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ARTICLE INFO ABSTRACT

Pediatric post-operative abdominal pain can present a unique diagnostic challenge. The case
presented here describes a 9-year-old female who presented with fever and worsening ab-
dominal pain 4 days after laparoscopic resection of a benign ovarian teratoma. Computed
tomography failed to provide adequate diagnostic imaging. Ultrasound was subsequently
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used to rule-out a major post-operative complication and ultimately led to a successful non-
operative approach while avoiding repeat radiation exposure. Thin body habitus, increased

Keywords: radiosensitivity of pediatric organs, and increased lifetime risk of cancer complicate the
Ultrasound use of computed tomography in the pediatric population. Ultrasound, when correlated to
Ultrasonography clinical findings, has unique advantages over CT such as detailed delineation of soft tissue
Pediatrics structures and dynamic assessment of anatomy that make it advantageous in the pediatric
Surgery post-operative setting.
Computed tomography © 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
Radiation This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
- in the pediatric population in acute care settings for time-
Introduction

sensitive imaging of the pediatric abdomen when evaluat-
ing pyloric stenosis, intussusception and appendicitis [1,2]. Ul-

The role of ultrasound for post-operative pain evaluation in trasound has also been successfully used in the evaluation

the pediatric population may be of particular benefit when
evaluating whether further operative management or cross-
sectional imaging is warranted. Ultrasound is often used
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of pediatric blunt trauma to identify intra-abdominal hem-
orrhage [3]. Focused assessment with sonography in trauma
(FAST) exams enables providers to use bedside ultrasound to
identify pathology that could warrant surgical intervention
[4]. Ultrasound has a strong positive likelihood ratio (14.5) for
identifying pediatric hemoperitoneum, and in the hemody-
namically stable child, a positive ultrasound warrants imag-
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ing of the abdomen with computed tomography (CT) [3]. The
use of ultrasound prior to CT is of particular value in pedi-
atric patients in order to minimize radiation exposure. Fre-
quency of CT use in children is increasing, however, imple-
mentation of CT regulations is delayed in the pediatric popu-
lation compared to adult guidelines [5,6]. This delay in regu-
lation disproportionately affects children from non-pediatric
referring institutions, which have been associated with pro-
ducing scans of lower technical quality while utilizing higher
doses of radiation [7,8]. Furthermore, pediatric patients have
increased radiosensitivity of certain tissues such as the thy-
roid, gonads, and breast tissue [9]. Postnatal CT exposure has
been associated with increased lifetime risk of leukemia and
brain cancer [10,11]. Children inherently have a longer lifespan
for accumulating imaging studies with ionizing radiation and
radiation-related cancer to occur and there is often a lack of
physical, size-based adjustments in technique and radiation
dosing [9,12].

Ultrasound findings in correlation with clinical findings
may steer surgical intervention without the need for CT imag-
ing in certain settings. One example is the use of US as the
primary imaging modality for the pediatric female pelvis,
whereby US can differentiate hemorrhage and complex free
fluid from decompressed bowel loops due to lack of peristal-
sis [13]. While ultrasound has been predominantly used in the
initial evaluation of abdominal and pelvic pain in pediatric pa-
tients, its role in the post-operative evaluation of pediatric sur-
gical patients is incompletely described and may aid in diag-
nostic accuracy.

Case report

A 9-year-old female underwent a laparoscopic right ovarian
cystectomy for a benign mature teratoma. On post-operative
day 4 she developed intermittent fevers (max 102.8°F) and
transient abdominal and shoulder pain. She was seen in pe-
diatric surgery clinic on post-operative day 4 and was found
to have small-volume pneumoperitoneum on her plain films
that was deemed within normal limits following a laparo-
scopic procedure. Her abdominal exam was relatively benign,
and the decision was made to proceed with watchful waiting
at home with close follow-up. On post-operative day 5, the pa-
tient reported persistent shoulder and abdominal pain, a tem-
perature of 100.9°F overnight, and loose green stools. She was
admitted for observation and underwent a CT abdomen/pelvis
with oral and intravenous contrast that showed an obscured
lower pelvic mass without extravasation of either oral or intra-
venous contrast (Figs. 1 and 2). However, the study sensitivity
was poor secondary to the patient’s thin body habitus, mak-
ing detailed delineation of pelvic structures unclear. She had
a negative stool panel work-up and a normocytic anemia of
10.1 g/dL (pre-op 11.3 g/dL). On post-operative day 6 (hospital
day 2), the patient experienced acute worsening of abdomi-
nal pain with rebound tenderness. Abdominal and transab-
dominal pelvic ultrasound were performed in lieu of repeat CT
imaging or immediate laparoscopy. This showed complex free
fluid in the hepatorenal space (Figs. 3 and 4). There was also a
focal hematoma in the lower pelvis measuring 7.5x6.6 x4.3 cm

Fig. 1 - Axial view - CT abdomen/pelvis with IV and PO
contrast demonstrating small-volume pneumoperitoneum
(red arrow) and complex free fluid in the hepatorenal space
(yellow arrow).

