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Magnetic resonance imaging reduces the rate of
unnecessary operations in pregnant patients with
suspected acute appendicitis: a retrospective study
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Purpose: This is a retrospective single-institution study performed to compare the rate of unnecessary operations in
pregnant women with suspected acute appendicitis with and without the use of MRI.

Methods: The study subjects were all pregnant women with suspected acute appendicitis admitted to a tertiary
institution from January 2012 to December 2019. If acute appendicitis was not excluded clinically and by ultrasound
(US), laparoscopies were performed until May 2017 (US-only group). MRI was added as a diagnostic tool when US was
inconclusive from May 2017 (US + MRI group). Surgery was considered unnecessary when no inflamed appendix was
found. The rate of unnecessary surgery, postoperative complications, length of stay were analyzed.

Results: Seventy-six women were included in the study; 38 women in the US-only group and 38 women in the US + MR
group. There were no differences in admission characteristics between the groups. One of 38 women (2.6%) underwent
unnecessary surgery in the US + MRI group vs. 10 of 38 (26.3%] in the US-only group (P = 0.007). The patients in the US
+ MRI group were significantly less likely to undergo a diagnostic operation than in the US-only group (5.26% vs. 55.3%,
respectively; P < 0.001) and their hospital stay was significantly shorter (0.74 + 1.64 days vs. 3.7 + 3.0 days, respectively; P
< 0.001). The obstetric outcomes were not different between the groups. MRI had a sensitivity of 83.3% and specificity of
100% in the series.

Conclusion: The rate of unnecessary surgery was significantly reduced in pregnant women, who underwent MRI after
inconclusive transabdominal US.

[Ann Surg Treat Res 2021;100(1):40-46]
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INTRODUCTION

Acute appendicitis is an important diagnostic problem
worldwide—up to 27 percent of patients, especially women,

undergo unnecessary operations even in some highly-
developed countries [1,2]. Acute appendicitis is also the most
common surgical disease in pregnant women. It occurs in about
1 in 500 to 1 in 635 pregnancies per year [3], most commonly
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during the second and third trimesters [4-7]. Appendicitis
in pregnancy is associated with an almost 2-fold increase
in sepsis and septic shock, transfusion, pneumonia, bowel
obstruction, postoperative infection, and length of stay of
more than 3 days [8]. The diagnosis is more difficult during
pregnancy; the location of the pain of appendicitis changes
with the enlarged uterus displacing the appendix and the
leukocytosis may be physiological. These factors may delay
the diagnosis of acute appendicitis or mimic other common
disorders [3,9,10]. Incorrect preoperative diagnosis results in
unnecessary operations. The surgery itself can increase the risk
of unfavorable outcomes in pregnant women [11], including
increased rates of premature labor (15%-45%) and fetal loss [12],
as well as harm the newborn [13].

Ultrasound (US) is the first-line diagnostic modality in
pregnant women [14]. However, the majority of the scans are
inconclusive or the appendix is not visualized [15]. MRI is a
proven diagnostic modality for acute appendicitis and suitable
in women after the first trimester [3], and it should theoretically
reduce the rate of unnecessary (diagnostic) operations in
pregnant women.

The aim of our study was to compare the rate of unnecessary
(diagnostic) operations in pregnant women with clinically
suspected acute appendicitis with and without the use of MRL

METHODS

This is a retrospective single-institution study, performed
at the Vilnius University Hospital Santara Clinics, Vilnius,
Lithuania. All pregnant women admitted with suspected
acute appendicitis at this tertiary institution were included
in the study from January 2012 to December 2019. All women
underwent transabdominal US in addition to the standard
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appendicitis

clinical and laboratory investigation. If acute appendicitis
was not excluded clinically and by the US, laparoscopies were
performed until May 2017. MRI was added as a diagnostic tool
when US was inconclusive from May 2017 (Fig. 1).

The data on all the patients undergoing investigation for acute
abdominal pain were entered into a prospectively maintained
database. The database was reviewed retrospectively to identify
all known pregnant patients with suspected acute appendicitis.
Patients, who underwent MRI after an inconclusive US
formed the study group (US + MRI group). Patients, who did
not undergo MRI formed the control group (US-only group).
Patient charts were reviewed for detailed demographic, clinical,
laboratory, radiology, and surgical characteristics. The data
were compared between the groups. Surgery was considered
unnecessary when no inflamed appendix was found.

