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ABSTRACT

Objective: To investigate how symptoms vary according to the
appendiceal position in pediatric patients and to demonstrate that
the laparoscopic approach is safe and effective in any appendiceal
location by comparing each location to another.

Methods: The medical records of 1,736 children aged 14 or younger
who underwent laparoscopic appendectomy over a period of
14 years were analyzed retrospectively. Patients were divided
according to the position of the appendiceal tip into four groups:
anterior, pelvic, retrocecal and subhepatic. The Kruskal-Wallis
and chi-square tests were used with the Bonferroni correction,
with a significant p<0.05.

Results: The appendiceal location was anterior in 1,366 cases,
retrocecal in 248 cases, pelvic in 66 cases and subhepatic in
56 cases. There were no significant differences between the
groups in terms of patient age and gender. Abdominal pain
was the only symptom with statistically significant differences
between the groups. The rate of perforated appendicitis was
higher in the subhepatic and pelvic positions. Intraoperative
complications and conversions were not statistically significant.
Technical difficulties and operative time were higher in subhepatic
position. The rate of postoperative complications was similar
between the different locations, except for bowel obstruction,
which was higher in pelvic appendicitis.

Conclusions: The clinical symptoms of appendicitis hardly ever
change with the position of the appendix. The laparoscopic
approach is safe and effective, regardless the appendiceal location.
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RESUMO

Objetivo: Investigar como os sintomas variam de acordo com
a posicao do apéndice em pacientes pediatricos e demonstrar
que a laparoscopia é segura e eficaz em qualquer posicdo do
apéndice, comparando-as.

Métodos: Os prontudrios de 1.736 pacientes pediatricos com
idade <14 anos submetidos a apendicectomia laparoscépica em
um periodo de 14 anos foram analisados retrospectivamente.
Os pacientes foram divididos de acordo com a posicdo do
apéndice: anterior, pélvica, retrocecal e sub-hepatico. Os testes
de Kruskal-Wallis e do qui-quadrado foram usados com a correcao
de Bonferroni, sendo significante p<0,05.

Resultados: A posicdo do apéndice era anterior em 1.366 casos,
retrocecal em 248 casos, pélvica em 66 casos e sub-hepaticaem
56 casos. Nao houve diferencas significativas entre os grupos
quanto as varidveis idade e sexo. A dor abdominal foi a Unica
varidvel com diferencas estatisticamente significantes entre os
grupos. A taxa de apéndice perfurado foi superior nas posi¢oes
sub-hepética e pélvica. As complicacdes intraoperatérias e a
taxa de conversdo ndo foram estatisticamente significativas.
As dificuldades técnicas e o tempo cirtrgico foram superiores
em posicao sub-hepatica. A taxa de complicacoes pds-operatérias
foi semelhante entre as diferentes posicoes, exceto a obstrucao
intestinal, que foi superior em posicdo pélvica.

Conclusées: Os sintomas da apendicite dificilmente variam
com a posicdo do apéndice. A laparoscopia é segura e eficaz,
independentemente da posicdo do apéndice.

Palavras-chave: Apendicite; Criancas; Localizacdo; Laparoscopia.
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Impact of the appendiceal position in appendicifis

INTRODUCTION

The appendix is a narrow wormlike structure originated from
the posteromedial wall of the cecum, at the site of coalescence
of the three taenia coli, about 2 cm below the ileocecal valve.!
Its length varies from short (2 cm) to long forms (20 cm).?
The appendix is the most variable abdominal organ in terms of
position and organ relations. There is not a consensus in the lit-
erature in relation to the different appendiceal positions in the
abdominal cavity, thus many classifications have been proposed.>?

The main goal of these classifications is to analyze the rela-
tionship between appendiceal positions and clinical symptoms.
The typical presentation of appendicitis includes periumbilical
pain located on the right quadrant, accompanied by anorexia and
nausea. Fever and abdominal tenderness during physical examina-
tion are usually present. Some authors suggest that appendicitis
in an unusual location may be presented with atypical symptoms
and signs and is likely to be misdiagnosed or undiagnosed, result-
ing in a higher incidence of perforation and complications.>*

The aim of our study is to investigate if there are differences
in the clinical symptoms of appendicitis according to the appen-
diceal position in pediatric patients and to demonstrate that
laparoscopic approach is safe and effective in any appendiceal
location by comparing each location to another.

METHOD

The medical records of children aged 14 years old or younger
who underwent laparoscopic appendectomy at our institution
over a period of 14 years were analyzed retrospectively.

We identified 1,736 patients with a diagnosis of acute appen-
dicitis between January 2000 and December 2013. Information
in the following sections was recorded: demographic data,
historical findings, physical examination, surgical reports and
postoperative care and complications. Informed consent was
obtained from all individual participants included in the study.

