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INTRODUCTION

SUMMARY

Introduction: suspected appendicitis is the most common indication for sur-
gery in non-obstetric conditions during pregnancy and occurs in about one in
500 to one in 635 pregnancies per year. This occurs more often in the second tri-
mester of pregnancy. Acute appendicitis is the most common general surgical
problem encountered during pregnancy.

Methods: a literature review on research of scientific articles, under the terms
“acute appendicitis” and “pregnancy”, in PubMed, Lilacs/SciELO, Scopus, Co-
chrane Library and Uptodate databases.

Results: the clinical manifestations of appendicitis are similar to non-pregnant
women, however, without a classic presentation, which often occurs, diagnosis
is difficult and must be supported by imaging.

Discussion: clinical diagnosis should be strongly suspected in pregnant wom-
en with classic findings such as abdominal pain that migrates to the right low-
er quadrant. The main purpose of imaging is to reduce delays in surgical inter-
vention due to diagnostic uncertainty. A secondary objective is to reduce, but
not eliminate, the negative appendectomy rate. Differential diagnosis of suspect-
ed acute appendicitis usually includes pathologies considered in non-pregnant
people.

Conclusion: the imaging study of choice is ultrasound, MRI may be used when
the former is not conclusive and, as a last resort, a CT scan can be performed.
The treatment remains appendectomy by laparotomy, since the feasibility of vid-
eo-assisted surgery in these cases remains controversial.

Keywords: appendicitis, pregnancy, pregnancy complications.

bly due to these difficulties and the reluctance to operate

Suspected appendicitis is the most common indication
for surgery for non-obstetric conditions during pregnan-
cy and occurs in approximately one in 500 to one in 635
pregnancies per year."? Appendicitis occurs most often
in the second trimester of pregnancy."* Abdominal sur-
gery during pregnancy, particularly appendectomy, can
increase the risk of unfavorable outcomes.*

Diagnosis is particularly difficult during pregnancy,
because of the relatively high prevalence of abdominal
discomfort and gastrointestinal complaints, as well as
anatomical changes related to the increase in uterine vol-
ume and the physiological leukocytosis that occurs dur-
ing this period. A ruptured appendix is more common in
pregnant women, especially in the third trimester, possi-

on pregnant women, which ultimately delays diagnosis
and treatment.?

MEeTHoDS
A search of scientific articles was performed using the terms
“appendicitis” and “pregnancy” in the PubMed, Lilacs/Sci-
ELO, Scopus and Cochrane Library databases, in addition
to Uptodate, last reviewed on February 28", 2014. 68 sci-
entific articles were analyzed and included in this review.

ResuLts

Acute appendicitis is confirmed in 1/800 to 1/1500 preg-
nancies.>® Pregnant women seem less likely to have ap-
pendicitis than non-pregnant women matched by age
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(OR0.78,95% CI0.73% - 0.82%), with a slightly higher in-
cidence in the second trimester of pregnancy.”

Clinical characteristics

Classically, patients describe the appearance of abdomi-
nal pain as the first symptom. It begins with periumbili-
cal pain, which then migrates to the right lower quadrant
to the extent that the inflammation progresses.®® Anorex-
ia, nausea and vomiting, if present, appear after the pain.
Fever of up to 38.3°C and leukocytosis may subsequent-
ly develop.?

Many patients have atypical presentation, with symp-
toms such as heartburn, bowel irregularity, flatulence
and/or nonspecific discomfort. If the appendix is ret-
rocecal, patients complain of diffuse pain in the right
lower quadrant, rather than localized sensitivity. Digi-
tal rectal or vaginal examination in these patients gen-
erally causes more pain than the abdominal examina-
tion. A pelvic appendix can cause sensitivity below
McBurney’s point, complaints of an increase in urinary
frequency and dysuria or rectal symptoms, such as te-
nesmus, which can confuse the examiner and delay di-
agnosis.'

