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To investigate the effect of magnetic resonance (MR) im-
aging on the negative laparotomy rate (NLR) and the per-
foration rate (PR) in pregnant patients suspected of having
acute appendicitis (AA) and to assess the need for com-
puted tomography (CT) in this setting.

The data of 148 consecutive pregnant patients (mean age,
29 years; age range, 15-42 years; mean gestational age,
20 weeks; gestational age range, 4-37 weeks) who were
clinically suspected of having AA and examined with MR
imaging between March 2002 and August 2007 were retro-
spectively analyzed in an institutional review board-ap-
proved HIPAA-compliant protocol. One hundred forty pa-
tients underwent ultrasonography (US) before MR imag-
ing. The clinical and laboratory data and the findings of the
mitial US and MR image interpretations were recorded
and analyzed at Student t and Fisher exact testing. The
NLR and PR were calculated.

Fourteen (10%) patients had AA, and perforation oc-
curred in three (21%) of them. US results were positive for
AA in five (36%) patients with proved AA. MR results
were positive in all 14 patients with AA. MR results were
negative in 125 of the 134 patients without AA; there were
nine false-positive cases (two positive, seven inconclu-
sive). Among the patients without AA, the normal appen-
dix could be visualized on US images in less than 2% (two
of 126) of cases and on MR images in 87% (116 of 134) of
cases (P < .0001). Twenty-seven (18%) patients under-
went surgical exploration, and eight of them had negative
laparotomy results, yielding an NLR of 30% and a PR of
21% (three of 14 patients). Only four (3%) patients under-
went CT.

For pregnant patients clinically suspected of having AA,
use of MR imaging yields favorable combinations of NLR
and PR compared with previously reported values. The
radiation exposure associated with CT examination can be
avoided in most cases.

© RSNA, 2009
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he differential diagnosis of abdom-

inal pain in pregnant patients is

broad and includes surgery-requir-
ing and non-surgery-requiring condi-
tions (1). During pregnancy, acute ap-
pendicitis (AA) is the most common
cause of abdominal pain necessitating
surgical treatment; however, it has a
relatively low prevalence—similar to
that in the general population: 0.02%-
0.07% (2-4). Differentiating AA from
other, non-surgery-requiring conditions
may be very challenging and can lead to
delayed treatment with associated com-
plications (3,5).

Negative laparotomy rate (NLR)
and perforation rate (PR) are com-
monly accepted outcome indicators in
the setting of clinically suspected AA.
Prior to the imaging era, an NLR of
nearly 20% in nonpregnant patients had
been advocated to avoid an unaccept-
ably high PR (6-8). Computed tomogra-
phy (CT) can have a favorable effect on
the NLR without the sacrifice of an in-
creased PR, particularly in the more
challenging population of patients of
childbearing age (8-11). However, the
radiation exposure is undesirable.

The accepted NLR and PR for preg-
nant patients are higher than those for
the general population owing to the lack
of specificity of the signs and symptoms
of appendicitis in these patients, which
hinders the accurate preoperative diag-
nosis (5,11,12).

Because of its wide availability and
lack of ionizing radiation, ultrasonogra-
phy (US) performed with a graded com-
pression technique has been favored for
examining pregnant patients with ab-
dominal pain (13). However, the limita-

Advances in Knowledge

B [n the pregnant patients without
acute appendicitis (AA), the rate
of visualization of the normal ap-
pendix at MR imaging (87%) was
significantly higher than that at
US (<2%) (P < .0001).

B For pregnant patients suspected
of having AA, unnecessary lapa-
rotomies can be avoided when the
normal appendix is identified at
MR imaging.

tions of this technique include difficulty
compressing the cecum with the US
probe, particularly in the third trimes-
ter of pregnancy (13), and limited visu-
alization of the normal appendix (in
0%-4% of cases, even in nonpregnant
patients) (14-16). Despite the wide ac-
ceptance of US, to our knowledge, there
are limited data on the effects of US on
the surgical outcomes of pregnant pa-
tients suspected of having AA. Further-
more, a recent report did not reveal a
lower NLR in pregnant patients who
were examined with US compared with
that in pregnant patients who under-
went clinical examination only (11).

