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Introduction

In children, midgut volvulus has a reported bowel necrosis
frequency of 9.3-17.6% and mortality of 5.6-15.3% [1-3].
The imaging exam typically used to diagnose midgut volvulus
is a fluoroscopic upper gastrointestinal (GI) series. This study
requires the physical presence of a radiologist [4], and for
studies performed at remote locations or after-hours (e.g., eve-
nings, weekends), either a radiologist needs to be called in
from home or the child transferred to a hospital where the
procedure is available. This process can lead to a delay in
diagnosis and, most important, it can delay emergent surgical
treatment and negatively impact patient outcomes.

Although upper GI series has a reported sensitivity of 93—
100% for midgut malrotation [2, 5-8], its sensitivity for mid-
gut volvulus is lower, ranging 54-89% [7—10]. The published
sensitivity and specificity of US for midgut volvulus are 83—
96% and 89-100%, respectively [11-14]. US has several oth-
er advantages compared to upper GI series. First, US can be
performed portably, bringing the imaging to the child when
the child is unable or too unstable to travel. Additionally,
while upper GI series requires the oral ingestion or enteric
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tube administration of contrast agent, no contrast agent is
needed for US, although administration of fluid might be an
aid to US for determining duodenal course [11, 13, 15, 16].
Furthermore, US is free of ionizing radiation in comparison to
upper GI series, with a reported average effective dose in
infants ranging 1.6-3.2 mSv [17, 18]. Finally, US is especially
advantageous relative to upper GI series in settings where
sonographers are on site around the clock.

At our institution, we developed and implemented a proto-
col to use US as the first-line imaging modality in pediatric
patients with symptoms concerning for midgut volvulus. This
was instituted to improve patient care by speeding time to
diagnosis and surgical treatment given our large metropolitan
area, where we cover emergent studies remotely at multiple
hospitals without an on-site radiologist. By sharing our expe-
rience, we hope to provide a template for other institutions that
elect to transition to US as a first-line imaging modality for
diagnosing midgut volvulus. This would be useful in most
settings but might be most helpful in geographically remote
locations, high-volume practices, disaster scenarios where on-
site radiologists are limited, and centers with a limited pediat-
ric radiologist call pool. In reviewing our transition to using
US as a first-line imaging modality, we outline what we be-
lieve are keys to successfully transitioning, including educa-
tion, clinician buy-in and quality assurance (Table 1).

Background
Local environment

Our institution is a quaternary-care pediatric academic health
system based in a large metropolitan area in North America
and includes a primary pediatric teaching hospital, an adult
hospital that focuses on women, mothers and babies, two
community pediatric hospitals and seven outpatient pediatric
specialty care centers. There are 994 licensed beds (834 at the


http://crossmark.crossref.org/dialog/?doi=10.1007/s00247-020-04913-9&domain=pdf
http://orcid.org/0000-0002-4711-9928
mailto:hnnguyen@texaschildrens.org

Pediatr Radiol (2021) 51:506-515

507

Table 1 Summary of the three

Tips

key steps and corresponding tips Steps

for a successful roll-out of

focused abdominal US as a first- Education

line modahty for midgut Sonographers

malrotation and volvulus

Radiologists and trainees

Clinician buy-in
Obtaining champions from key
specialties

Ensuring that the upper GI series is still

performed in a timely manner

Quality assurance

Obtaining preliminary data to
support US

Tracking turnaround times and ordered

exam types

Keeping track of false negatives

* Publish imaging protocol”

* Add volvulus to pylorus and intussusception exams

* Include volvulus protocol on competency checklist

* Provide hands-on scanning sessions with live mock patient
» Shadow sonographer and radiologist champions

* Create standardized report for checklist and consistency

« Share cases via secure group chats and case conferences

* Require self-directed on-line training module

* Provide hands-on scanning sessions with live mock patient

» Conduct face-to-face meetings with champions from the
emergency, surgery and neonatology departments