Pregnant women are less likely to have a classic pre-
sentation of appendicitis, but the most common symp-
tom of appendicitis, i.e. pain in the lower right quadrant,
occurs near McBurney’s point in most pregnant women,
irrespective of the stage of pregnancy.>**? As the location
of the appendix migrates a few centimeters toward the
head with the increase in uterine volume, in the third tri-
mester, the pain may be located in the flank or in the right
upper quadrant.'3*

McBurney’s sign is described as pain upon palpation
about 1.5 to 2.0 centimeters from the anterior superior
iliac spine in a straight line from that point to the navel.’®
This sensitivity may be less prominent during pregnancy
because the pregnant uterus lifts and stretches the ante-
rior abdominal wall, increasing the distance to the in-
flamed appendix.'®!” Since direct contact between the area
of inflammation and parietal peritoneum is prevented,
there is less sensitivity, pain upon decompression or ab-
dominal guarding. The pregnant uterus may also prevent
contact between the omentum and inflamed appendix,
which increases the possibility of diffuse peritonitis, since
the fetal membranes would not be able to block the in-
flammatory process.?”

The largest review, which describes the frequency of
clinical signs and symptoms of appendicitis during preg-
nancy, included 720 cases with 75% relating to acute in-
flammation and 25%, to perforation.!® However, it has

several limitations, including the selection of non-consec-
utive cases in addition to those diagnosed before the wide-
spread use of current diagnostic imaging procedures. Ta-
ble 1 presents the signs and symptoms of appendicitis re-
ported in this review.

TABLE 1 Percentage appearance of signs and symptoms

of acute appendicitis.

Symptoms Percentage appearance

Abdominal pain 95%  Right lower quadrant: 75%
Right upper quadrant: 20%

Nausea 85%

Vomiting 70%

Anorexia 65%

Dysuria 8%

Signs Percentage appearance

Sensitivity in the lower right 85%

quadrant

Pain upon decompression 80%

Abdominal guarding 50%

Rectal sensitivity 45%

Sensitivity in the upper right 20%

quadrant

About 80% of non-pregnant patients with appendicitis
have preoperative leukocytosis of over 10,000 cells/mL
with a left shift.'*?! However, mild leukocytosis may be a
normal finding in pregnant women: the total leukocyte
count can reach 16,900 cells/mL in the third trimester,
rising to levels of around 29,000 cells/mL during labor,
including a slight left shift.??

Microscopic hematuria and leukocyturia may occur
when the inflamed appendix is located near the bladder
or ureter, but these results are reported in less than 20
percent of patients.'®!82324 Slight increases in the total se-
rum bilirubin have been described as a marker for perfo-
ration of the appendix (70% sensitivity and 86% specific-
ity*®). C-reactive protein also rises in appendicitis, but it
is a nonspecific sign of inflammation.?!

Diagnosis
Acute appendicitis is a histological diagnosis. Clinical di-
agnosis should be strongly suspected in pregnant wom-
en with classic findings, such as abdominal pain, which
migrates to the right lower quadrant, tenderness in the
right lower quadrant, nausea and/or vomiting, fever and
leukocytosis with a left shift.!

With an atypical presentation, which often occurs
during pregnancy, imaging studies are recommended.’
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The main objective of these examinations is to reduce de-
lays in surgical interventions due to diagnostic uncertain-
ty. A secondary objective is to reduce, but not eliminate,
the negative appendectomy rate. In such cases, ultra-
sounds can reveal the possible cause of the patient’s symp-
toms (e.g. ovarian cyst or torsion, degeneration or torsion
of myoma, nephrolithiasis, cholecystitis).?

Diagnosis of acute appendicitis in a patient during
labor requires a high level of suspicion, is especially dif-
ficult and may not be possible. Labor may be associated
with pain, which may be lateralized, fever and chorioam-
nionitis, leukocytosis and vomiting. Persistence or pro-
gression of these symptoms after delivery should be fol-
lowed by a detailed physical examination and imaging
studies to evaluate appendicitis.!

Imaging
The initial method of choice for imaging the appendix in
pregnancy is ultrasound.?® The main finding is the iden-
tification of a non-compressible, blind-ended tubular
structure in the lower right quadrant, with a maximum
diameter exceeding 6 mm (Figure 1).2-*8

The diagnosis should not be excluded if the appen-
dix looks normal, unless the ultrasound findings suggest
a possible alternative diagnosis (e.g. ovarian torsion, neph-
rolithiasis).?®

Several studies have reported non-visualization of the
appendix in a large percentage of pregnant women with
suspected appendicitis.***3 However, in a review of stud-
ies on the value of ultrasound diagnostics during appen-
dicitis in pregnancy, sensitivity ranged from 67 to 100%
and specificity of 83 to 96%, compared with the general

FIGURE 1 Ultrasonography. Appendix with thickened walls (4 mm)

and loss of normal stratification.

