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Abstract

Background: The purpose of this study is to evaluate the utility of magnetic resonance imaging in the assessment of
acute atraumatic abdominal pain as the first line cross sectional modality in children, so as to prevent excessive radia-
tion exposure from computed tomography scan and to review the magnetic resonance imaging features of common
acute abdominal and pelvic conditions.

Results: 30 patients (0-18 years) underwent rapid unenhanced magnetic resonance imaging. The results of our
study indicated that for the diagnosis of causes for acute abdominal pain, magnetic resonance imaging had sensitivity
of 92% (95% confidence interval 73.8-97.6%) and a specificity of 80% (95% confidence interval 28.4-99.5%). The posi-

Appendicitis

tive predictive value was 95.8% (95% confidence interval 79.9-99.3%) and negative predictive value was 67% (95%
confidence interval 33.1-89.0%) which had a highly significant statistical association (p <0.001).

Conclusion: Unenhanced magnetic resonance imaging is an excellent option for the initial, detailed evaluation of
acute abdominal emergencies in pediatric patients because it can diagnose the whole range of presenting abnor-
malities which include the causes of abdominal pain warranting surgical and nonsurgical management.
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Background

Acute abdominal pain is generally defined as pain of
non-traumatic origin with maximum duration of 5 days.
Acute atraumatic emergent abdominal pain is a chal-
lenging presentation in pediatric patients, having many
potential underlying causes [1]. The diagnosis and man-
agement of these patients is further complicated by varia-
ble patient cooperation [2]. Depending on the severity of
presentation and suspicion for complications, ultrasound
is currently recommended for initial assessment [3, 4],
although more advanced imaging may be considered
for definitive assessment. CT is a highly accurate and
effective cross-sectional imaging modality that is widely
accessible and not user dependent [5]. There is, however,
an increased awareness of the long-term risks of radiation
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exposure associated with medical imaging. The pediatric
population is at greater risk because they are inherently
more radio-sensitive and have a longer remaining life
expectancy during which a radiation-induced cancer may
develop. This concern has prompted a search for alterna-
tives to CT, despite its efficacy as a diagnostic imaging
tool, to minimize the risk of increasing radiation induced
cancers in pediatric patients [6]. MRI as a first-line imag-
ing protocol is being used in many clinical settings [7,
8]. A specialized MRI protocol is often used for these
patients, including MRCP for the evaluation of biliary
abnormalities, MR enterography for the setting of acute
flare-up of inflammatory bowel disease, and a pelvic pro-
tocol for suspected cases of ovarian torsion. Regarding
cross-sectional imaging performed in the setting of acute
atraumatic emergent abdominal pain, multiple prior
studies and meta-analysis comparing unenhanced MRI
versus CT for the detection of causes of acute abdominal
pain revealed similar excellent diagnostic performance,
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with MRI having the obvious advantage of not requiring
ionizing radiation [9, 10].

The study aimed at exploring the role of the magnetic
resonance imaging in acute abdominal pain in paediatric
age group and later comparing MRI findings with surgi-
cal/lab findings and evaluating sensitivity and specificity
of MRI in acute abdominal pain in pediatric age group.

Methods

A prospective, single-centred, observational study was
conducted on 30 patients of age group of 0-18 years
who presented to paediatric emergency department with
acute atraumatic abdominal pain between September
2019 to January 2021, after obtaining approval from the
institutional ethics committee/review board. All MRI
scans were done on 1.5 Tesla Philips Achieva dstream.
MRI findings were correlated with surgical/lab findings.
The rapid protocol was designed exclusively for these
emergency department patients, and none of the patients
included in this review were scheduled in advance for the
MRI examination. None of the patients was sedated for
the MRI examination. Free breathing was used to elimi-
nate the need to perform breath-holds. The pediatric care
coordinator or a parent was permitted to be in the MRI
scanner magnet room (zone IV) with the patient. No
contrast agent was given. The patients were then imaged
with T2 HASTE (Half Fourier Acquisition Single-shot
Turbo spin Echo) sequence in axial and coronal planes.
HASTE T2W sequence in sagital plane wherever it was
required. Sagittal T2-weighted sequences with and with-
out SPAIR (Spectral Attenuated Inversion Recovery) fat
suppression were acquired through the pelvis. Whenever
required single shot breathhold MRCP was also taken.
Axial DWI was performed, and apparent diffusion coef-
ficient maps were generated wherever required. To keep
the scan duration as short as possible for a large range
of patient sizes, the FOV was varied among patients.
TR values were varied among patients and kept short
to minimize motion and duration. Coronal acquisition
parameters were as follows: median TR/TE, 2516/70;
slice thickness 4 mm; FOV, 300-400 mm; and median
scan duration, 81 s. Axial acquisition parameters were as
follows: median TR/TE, 1721/110; slice thickness, 5 mm;
FOV, 300-400 mm; and median scan duration, 77 s. A
T2-weighted axial sequence without fat saturation was
also acquired with the following parameters: median
TR/TE, 1832/50-90; slice thickness, 5 mm; FOV, 300—
400 mm. The total scan duration for these sessions varied
according to patient size, from 2 min 29 s to 8 min 45 s.
The MRI diagnosis later compared with the correspond-
ing lab results and surgical results (in cases where surgery
was performed).
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Statistical analysis