CT is often performed for evaluation
of AA in nonpregnant and nonpediatric
patients (17). The use of CT in pregnant
patients is variable and usually reserved
for those with inconclusive US results
(11,18). Abdominal and pelvic CT is fre-
quently avoided during pregnancy be-
cause of the associated risk of radiation
to the mother and the fetus.

Magnetic resonance (MR) imaging
has been advocated as an alternative to
CT for examining pregnant patients
clinically suspected of having AA (19-
21). The sensitivity, specificity, and neg-
ative predictive values of MR imaging
reported in a small series of pregnant
patients with right-sided abdominal
pain support the use of MR imaging to
accurately rule out AA (21). However,
to our knowledge, the effects of MR im-
aging on the surgical outcomes in a large
series of pregnant patients have not
been reported. Thus, the aim of our
study was to assess the effects of MR
imaging in the examination of a rela-
tively large series of pregnant patients
clinically suspected of having AA by us-

Implications for Patient Care

® MR imaging has the potential to
help reduce the negative laparot-
omy rate while maintaining an
acceptable perforation rate in
pregnant patients clinically sus-
pected of having AA.

B CT-associated radiation exposure
can be markedly reduced by using
MR imaging for examinations in
this patient population.

ing the NLR and the PR as objective
measures of outcome and to assess the
need for CT in this setting.

Materials and Methods

Study Patients

We searched the radiology and surgery
databases of the Department of Obstet-
rics and Gynecology, Beth Israel Dea-
coness Medical Center, to identify all
pregnant patients who underwent MR
imaging for clinically suspected AA be-
tween April 2002 and June 2007. This
search yielded 152 records, which were
retrospectively reviewed by one of the
authors (M.L.); 49 of these cases were
previously reported (21). Three pa-
tients whose clinical charts were not
available and one patient who prema-
turely stopped participating in the study
were excluded. Therefore, a total of 148
patients formed the final study group.
This Health Insurance Portability and Ac-
countability Act-compliant study was ap-
proved by the Committee on Clinical In-
vestigations of Beth Israel Deaconess
Medical Center. The requirement for in-
formed patient consent was waived owing
to the retrospective nature of the study.

Imaging Protocols

One hundred forty of the 148 patients
underwent US before undergoing MR
imaging. An abdominal imaging attend-
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ing or on-call radiology resident per-
formed the US examinations by using
the graded compression technique (22).
US results were documented as posi-
tive, negative, or inconclusive for AA on
the basis of information gleaned from
the prospectively interpreted initial re-
port. The number of US examinations at
which the appendix was identified was
tabulated. Four patients underwent ab-
dominopelvic CT before (n = 1) or after
(n = 3) MR imaging at admission for as-
sessment of the appendiceal abnormality.

As part of standard clinical practice,
informed consent was obtained from all
patients before they underwent MR im-
aging. MR imaging was performed with
the patient in the supine position and by
using 1.5-T systems (Siemens Vision,
Siemens Medical Systems, Iselin, NJ;
Excite TwinSpeed, GE Medical Sys-
tems, Waukesha, Wis) and a surface
phased-array coil. The MR protocol in-
cluded the acquisition of axial, coronal,
and sagittal T2-weighted half-Fourier
single-shot fast spin-echo images (800 -
1100/60 [repetition time msec/echo
time msec], 4-mm section thickness
with 1-mm intersection gap, matrix of
192 X 256, 130°-155° flip angle, 62.5-
kHz bandwidth, 35-40-cm field of
view); axial T2-weighted single-shot fast
spin-echo images obtained by using the
parameters applied for half-Fourier imag-
ing but with frequency-selective fat satu-
ration; axial time-of-flight T2*-weighted
images (30/minimum full, 45° flip angle,
3-mm section thickness with 1-mm inter-
section gap, matrix of 256 X 128, 31-kHz
bandwidth, 35-cm field of view); and axial
T1-weighted in-phase and opposed-phase
images (205/2.2 or 4.5, 80° flip angle,
5-mm section thickness with 2-mm inter-
section gap, matrix of 160 X 256, 35-cm
field of view). A radiologist monitored the
examinations during the time of image
acquisition to ensure adequate coverage
of the area of interest. The entire MR
protocol took approximately 30-45 min-
utes to complete.

