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Objectives: This study aimed to determine the change in anatomical location of appendix in
full-term pregnancy.

Study design: This was a descriptive cross-sectional study.

Place and duration of study: Liaquat National University Hospital, Karachi, Pakistan,
Department of General Surgery, January 01 to July 31, 2010.

Patients and methods: Full-term pregnant women undergoing caesarean section were
enrolled. The anatomical position of the appendix was noted by visual inspection with reference
to the transtubercular plane (TTP). SPSS-10 was used for analysis.

Results: Seventy-seven full-term pregnant female patients who underwent caesarean section
were included in the study. Their mean age was 29 years, the mean height was 5.3 feet, and
mean gestational age was 38 weeks. Appendix was found at the normal anatomical location
in 63 out of 77 patients (81.8%), while it was located above the TTP in 14 patients (18.2%).
Conclusion: Appendix does not migrate up with increasing gestational age in the majority of
pregnant women. In most full-term pregnant female patients, appendix is located at the normal
anatomical position.
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Introduction
Acute appendicitis occurs in about 1 in 500 to 1 in 635 pregnancies per year.'! Diag-
nostic delay is associated with significant fetal and maternal morbidity and mortality.?
Therefore, early diagnosis and prompt surgical intervention is the key to good outcome.?
This becomes challenging when a possible change in the position of the appendix
with advancing pregnancy is considered. Studies done in the early 1990s prove that
as pregnancy advances, the appendix migrates upward, reaching up to the level of the
right hypochondrium at the end of the third trimester.* However, new studies state that
the appendix does not migrate up as pregnancy advances.’ A change in the anatomical
location will change not only the presentation of patient’s symptoms but also the clinical
signs and site of incision for surgical intervention. Open appendectomy appears to be
safe as compared to laparoscopic procedure in pregnancy.® In this regard, the anatomical
location of the appendix will have a direct impact on the choice of surgical incision.
The purpose of this study was to determine the anatomical location of the appendix
in full-term pregnancy.

Patients and methods
Sampling technique

We used purposive sampling.
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Study design

The study used a descriptive cross-sectional design.

Selection criteria

Full-term pregnant women having singleton pregnancy
undergoing elective and emergency caesarean (C)-section
during the study period were included.

Women with maternal/fetal complications, ovarian
pathology, and previous appendectomy/right hemicolectomy
were excluded from the study.

The study was approved by the ethical committee of the
Liaquat National Hospital. Written informed consent was
taken from all patients.

Data collection

Demographic details were taken from case files, as well as
by directly interviewing patients, and the data were filled in
a proforma by the principal investigator.

After delivery of the baby, the location of the base of the
appendix was looked for, as described in the “Operational
definitions™ section, and recorded in the same proforma.
C-section was performed by the on-call gynecologists, and
the position of the appendix was assessed by the principal
investigator.

Data analysis
All analyses were done using the Statistical Package for
Social Sciences (SPSS), version 10. Mean values + stan-
dard deviation were computed for all quantitative variables,
including patient age, gestational age (GA), height (in feet),
and anatomical location of the appendix, which was the main
variable of interest (categorical variable) and was calculated
as percentages.

Age and height were possible confounding variables, and
stratified analysis was done to control for them.

Operational definitions

Common anatomical location of appendix

The base of the vermiform appendix is attached to the pos-
teromedial aspect of the cecum. It is located in the right iliac
fossa (RIF).” The RIF is defined as an area to the right of the
vertical midline and inferior to the transverse transtubercular
plane (TTP).®

TTP/intertubercular plane

It is an imaginary line drawn in the horizontal plane at the
upper margin of the iliac tubercles. It is at the level of the
L5 vertebra and corresponds to the upper limit of the RIF.° It

was determined after identifying the iliac tubercles (highest
point on the iliac crest) by palpating the iliac crest on the
skin of the abdomen. The TTP was taken as the reference line
to determine the anatomical location of the appendix after
delivery of the baby by C-section. Location of the appendix
was determined by visual inspection and was considered to be
at the normal or common anatomical location if the appendix
was located at or below this line. If the appendix was located
above this line, it was considered as upward migration of
the organ. The distance was measured using the finger of
the researcher, which was calibrated in centimeters using a
centimeter scale before each procedure.