* Discuss positive US exams in real time, one-on-one
» Show example cases in multidisciplinary conferences

* Create order set to pair US with upper GI series to ensure the
on-call radiologist is activated to perform the upper GI series,
though upper GI might be cancelled pending US results

» Conduct literature review and synopsis

* Perform pilot study for interrater reliability and feasibility with
multiple sonographers

« Identifies outliers in use of upper GI series

* Ensures diagnosis is not slowed by using US

» Automatically generated monthly surgical cases of midgut
malrotation and volvulus from the EMR allow identification of
potential false negatives

* Separate radiology procedure code for the volvulus US allows
for auto population of the standardized reporting template and
database tracking

EMR electronic medical record, G/ gastrointestinal, US ultrasound

 Our institutional imaging protocol for midgut volvulus US appears in Table 2

primary teaching hospital, and 86 and 74 beds at each of the
community hospitals). Both community pediatric hospitals are
full-service hospitals, including inpatient and outpatient ser-
vices, a pediatric intensive care unit (PICU), an emergency
center and operating suites. At one of the community hospi-
tals, there is also a level III neonatal intensive care unit
(NICU). The two community hospitals are located 23 miles
and 38 miles from the primary teaching hospital, and the two
community hospitals are 45 miles apart from each other.

The radiology departments at all of the hospitals offer US,
CT, MR, fluoroscopy, interventional radiology and radiogra-
phy. In-house sonographers and CT and radiography technol-
ogists are available 24 h a day, 7 days a week (24/7). Five
specialty-care centers offer US during the day, including
same-day add-on exams that might need urgent surgery such
as for appendicitis and hypertrophic pyloric stenosis.

However, because of the lack of fluoroscopy and operating
room suites at specialty-care and urgent-care centers, evalua-
tion for conditions requiring emergent surgery, such as midgut
volvulus, is not performed at those locations.

Throughout the pediatric health system, there are 28
LOGIQ E9 and E10 machines (GE Healthcare, Chicago,
IL). We have 34 pediatric sonographers and 21 body radiolo-
gists, all of whom are capable of performing and interpreting
focused abdominal US for midgut volvulus. The average and
median years of experience of our pediatric sonographers are
12.9 years and 12.5 years, respectively (range 1-32 years).
The average and median years of experience of our pediatric
radiologists are 11.6 years and 9.5 years, respectively (range
1-34 years). In 2019, 1,276 focused abdominal US examina-
tions were performed (i.e. volvulus, pylorus and necrotizing
enterocolitis exams).
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Impetus for change

At least one body radiology attending physician is on site at
each of the three hospitals during weekday hours (Monday
through Friday, 8 am to 5 pm). A body radiologist attending
physician and trainee are on-site at our primary teaching
hospital 24/7, enabling all imaging exams to be interpreted
by an attending radiologist shortly after being performed.
Body radiologists are on call after-hours and on weekends at
the community hospitals for emergent fluoroscopic proce-
dures such as upper GI series. When activated, the community
call radiologist must be on-site within 2 h. An in-depth de-
scription of our community radiology operations has been de-
scribed [19]. For emergent and urgent US performed remotely,
sonographers discuss their images in person or over the phone
with the radiologist at the primary teaching hospital before
completing their exam. This allows the radiologist to support
the sonographer and request additional imaging if needed.

As part of our process of continual quality improvement for
community operations, we frequently consider opportunities to
reduce the turnaround from imaging order placement to exam
completion to try to improve patient satisfaction and outcomes.
These efforts are aimed at improving disposition and discharge
times for emergency center and inpatients and reducing the
length of time to definitive treatment. Performance of emergent
after-hours fluoroscopic studies is viewed as a necessary sup-
port for the medical and surgical specialties to allow their
growth within the community hospitals. Transferring patients
from community hospitals to the main teaching hospital is not
desired because the core mission of the community hospitals is
to improve and extend pediatric clinical care in the metropol-
itan region, allowing high-quality and safe clinical care to
come to the patient. However, with off-site radiologist support
and an activation window of up to 2 h, after-hours community
fluoroscopic procedures require relatively longer wait times
compared to other imaging modalities that can be performed
with an on-site technologist, such as US. Because US for de-
tection of intestinal malrotation complicated by midgut volvu-
lus has been reported to have superior sensitivity and specific-
ity, we explored the feasibility of using US as a first-line im-
aging modality for midgut volvulus.