To mark the bowel lumen with low-
signal-intensity material, an oral con-
trast agent preparation consisting of a
combination of 450 mL of ferumoxsil
(Gastromark; Mallinckrodt Medical, St
Louis, Mo) and 300 mL of a 2% barium

sulfate  suspension  (Readi-Cat 2;
E-Z-Em Canada, Westbury, NY) was
administered 1.0-1.5 hours before MR
imaging. To visualize the oral contrast
agent in the cecum, the monitoring radiol-
ogist performed delayed repeat imaging
in three patients. In one patient, rectal air
was instilled to distend the cecum in an
attempt to fill the appendix. Intravenous
contrast material was not administered.

MR Image Interpretation

The initial MR image interpretations
were performed by any of five MR fel-
lowship-trained attending radiologists
(including I.P. and N.M.R.), who had
1-25 years experience interpreting ab-
dominal MR images. In general, the ap-
pendix was considered normal when its
diameter was equal to or less than 6 mm
and/or it was filled with oral contrast
material and/or air. The appendix was
considered normal in the absence of in-
traluminal fluid and in the presence of a
blooming effect throughout its length,
which was caused by magnetic suscepti-
bility on T2*-weighted images and rep-
resenting air and/or oral contrast mate-
rial (21,23). Variations in the size and
appearance of the normal appendix are
not uncommon (24), and appendicitis
can manifest in normal-sized appendi-
ces (23). Thus, the radiologist rendered
a diagnosis on the basis of the described
guidelines and a subjective interpreta-
tion of the MR imaging findings.

A dilated appendix (>7 mm in diame-
ter) with high-signal-intensity fluid seen fill-
ing its lumen on T2-weighted MR images
was considered positive for appendicitis.
Periappendiceal fat stranding, seen as thin
linear collections of high-signal-intensity
fluid within the periappendiceal fat on sin-
gle-shot fast spin-echo MR images was con-
sidered to be indicative of AA. A 6-7-mm-
diameter appendix without evidence of oral
contrast material or air in its lumen was
considered an indeterminate finding; in
such cases, the presence or absence of an-
cillary findings—for example, periappen-
diceal fat stranding and/or abscess—was
used to render a diagnosis.

MR Data Recording

The initial diagnosis used to plan patient
care was prospectively recorded as pos-

itive, negative, or inconclusive for ap-
pendicitis. Early in the series, inconclu-
sive diagnoses were rendered in those
patients in whom the appendix was not
visualized and in those in whom inflam-
matory changes were absent. Later in
the series, as radiologic experience in-
creased, this constellation of findings
was interpreted as negative for appen-
dicitis (26,27). The number of pregnant
patients in whom the appendix was vi-
sualized on MR images was tabulated.
MR-based diagnoses of alternative sur-
gery-requiring abnormalities were also
recorded.

Data Collection

The demographic, physical examina-
tion, and laboratory data obtained at
presentation (ie, location of abdominal
pain, white blood cell count, percentage
of polymorphonuclear leukocytes, and
body temperature) (Tables 1, 2); the
initial interpretations of the MR find-
ings; and the surgical, pathologic, and
clinical follow-up findings were collected
by two authors (M.L., I.P.).

The reference standards for the fi-
nal diagnosis of AA in 14 patients were
surgical and pathologic findings in 13
cases and confirmatory CT results in
one case—that of a patient with tip ap-
pendicitis that improved after antibiotic
therapy. The reference standards for
the final diagnosis in 120 of the 134
patients without appendicitis were clin-
ical follow-up findings in 112 cases and
surgical and/or pathologic findings in
eight. The median clinical follow-up pe-
riod for the 112 patients who did not
undergo surgery was 7 days (range, 2
days to 15 months). The medical
records of all of these patients were re-
viewed to obtain follow-up information
on additional visits, possible readmis-
sion for similar signs and symptoms,
and/or surgery performed outside our
institution. Fourteen patients were dis-
charged within the first 24 hours after
admission owing to improved symp-
toms, and no further follow-up data
were available.