Patients were divided into groups according to the appendi-
ceal position. Although the relationship of the appendiceal base
to the cecum is constant, the tip of the appendix may occupy
several positions in relation to the cecum. The appendiceal sit-
uation may also be subject to changes, impaired even by the

Table 1 Demographic data.

posture. We have defined the location of the appendix based
on the situation of the appendiceal tip in the abdominal cav-
ity during the laparoscopic surgery. Four positions have been
described: anterior (the tip of the appendix lies anterior to the
cecum, in the greater pelvis), retrocecal (the tip of the appen-
dix lies posterior to the cecum, in the right iliac fossa), pelvic
(the tip of the appendix lies in the lesser pelvis) and subhepatic
(the tip of the appendix lies posterior to the cecum and reaches
the subhepatic area). No left-sided appendicitis was found.
Statistical analyses were checked by SAS 9.3 software (SAS
Institute Inc., Cary, NC). The Kruskal-Wallis test was used to
compare continuous variables and the chi-square test was per-
formed on patients’ categorical data. The Bonferroni correction
for multiple comparisons was applied. A probability of a p<0.05
was accepted as indicating statistical significance. The study was
approved by the ethics committee of the institution.

RESULTS

Among the overall patients (n=1,736), the appendiceal location was
anterior in 1,366 cases (78.7%), retrocecal in 248 cases (14.2%), pel-
vic in 66 cases (3.8%) and subhepatic in 56 cases (3.3%). The mean
age of patients was 8.913.2 years. There were no significant differ-
ences between the groups in terms of patient age (p=0.573) and gen-
der (p=0.238). The demographic data are summarized in Table 1.

The comparison of clinical symptoms and signs between the
different groups are shown in Table 2. The mean duration of symp-
toms and vomiting were not statistically significant. In addition,
diarrhea, urinary symptoms and fever became not statistically sig-
nificant when a Bonferroni correction for multiple comparisons
was applied. Findings of abdominal pain were significantly asso-
ciated with the position of the appendix. There was a significant
difference in the location of the pain between the pelvic and the
retrocecal position after Bonferroni correction (p=0.024).

The rate of perforation in the present study was 11.4%. Pelvic
and subhepatic groups were more likely to have a perforated
appendix (18.1 and 16%, respectively) than anterior and retroce-
cal groups (11.7 and 7.2%, respectively). A phlegmonous appen-
dix was found in 57% of cases in the anterior group, 43.9% of

cases in the pelvic group, 59.6% of cases in the retrocecal group

Anterior Pelwc Retrocecal Subhepatlc
Age (years) 8.9+3.2 8.9+3.3 9.1+£3.1 8.6+3.0 0.573
Sex
Male 871 (63.8%) 39 (59.1%) 142 (57.3%) 36 (64.3%) 0.238
Female 495 (36.2%) 27 (40.9%) 106 (42.7%) 20 (35.7%)
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and 35.7% of cases in the subhepatic one, whereas a gangrenous
appendix was found in 24.9% of cases in the anterior group,
33.3% of cases in the pelvic group, 26.2% of cases in the retrocecal
group and 44.6% of cases in the subhepatic one. After Bonferroni
correction, there were significant differences in the aspect of the
appendix between anterior and subhepatic groups (p=0.022), and
retrocecal and subhepatic groups (p=0.025).

Surgical records are summarized in Table 3. The rates

of intraoperative complications (rupture of appendix and

Table 2 Comparison between clinical symptoms and signs.

Anterior

(n=1,366)

appendiceal bleeding) and conversion were not statistically
significant. There were significant differences in the technical
difficulties between anterior (1.3%), pelvic (0%) and subhe-
patic groups (7.1%), and in the operative time between ante-
rior and retrocecal groups (p<0.0001), anterior and subhepatic
groups (p<0.0001), pelvic and subhepatic groups (p=0.0006),
and retrocecal and subhepatic groups (p=0.009)
Postoperative outcomes are shown in Table 4. The antibi-

otic therapy was different after Bonferroni correction between

Subhepatic
(n=56)

Retrocecal
(n=248)