Implementation
Process

Sonographic findings of malrotation and midgut volvulus
have historically been diagnosed across a variety of our US
exams, including US of the complete abdomen, pylorus and
intussusception studies. To improve our ability to track and
improve quality of image acquisition and interpretation, we
created a new imaging procedure code (IMG) called “US

@ Springer

volvulus.” We paired the standalone US volvulus IMG code
with the upper GI series IMG code to create a combination
order set for imaging workup of malrotation and midgut
volvulus (Fig. 1). This ensures that US volvulus is included
in the imaging workup and allows a single order to activate
scheduling and operational workflows for both US and upper
GI series exams, addressing concerns that a false-negative
or inconclusive US could cause delay in obtaining an upper
GI series.

In the community, use of the combination order ensures
that the fluoroscopy staff members are aware of the case and
the on-call radiologist is activated to drive in before the US
volvulus is even performed. At the community sites, the US
volvulus is performed by the on-site sonographer and reported
by the radiologist working at the primary teaching hospital. If
the exam is positive for midgut volvulus (i.e. whirlpool sign
with or without dilatation of the proximal duodenum), and
pending discussion with the surgeon, the patient can go direct-
ly to surgery without an upper GI series (Fig. 1). In that sce-
nario the upper GI series is cancelled and the community on-
call radiologist is contacted en route and informed of the clin-
ical decisions. At the primary teaching hospital, where a pe-
diatric radiologist is on site 24/7, the same protocol is also
followed, with a US volvulus performed first for suspected
midgut volvulus and the ordered upper GI series completed
based on the US findings. If the US volvulus is inconclusive
or if the surgeon requests additional diagnostic confirmation
with upper GI series prior to taking the patient to surgery, an
upper GI series is performed without undue delay.

Education of sonographers, radiologists and trainees

We identified three distinct groups as targets for education:
sonographers, radiologists and trainees (residents and
fellows). Prior to launching the new malrotation and midgut
volvulus imaging algorithm, we sought input from leaders in
both the US and education sections. Education was both for-
mal and informal and evolved based on feedback from
targeted parties.

Sonographers

The new imaging algorithm (Fig. 1) and US volvulus protocol
(Table 2) were uploaded onto the sonographer team website to
increase understanding and proper utilization. The radiologist
project leaders offered noon conferences detailing the embry-
ology, pathology, algorithm and protocol for malrotation and
midgut volvulus, enabling bidirectional feedback and im-
provement. Sonographers were asked to shadow pediatric so-
nographer and radiologist “champions” who had experience
with using US to identify the superior mesenteric vasculature
and the proximal duodenum, two main components of the US
volvulus exam. To enhance the sonographers’ skillset for
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a. More likely in infants
< 1year old. Bilious or
nonbilious emesis,
abdominal distention,
abdominal pain

b. Portable versus in
radiology based on
clinical status and

stability. If portable,

indicate AP and lateral
decubitus/cross table
lateral

Clinically suspect mi dguﬁ

UNSTABLE

volvulus®

STABLE

NPO
Intravenous Fluids
Zofran PRN
Two view abdomen®

Concem for
obstruction/

> PEM to call surgery

perforation on
radiographs?

US Volvulus

A

YES

Management per PEM

PEM to notify surgery

Notify general surgery.

fellow/attending if
clinical concern

US Volvulus
positive?

YES

If US positive, Radiology
to notify general surgery
attending and PEM

General surgery
requests UGI?