Pathologic Analysis

A single gastrointestinal pathologist
(J.D.G.) who had 6 years experience in
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gastrointestinal pathology and was un-
aware of the MR findings retrospec-
tively reviewed all of the pathologic
data and assigned each appendix spec-
imen to one of the following catego-
ries: (a) normal, (b) AA limited to the
wall of the appendix, (¢) AA with peri-
appendicitis, (d) severe transmural AA
with periappendicitis, (e) gangrenous
AA, or (f) AA with abscess formation.
The presence of gangrenous AA and/or
AA with abscess formation was consid-
ered positive for appendiceal perfora-
tion.

Statistical Analyses

We assessed the patient demographic
and clinical data, including maternal
age, gestational age, white blood cell
count, percentage of polymorphonu-
clear leukocytes, and body tempera-
ture, by computing the mean values
(with standard deviations) for the pa-
tients with and those without appendici-
tis and comparing these values between
the two patient groups at Student t test-
ing. The test performance characteris-
tics (ie, sensitivity, specificity, and posi-
tive and negative predictive values) of
US and MR imaging in the diagnosis of
AA were calculated. The rates of visual-
ization of the normal appendix at US
and MR imaging in the patients without
AA were compared by using the Fisher
exact test. Statistical analyses were per-
formed by using Statistical Analysis Sys-
tem, version 9.1.3, software (SAS Insti-

tute, Cary, NC). P < .03 was considered
to indicate a significant difference.

Of the 148 pregnant patients who were
clinically suspected of having AA and
underwent abdominal MR imaging dur-
ing the study period, 14 had AA and 134
did not. The demographic and labora-
tory data for both the patients with and
those without AA are presented in Ta-
ble 1.

Differences in mean values for ma-
ternal age, gestational age, body tem-
perature, and white blood cell count be-
tween the patients with and those with-
out AA were not significant (P > .05)
(Table 1). The mean percentage of poly-
morphonuclear leukocytes in the pa-
tients with AA (83.8%) was significantly
higher than that in the patients without
AA (78.3%) (P = .002).

The right lower quadrant was the
most common location of the abdominal
pain (in 65 [44%] patients) (Table 2).
The classic manifestation of periumbili-
cal pain that later radiated to the right
lower quadrant was associated with AA
in only four (40%) of the 10 patients
who presented with this symptom.

Values of the diagnostic perfor-
mance of US and MR imaging are shown
in Table 3. One hundred forty patients
underwent US before undergoing MR
imaging. US findings were positive for
AA in five (36%) of the 14 patients with

Table 1

Patient Demographic and Laboratory Results

All Patients Patients with AA Patients without AA
Characteristic (n = 148)* (n=14)* (n=134)* P Value
Age (v) 29 £ 5.9 30.1 43 289+ 6 47
Gestational age (wk) 19.8 = 8.7 21.9 + 81 19.6 + 8.7 .34
WBC (10%/pL) 127 £ 4.4 146 = 4.2 125 + 4.4 .09
Percentage of PMLs* 789 + 9.9 83.8 + 49 78.3 +10.2 .0025
Body temperature (degrees)' 98.5 + 1.1 98.8 + 1.1 98.5 + 1.1 .33

*Mean = the standard deviation.

T White blood cell count (WBC) was taken in 144 of the 148 patients: all 14 patients with AA and 130 of the 134 patients

without AA.

* Percentage of polymorphonuclear leukocytes (PMLs) was determined in 136 of the 148 patients: all 14 patients with AA and

122 of the 134 patients without AA.
8 Difference between AA and no AA groups was significant.

I'Body temperature was measured in 146 of the 148 patients: all 14 patients with AA and 132 of the 134 patients without AA.

proved AA. In seven (50%) of the 14
patients with AA, the US findings were
interpreted as normal. In the remaining
two patients, the appendix was seen on
the US images but deemed to be incon-
clusive for the diagnosis of AA. Indeter-
minate US findings were recorded as
false-negative.