Mean duration of symptoms (days) 1.3 1.5 1.1 1.1 0.396
Vomiting 66.6% 69.7% 68.7% 75.9% 0.474
Diarrhea 14.4% 18.1% 8.9% 7.4% 0.040
Urinary symptoms 8.4% 4.5% 4% 0 0.010
Temperature
Afebrile 37.2% 25.7% 42.5% 25.9%
Mild fever 24.2% 27.3% 26.3% 24.1% 0.040
Fever (=38°C) 38.6% 47% 31.2% 50%
Abdominal pain
Right iliac fossa 81.8% 71.4% 88.8% 81.4%
Widespread 14.1% 22.2% 7.4% 14.8% 0.022*
Other locations 4.1% 6.4% 3.8% 3.8%
Table 3 Surgical records.
Anterior Pelvic Retrocecal | Subhepatic
Rupture of appendix 8% 9% 11.6% 14.2% 0.130
Appendiceal bleeding 2.4% 3% 2.8% 1.7% 0.952
Technical difficulties 1.3% 0 3.6% 71% 0.0008*
Conversion 1% 0 0.8% 1.7% 0.768
Mean operative time (minutes) 55.6 56.8 63.2 75.6 <0.0001*
*Statistically significant after Bonferroni correction.
Table 4 Postoperative outcomes.
Anterior Pelwc Retrocecal Subhepatlc
Antibiotic therapy (days) 0.001*
Oral re-feeding (days) 1.5 1.9 1.3 1.5 0.007*
Analgesic therapy (days) 2.6 3.3 2.8 2.8 0.05
Hospital stay (days) 4.9 6.5 4.5 6.1 0.009*
Abdominal abscess 6.8% 10.6% 5.6% 14.2% 0.088
Wound infection 1.9% 0 0.8% 5.3% 0.083
Bowel obstruction 1.4% 9% 0 0 <0.0001*

*Statistically significant after Bonferroni correction.
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retrocecal (3.2 days) and subhepatic (4.4 days) groups (p=0.0006),
as well as the oral re-feeding between pelvic (1.9 days) and retro-
cecal (1.3 days) groups (p=0.02). Moreover, there were statistical
differences in the hospital stay between anterior (4.9 days) and
subhepatic (6.1 days) groups (p=0.006) and retrocecal (4.5 days)
and subhepatic groups (p=0.02). The rates of intra-abdominal
abscess and wound infection were not statistically significant.
However, the rate of bowel obstruction was different between
anterior (1.4%) and pelvic (9%) groups (p<0.0001) and pel-
vic and retrocecal (0%) groups (p<0.0001).

DISCUSSION

Atypical locations of the appendix have been reported to be any-
where in the abdominal cavity, especially in cases of intestinal
malrotation.! There is a controversy among the authors regard-
ing the different positions of the appendix and, thus, there are a
lot of classifications in the literature.>* However, most of these
studies have been performed at autopsies or open surgeries in
adults. We have developed a classification based on the situa-
tion of the appendiceal tip during laparoscopic examination.

Acute appendicitis is still a difficult diagnosis. Several series
have reported that an abnormal location of the appendix s likely
to have an atypical clinical presentation, resulting in a higher
incidence of misdiagnoses and complications.>® Other authors,
however, reported that the appendiceal position does not alter
the presentation of the appendicitis.”® In our study, there were
no statistically significant differences in the clinical symptoms
and signs between the groups, except for the location of the
abdominal pain. Appendicitis may mimic other acute abdominal
diseases, so it should be considered in the differential diagno-
sis of diseases like mesenteric adenitis, urinary tract infection,
Meckel’s diverticulum, cholecystitis or gynecological pathol-
ogy in females.**

The rate of perforated appendicitis is higher in children
than in adults and varies from 5 to 75%.>'° Different Clinical
Decision Rules (CDR), like the Pediatric Appendicitis Score
(PAS) and the Alvarado score, have been developed in order
to improve the accuracy of appendicitis diagnosis in children
and to prevent perforation of the appendix. Despite this, diag-
nosis of appendicitis in pediatric patients is still a clinical chal-
lenge because of atypical presentations in this population.'®!!
Different risk factors associated with perforation have been
reported, including younger age and longer duration of com-
plaints.!® In our series, pelvic and subhepatic groups had a
higher rate of perforated appendix (18.1 and 16%, respectively)
than anterior and pelvic groups. However, the mean duration
of the symptoms and the mean age of the patients were simi-

lar in the four groups.

The laparoscopic approach is commonly used to per-
form appendectomies in pediatric patients. This approach
allows surgeons to inspect the abdominal cavity and to
exclude alternative diagnoses, especially if the appendix
is normal.'*" In addition, laparoscopic appendectomy in
rare anatomical positions is a better option than the open
technique because, once the camera is introduced and the
appendix is located, the surgeon chooses the trocars and
decides where to put them.!*!® In our study, the mean oper-
ative time was statistically longer in retrocecal and subhe-
patic groups. There were technical difficulties in 7.1% of
subhepatic cases. This could happen because there were
more peritoneal adhesions in posterior locations and the
appendiceal dissection was more difficult. However, over-
all intraoperative complication rates showed no statistically
differences between the groups.

We have also found that antibiotic therapy, oral re-feeding
and hospital stay were higher in subhepatic and pelvic groups.
This was not surprising because, as mentioned before, there
were more complicated appendicitis in these groups. The rates
of intra-abdominal abscess and wound infection were similar
among groups, while the rate of bowel obstruction was higher
in the pelvic group. The vast majority of bowel obstruction is
due to intraperitoneal adhesions developed as a response to
peritoneal trauma. Laparoscopic approach has demonstrated
to reduce the presence of adhesions compared with open sur-
geries.'®" In our series, the pelvic group needed no conversion,
so we assumed that there was more manipulation of the bowel
to expose the appendix in this group.