A two-way contingency table approach was used to
determine the sensitivity and specificity of the diagno-
sis of causes of acute abdominal pain on MRI along with
negative and positive predictive values. Statistical assess-
ment was carried out using SPSS® 24.0 version (IBM®,
Armonk, New York, USA). A probability threshold of
0.05 was considered as significant.

Results

Out of 30 patients, 14 (46.7%) were girls, 16 (53.3%) were
boys, and their ages ranged from 0 to 18 years (with a
mean age of 12.7 years). Amongst the cases operated for
acute abdomen, there were 3 cases of appendicitis (10%),
3 cases of ovarian torsion (10%), 2 cases of Cholelithiasis
(6.7%), 2 cases of Intestinal obstruction (6.7%),1 case of
intussusception, 1 of case Testicular torsion (3%), 1 case
of Meckel’s diverticulum (3%) and 1 case of small gut
duplication cyst (3%).The cases those were on follow up
included acute 4 patients of pancreatitis (16%), 1 case of
urolithiasis (3%), 2 cases of haemorrhagic cyst (6%), 2
cases of Pelvi-ureteric obstruction (6.7%), 1 case of tubo-
ovarian abscess (3%), 1 patient of hematometra (3%) and
5 patients had no significant findings on MRI and con-
sidered to be normal (16%). One patient had MRI finding
of thickening of ileocecal junction, but on follow up, all
the investigations came out to be normal. So MRI false
positively detected the features of gastrointestinal tuber-
culosis. One case which came out to be false negative was
meckel’s diverticulum, which was not picked on MRI, but
was found on surgery as meckel’s diverticulum.

These results indicated that MRI had sensitivity of 92%
(95% CI 73.8-97.6%) and a specificity of 80% (95% CI
28.4-99.5%). For the MRI diagnosis of causes for acute
abdominal pain, the negative predictive value was 67%
(95% CI 33.1-89.0%) and the positive predictive value
was 95.8% (95% CI 79.9-99.3%) with p value less than
0.001.

Discussion

Acute abdominal pain is defined as pain in or over the
abdominal cavity experienced for anything between few
hours and a few weeks [4]. The time interval is necessar-
ily blurred but majority of patients present between six
and eight hours after developing pain. Although ultra-
sound remains the primary modality for the diagnosis of
causes of acute abdominal pain in paediatric patients, it
has potential drawbacks including operator dependence,
poor image quality in obese children, which is becoming
a significant problem [11, 12]. Given that there may be
cases in which ultrasound is nondiagnostic or difficult to
perform, the development of an alternative approach to
CT, the usual next imaging choice, is warranted because
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of the growing awareness of the negative effects of radia-
tion exposure associated with medical imaging in paedi-
atric patients. The IR(IMER) regulations of 2000 declare
that the justifying practitioner must assess the risks and
benefits of other techniques involving less exposure [13].
It is therefore the obligation for radiologists to consider
MR as an alternative to CT in cases of acute abdominal
pain, particularly in paediatric patients. Our study inves-
tigated the feasibility of rapid unenhanced abdominal
and pelvic MRI in the evaluation of children with acute
abdominal pain and compared these findings with surgi-
cal/lab findings and evaluated sensitivity and specificity
of MRI in acute abdominal pain in paediatric age group.
Acute appendicitis is the most common cause of acute
abdominal pain and the most common surgical condition
encountered in paediatric age group. In our study, appen-
dicitis was identified in all the 3 children who presented
with pain in right iliac fossa and showed rebound tender-
ness. Appendicitis was seen as an enlarged appendix with
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appendiceal diameter greater than 7 mm with a thickened
and oedematous wall (Fig. 1) with adjacent inflammatory
changes which were best seen on T2-weighted images
with fat suppression. MRI offers superior contrast reso-
lution relative to any other available diagnostic modal-
ity. As a result detection of even small amounts of fluid
and mild inflammation is possible even without the use
of intravenous contrast material. Periappendiceal inflam-
mation is a hallmark of acute appendicitis and is readily
detectable on the T2-weighted fluid sensitive sequences
as high signal in the soft tissues adjacent to the appendix.
In one of the children who presented with acute pain in
right iliac region, there were features suggesting appen-
dicular perforation. Axial SS-TSE image demonstrated a
focal walled off fluid collection with adjacent inflamma-
tory changes (Fig. 2). Cross-sectional imaging has the
benefit of detecting the appendix in cases when abnor-
mally positioned, such as in the left abdomen in a patient
with malrotation or pelvic positioning of appendix. This