Full-term pregnancy

Pregnancy between 37 and 40 weeks of gestation and beyond
is considered full term.'” Pregnancy was confirmed by
ultrasonography (done in every case preoperatively for fetal
well-being), and the GA was mentioned in the case file by
the gynecologist.

Results

Seventy-seven full-term pregnant female patients fulfilled
the inclusion and exclusion criteria. Their mean age was 29
(19-39) years. The mean height of the patients in our study
was 5.3 (5.0-6.0) feet. The mean GA was 38.2 (37-42)
weeks (Figure 1).

The anatomical location of the appendix was found to
be below the iliac crest in 47 (61%), at the iliac crest in 16
(20.8%), and above the iliac crest in 14 (18.2%) patients.

The appendix was therefore found in its normal anatomi-
cal location, ie, at or below the TTP in 63 patients (81.8%),
while it was found at a higher position above the iliac crest
in 14 out of 77 patients (18.2%) (Figures 2 and 3).

In the 14 patients in whom the appendix migrated above
the TTP, the mean upward displacement was 2.8 cm (1.0—
4.5 cm). The maximum upward displacement was 4.5 cm.
One patient had GA of 38 weeks, and the appendix was found
in the right hypochondrium.

Stratified analysis of the confounding variables “age”
and “height” was done.

Height was stratified in 2 groups: Group 1 (H1) between
4 and 5 feet; and Group 2 (H2) between 5 and 6 feet.

There were 48 patients in the GA1 group, having GA
between 37 and 38 weeks. Of these 48 patients, 11 (22.9%)
had appendix located above the TTP, while it was located
below the TTP in 37 (77.1%) patients. In the GA2 group,
there were 24 patients, 3 of whom (12.5%) had appendix
located above the TTP, while 21 (87.5%) had appendix
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Figure 2 Anatomical location of appendix in relation to the TTP.
Abbreviation: TTP, transtubercular plane.
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Figure 3 Percentage of patients having migration of appendix above the TTP.
Abbreviation: TTP, transtubercular plane.
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at the normal anatomical location. In GA3, the group
with between 41 and 42 weeks of gestation, there were 5
patients, and none of them had appendix located above the
TTP (Figure 4).

Discussion

Although a rare presentation, appendicitis is one of the most
common causes of an acute abdomen in pregnancy, occurring
in ~1 in 500 to 1 in 2000 pregnancies.'! This represents an
overall incidence of 0.05%-0.07%"* and does not appear to be
any different in the nongravid population. Incidence rates in
the first trimester range from 19% to as high as 36%."3 There
is a higher incidence of appendicitis in the second trimester,
ranging from 27% to 60%. Although the incidence decreases
from 15% to 33% in the third trimester, some studies have
reported a 59% incidence in the third trimester.'* Perforation
rates for pregnant patients have been reported to be as high
as 55% of cases, compared with 4%-19% in the general
population. Due to the lack of specificity of the preopera-
tive evaluation, the pathologic diagnosis of appendicitis is
confirmed in only 30%-50% of cases.'® The risk of delay in
diagnosis is associated with a greater risk of complications,
such as perforation, infection, preterm labor, and risks of
fetal or maternal loss. Maternal mortality has been reported
from 0% to 2%. An unruptured appendix carries a fetal
loss of 1.5%—9%, while this rate increases up to 36% with
perforation. The risk for premature delivery is the greatest
during the first week after surgery.'