Reflex UGI (no need to
order in Epic)

>

Reflex UGI (no need to
order in Epic)

UGI positive?

YES

v

Ensure adequate
resuscitation, i.e. fluids.

P
Q

P Consider antibiotics.

Pain management per
PEM

Admit to surgery. Surgery
and PEM to co-manage
awaiting final disposition —
floor versus OR

Management per PEM
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<« Fig. 1 Malrotation and midgut volvulus algorithm at Texas Children’s
Hospital starting in 2018. Of note, at the request of the General Surgery
department, upper gastrointestinal series can still be performed in the
presence of a positive US. AP anteroposterior, NPO nil per os, OR
operating room, PEM pediatric emergency medicine, PRN pro re nata
(when necessary), UGI upper gastrointestinal series

evaluating these components, and because volvulus has his-
torically been identified on other abdominal US examinations,
we added these components to other commonly ordered fo-
cused abdominal US protocols (US pylorus and US intussus-
ception). Finally, we made US volvulus one of the exams
requiring sonographer competency check-off prior to the so-
nographer being able to perform the exam.

Radiologists and trainees

We conducted a pilot study to assess the baseline ability of
radiologists to diagnose malrotation and midgut volvulus on
US and also to understand what needed to be emphasized in
training radiologists. Three radiologists (0—10 years of expe-
rience post pediatric radiology fellowship) performed a
blinded independent review of 31 US examinations (13 cases
malrotation and midgut volvulus, 1 malrotation without mid-
gut volvulus, and 17 normal). Prior to the blinded review, the
three radiologists were given a self-directed PowerPoint train-
ing module. In the module, four findings used on US to eval-
uate for malrotation and midgut volvulus were illustrated
(whirlpool sign, superior mesenteric artery [SMA]/superior
mesenteric vein [SMV] relationship, duodenal dilation and
duodenal location), as well as how these findings can be used
to arrive at the impression. We determined interobserver
agreement for each of the findings and the impression, and
we calculated sensitivity and specificity for midgut volvulus.

In the pilot study, there was excellent agreement for the
diagnosis of midgut volvulus among the three radiologists
(intraclass correlation coefficient [ICC] 0.90, 0.83-0.95), as

well as high sensitivity and specificity of US (100% and 95—
100%, respectively). For three of the four findings, agreement
was excellent among the readers (Table 3) [20]. For the fourth,
there was good agreement among the readers regarding the
location of the third portion of the duodenum. The US exams
that were included had been performed by 17 sonographers.
This pilot study suggested that (1) we could obtain high-
quality diagnostic exams with a heterogeneous sonographer
group and (2) radiologists could consistently interpret the
exams with minimal training.

Following this pilot study, we made the teaching module
available to all 21 body radiologists for education and
reference and updated it to emphasize the normal duodenal
(especially 3rd portion) anatomy. The module was also added
to the trainees’ core curriculum. We also provide trainees,
sonographers and interested radiologists with intermittent op-
portunities for live demonstration of sonographic technique
and normal bowel rotation on volunteer infants. We discuss
the self-directed didactic material during these hands-on
sessions.

To both educate and ensure that relevant imaging compo-
nents of the US volvulus exam are properly interpreted, we
created a standardized imaging report template (Fig. 2). This
template auto-populates in our voice-recognition dictation
program (Powerscribe 360; Nuance Communications,
Burlington, MA) upon opening the exam in the picture archiv-
ing and communication system (PACS; Philips Intellispace,
Foster City, CA). It provides the radiologists with a checklist
of findings and how the findings support the standardized
impression. The benefit of a standardized impression is that
it conveys uniformity among all 21 body radiologists and
might improve the degree of confidence with which radiolo-
gists convey the findings and impression in the report.