Fig. 1 T2 FS sagital MR image at different levels (A—C) showing enlarged appendix with appendiceal diameter greater than 7 mm with a thickened
and oedematous wall (arrows). Periappendiceal inflammation can be seen in the images
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Fig. 2 T2 weighted MR image showing hyperintense collection in
right iliac region-appendicular perforation

is in accordance with the results of Johnson et al. [14]
who proved that Ultrafast 3-T MRI is a feasible alterna-
tive imaging modality for the diagnosis of acute appen-
dicitis in children, in cases where ultrasound is equivocal
or nondiagnostic. The normal appendix on MRI is vis-
ible as a blind-ending tubular structure arising from the
cecum. The normal appendix may be filled with air (low
T2 signal in an nondependent position) or fluid. Inherent
non-visualization of the appendix due to adjacent bowel
or lack of intraperitoneal fat implies that the appendix is
not inflamed or enlarged. Essentially, an inflamed appen-
dix will almost certainly be visible on MRI.
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6 patients presented with pain in inguinal region which
was acute in onset. Ovarian torsion was identified in 3 of
them. Ovarian torsion results from twisting of the ovary
and its vascular pedicle on its ligamentous support, and
it can result in ischemia or infarction with permanent
adverse effects on fertility. Early diagnosis and surgical
intervention are critical in salvaging ovarian function.
However, the clinical findings in children may be non-
specific, mimicking more common intestinal or urologic
abnormalities, and CT or MRI is used as the initial imag-
ing study [15, 16]. In addition, MRI may be requested as
a next step in cases where there is incomplete charac-
terization of the ovaries on ultrasound, CT, or both. In
our study three MRI findings of ovarian torsion included
enlarged, edematous ovary, twisted pedicle, and ovar-
ian hemorrhage (Fig. 3). A torsed ovary showed central
edema and prominent peripheral cysts, which were best
seen on a T2-weighted sequence through the pelvis. Sin-
tim-Damoa et al. [16] conducted study in which it was
suggested that ovarian torsion findings are best seen on
T2 weighted images with fat suppression. In 2 of these
patients MRI findings suggested the features of hemor-
rhagic cyst which on follow up proved to be the same
(Fig. 4).

1 of these patient, who presented with acute inguinal
pain which was periodical showed the features of hemat-
ometra on MRI (Fig. 5) and 1 patient showed the features
of tubo-ovarian abscess (Fig. 6). The axial T2WI(A) in
this patient showed encapsulated hyperintense contents,

i “

edema (arrow), as well as peripherally located follicles

Fig. 3 Sagital (A) and axial (B) T2 weighted MR image shows an ovarian enlargement with a central afollicular region secondary to hemorrhage and
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Fig. 4 Sagital (A) and axial (B) T2 weighted MR image shows high signal intensity on T2WI with blood-fluid level (the hypointense sediment
indicates blood products), and hypointense wall

Fig. 5 T2 weighted sagital (A) and T1 weighted coronal (B) images showing uterine cavity filled with blood which appears hypointense on T2 and
hyperintense on T1 weighted image-suggesting hematometra

appearing hypointense on T1W images (B) and display- 2 boys presented with the acute onset pain in scro-
ing restricted diffusion on DW images (C) with low ADC  tal region and testicular torsion was suspected in those
values on ADC map(D). patients. 1 patient had MRI findings of testicular torsion.
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Fig. 6 Tubo-ovarian abscess. The axial T2WI (A) in this patient showed encapsulated hyperintense contents, appearing hypointense on T1W images
(B) and displaying restricted diffusion on DW images (C) with low ADC values on ADC map (D)

Testicular torsion requires emergency surgical treatment
because any delay in surgical intervention may result in
irreversible testicular damage due to impaired testicular
blood flow [17]. MRI findings in patient were low signal
intensities with spotty or streaky patterns in fat-sup-
pressed T2-weighted (Fig. 7). The testicular torsion was
proved after surgery.

1 patient after having acute abdominal pain was diag-
nosed with meckel’s diverticulum. He underwent MRL
No significant findings were suggested on MRI, but
proved to be meckel’s diverticulum after surgery on
histopathology.