APPLIED
L .

Fig. 2 - Coronal view - CT abdomen/pelvis with IV and PO
contrast demonstrating complex hyperdense mass external
to bowel located within the pelvis (yellow arrow).

that demonstrated an absence of internal Doppler flow, sug-
gesting a hematoma with low likelihood of active bleed (Figs. 5
and 6). She was discharged home on hospital day 2 to close
follow-up without further post-operative issues.

Discussion

In this case presentation, ultrasound was successfully utilized
to elucidate abdominal and pelvic findings after an initial CT
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Fig. 3 - Right upper quadrant transabdominal ultrasound
demonstrating complex free fluid in the hepatorenal space
1.9-cm wide suggesting hemoperitoneum.

Fig. 4 - Right upper quadrant sagittal ultrasound
demonstrating hemoperitoneum along the inferior hepatic
margin.

scan failed to provide a definitive diagnosis. This illustrates
a potential role for ultrasound in the triage of post-operative
pediatric patients when determining if operative manage-
mentis required while minimizing further radiation exposure.
There has been a recent movement to preferentially employ
contrast-enhanced ultrasound to identify intraabdominal or-
gan injury and inform further surgical management due to
its comparable diagnostic accuracy to contrast-enhanced CT
in the pediatric population [14,15]. Ultrasound can potentially
produce a more detailed image compared to CT regarding in-
ternal composition of a finding, associated vascularity, and
relationship with adjacent structures. With the patient de-
scribed in this case, the team attributed her post-operative
symptoms to peritoneal irritation by the space-occupying
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Fig. 5 - Right lower quadrant sagittal ultrasound
demonstrating heterogeneous mass external to bowel
measuring 7.5 x 6.6 x 4.3 cm consistent with focal
hematoma.

Fig. 6 - Right lower quadrant sagittal ultrasound
demonstrating an absence of internal Doppler flow
suggesting hematoma without active bleed.

hematoma that was identified on ultrasound. A non-operative
management strategy was utilized and was successful.

The concept of using ultrasound in the post-operative pe-
riod has already been established in the adult population.
For example, ultrasound is used in the soft tissue evalua-
tion of post-hip arthroplasty pain in the setting of normal
radiography [16]. Ultrasound can detect hip effusions, bur-
sitis, tendinitis, infections, and thromboses with adequate
sensitivity in this post-operative setting [17]. Additionally,
in vascular surgery, duplex ultrasound demonstrates safe
and effective post-operative evaluation of endoleaks when
compared to concurrent computed tomography angiography
(PPV 0.88; NPV 0.94) [18]. While these post-operative applica-
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tions of ultrasound are distinct from the pediatric abdomen,
they nonetheless describe a clinical framework for the post-
operative use of ultrasound. When considering the increased
radiosensitivity of pediatric organs, anatomic interference en-
countered with CT, and comparable diagnostic accuracy, there
exists a need for risk-mitigating diagnostic modalities such as
ultrasound within the pediatric population.

An important consideration is that the clinical utility of
pediatric post-operative ultrasound relies on the skill of the
sonographer or physician as well as the appropriate correla-
tion of physical exam and laboratory findings. Furthermore,
ultrasound has limitations over CT, including limited assess-
ment for bowel injury, challenges associated with small field
of view, and potential for poor visualization of the anatomy in
patients with prominent bowel gas or large body habitus. The
financial cost of diagnostic ultrasound warrants mention, and
has been reported as 4-7 times less expensive than abdomi-
nal CT amongst uninsured patients when comparing national
minimum and maximum prices, respectively [19]. Despite the
limitations described above, ultrasound offers a safe diagnos-
tic modality that is more cost-effective and better suited for
pediatric anatomy.

Conclusion

Ultrasound is non-invasive, cost-effective, and can provide su-
perior imaging quality in a certain subset of cases of pediatric
post-operative pain. There exists a framework for the incorpo-
ration of ultrasound as a diagnostic tool in the post-operative
pediatric setting when the etiology of pain is unclear. Ultra-
sound has a unique position to aid the surgeon in determin-
ing whether additional radiation exposure is warranted, and
whether further surgical intervention should be pursued.

Patient consent

Written patient consent was obtained for the use of medical
imaging and case details for teaching publication purposes in
a deidentified manner.
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