Positive cases, challenging cases, and cases where normal
midgut anatomy is well demonstrated are regularly shared
with the radiologists and trainees via intradepartmental case
conferences as well as informally via a listserv on our add-on

Table 2 Institutional imaging

protocol for midgut volvulus Technique

Notes

ultrasound
Probe

Static images and cine clips

1. Entire view of SMA/SMYV with and without color in

dual screen

2. Pylorus and duodenal tip

3. Third portion of the duodenum

4. Cecum with appendix

15 L or 9 L; MSK setting preferred

Transverse plane

- Must scan to the top of the bladder, even if there
is gas

- Attempt to move gas by rolling patient

- Look for “whirlpool” sign

Look for duodenal dilation

Should be located under the SMA and above the
aorta

May be difficult to identify in infants

MSK musculoskeletal, SMA superior mesenteric artery, SMV superior mesenteric vein
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Table 3 Intraclass correlation
coefficient (ICC) scores for the
three readers

PACS communicator (Prism; Nuance Communications,
Burlington, MA). These discussions further educate the facul-
ty, promote greater understanding of the imaging workflow
algorithm, and created positive momentum for the transition

Fig. 2 Standardized template for
volvulus US in our voice-
recognition software (we do not
rely on US for diagnosing
malrotation. However, it is
included in our report template
because identifying malrotation is
integral to recognizing midgut
volvulus. Per the institutional
algorithm, upper gastrointestinal
series is to follow US performed
for bilious emesis, unless US is
positive for midgut volvulus). D3
third portion of the duodenum,
SMA superior mesenteric artery,
SMYV superior mesenteric vein

Question ICC 95% C1 ICC rating®
Findings
Is there a whirlpool sign? 0.88 0.79-0.93 Excellent
Is the SMA/SMV normal? 0.84 0.73-0.91 Excellent
Is the proximal duodenum dilated? 0.83 0.72-0.90 Excellent
Is there a normal retroperitoneal third portion of the duodenum? 0.73 0.57-0.84 Good
Impression
Is there midgut volvulus? 0.90° 0.83-0.95 Excellent

CI confidence interval, SMA superior mesenteric artery, SMV superior mesenteric vein

#The Cicchetti guidelines for interpreting kappa or ICC inter-rater agreement measures were used and interpreted
as follows: less than 0.40 = poor, 0.40-0.59 = fair, 0.60-0.74 = good, 0.75-1.00 = excellent [20]

® Agreement and overall performance were best for the impression of midgut volvulus

toward US for the detection of midgut volvulus. Finally, ro-
tating trainees, fellows and new faculty are asked to complete
a local institutional online training educational module on the
use of US in midgut volvulus.

TECHNIQUE: Grayscale ultrasonography of the bowel was performed in all 4 abdominal quadrants.
COMPARISON: [None].

FINDINGS:

Superior mesenteric vasculature:

- SMA/SMV alignment: [SMA/SMV relationship: Normal/Abnormal/Not visualized]
- Retroperitoneal D3 segment between aorta and SMA: [D3: Not assessable/Yes/No]

Cecum:

- [Cecal position: Normal/Not visualized/Abnormal]

Ascites/fluid collections: [None]

Other: [None]

IMPRESSION:

[Impression:1/2/3/4/5]
Alternative/additional diagnosis: [Alternative]

[Communication: Critical result/Significant findings]

1. No findings of midgut volvulus or malrotation = normal SMA and SMV relationship AND
retromesenteric D3

2. No midgut volvulus = visualization of the entire superior mesenteric vascular pedicle without
whirlpool sign; D3 is not visualized

3. Inconclusive for midgut volvulus = cannot see the retromesenteric D3 or entire superior mesenteric
vascular pedicle

4. Findings of malrotation without midgut volvulus = intraperitoneal D3 without whirlpool sign AND
abnormal SMA/SMV relationship or abnormal position of cecum

5. Malrotation with midgut volvulus = clockwise whirlpool sign +/- dilated proximal duodenum
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Clinician buy-in