Obstetric outcomes are available for women who gave birth
in the same hospital. The data was retrieved from the obstetric
patient charts. The regional bioethics committee in Vilnius
approved the study (No. 2019/3-1107-610). The written patient
consent was received.

Categorical variables are expressed as frequencies and
percentages and continuous variables as means and standard
deviations. Categorical data between the groups were compared
by chi-square or Fisher exact test as appropriate. Continuous
characteristics were compared by Student t-test or the Mann-
Whitney U-test as appropriate. All differences for which the
P-value was less than 0.05 were considered to be significant.
The data were analyzed with IBM SPSS Statistics ver. 23 (IBM
Corp., Armonk, NY, USA).

RESULTS

Seventy-six women were included in the study. There were
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Fig. 1. Diagnostic algorithms or pregnant women with suspected acute appendicitis. Before (A) and after (B) introduction of

MRI. US, ultrasound.
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Table 1. Characteristics of the patient groups on admission

Characteristic US + MRI group US-only group OR 95% Cl P-value
No. of patient 38 (100) 38 (100)
Age (yr) 30.37 £5.625 29.97 +5,925 1.026 0.945-1.113 0.767
Gestational age (wk) 23.61 +7.503 23.76 + 8.540 1.002 0.945-1.063 0.932
Trimester
1st 4(10.5) 4(10.5) 1.0 0.23-4.32 >0.999
2nd 1(55.3) 0(52.6) 1.112 0.45-2.74 0.999
3rd 13 (34.2) 14 (36.8) 0.891 0.35-2.28 0.891
Duration of symptoms (hr) 27.29 +25.088 30.16 = 24.204 0.990 0.967-1.013 0.613
WABC count (x10%/L) 11.82 +£3.78 14.04 £ 4.28 0.865 0.762-0.981 0.019
CRP level (mg/L) 41.547 +39.961 47.918 + 61.856 0.994 0.984-1.003 0.187
Values are presented as number (%) or mean =+ standard deviation.
US, ultrasound; OR, odds ratio; Cl, confidence interval.
Table 2. Results of treatment
Variable s TanR; Sg)roup US—(ch]nly3g8r)o up OR 95% ClI P-value
Acute appendicitis correctly diagnosed preoperatively 5/6 (83.3) 16/35 (45.7) 5.937 0.627-56.205 0.184
Perforated appendicitis 1/6 (16.7) 5/35 (14.3) 1.4 0.134-14.572 >0.999
Operations performed, overall 7 (18.4) 7(97.4) 0.006  0.001-0.052  <0.001
Diagnostic operations 2(5.3) 1(55.3) 0.045 0.009-0.214 <0.001
Laparoscopic appendectomy 6 (15.8) 5(65.8) 0.097 0.033-0.293 <0.001
Open appendectomy 0 (0) 2 (5.3) 0 - 0.493
Unnecessary operation 1(2.6) 10 (26.3) 0.076  0.009-0.626  0.007
Other diagnoses identified at operation 0 1 (torsion of the ovary) 0 - >0.999
Postoperative complications (CD classification)
Overall 0/7 4/37 0 - 0.599
| 0 0 - - >0.999
Il 0 1 0 - >0.999
Il 0 3 0 N >0.999
Duration of hospital admission (day) 0.737 +1.639 3.658 +3.043 0.475 0.334-0.675 <0.001

Values are presented as number (%), number only, or mean =+ standard deviation.
OR, odds ratio; Cl, confidence interval; —, not applicable; CD, Clavien-Dindo.

38 women in the US-only group and 38 women in the US +
MRI group. The comparison of the characteristics of the groups
on admission is presented in Table 1. There were no differences
in admission characteristics between the groups.

There were 11 unnecessary operations (14.5%): 3 women
(79%) underwent diagnostic laparoscopy, 3 (79%) underwent
laparoscopic appendectomy with normal-looking appendix,
and 5 (13.2%) underwent open appendectomy with normal-
looking appendix. One of the 38 women (2.6%) underwent
unnecessary surgery in the US + MRI group and 10 of
38 (26.3%) in the US-only group (P = 0.007) (Table 2). The
judgment of surgery as unnecessary was based on pathologic
findings. Surgical treatment was needed for patients with
gangrenous appendicitis (n = 7), perforated appendicitis (n =
6), phegmonous appendicitis (n = 20), and unnecessary with
appendicitis catarrhalis (n = 5), appendix without changes (n =

3). There was no information about the pathologic findings for
3 patients who underwent unnecessary surgery. The patients in
the US + MRI group were significantly less likely to undergo a
diagnostic operation than in the US-only group (5.3% vs. 55.3%,
respectively; P < 0.001) and their hospital stay was significantly
shorter (0.74 + 1.64 days vs. 3.7 + 3.0 days, respectively; P
< 0.001). The incidence of perforated appendicitis was not
different between the groups (16.7% vs. 14.3%; P > 0.999).