Four (3%) patients underwent ab-
dominopelvic CT at admission to assist
in the evaluation for AA. One patient,
who underwent MR imaging 2 hours af-
ter CT owing to persistent pain, had
false-negative CT findings. A diagnosis
of AA was made on the basis of the MR
results and was subsequently confirmed
at surgery and pathologic analysis. CT
findings confirmed the tip AA initially
seen at MR imaging in one patient, who
subsequently showed clinical improve-
ment following antibiotic therapy. MR
findings were positive for AA in one pa-
tient with atypical abdominal pain; this
diagnosis was confirmed at CT and
pathologic analysis. The fourth pa-
tient, who did not have AA, under-
went CT after MR imaging yielded
negative results, and the results were
negative for AA.

The MR images of all 14 patients
proved to have AA were interpreted as
positive for the disease (Fig 1). Among
nine patients without appendicitis, the
MR findings were interpreted as posi-
tive for AA in two and as inconclusive in
seven patients. These nine (6%) pa-
tients were recorded as having false-
positive MR findings. The inconclusive

Table 2

Locations of Abdominal Pain

AA No AA

Location of Pain (n=14) (n=134)

Right lower quadrant 6 59

Periumbilical, radiating
to right lower
quadrant

Right side

Right upper quadrant

Pelvic

Diffuse

Left lower quadrant

Epigastric

28

o O O o NN B
—
N W © o ©

Note.—Data are numbers of patients.
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Table 3

Diagnostic Accuracy of US and MR Imaging

Patients Patients
with AA without AA
Findings (n=14* (n=134)* Sensitivity'  Specificity! PPV’ NPV
us 36 (5/14) 99 (125/126) 83 (5/6) 93 (126/135)
Positive for AA 5 1
Negative for AA 9 125
MR 100 (14/14) 93 (125/134) 61 (14/23) 100 (125/125)
Positive for AA 14 9
Negative forAA 0 125

Note.—US was performed in 140 patients, and MR imaging was performed in all 148 patients. NPV = negative predictive

value, PPV = positive predictive value.
* Data are numbers of patients.

T Data are percentages. The numbers used to calculate the percentages are in parentheses.

cases consisted of four cases of a bor-
derline enlarged (ie, 6-7-mm) appen-
dix, two cases of a normal-sized (ie, <6
mm) fluid-filled appendix (none with
periappendiceal inflammation), and one
case of an appendix that could not be
visualized. One patient with positive MR
results and five with indeterminate MR
findings (Fig 2) were treated conserva-
tively because their symptoms im-
proved shortly after they underwent
MR imaging.

There were no false-negative MR
findings, although a radiology attending
physician initially interpreted the MR
findings in one patient with AA as nega-
tive. When the MR images were addition-
ally reviewed by a more experienced at-
tending physician because of persistent
symptoms, a positive diagnosis was ren-
dered 10 hours after the initial review and
prompted the surgical exploration. Perfo-
rated AA was confirmed at surgery and
pathologic analysis.

An appendix was seen at US in nine
(6%) of 140 patients: seven with and
two without AA (one erroneously
deemed to have AA). An appendix was
seen at MR imaging in 130 (88%) of 148
patients: 14 with and 116 without AA.
Overall, the rate of visualization of a
normal appendix in patients without AA
at MR imaging (87% [116 of 134 pa-
tients|) was significantly higher than
that at US (<2% [two of 126 patients])
(P <.0001) (Fig 3).

Twenty-eight (19%) of the 148 pa-
tients underwent surgery. In one pa-

tient, a prolapsed ureterocele was seen
at US and MR imaging and was subse-
quently excised at cystoscopy. Twenty-
seven patients underwent exploratory
laparotomy (n = 13) or laparoscopy
(n = 14) (Table 4), and AA was con-
firmed in 13 (48%) of them. In four
patients, the MR findings were reported
as suspicious for ovarian torsion, which
was confirmed at surgery in all of these
patients. In one patient, the MR findings
were consistent with ectopic pregnancy,
which was confirmed at laparoscopy.
MR imaging failed to depict the appen-
dix in one patient with appendiceal en-
dometriosis (without appendicitis) at
pathologic analysis.

Overall, eight of 27 patients under-
went surgical exploration that yielded
negative results, yielding an NLR of
30%. The MR findings were reported as
positive for AA in one of these patients
and as indeterminate in two (one pa-
tient with a borderline enlarged appen-
dix and one with a nonvisualized appen-
dix and no inflammatory changes). In
the remaining five patients, the results
of surgical exploration, performed de-
spite negative MR findings because of
continued clinical suspicion, were neg-
ative. The MR report for three of
these patients indicated a normal ap-
pendix.