Traditionally, an early exploration in suspected cases is
indicated to avoid complications related to delay. A high
negative appendectomy rate therefore has been accepted.
Previous studies have reported a negative appendectomy
rate of 11%—-50%. However, there are few high-quality data
supporting the safety of this approach. Negative appen-
dectomy in pregnant women is not risk free and exposes
both mother and child to risks similar to those when sur-
gery is performed for acute appendicitis in nonpregnant

Table | Anatomical location of appendix in relation to gestational
age when gestational age is stratified

Anatomical location of GAI GA2 GA3
appendix N=48 N=24 N=5
Migrated above TTP I (22.9) 3 (12.5) 0 (0)
No change 37 (77.1 21 (87.5) 5 (100)

Notes: GA| = GA between 37 and 38 weeks; GA2 = GA between 39 and 40 weeks;
GA3 = GA between 4| and 42 weeks. Data shown as n (%).
Abbreviations: GA, gestational age; TTP, transtubercular plane.

women.'” The scoring systems, as well as the clinical and
biochemical parameters, used to diagnose appendicitis
in the nonpregnant population are not very useful in the
setting of pregnancy because the signs and symptoms of
appendicitis, including tachycardia, low blood pressure,
fever, and elevated white blood cell count, are attributed to
normal pregnancy as well; therefore, careful preoperative
assessment and imaging should be done to reduce the his-
torically high negative appendectomy rates in pregnancy.'®

In pregnant women with suspected appendicitis, a positive
ultrasonogram (US) requires no further confirmatory test.
However, in the case of nonvisualization of the appendix on
US, magnetic resonance imaging (MRI) is the recommended
imaging examination since it yields a high diagnostic rate
and accuracy."

Surgical intervention in pregnancy, both laparotomy and
laparoscopy, has been shown to increase adverse pregnancy
outcomes. Furthermore, it has been noted that pregnancy out-
comes following surgery for appendicitis are worse than with
surgery for other indications. Any surgeon treating a pregnant
patient must have a thorough understanding of the physiology
of the pregnant patient, as well as the risks and benefits of
laparoscopic surgery. The possible drawbacks are injury to
the uterus during Veress needle insertion, potential reduction
of uterine blood flow secondary to increased intra-abdominal
pressure, risk of CO, absorption by the mother and child,
and the technical difficulty of laparoscopic surgery. Physi-
ologic and anatomic changes introduce certain risks unique
to the gravid patient, some associated with laparoscopy in
pregnancy. These risks have been postulated to include poor
visualization due to gravid uterus, uterine injury during trocar
placement, decreased uterine blood flow, or premature labor
from the increased intra-abdominal pressure and increased
fetal acidosis or other unknown effects due to CO, pneumo-
peritoneum. Fetal hemodynamic abnormalities (tachycardia
and hypertension) are also attributed to fetal hypercarbia
and can be reversed by mild maternal respiratory alkalosis.
Monitoring maternal arterial blood gases has proven superior
to maternal capnography.?

Although the laparoscopic approach to appendectomy
in pregnancy is associated with a low rate of intraoperative
complications in all trimesters, the rate of fetal loss following
laparoscopic appendectomy is almost 6%, which is signifi-
cantly higher than that following open appendectomy. Rates
of preterm delivery would appear to be equal or slightly better
in the laparoscopic appendectomy group. It would appear,
therefore, that pregnant women requiring appendectomy
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should undergo an open procedure in the interests of fetal
well-being.! Tt is regrettable that much of the available data
on laparoscopic appendectomy in pregnancy are derived from
case reports and retrospective case series. However, given the
surgical expertise needed to confidently perform laparoscopic
procedures in pregnant women, a large randomized trial to
address the optimal surgical approach to appendicitis in
pregnancy seems unlikely.?!

Determining the anatomical location of the appendix in
pregnant patients is very crucial as open appendectomy is the
procedure of choice in pregnant women as compared to the
nonpregnant population, wherein laparoscopic appendectomy
is usually performed when expertise and facilities are avail-
able.?! Identifying the correct anatomical location helps in the
correct placement of the incision and has subsequent positive
effects on perioperative management, fetal well-being, and
patient recovery.

Classical obstetrics teaching has been that the location
of the appendix and hence the pain of appendicitis migrates
up with a growing uterus. This concept was based on a study
done by Baer et al* in 1932 using barium enemas. The results
of this study have not been replicated as pregnant women
cannot be exposed to unnecessary X-rays. The findings of this
study have been challenged by the results of recent clinical
research studies, which show that the anatomical location
of the appendix does not change as pregnancy advances.’
Therefore, this study was conducted to reevaluate the ana-
tomical location of the appendix in full-term pregnant women
undergoing C-section.