Available at: http://www.scielo.br/scielo.php?script=sci_arttext&pid=5010039842003000200004.
Webpage visited on 3/5/2014.

population, in which sensitivity and specificity were 86
and 96%, respectively.’* Several factors influence the per-
formance of ultrasound diagnosis of appendicitis in preg-
nancy, including gestational age, body mass index (BMI),
and most importantly, the training and experience of the
examiner.>

Nuclear magnetic resonance imaging (MRI) is an ex-
cellent method to exclude acute appendicitis in pregnant
women when the clinical examination and ultrasound
are inconclusive.® MRI is an attractive alternative to com-
puterized tomography (CT), avoiding exposure to ioniz-
ing radiation (Figure 2).

Gadolinium is not administered routinely because of
theoretical concerns about fetal safety, but can be used if
essential.’” According to the American College of Radiol-
ogy, the preferred test after an inconclusive ultrasound
in the evaluation of suspected appendicitis during preg-
nancy is MRL*® However, conduct should not be delayed
awaiting magnetic resonance imaging, as the increased
risk of rupture over time must be considered.*®

A meta-analysis, evaluating MRI in pregnant wom-
en with suspected appendicitis, included six studies with
12 to 148 patients, of which 2 to 14 patients had acute
appendicitis confirmed.*® The combined sensitivity was
91% (CI 95% 54-99%), the combined specificity was 98%
(CI195% 87-99%), and positive and negative predictive
values were 86 and 99%, respectively. Sensitivity, speci-
ficity and positive and negative predictive values for MRI

FIGURE 2 Acute suppurative appendicitis. Thickened and

inflamed appendix (arrow).

Available at: http://emedicine.medscape.com/article/363818-overview#a21. Webpage visited
on 3/5/2014.
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in the diagnosis of appendicitis were 100, 93, 61 and
100%, respectively.

Computed tomography (CT) is generally more avail-
able than MRI, but is still inaccessible in many places in
Brazil. The main appendicitis findings in CT are inflam-
mation in the lower right quadrant, a hollow elongated tu-
bular structure and/or appendicolith/fecalith (Figure 3).%

The initial experience with helical computed tomog-
raphy for the diagnosis of appendicitis in pregnancy seems
promising, but the data are limited to small series of cas-
es.?? Changes to the CT protocol can limit exposure to fe-
tal radiation estimated at less than 3 mGy, well below the
doses related to adverse fetal effects (30 mGy for the risk
of carcinogenesis, S0 mGy for deterministic effects)®**°

FIGURE 3 Computed Tomography. Acute appendicitis. (A)

Thickening of the cecum (arrow), (B) blurring of peritoneal fat and

thickening of the appendix.

Available at: http://www.scielo.br/scielo.php?pid=501003984200700030001 2&script=sci_arttext.

without limiting diagnostic performance.’**! A digital
abdominal CT protocol with a preparation of intrave-
nous and oral contrast, especially for the visualization of
the appendix, may also be used but is associated with in-
creased fetal exposure to radiation (20 to 40 mGy).**

CT is indicated when the clinical findings and ultra-
sound results are inconclusive and MRI is not available,
given the proven diagnostic value of CT in non-pregnant
persons: overall sensitivity of 94% (CI 95% 91-95%), spec-
ificity of 95% (CI 95% 93-96%), positive predictive value
of 13.3% (CI 95% 9.9-17.9%) and negative predictive val-
ue of 0.09% (CI 95% 0.07-0.12%).%

Data from studies of pregnant women are more lim-
ited. A meta-analysis of three retrospective studies on
pregnant women reported the following sensitivity and
specificity parameters, for CT in cases of normal or ques-
tionable ultrasound results: sensitivity 85.7% (CI 95%
63.7-96%) and specificity 97.4% (CI 95% 86.2-99.9%).*
These studies included between 2 and 49 patients with
appendicitis. In one study, negative laparotomy rates
among patients who underwent (1) clinical examination
alone, (2) clinical and ultrasound examination, and (3)
clinical assessment, and ultrasound followed by CT were
54(7/13) 36 (20/55) and 8% (1/13), respectively.*

Differential diagnosis

Differential diagnosis of suspected acute appendicitis usu-
ally includes pathologies considered in non-pregnant peo-
ple. In addition, the causes related to pregnancy leading to
abdominal pain, fever, leukocytosis, nausea/vomiting, and
changes in bowel function are to be considered.’

