most 
frequent age group was between nine and 
12 years, with a total of 74 cases (Figure 1). 
Most of the patients were from the depart-
ment of La Libertad (42.3  %), followed by 
Chalatenango (16.7  %), Ahuachapán and 
Santa Ana (13.5 % each), Sonsonate (11.5 %), 
and others (2.3 %). Of the 156 cases, 84 % 
were in the perforated phase with peritonitis 
and/or localized intra-abdominal abscesses, 
and 16 % were in the gangrenous phase.

Use of intra-abdominal drains

Intra-abdominal drains were used in 123 
patients, while 33 patients did not receive 
drains. Of the group that received drains, 
as shown in Figure 2, 23.5  % developed 
some complication. The most frequent 



Figure 1. Patients by gender and age group.
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complication was surgical site infection at 
9.8  %, followed by surgical reoperation at 
8.1  %, obstructive syndromes at 3.2  %, and 
the formation of intra-abdominal abscesses 
at 2.4  %. The total number of reoperations 
included two laparoscopies to resolve 
omentum evisceration through the drain 
hole and two incisional hernia repairs, which 
appeared in the late postoperative period.

Fifteen percent of patients managed 
without intracavitary drains experienced 
complications. In addition, the following 
percentages were reported for other compli-
cations: 6 % for surgical site infection, 3 % for 
reoperation, and 3 % for obstructive syndrome 
and abdominal abscess formation (Figure 2).

When testing the difference in propor-
tions with a 95 % CI and p < 0.05, no significant 
differences were found in the development 
of complications during the postoperative 
period between the two groups.

The averages of the in-hospital indicators 
were measured, revealing that the opera-
tive time was 54.5 minutes for patients with 
drains, compared to 61.2 minutes for those 
without drains (Table 1). In patients with 
drains, the average use of IV antibiotics was 
3.67 days, while in patients without drains, 
the average was 3.15 days. Intravenous 
analgesia use was 2.39 days with drains 
compared to 1.89 days without drains. Oral 
administration began 1.56 days after the 
patients with drains, compared to 1.15 days 
in the group without drains. The hospital 
stay was 4.33 days for the group with drains 
and 3.48 days for the group without drains. 
All indicator averages are lower in the group 
that did not have drains placed, except for 
operative time (Table 1).

When running the mean difference test 
with a 95 % CI and p < 0.05 for each of the 
hospital indicators, no statistically significant 
differences were found in both groups.

Management of the operative 
wound

Sixty-eight patients underwent primary 
closure of the operative wound, while 88 
patients underwent secondary closure of the 
wound. There were a total of 11 complica-
tions in patients with primary wound closure, 
representing 16.2  % of cases. According to 
the type of complications, 8.8  % were due 
to surgical site infection, 2.9 % to abdominal 
abscesses, 1.5  % to intestinal obstruc-
tions, and 2.9  % to reoperations. Regarding 
secondary closure, there were a total of 
23 complications, representing 26.1  % of 
cases. Of these, the specific percentages for 
each of the postoperative complications 
were surgical site infection 9  %, abdominal 
abscesses 2.3 %, intestinal obstructions 4.5 %, 
and reoperations 10.2 % (Figure 3).

It can be observed that the overall 
complication rate is lower in patients who 
underwent primary closure of the opera-
tive wound, and the specific rates for each 
complication are also lower, except for 
abdominal abscess formation.

When performing the difference of 
proportions test with a 95 % CI and p < 0.05, 
no significant differences were found in 
the development of complications, except 
for the reoperation variable. There is a 
greater percentage difference in patients 
with secondary closure (7.3  %), which is 
statistically significant.



Figura 3. Types of complications according to wound closure technique.

Figure 2. Development of postoperative complications

Table 1. Average of hospital indicators of patients, according to the type of intervention during the surgical 
procedure.