For the patients who did not undergo surgery after MRI
with normal appendix, the most common cause of abdominal
pain was other unspecified abdominal pain (9 of 31 patients)
and functional bowel disorder (8 of 31). Other diagnoses
were also seen such as hydronephrosis (4 of 31), false labor
before 37 pregnancy weeks (3 of 31), Crohn disease (2 of 31),
gastroenterocolitis, functional dyspepsia, ovary cyst, urogenital
infection, and metastatic gastric adenocarcinoma.
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Table 3. Obstetric outcomes

Obstetric outcome known US + MRI group (n=15)  US-only group (n = 25) OR 95% Cl P-value
Preterm labor 0 (0) 0 (0) - - >0.999
Gestation weeks at labor 39.33 +1.113 38.88 +2.007 1.204 0.760-0.906 0.428
Natural childbirth 10 (66.7) 25 (100) 0 - 0.005
Cesarean section 5(33.3) 0(0) 0 - 0.005
Complicated childbirth 8(53.3) 12 (48.0) 1.238 0.343-4.464 0.999
Atypical presentation 3(20.0) 6 (24.0) 0.791 0.166-3.779 >0.999
Apgar, T min 8.67 + 1.447 8.76 + 0.831 0.986 0.401-2.427 0.796
Apgar, 5 min 9.53 + 0.640 9.60 + 0.645 0.862 0.184-4.035 0.753
Newborn weight (g) 3,402 + 955.445 3,464 + 495.625 0.999 0.998-1.001 0.788
Newborn height (cm) 52.6 + 2.354 51.96 +2.318 1.247 0.868-1.791 0.405

Values are presented as number (%) or mean =+ standard deviation.
OR, odds ratio; ClI, confidence interval; —, not applicable.

Table 4. The results of the radiology tests for the diagnosis of acute appendicitis (AA) in pregnant patients

Patient with suspected AA

Variable
True AA No AA

US for AA

US positive 15 2

US negative 18 41
MRI for acute appendicitis

MRI positive 5 0

MRI negative 1 32

US, ultrasound.

The obstetric outcomes are available for 41 women (53.9%).
No adverse obstetric outcomes occurred within the index
hospital admission (Table 3). Also, no major adverse obstetric
outcomes were identified for the patients in the study. There
was no difference between the US + MRI and US-only groups
of patients.

The overall results of the radiological investigations
are presented in Table 4. MRI has excellent sensitivity
and specificity in pregnant women with suspected acute
appendicitis, in whom transabdominal US is inconclusive,

DISCUSSION

We found, that the rate of unnecessary (diagnostic) surgery
was significantly higher in pregnant women who did not
undergo MRI. It did not translate into the increased rate of
perforated appendicitis, which could be expected due to the
delay in surgery or to the increased number of complications.
We also found that MRI is an effective test in pregnant
women in whom transabdominal US is inconclusive. The
transabdominal US can correctly diagnose acute appendicitis in
19.7% of pregnant women. We did not find any increased risk of
worse obstetric outcomes in either group of patients.

Characteristic of the test

Sensitivity, 45.45%/specificity, 95.34%
Predictive value: positive, 88.2%/negative, 69.49%

Sensitivity, 83.33%/specificity, 100%
Predictive value: positive, 100%/negative, 96.97%

Clinical and laboratory findings in pregnant women with
suspected acute appendicitis are not specific. The most common
clinical features in patients with confirmed acute appendicitis
were similar to the findings in the literature; nausea/vomiting
(29 of 42, 69.0%) and painful palpation (42 of 42, 100%) [16]. All
women in our study had elevated WBC count and CRP count.
It is widely known that the WBC count increases to a normal
10,000 to 14,000 cells/mm’ during pregnancy [17].