Pathologic evaluation revealed un-
complicated AA in seven patients, AA
with periappendicitis in three patients,
gangrenous AA in two patients, and AA
with abscess formation in one patient.

Figure 1

Figure 1: (@) Coronal and (b) fat-saturated
axial MR images (T2-weighted single-shot fast
spin-echo sequence, 1100/60, 130° flip angle,
40-cm [coronal] or 35-cm [axial] field of view) in
28-year-old woman at 32 weeks gestation who
presented with right upper quadrant pain and fever
show enlarged fluid-filled appendix (arrow) con-
sistent with AA, which was confirmed at surgery
and pathologic analysis. Note the superior dis-
placement of the appendix, which is immediately
lateral to the lower pole of the right kidney. Find-
ings onright lower quadrant US image acquired
before MR imaging were normal.

Thus, with inclusion of the patient with
tip appendicitis who was treated with
antibiotics, the PR was 21% (three of 14
patients).

If the decision to avoid exploratory
laparotomy had been based on negative
MR findings (ie, normal appendix seen
or appendix not visualized, with no in-
flammatory changes), then the NLR
would have been 7% (two of 27 pa-
tients), while the PR would have re-
mained 21%.
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For all patients suspected of having AA,
the uncertainties in making a correct
diagnosis must be balanced with the im-
perative for early treatment to minimize
morbidity and mortality. This balance
has necessitated a tolerance for surger-
ies that yield negative results (6,8). The
circumstances of pregnant patients in
this clinical scenario are further compli-

Figure 2

b.

Figure 2:  (a) Axial and (b) sagittal T2-weighted
single-shot fast spin-echo MR images (1100/60,
130° flip angle, 35-cm [axial] or 40-cm [sagittal]
field of view) in 36-year-old woman at 19 weeks
gestation with right lower quadrant pain show an
abnormal thick-walled and enlarged (10-mm)
distal appendix (arrow) without periappendiceal
inflammation. (b) More proximally, the appendix
is fluid filled and thick walled, but the periappen-
diceal fat is normal. These findings were inter-
preted as inconclusive for AA. Patient’s symptoms
improved shortly after the MR examination, with-
out surgical intervention.

cated by physiologic and pathologic con-
siderations that reduce the specificity of
the presenting signs and symptoms
(1,28). For example, we noted the clas-
sic pain symptoms in 10 patients, only
four of whom were found to have ap-
pendicitis. Despite the significant differ-
ence in the percentage of polymorpho-
nuclear leukocytes observed between
patients with and those without AA, the
substantial elevation and overlap of val-
ues in the two groups remain problem-
atic (2,5). Furthermore, the welfare of

Figure 3

b.

Figure 3:  (a) Axial and (b) sagittal T2-weighted
single-shot fast spin-echo MR images (1100/60,
130° flip angle, 35-cm [axial] or 40-cm [sagittal]
field of view) in 34-year-old woman at 18 weeks
gestation with nausea, vomiting, and right lower
quadrant pain show normal-sized (5-mm) retroce-
cal appendix (arrow). Prior US findings were nor-
mal, although the appendix was not visualized.
Patient’s symptoms improved with conservative
treatment. C = cecum.

the fetus—particularly in terms of the in-
creased mortality associated with mater-
nal appendiceal perforation—represents
a vital concern (5,28). Together, these
complicating factors have resulted in ac-
cepted NLRs and PRs as high as 25%-
50% (2,5) and 22%-57% (8,12,28,29),
respectively, in this patient population.

The NLR of 30% that we achieved
by using MR imaging in pregnant pa-
tients was higher than the NLR of 8.3%
achieved by Balthazar et al (8) by using
CT in nonpregnant patients of child-
bearing age. It is important to point out
that if the decision not to perform surgi-
cal exploration had been based on nega-
tive MR findings, then our adjusted NLR
would have been 7%, which is almost
equivalent to the NLR reported by Bal-
thazar et al. This NLR is also close to
that achieved by Tracey and Fletcher
(5%) (12). However, our PR of 21% is
quite favorable compared with the PR of
55% reported by Tracey and Fletcher
and close to the PR of 19% reported by
Balthazar et al (8).