Type of
Intervention

Operative 
Time

(Minutes)

Antibiotics 
(Days)

IR Analgesia 
(Days)

Start of OR 
(Days) Hospital Stay (Days)

With drains 54.5 (± 20.79) 3.67 (± 1.45) 2.39 (± 1.08) 1.56 (± 1.02) 4.33 (± 1.49)

Without 
drains

61.15 (± 17.50) 3.15 (± 1.25) 1.85 (± 0.66) 1.15 (± 0.44) 3.48 (± 1.32)

Secondary 
closures

53.1(± 17.16) 3.72 (± 1.43) 2.49 (± 1.17) 1.63 (± 1.14) 4.41(± 1.45)

Primary
closure

59.5(± 23.34) 3.29 (± 1.38) 2 (± 0.73) 1.28 (± 0.54) 3.82 (± 1.49)

IV: Intravenous route. PO: Oral route.
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The average hospital indicators were 59.5 
minutes for primary closure and 53.1 minutes 
for secondary closure, and the use of antibi-
otics was 3.29 days for primary closure and 
3.7 days for secondary closure (Table 1). Intra-
venous analgesia was two days for primary 
closure versus 2.49 days for secondary 
closure; the start of oral administration was 
1.28 days for primary closure and 1.63 days 
for secondary closure. The hospital stay was 
3.82 days for primary closure and 4.41 days 
for secondary closure.

When running the mean difference 
test with 95  % CI and p < 0.05, significant 
differences were identified in the hospital 
indicators: use of antibiotics (- 0.48), use of 
parenteral analgesics (-0.49), initiation of oral 
medication (-0.35), and hospital stay (- 0.59), 
which were lower in the primary closure 
group. However, no significant difference 
was found in operating time according to 
the type of operative wound closure.

Discussion
The analysis found that the epidemiological 
findings regarding sex, age, and macroscopic 
findings are consistent with those reported 
in other studies. It has been reported that 
this clinical picture is slightly more frequent 
in male patients of school age.ii Regarding 
the macroscopic condition in which the 
cecal appendix was found, it is evident that 
in most cases, it was in the perforated phase 
with peritonitis, which corresponds to phase 
V of the international classification of the 
World Association of Emergency Surgeons.vi

In July 2015, the third conference of the 
World Society for Emergency Surgery was 
held in Jerusalem, at which a consensus 
was reached on the main controversies 
regarding the diagnosis and management 
of acute appendicitis, including the use of 
drains and the management of the operative 
wound.vii The recommendations in this docu-
ment indicate that using intra-abdominal 
drains and secondary closure of the surgical 
wound does not reduce the occurrence 
of complications such as surgical wound 
infection, abdominal abscess formation, and 
reoperations following complicated acute 
appendicitis. On the contrary, it increases the 
hospital stay for these patients. Therefore, it 
recommends abandoning these practices 
in children.viii,ix. The percentage of complica-
tions obtained in this study is consistent with 
a study conducted in Finland, which reports 
that they range from 16 % to 40 %.

In 2012, Akkoyun et al., in a retrospective 
review of 234 cases of perforated appendi-
citis between 1998 and 2011, concluded that 
placing intra-abdominal drains prolongs the 

operating time.x Similarly, in 2015, Song et al. 
concluded that patients without drains have 
a shorter hospital stay and a lower incidence 
of postoperative abscesses compared to 
those who had drains placed.xi

In a meta-analysis conducted in China and 
published in 2022, which included,without 
drains), concluded that the use of drains 
does not affect the development of intra-
abdominal collections in acute appendicitis. 
However, it does significantly increase the 
risk of complications such as the develop-
ment of fistulas, surgical site infections, 
intestinal obstruction, paralytic ileus, and 
prolonged hospital stay.xiii

A reduction in pain at the wound site 
was also demonstrated in cases where 
drains were not used, compared to those 
where they were;xiv however, the study 
found statistically significant differences 
between the two groups.

On the other hand, when considering 
surgical wound closure, the findings of this 
study are consistent with the consensus 
of the 2020 Jerusalem guidelines;viii in its 
recommendation 4.15, which indicates that 
secondary closure of the surgical wound 
in perforated appendectomies prolongs 
hospital stay, increases hospitalization 
costs without reducing the risk of surgical 
site infection. A 2011 study conducted in 
China took 70 patients. It divided them 
into two groups of 35 people each, with 
each group corresponding to a operative 
wound management strategy. The study 
concluded that patients with primary 
closure had a higher rate of operative 
wound infection compared to those with 
secondary closure. Therefore, it is recom-
mended that secondary closure of the 
operativel wound be used as a manage-
ment strategy.xv In contrast, a multicenter, 
randomized controlled study conducted 
in Thailand in 2018 found that the infec-
tion rate in the primary closure group was 
slightly lower than in the secondary closure 
group. Additionally, hospital costs in the 
first group were lower.xvi A 2023 follow-up 
by the same group of researchers confirms 
their results and strongly recommends 
primary closure of the operative wound.xvii