To implement US as the first-line imaging modality for mid-
gut volvulus, we engaged key leaders from emergency medi-
cine, surgery and neonatology. Data from the literature and
imaging findings of midgut volvulus on US were presented
during weekly surgery-radiology—pathology conferences.
Champions from the key departments at all three pediatric
hospitals assisted in creating a malrotation and midgut volvu-
lus algorithm (Fig. 1). The newly created combined US and
upper GI series order set ensured that the upper GI series
would not be significantly delayed by performing US.
Mitigating potential delays in patient care was vital to achiev-
ing the support of referring providers. Additionally, commu-
nity clinical leaders working at sites without on-site radiolo-
gists after-hours or on weekends viewed positively the oppor-
tunity to improve the time from imaging order to diagnosis
and surgical disposition. The algorithm was implemented with
support of all stakeholders in January 2018.

From our surgical colleagues’ perspective, a large radiolo-
gy group across three hospitals with varying experience and
diverse backgrounds with sonography contributed to hesitan-
cy to evolve from established practices. One-on-one discus-
sions to review key imaging findings on US at critical
decision-making points in the management of these patients
were crucial to overcoming surgeon biases against switching
imaging modalities. This is analogous to when the surgeon is
in the fluoroscopic suite and watching the upper GI series in
person and making the decision to take the patient to surgery
in real time. Through this combination of leadership involve-
ment, multidisciplinary conferences, and one-on-one discus-
sions, awareness of the new algorithm and confidence in the

diagnostic accuracy of US exams increased. As discussed lat-
er, a growing number of cases with positive US for volvulus
for which the upper GI series was cancelled prior to surgery
indicates that the new algorithm has been well adopted.

Quality assurance

Since the new algorithm was implemented in January 2018,
we have assessed metrics quarterly to ensure that quality of
patient care has been maintained. To ensure all children diag-
nosed with midgut volvulus are included in ongoing analysis,
we created recurring reports from both the electronic medical
record (EMR; EPIC, Madison, WI) and radiology information
system (RIS; Prism, Burlington, MA). The EMR report lists
all children treated surgically for malrotation or midgut vol-
vulus based on diagnosis codes. The RIS report lists all upper
GI series and US exams performed for volvulus, pyloric ste-
nosis, acute neonatal abdomen and intussusception. Data re-
garding cases — including outcomes, types of imaging and
diagnosis on imaging, and time-point metrics — are collected
and stored using REDCap electronic data capture tools hosted
at Texas Children’s Hospital [21].

From January 2018 through April 2020 we treated 16 chil-
dren for midgut volvulus who were imaged using the new
protocol. Although it is premature to report definitive data
analysis, we have seen some trends. Despite growth in overall
community imaging volume, use of after-hours upper GI se-
ries for midgut volvulus has not similarly increased and has
actually trended down, while use of only US for diagnosing
volvulus has increased (Fig. 3). We have also noted variability
across the campuses (Table 4). For example, among the two
community hospitals, one performed more exams overall,

After hours upper Gl series and ultrasounds performed for volvulus

45

40

35

30

150

25

20

15

10

0

2018 2019 2020*
Community Community Community

& After-hours UGI for volvulus

Fig. 3 Relative frequencies of after-hours exams performed for midgut
volvulus, stratified by facility. At all campuses, after-hours upper
gastrointestinal (GI) series is becoming less frequent, whereas volvulus
US has become more frequently performed. However, this is most
pronounced at the community hospitals where call-back is required for
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2018 Medical 2019 Medical 2020* Medical
Center Center Center

B After-hours volvulus US

upper GI after-hours. #2020 includes all exams from January 1 through
July 31, 2020, normalized to full year. Please note, the potential impact of
the coronavirus disease 2019 (COVID-19) pandemic on these volumes is
uncertain. UG/ upper gastrointestinal series, US ultrasound
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Table 4 Types of exams performed on children with surgically
corrected midgut volvulus imaged between January 2018 and April
2020 using the new imaging algorithm