The results of our study show that there is no relation-
ship between GA and anatomical location of the appendix.
According to our results, 22.9% patients (11/48) with GA
between 37 and 38 weeks, 12.5% (3/24) patients with GA
between 39 and 40 weeks, and 0% (0/5) patients with GA
of 41-42 weeks showed upward migration of the appendix.
In our study, the single patient who had maximum upward
migration of the appendix (4.5 cm above the TTP) showed a
GA of 38 weeks. The results of our study are in contradiction
to the results from other studies showing upward migration
of the appendix with increasing GA.*The results of our study
can be compared with those from the study by Popkin et al,
who found that there was no relationship between GA and
location of the appendix.?

The main outcome of interest in our study was the
anatomical location of the appendix. Appendix was found
at the normal anatomical position (at or below the iliac
crest) in 63 out of 77 patients, which accounts for 81.8%

of patients. Appendix was found higher up in 14 out of
77 patients, which equals 18.2% of patients. The average
upward migration was 3 cm above the iliac crest, with a
range from 1 cm to 4.5 cm. The results of our study show
that the appendix does not migrate upward in most of the
pregnant women as pregnancy advances; rather its location
remains in the RIF regardless of the GA. The results of our
study can be compared with those of the study by Hodjati
and Kazerooni,® which showed that the appendix migrates
up in only 15% of pregnant women undergoing C-section,
while in 85% of cases, it was located at the normal anatomi-
cal location. The mean upward displacement in this study
was 3—4 cm from McBurney’s point. This value is close to
the results of our study.

We used the tool of visual inspection to look for the ana-
tomical location of the appendix in pregnant women, as used
by Hodjati and Kazerooni® and Popkin et al.?? Both these
studies and our study showed that upward migration of the
appendix in pregnant women is not significant, while Baer
et al* and Oto et al® studied the location of the appendix
in pregnant women roentgenologically and found signifi-
cant upward migration. This observation raises a question
regarding the possibility of finding less upward displace-
ment in pregnant women when the appendix is observed
after opening up the peritoneal cavity. Theoretically, one can
think that once we open up the abdomen, we increase the
space in the peritoneal cavity, as compared to the closed cav-
ity when examined roentgenologically. Furthermore, to look
for the appendix, we apply retractors to create more space,
and this step further increases the space in the abdominal
cavity and can result in the downward displacement of the
appendix. In our study, we examined the appendix after the
baby was delivered, and this reduces the size of the uterus
and theoretically can provide further space and can lead
to further downward displacement of the appendix. This
can be one of the reasons that our study does not show
significant upward displacement of the appendix. But if this
is considered true, then there are still 18.2% cases in our
study showing mean upward migration of 3 cm above the
iliac crest/TTP; moreover, in our study, there was 1 patient
who had the appendix located 4.5 cm above the iliac crest,
which corresponds to the right hypochondrium, despite all
the earlier-mentioned factors. There is 1 more point in the
study by Baer et al,* and it says that the appendix returns to
normal 9 days postpartum; if we take Baer’s observations
as true, it means that evacuation of the uterus does not
have immediate effect on the location of the appendix. So,
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keeping in mind all these facts, it seems that opening up
the abdominal cavity, using retractors to increase the space
in the peritoneal cavity, and evacuating the uterus do not
produce immediate effects on the anatomical location of
the appendix and, hence, the appendix cannot be displaced
by all these factors.

Conclusion

In our observations, the anatomical location of the appendix
does not change in most full-term pregnant women, and
increasing GA does not cause the appendix to migrate up,
above the normal anatomical location. But, this is a descrip-
tive cross-sectional study without any control group, and
the sample size is also very small, so the results cannot be
generalized. This study can provide a base for future stud-
ies with a control group and a much larger population for
evaluation of the real location of the appendix in pregnancy,
so that results can be generalized.

A high level of clinical suspicion is needed to quickly
and correctly diagnose appendicitis in pregnant women.
Appendicitis should be included on the differential diagnosis
list for right lower quadrant pain.
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