Regarding hospital indicators for the use 
of drains, there is no significant difference 
when comparing operative time, days of 
antibiotic use, days of analgesic use, initia-
tion of oral administration, and hospital stay 
between the two groups, except for opera-
tive time, which was shorter in the group 
where drains were used, with a difference 
that was not statistically significant. Unlike the 
reviewed literature, which shows a decrease 
in these indicators in the group where drains 
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were used,vii the Jerusalem guideline in its 
recommendation 4.13 suggests that the 
use of drains increases hospital stay, anti-
biotic use, and intravenous analgesics, and 
also prolongs operative time and the initia-
tion of feeding. In 2021, a review of 1  762 
patients under the age of 15 who underwent 
appendectomy found that patients who 
used drains had a longer hospital stay than 
patients who did not use them.xviii Similarly, 
a study conducted in 2018 found a longer 
hospital stay in the group in which drains 
were used.iv The data found in the study 
group are consistent with the recommenda-
tions of the Jerusalem guidelines of the World 
Society for Emergency Surgery,vii which state 
that delayed closure increases hospital stays 
and hospital costs and does not reduce the 
incidence of ISO.viii,xii,xiii

One limitation of this study is its retro-
spective nature, which may mean other 
variables influenced the frequency of 
complications, such as the condition of 
the patients. In addition, the study groups 
were not mutually exclusive, which could 
have allowed them to influence each 
other. However, no published articles on 
this topic have been found in El Salvador, 
making this the first study conducted in 
the pediatric age group.

Conclusion

The use of intracavitary drains did not 
reduce the occurrence of postoperative 
complications, nor did it affect the hospital 
indicators observed in the patients evalu-
ated. However, in the closure of the opera-
tive wound, the percentage of reoperations 
in cases of secondary closure was the only 
complication with statistical significance. 
However, the averages for antibiotic and 
analgesic use, initiation of oral feeding, and 
hospital stay were lower in the group that 
underwent primary closure in this study.

Funding
No external funds were received for this work.

References
i.	 Dahiya DS, Akram H, Goyal A, Khan 

AM, Shahnoor S, Hassan KM, et al. 
Controversies and Future Directions in 
Management of Acute Appendicitis: An 
Updated Comprehensive Review. J. Clin. 
Med. 2024;13(11):3034. DOI: 10.3390/
jcm13113034 

ii.	 Anderson K, Parry R, O´neill J. Cirugía. 
Infantil. 5a Edición. San Luis. Mosby- Year 
Book Inc; 1998. 

iii.	 Moir CR. Operative Pediatric Surgery. 6a ed. 
Londres. CRC Press; 2006. 800 p. 

iv.	 Li Z, Zhao L, Cheng Y, Cheng N, Deng 
Y. Abdominal drainage to prevent 
intra-peritoneal abscess after open 
appendectomy for complicated 
appendicitis. Cochrane Database 
Syst. Rev. 2018;2018(5):CD010168. 
DOI: 10.1002/14651858.CD010168.pub3 

v.	 Ilves I, Fagerström A, Herzig K-H, Juvonen P, 
Miettinen P, Paajanen H. Seasonal variations 
of acute appendicitis and nonspecific 
abdominal pain in Finland. World J. 
Gastroenterol. 2014;20(14):4037-4042. 
DOI: 10.3748/wjg.v20.i14.4037 

vi.	 Flum DR. Acute Appendicitis - 
Appendectomy or the “Antibiotics 
First” Strategy. N. Engl. J. Med. 
2015;372(20):19371943. DOI: 10.1056/
NEJMcp1215006 

vii.	 Di Saverio S, Podda M, De Simone B, Ceresoli 
M, Augustin G, Gori A, et al. Diagnosis and 
treatment of acute appendicitis: 2020 
update of the WSES Jerusalem guidelines. 
World J. Emerg. Surg. 2020;15(1):27. 
DOI: 10.1186/s13017-020-00306-3 