In addition to facilitating an accu-
rate diagnosis of appendicitis in the gen-
eral population (8,10,30), CT can assist
in the diagnosis of appendicitis in pa-
tients of childbearing age (8,31) and
pregnant patients (11,18). However, a
foremost concern for the pregnant pa-
tient is the radiation exposure to the
mother and the fetus, with the associ-
ated small but pertinent risk of malig-
nancy (32,33). The radiation dose to the
fetus from a routine abdominopelvic CT
examination is approximately 25 mGy
(34). Although the risk from radiation
doses of less than 50 mGy (5 rads) has
been reported to be negligible (34,35),
the increase over background incidence
for organ malformation and develop-
ment of childhood cancer associated
with doses of 100 mGy or higher is 1%
(34). The radiation-exposed fetus has
substantial time for radiation-induced
cancer to develop (32). Thus, it seems
prudent to provide alternative imaging
strategies for pregnant patients sus-
pected of having AA.

US has had variable results in the
diagnosis of AA in pregnant patients
(12,13,19,36), which are probably re-
flective of the operator-dependent na-
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ture of this procedure. Furthermore,
the negative predictive value of a nonvi-
sualized appendix at US is, at best, 90%
(13,37). Further limitations to the nega-
tive predictive value of US are related to
the restricted capability of this examina-
tion to depict the normal appendix
(11,22,38), even when it is performed
by expert sonographers (19). This limits
the clinically relevant negative predic-
tive value. A negative US image inter-
pretation is based predominantly on the
absence of findings positive for appendi-
citis rather than on the identification of
a normal appendix. This can leave the
surgeon with an ambiguous result on
which to base treatment decisions.

In our study, a normal appendix was
seen at US in fewer than 2% of the
patients without AA; in contrast, the
rate of visualization of the normal ap-
pendix at MR imaging in this group was
87%. These rates are similar to previ-
ously reported rates of visualization of
the normal appendix with US (14-16)
and MR imaging (39) and extend the
reported experiences with our initial co-
hort of 51 patients (21). The improved
visualization of the normal appendix
with MR imaging is a major attribute
that assists in clinical decision making.

The visualization of a normal appen-
dix on MR images virtually excludes the
diagnosis of appendicitis. In our series,
three of the eight negative-result lapa-
rotomies were performed in patients in
whom a normal appendix was identified
at MR imaging. We expect further de-
creases in the NLR as surgeons and ob-
stetricians become more aware of the
negative predictive value of a normal
appendix visualized at MR imaging and
gain confidence in the diagnostic useful-
ness of this finding.

The administration of oral contrast
material facilitates identification of the
normal appendix and reduces the num-
ber of false-positive CT image interpre-
tations (40). The time required for CT
imaging, however, has been critiqued as
a potential cause of delayed diagnoses
and increased complications (41,42).
However, despite the lengthened stay in
the emergency department with use of
oral and intravenous contrast material—
enhanced CT, Riesenman et al reported

Table 4

Findings at Surgical Abdominal Exploration in 27 Patients

Patient Surgery
No. US Finding(s) MR Finding(s) Performed Surgical Finding(s)
1 Not performed Right ovarian enlargement  Laparotomy Right ovarian torsion
2 A AA Laparotomy AA with abscess
8 Normal Normal appendix Laparoscopy ~ Negative
4 Normal AA Laparoscopy ~ AA
5 AA AA Laparoscopy  AA with periappendicitis
6 Normal Ectopic pregnancy Laparoscopy Ectopic pregnancy
7 Normal Inconclusive, appendix not Laparotomy Negative
seen
8 Normal Bilateral ovarian Laparotomy Right ovarian torsion
enlargement
(hyperstimulation) with
asymmetric right
ovarian edema
9 Normal AA Laparotomy AA
10 Normal Right ovarian enlargement Laparoscopy ~ Right ovarian torsion
and edema converted to
laparotomy
11 AA AA Laparotomy AA
12 Normal AA Laparoscopy ~ AA
13 Normal AA Laparotomy AA
14 AA AA Laparoscopy ~ AA
15 Normal AA Laparoscopy ~ Negative
16 Right ovarian Right ovarian enlargement Laparoscopy ~ Ovarian torsion
enlargement and edema
17 Normal Inconclusive, appendix Laparoscopy Negative
borderline enlarged
18 Normal AA Laparoscopy  AA with periappendicitis
19 Normal Normal appendix Laparotomy Negative
20 Indeterminate, possible Laparoscopy Gangrenous AA