Although uncommon in young children, acute chol-
ecystitis is another cause of abdominal pain that requires
surgical consultation. Acute cholecystitis is often caused
by an impacted gallstone at the gallbladder neck or within
the cystic duct. The MRI findings of acute cholecystitis
in present study included distended fluid-filled gallblad-
der with gallstones, gallbladder wall thickening, gallblad-
der wall edema, and pericholecystic fluid. Gallstones and
gallbladder wall thickening were best seen on fat sat T2.
Pericholecystic fluid and gall-bladder wall edema were
best seen on fat-suppressed single-shot T2-weighted
sequence. Loud et al. [18] described the similar findings
of acute cholecystitis on MRI in pediatric age group.
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Fig. 7 T2 weighted sagital (A) and coronal (B) images showing enlarged right testis with isointense signal and spotty pattern

MRI provides rapid, accurate identification of small-
bowel obstruction and assists in the determination of
cause without exposing the patient to radiation. MRI also
utilizes intraluminal air as a natural contrast agent and is
not limited by previous administration of barium. The
diagnosis of small-bowel obstruction on MRI is similar to
CT and involves identifying dilated loops of bowel proxi-
mal to the obstruction, a distinct transition point, and nor-
mal caliber or collapsed bowel distally (Fig. 8). Multiplanar

capabilities of MRI allow visualization of the cause of
small-bowel obstruction. Rapid scanning with MRI using
the HASTE sequence can, within seconds, evaluate small-
bowel obstruction with a high degree of accuracy [19].
Pancreatitis is a common pediatric presentation and its
prevalence is increasing. There is significant morbidity
associated with this condition. In adults, CT is considered
the most appropriate staging modality for acute pancreati-
tis with or without necrosis; however, MRI is increasingly

Fig. 8 Rapid haste T2 weighted coronal (A) and axial (B) images showing dilated loops of large bowel
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Fig.9 T2 weighted FS axial image showing enlarged pancreas with
diffuse hyperintesity along with moderate amount of peripancreatic
fluid (black arrows) associated with multiple calculi seen in visualised
gall bladder as hypointense foci which is the cause for pancreatitis in
this patient (white arrow)

preferred for the pediatric population [20]. The imaging
findings on MRI in our study were pancreatic enlargement
with loss of the usual lobular appearance of the pancreatic
margins resulting in a sausage like appearance and subtle
parenchymal signal changes of relative T2 hyperintensity
and T1 hypointensity with mild diffusion restriction sug-
gesting the diagnosis (Fig. 9). Jae-Yeon Hwang et al. [21]
described the imaging features in pediatric patients hav-
ing pancreatitis. They found that the signal intensity of
the inflamed pancreas is high on T2-weighted images,
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but remains normal or slightly low on T1lweighted fat-
suppressed images depending on the severity of pancreatic
inflammation.

Acute urinary tract obstruction caused by urolithiasis
is frequently seen in adults, although recent studies have
shown an increased prevalence even in the pediatric age
group. Most children present with acute flank pain that
may be accompanied by hematuria. Typical locations of
obstructive stones in the urinary tract include the ureter-
opelvic junction, the ureter at the level of the pelvic brim,
and the ureterovesical junction. Management of obstruc-
tive urolithiasis is based on clinical features, the size and
location of the stones, stone composition, and renal func-
tion. The obstructive stone itself often is not identified on
MRI because most stones are small and have low signal
on all sequences [21]. In our study, we were able to visu-
alise the exquisite details of ureteric dilation, periureteric
edema, dilated renal pelvis and calyces, renal edema, and
presence of perinephric edema due to high contrast reso-
lution with coronal and axial T2-weighted sequences.
Chung et al. [22] also described similar findings on MRI
in acute urinary tract conditions. Another condition
which can cause acute urinary obstruction is pelvi-ure-
teric junction obstruction (Fig. 10).

Fig. 10 Haste T2 weighted axial (A) and coronal (B) images showing pelviureteric obstruction with moderate hydronephrosis of left kidney not
associated with dilatation of ipsilateral ureter suggesting the pelviureteric obstruction
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Conclusion

Unenhanced MRI is an excellent option for the initial,
detailed evaluation of acute abdominal emergencies in
pediatric patients because it can diagnose the whole
range of presenting abnormalities which include the
causes of abdominal pain warranting surgical and non-
surgical management. MRI could serve an important
role as an alternative to CT when ultrasound findings are
equivocal and to lessen the exposure of pediatric patients
to ionizing radiation.

Limitation

Limitations of MR imaging included poorer spatial res-
olution compared with that of CT, increased sensitivity
to motion-related artifacts, and limited compatibility
with equipment used in intensive care and monitoring of
patients. The small sample size in our study is also one of
the limitation.
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