The possibility of ectopic pregnancy should be ex-
cluded for any woman with a positive pregnancy test and
pain in the right lower quadrant.

Indigestion, bowel irregularity, nausea and/or vom-
iting, and malaise are common symptoms for appendici-
tis and normal early pregnancy. In appendicitis, nausea
and vomiting, if they occur, happen after the onset of
pain, while the nausea and vomiting of pregnancy are not
associated with pain.*®

Round ligament pain is a common cause of light pain
in the right lower quadrant in early pregnancy, but is not
associated with other symptoms and is not progressive.*

Pyelonephritis is more common in pregnant women
than in non-pregnant women. Pregnant women with pain
on the right side, fever, leukocytosis and leukocyturia may
be treated for pyelonephritis without investigation, where
the effective diagnosis of appendicitis may be delayed.?

In the second half of pregnancy, pre-eclampsia and
HELLP syndrome may be associated with nausea, vomit-
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ing and abdominal pain, but in contrast to appendicitis,
the pain is usually in the upper right quadrant or epigas-
tric; hypertension is usually present and fever and leuko-
cytosis are atypical.

Premature detachment of the placenta and uterine rup-
ture are associated with median or lateral lower abdominal
pain. Unlike appendicitis, both diagnoses are often associ-
ated with vaginal bleeding, changes in fetal heart rate and
significant increase of the uterine tonus (stiffness).’

In postpartum patients, ovarian vein thrombophle-
bitis (OVT) should be considered. Symptoms usually oc-
cur within one week of birth, and symptoms may include
fever and abdominal pain and tenderness localized to the
right, if the right ovarian vein is affected. Nausea and oth-
er gastrointestinal symptoms may occur but are general-
ly mild, which may be useful in distinguishing between
OVT on the right side and appendicitis.®

Discussion

Appendectomy

The treatment of acute appendicitis is appendectomy,
which is curative. Perioperative antibiotics should cover
Gram-negative and Gram-positive bacteria (for example,
second generation cephalosporin) and also anaerobes (e.g.
metronidazole or clindamycin). Antibiotic therapy alone
is not recommended as it is associated with poor out-
comes in the short and long term, with minimum data
on pregnant patients.*® Despite a recent meta-analysis
published in the British Medical Journal suggesting that
antibiotic therapy may be effective in patients with un-
complicated appendicitis, these data cannot be extrapo-
lated to pregnant women.*’

Immediate diagnosis and surgery are reccommended,
since surgical intervention delayed for more than 24 hours
after onset of symptoms increases the risk of perfora-
tion,*** which occurs in 14 to 43% of such patients. Ma-
ternal morbidity after appendectomy is comparable to
that of non-pregnant women,* except in patients in whom
the appendix perforates. The risk of fetal loss is increased
when the appendix perforates (fetal loss 36 versus 1.5%
without perforation)* or when there is a generalized peri-
tonitis or abscess (fetal loss 6 versus 2%, premature deliv-
ery 11 versus 4%).*®

Given the difficulties in the clinical diagnosis of ap-
pendicitis and significant risk of fetal death in cases of
appendicitis with perforation, a higher negative laparot-
omy rate (from 20 to 35%) compared to non-pregnant
women is generally considered acceptable. Aggressive use
of radiologic imaging, magnetic resonance imaging (MRI)
and computerized tomography (CT) has the potential to

reduce the incidence of negative appendectomy. There is
some evidence suggesting that the higher negative lapa-
rotomy rate in pregnant women is associated, at least in
part, to a reluctance to perform the pre-operative CT in
such patients.**

A seemingly normal appendix must be removed for
histological examination, as it may then reveal acute in-
flammation; excision avoids the potential for further eval-
uation, and intervention for suspected appendicitis and
appendectomy is associated with a very low risk of com-
plications.®