AA
abnormal appendix

21 Indeterminate, possible AA
abnormal appendix

AA

AA

Laparoscopy ~ AA

22" Normal Laparotomy Gangrenous AA

23 AA Laparotomy AA with periappendicitis
24 Normal Normal, appendix not seen Laparotomy Negative

25 Normal Normal appendix Laparoscopy Negative

26 Normal Normal, appendix not seen Laparoscopy Negative

27 Normal Normal, appendix not seen Laparotomy Appendiceal endometriosis

* At initial presentation, patient was at 27 weeks gestation and had right lower quadrant phlegmon. Patient was treated with
antibiotics, and laparotomy for appendectomy and cesarean section was performed at 32 weeks gestation.

T Initial MR image interpretation was normal. The MR findings were reviewed again 10 hours later owing to persistent
abdominal pain and were interpreted as AA, which prompted surgical exploration.

no adverse effect on PRs in nonpregnant
patients suspected of having AA (43).
Similarly, the PR that we reported with
use of an oral MR contrast agent should
mitigate such concern.

MR imaging without oral contrast
material enhancement has been used
successfully to evaluate AA in preg-
nancy (19,20,44-46). In a recent study

in which the normal appendix was visu-
alized at MR imaging without oral con-
trast material enhancement in 52% of
cases, the potential benefits of using this
procedure were recognized (46).

Early in our series, the nonvisual-
ized appendix without inflammatory
changes in one patient was considered
inconclusive. This patient underwent
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laparotomy, which yielded negative re-
sults. Owing to increasing experience,
our strategy has been modified such
that we no longer interpret such cases
as inconclusive; this is similar to the
approach used with CT results (26,27).
Given the relatively small numbers of
laparotomies that yielded negative re-
sults in our series, had this one case
been handled with use of our current
approach, the NLR would have been re-
duced by 4%.

Patient tolerance of the MR imaging
environment represents an additional
concern in terms of successful imple-
mentation. Reflective of the feasibility of
MR imaging in the emergency setting,
only one patient in our series refused to
complete the MR protocol. MR imaging
involves the use of a static magnetic
field, pulsed radiofrequency fields, and
time-varying gradient electromagnetic
fields to generate images. During the 20
years of experience gained in using MR
imaging to evaluate maternal and fetal
disorders, there have been, to our
knowledge, no reported incidents of
harmful effects to the fetus (47,48). Per-
tinent to our study is the potential for
heating effects induced by single-shot
fast spin-echo MR imaging. However,
the amniotic fluid temperatures in preg-
nant pigs did not change significantly
when the animals were examined with a
single-shot fast spin-echo MR imaging
protocol similar to ours (49).

Our study had several limitations,
including the small number of patients
with AA. In addition, the 24-hour,
7-day-a-week availability of the MR sys-
tem at our facility is not uniform across
centers. Such availability is essential for
the clinical implementation of MR imag-
ing in the setting of appendicitis. We
also recognize the potential for bias that
is inherent to any retrospective study.
Some US images were acquired and in-
terpreted after hours by residents on
call, while all of the MR images were
interpreted by attending radiologists;
this difference may have led to more
favorable MR results. It is also conceiv-
able that some of the 14 patients with
negative MR findings and limited clinical
follow-up data may have been admitted
to other institutions after they were dis-

charged from our hospital. We did not
contact patients by phone to inquire
about subsequent admissions. The clini-
cal symptoms of all 14 patients had im-
proved or resolved before they were
discharged.

In conclusion, when examining
pregnant patients for clinically sus-
pected AA, the use of MR imaging yields
favorable combinations of the NLR and
the PR compared with values previously
reported in the literature. With use of
MR imaging, the radiation exposure as-
sociated with CT examinations can be
minimized and in many cases avoided.
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