viii.	 Schmidt YM, Wendling-Keim D, von 
Schweinitz D, Hubertus J, Berger M. 
Prophylactic Drain Placement in Childhood 
Perforated Appendicitis: Does Spillage 
Matter? Front. Pediatr. 2020;8. DOI: 10.3389/ 
fped.2020.588109 

ix.	 Tsai Y-W, Lee S-Y, Jiang J-H, Chuang J-H. 
Inappropriate manipulation and drainage 
exacerbate post-operative pain and 
prolong the hospital stay after laparoscopic 
appendectomy for pediatric complicated 
appendicitis. BMC Surg. 2021;21(1):437. 
DOI: 10.1186/s12893-021-01413-x 

x.	 Akkoyun İ, Taş Tuna A. Advantages of 
abandoning abdominal cavity irrigation 
and drainage in operations performed 
on children with perforated appendicitis. 
J. Pediatr. Surg. 2012;47(10):1886-1890. 
DOI: 10.1016/j.jpedsurg.2012.03.049 

xi.	 Song R-Y, Jung K. Drain insertion 
after appendectomy in children with 
perforated appendicitis based on a 
single-center experience. Ann. Surg. Treat. 
Res. 2015;88(6):341-344. DOI: 10.4174/ 
astr.2015.88.6.341 

xii.	 Liao J, Zhou J, Wang J, Xie G, Wei H. 
Prophylactic abdominal drainage 
following appendectomy for complicated 
appendicitis: A meta-analysis. Front. Surg. 
2023;9. DOI: 10.3389/fsurg.2022.1086877 

xiii.	 Abu A, Mohamedahmed AY, Alamin A, 
Mohamed M, Osman M, Mohammed 
MJ, et al. Evaluation of Drain Insertion 



DOI: 10.5377/alerta.v8i4.21220
González JR, et al.

383

After Appendicectomy for Complicated 
Appendicitis: A Systematic Review and 
MetaAnalysis. Cureus. 2022;14. DOI: 10.7759/ 
cureus.32018 

xiv.	 Ferguson DM, Anderson KT, Arshad SA, 
Garcia EI, Hebballi NB, Li LT, et al. Prophylactic 
intraabdominal drains do not confer 
benefit in pediatric perforated appendicitis: 
Results from a quality improvement 
initiative. J. Pediatr. Surg. 2021;56(4):727-732. 
DOI: 10.1016/j.jpedsurg.2020.06.031 

xv.	 Chiang R-A, Chen S-L, Tsai Y-C. Delayed 
primary closure versus primary 
closure for wound management in 
perforated appendicitis: A prospective 
randomized controlled trial. J. Chin. Med. 
Assoc. 2012;75(4):156. DOI: 10.1016/j. 
jcma.2012.02.013

xvi.	 Siribumrungwong B, Chantip A, Noorit 
P, Wilasrusmee C, Ungpinitpong W, 
Chotiya P, et al. Comparison of Superficial 
Surgical Site Infection Between Delayed 

Primary Versus Primary Wound Closure in 
Complicated Appendicitis: A Randomized 
Controlled Trial. Ann. Surg. 2018;267(4):631. 
DOI: 10.1097/SLA.0000000000002464 

xvii.	 Tansawet A, Siribumrungwong B, 
Techapongsatorn S, Numthavaj P, Poprom 
N, McKay GJ, et al. Delayed versus primary 
closure to minimize risk of surgical-site 
infection for complicated appendicitis: 
A secondary analysis of a randomized 
trial using counterfactual prediction 
modeling. Infect. Control Hosp. Epidemiol. 
2024;45(3):322-328. DOI: 10.1017/ 
ice.2023.214 

xviii.	 Fujishiro J, Fujiogi M, Hirahara N, Terui K, 
Okamoto T, Watanabe E, et al. Abdominal 
Drainage at Appendectomy for 
Complicated Appendicitis in Children: A 
Propensitymatched Comparative Study. 
Ann. Surg. 2021;274(6):e599. DOI: 10.1097/ 
SLA.0000000000003804 