Cesarean section is rarely indicated at the time of ap-
pendectomy. For patients who remain pregnant, the risk
of dehiscence of the appendectomy incision during labor
and vaginal delivery should not be increased when the
aponeurosis is properly approximated.®

Management of a perforated appendix depends on
the nature of the perforation: free versus locked. Free per-
foration may cause intraperitoneal dissemination of pu-
rulent and/or fecal material. Such patients are usually
very serious cases and may be septic, which exposes them
to increased risk of premature birth and fetal loss.* Ur-
gently laparotomy is needed for appendectomy with thor-
ough washing and drainage of the peritoneal cavity.*®

Non-pregnant patients who have a long duration of
symptoms (over five days) and have been diagnosed with
a perforation contained by the omentum, may initially be
treated with antibiotics, intravenous fluids, bowel rest and
careful monitoring. These patients often have a palpable
mass on physical examination and imaging may reveal a
phlegmon or abscess. Many will not respond to nonsurgi-
cal treatment given that the inflammatory process of the
appendix has been blocked. Furthermore, immediate sur-
gery in patients with long-term symptoms and phlegmon
formation is associated with increased morbidity, as ap-
pendectomy may require extensive dissection in such cas-
es, which can lead to damage to adjacent structures. Com-
plications such as abscess or postoperative enterocutaneous
fistula may arise, requiring ileocolectomy or cecostomy. Be-
cause of these potential complications, a non-surgical ap-
proach is a reasonable option if the patient progresses well.
However, studies supporting this approach in pregnant

44,50

women are scarce**° and therefore it is not a recommend-

ed alternative.

Surgical approach

When the diagnosis is relatively certain, appendectomy is
suggested to be effected through a transverse incision in
McBurney’s point or, more commonly, on the point of
maximum sensitivity.''* When the diagnosis is less cer-
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tain, an umbilical midline vertical incision is recommend-
ed, since it allows for proper exposure of the abdomen for
the diagnosis and treatment of surgical conditions that
mimic appendicitis. A vertical incision can also be used for
a Cesarean section, if subsequently necessary, for the usu-
al obstetrical indications. It is prudent to minimize trac-
tion and handling of the uterus, although an association
between these maneuvers and prematurity is not proven."!

In relation to laparoscopic appendectomy, reports,
case studies and small cohort studies have been published
suggesting that this procedure can be performed success-
fully during all trimesters with few complications.>!62
Although long-term data on the safety and efficacy of lap-
aroscopic appendectomy during pregnancy are limited,
meta-analyzes of observational studies, including a total
of more than 500 laparoscopic appendectomies, have
shown an increase in the fetal loss rate with this approach,
when compared with open appendectomy.®*** In a 2012
meta-analysis (11 studies, 3,415 women, 599 in the lapa-
roscopic and 2,816 in the open group), the total relative
risk of fetal loss for laparoscopic appendectomy against
open surgery in pregnant women was OR 1.91,95% CI
1.31 to 2.77%.5* The largest of the studies included dem-
onstrated that fetal loss rates in the laparoscopic and
open surgery groups were 7.3 and 3.3%, respectively. All
of the studies included in the systematic review were ret-
rospective and did not take into account potential con-
founding factors, such as patient age, duration of preg-
nancy, complicated appendicitis, the surgeon’s ability, etc.
A subgroup analysis was also not conducted in relation
to the anesthetic technique used in video-assisted surger-
ies, and this may be a factor that could make a difference
and should be elucidated in future studies.**

The Cochrane Library Systematic Review about lap-
aroscopy in the management of acute abdominal pain in
the lower abdomen of women of childbearing age®exam-
ined eight randomized clinical trials, in which laparosco-
py was compared to open appendectomy. Laparoscopy
was associated with an increased rate of specific diagno-
ses, but there was no evidence of a reduction in the rates
of adverse events. In four randomized clinical trials, lap-
aroscopy was compared to conservative clinical conduct.
There was a significant difference favoring laparoscopy
in specific diagnostic rates but there was no difference in
adverse event rates. Therefore, the authors of the review
concluded that the benefits of laparoscopy in women with
nonspecific abdominal pain and suspected appendicitis
include a high rate of specific diagnoses and low rate of
removal of normal appendices, compared with the open
technique. There was no evidence of an increase in ad-
verse events with any of the strategies.*®