The main limitation of this study is that it was based on a
retrospective analysis and it was conducted in a single institu-
tion. In addition, the position of the appendix was described
according to the perception of the surgeon during the surgery
and, in some cases, this may be quite subjective.

In conclusion, the clinical symptoms of appendicitis hardly
change with the position of the appendix. The rate of postop-
erative complications was similar between the different loca-
tions, except the bowel obstruction, which was more frequent
in pelvic appendicitis. The laparoscopic approach is safe and
effective regardless the location of the appendix and it allows
surgeons to guide trocar placement according to appendiceal
position, improving the visualization and the exposure of the
appendix and avoiding unnecessary incisions.

Funding
This study did not receive funding.

Conflict of interests
The authors declare no conflict of interests.

164

Rev Paul Pediatr. 2019;37(2):161-165



Castro BA ef al.

REFERENCES

Schumpelick V, Dreuw B, Ophoff K, Prescher A. Appendix
and cecum. Embryology, anatomy and surgical applications.
Surg Clin North Am. 2000;80:295-318.

Ghorbani A, Forouzesh M, Kazemifar AM. Variation in
anatomical position of vermiform appendix among iranian
population: an old issue which has not lost its importance.
Anat Res Int. 2014;2014:313575.

Wakeley CP. The position of the vermiform appendix
as ascertained by an analysis of 10,000 cases. J Anat.
1933;67:277-83.

Kim S, Lim HK, Lee JY, Lee J, Kim MJ, Lee AS. Ascending
retrocecal appendicitis: clinical and computed tomographic
findings. J Comput Assist Tomogr. 2006;30:772-6.

Collins DC. 71,000 human appendix specimens: a final report,
summarizing forty years' study. Am J Proctol. 1963;14:265-81.

Shekhar A, Hendahewa R, Premaratne G. A diagnostic
dilemma: Left-sided appendicitis in a 10 year old boy with
previously undiagnosed intestinal malrotation. A case report.
Int J Surg Case Rep. 2015;14:10-12.

Williamson WA, Bush RD, Williams LF Jr. Retrocecal
appendicitis. Am J Surg 1981;141:507-9.

Shen GK, Wong R, Daller J, Melcer S, Tsen A, Awtrey S, et al.
Does the retrocecal position of the vermiform appendix
alter the clinical course of acute appendicitis? A prospective
analysis. Arch Surg. 1991;126:569-70.

Hung MH, Lin LH, Chen DF. Clinical manifestations in
children with ruptured appendicitis. Pediatr Emerg Care.
2012;28:433-5.

10.

11.

12.

13.

14.

15.

16.

17.

van den Bogaard VA, Euser SM, van der Ploeg T, de Korte
N, Sanders DG, de Winter D, et al. Diagnosing perforated
appendicitis in pediatric patients: a new model. J Pediatr
Surg. 2016;51:444-8.

Craig S, Dalton S. Diagnosing appendicitis: what works,
what does not and where to go from here? J Paediatr Child
Health. 2016;52:168-73.

Karakus SC, Kilincaslan H, Koku N, Ertaskin I. Is single port
incisionless- intracorporeal conventional equipment-
endoscopic surgery feasible in patients with retrocecal
acute appendicitis? J Korean Surg Soc. 2013;85:80-3.

Ahmed I, Asgeirsson KS, Beckingham IJ, Lobo DN. The
position of the vermiform appendix at laparoscopy. Surg
Radiol Anat. 2007;29:165-8.

Palanivelu C, Rangarajan M, John SJ, Senthilkumar R,
Madhankumar MV. Laparoscopic appendectomy for
appendicitis in uncommon situations: the advantages of
a tailored approach. Singapore Med J. 2007;48:737-40.

Fernandez EM, Favre Rizzo J, Artega Gonzélez |, Hernandez
Herndndez JR. Left- sided appendicitis: diagnosis and
minimally invasive treatment. Acta Gastroenterol Latinoam.
2014;44:62-6.

Kaselas C, Molinaro F, Lacreuse |, Becmeur F. Postoperative
bowel obstruction after laparoscopic and open
appendectomyin children: a 15-year experience. J Pediatr
Surg. 2009;44:1581-5.

Angenete E, Jacobsson A, Gellerstedt M, Haglind E. Effect
of laparoscopy on the risk of small-bowel obstruction: a
population-based register study. Arch Surg. 2012;147:359-65.

© 2019 Sociedade de Pediatria de Sdo Paulo. Published by Zeppelini Publishers.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

165

Rev Paul Pediatr. 2019;37(2):161-165