On US, the appendix is visualized as a tubular blind-ending
structure arising from the ileocolic region, in the case of an
acute appendicitis appendix is noncompressible, the diameter
is >6 mm, walls are thickened (>2 mm), "target” appearance
on the axial plane (hypoechoic fluid-filled lumen, hyperechoic
mucosa/submucosa, hypoechoic muscular layer), might have
appendicolith in the lumen that is usually hyperechoic.
Usually, there are also some secondary findings as hyperechoic
(inflamed) surrounding mesenteric fat, a small amount of free
fluid, few enlarged (>5 mm) lymph nodes or inflammatory
changes of bowel walls or peritoneum [18]. On MRI findings are
similar; appendix diameter is 7 mm or lager, there will be seen
thickened walls that might have a hyperintense signal on T2
fat-suppressed sequence, the lumen might be filled with liquid
or stool that have different signal intensity on MRI, also there
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will be seen some secondary findings in surrounding tissues,
infiltration of surrounding fatty tissue, free liquid, lymph
nodes, or reactive changes of bowels [19].

Our results are quite similar to other studies conducted
recently which show the sensitivity of MRI of 54%-99% and
specificity of 87%-99%; with a positive predictive value of 61%
and a negative predictive value of 100% [15,20-23]. All studies
agree, that if clinical and US findings are inconclusive, MRI is
indicated given that it does not expose the fetus to ionizing
radiation and has performed well in the diagnosis of acute
appendicitis.

We found that MRI significantly reduces the rate of
unnecessary operations and surgery overall in pregnant women.
This is similar to other reports [23]. In situations where MRI
could not be performed, a low-dose CT with oral contrast could
be a second line of imaging after inconclusive US [24]. Even
though CT has high sensitivity and specificity for diagnosing
acute appendicitis, concern about ionizing radiation which is
delivered to the fetus is significant. MRI remains a second-
line diagnostic tool, which provides a systemic evaluation of
the abdomen, lowers the rate of unnecessary operations, and
reduces the perforation rate [25].

The effectiveness of US remains debatable. Some studies
claim that US is a sufficient diagnostic method for acute
appendicitis, while others show that transabdominal US has
low sensitivity and specificity compared to MRI or CT. Although
US has a fairly high positive predictive value, the low negative
predictive value shows that US cannot be relied on to eliminate
an acute appendicitis diagnosis [25]. US is a useful and safe tool
to correctly diagnose at least 20% of women with suspected
acute appendicitis.

Even though implementing MRI increases medical costs
compared to CT or US, it is the most cost-effective strategy for
pregnant patients after inconclusive US and should be used as a
preoperative imaging tool [26].

Our study included pregnant patients mostly in the second
and third trimesters. We did not observe any instances of
pregnancy loss or premature labor. Studies confirm that most
of the pregnancy losses occur in patients with diagnosed
appendicitis at gestational age less than 24 weeks [12]. Adverse
obstetric outcomes are also associated with delayed diagnosis
and unnecessary laparoscopies [27].

Most of the women in our study underwent laparoscopic
appendectomy or diagnostic laparoscopy. It has been shown,
that a laparoscopic approach results in less morbidity than an
open appendectomy; unfortunately, it is not available in all
countries [28]. Laparoscopic surgery has been recommended
as a technique of choice in pregnant women with acute
appendicitis when adequate experience was available [29].

The main strength of our study is the relatively large number
of patients included in the study. It is difficult to prospectively

collect a large study group of pregnant patients, undergoing
emergency investigations and surgery due to ethical concerns.
Our study is one of the largest series of patients in the literature
[20,30]. Even within this relatively small cohort, the impact of
additional MRI testing is highly significant.

The main limitations of the study are the retrospective
design and single-center study settings. Transabdominal US is
very operator-dependent; MRI is not available during the night
or weekends or freely anytime in most institutions.

MRI represents an excellent modality for the correct
diagnosis of acute appendicitis in pregnant women. It could
be included in the diagnostic protocols in cases when US is
inconclusive. Nevertheless, further studies with larger numbers
of patients will be helpful to more accurately identify the
benefit of MRI in diagnosing acute appendicitis in pregnant
patients.

In conclusion, the rate of unnecessary surgery was
significantly reduced in pregnant women who underwent MRI
after inconclusive transabdominal US. This was not associated
with an increased risk of surgical or obstetric complications.
MRI has a significant diagnostic value of correctly identify acute
appendicitis. However, retrospective and prospective studies
should be scope for further research to assess a more accurate
utilization of this method.
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