The decision to proceed with the laparoscopic approach
should take into consideration the skills and experience
of the surgeon, and clinical factors, such as the size of the
pregnant uterus. Suggestions for modification of the lap-
aroscopic technique during pregnancy include a slightly
left decubitus position of the patient during the second
half of pregnancy, avoiding the use of any instruments in
the cervix, the use of open entry techniques or placement
of trocars under direct vision, and limiting the intra-ab-
dominal pressure levels equal to or lower than 12 mmHg.*

The long-term prognosis for women undergoing ap-
pendectomy during pregnancy appears to be good, but
the data are limited to small series of observations. Such
women do not seem to be at increased risk of infertility
or other complications.®” There is little information about
the long term outcome in the offspring. In a small series
of appendectomies in all stages of pregnancy, the babies
had normal development at age 13 to 17 months.®®

ConcLusIoN

As the diagnosis of appendicitis can be difficult during preg-
nancy, imaging studies are recommended in order to reduce
delays in surgery due to diagnostic uncertainty and reduce
the rate of negative appendectomies. We recommend ultra-
sound exams in pregnant patients with suspected appendi-
citis. Appendicitis is diagnosed if a non-compressible tubu-
lar structure is displayed in the lower right quadrant, with
a maximum diameter greater than 6mm. If clinical and ul-
trasound findings are inconclusive, magnetic resonance im-
aging (MRI) is indicated when available, given that it pre-
vents fetal exposure to ionizing radiation and has performed
well in the diagnosis of disorders in the lower abdomen.
Computed tomography (CT) may be performed when MRI
is not available, due to its proven value in non-pregnant in-
dividuals. The decision to perform laparotomy should be
based on clinical findings, diagnostic imaging and clinical
evaluation. Delays over 24 hours for intervention increase
the risk of perforation. When the diagnosis is relatively cer-
tain, appendectomy is suggested to be effected through an
incision on the point of maximum sensitivity (Grade 2C).
When the diagnosis is less certain, we suggest a vertical in-
cision in the lower midline (Grade 2C).

Resumo

Apendicite aguda na gestacio: revisdo de literatura.
Introdugio: suspeita de apendicite é a indica¢io mais co-
mum de cirurgia para condi¢des ndo obstétricas durante a

gravidez e ocorre em cerca de 1:500 a 1:635 gestacdes por
ano. Ocorre com mais frequéncia no segundo trimestre da
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gestacdo. A apendicite aguda é o problema cirdrgico geral
mais comum encontrado durante a gravidez.

Meétodo: revisio de literatura com pesquisa de artigos cien-
tificos por meio dos unitermos “apendicite aguda” e “ges-
tagdo” nas bases de dados PubMed, Lilacs/SciELO, Scopus,
Biblioteca Cochrane e Uptodate.

Resultados: as manifestacdes clinicas da apendicite sdo
semelhantes as de mulheres nio gravidas; no entanto,
pode ocorrer a apresentagio nio cldssica, o que pode di-
ficultar o diagnéstico, devendo ser subsidiado por exa-
mes de imagem.

Discusséo: o diagndstico clinico deve ser fortemente sus-
peitado em mulheres gravidas com achados cléssicos, como
dor abdominal que migra para o quadrante inferior direito.
O principal objetivo da imagem ¢é reduzir atrasos na inter-
vengdo cirdrgica decorrentes da incerteza diagndstica. Um
objetivo secundario é o de reduzir, mas ndo eliminar, a taxa
de apendicectomia negativa. O diagndstico diferencial de
suspeita de apendicite aguda inclui patologias geralmente
consideradas em pessoas nio gravidas.

Conclusio: o exame de imagem de primeira escolha é a ul-
trassonografia, podendo-se utilizar a ressonincia nuclear
magnética quando aquela ndo for conclusiva, e, em tltimo
caso, a tomografia computadorizada. O tratamento indica-
do permanece sendo a apendicectomia por laparotomia,
uma vez que a viabilidade da cirurgia videoassistida ainda
permanece controversa.

Palavras-chave: apendicite, gravidez, complica¢des na
gravidez.
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