Location Number US only US + upper Gl series % US only
Community 11 5 6 45%

CHI1* 7 4 3 57%

CH2* 4 1 3 25%
Medical Center 5 3 2 60%

Total 16 8 8 50%

GI gastrointestinal

#CHI1 and CH2 represent our two community pediatric hospitals and are
subsets of “Community.” The relatively low numbers limit definitive
conclusions but they suggest that CH2 is a location where additional
efforts might be focused. Of note, CH2 lacks a neonatal intensive care
unit (NICU) and is staffed by a heterogeneous group of physicians who
rotate from the main teaching hospital, which might account for fewer
cases overall and the lowest percentage of US-only diagnoses determin-
ing surgical disposition. In distinction, CH1 has a NICU and uses a
dedicated physician staffing model

with a greater incidence of using only US for diagnosis. This
is attributed to the presence of a NICU affecting the number of
patient transfers and a smaller dedicated physician staffing
model, enabling easier communication and discussion be-
tween radiologists and surgeons and improved surgical accep-
tance for US.

The combination order set prospectively diagnosed
midgut volvulus in 14 of 16 children (88%). Of the other
two, one was reported as high-grade proximal bowel ob-
struction and the other as malrotation with suspected in-
termittent volvulus. Overall, US prospectively reported
malrotation with midgut volvulus in 13 of 16 (81%). On
the other three US exams, two reported proximal bowel
obstruction and one was reported as nondiagnostic be-
cause of bowel gas. In retrospective review, the midgut
volvulus could be identified on the US images in all three.
On upper GI series, 3 of 8 (38%) diagnosed midgut vol-
vulus. The other five upper GI series were all reported as
abnormal because of either proximal bowel obstruction or
malrotation. Of note, in three of these five, volvulus had
been reported on US, but the subsequent upper GI series
was reported as high-grade proximal bowel obstruction,
with deferral to US for the diagnosis of midgut volvulus.

During this time period, there was one false-positive
exam in a child with a clockwise whirlpool sign, abnor-
mal SMA/SMV relationship, and a large complex intra-
peritoneal fluid collection on US. An upper GI series sub-
sequently demonstrated complete gastric outlet obstruc-
tion and gastric malposition. The duodenum was not
assessed because of gastric outlet obstruction. At surgery,
the child was diagnosed with segmental volvulus (rather
than midgut volvulus) associated with a congenital mes-
enteric duplication cyst, which displaced the stomach and

distorted the SMA/SMV. On retrospective review, a clue
that the clockwise whirlpool sign was a segmental volvu-
lus rather than midgut volvulus associated with congenital
midgut malrotation was that the duodenum could not be
identified in the whirlpool.

Turnaround times of all after-hours US and emergent upper
GI series following the new imaging algorithm have been
monitored. This is to confirm that the turnaround time for
volvulus US is similar to that of other emergent focused ab-
dominal US exams and that adding volvulus US to upper GI
series for suspected volvulus did not substantially increase
upper GI series turnaround times. Thus far, turnaround times
on the combined protocols for volvulus patients have been
faster than those of upper GI series alone, averaging
127 min, compared with 154 min for after-hours upper GI
series. As expected, US-alone turnaround times (average
68 min) have remained faster than upper GI series times since
the new protocol was implemented.

Discussion

The goal of our transition to US as the first-line imaging
modality for the diagnosis of malrotation and midgut vol-
vulus was to improve clinical care through increased di-
agnostic accuracy via a non-radiation-emitting examina-
tion and to decrease time from ordering an imaging exam
to subsequent diagnosis and surgical disposition.
Malrotation and midgut volvulus are relatively rare enti-
ties, so establishing a new volvulus US IMG code was
instrumental to organize and enable data tracking, which
we also use to verify to our clinical partners the diagnostic
success of US over time relative to upper GI series and
surgical findings. Creating a combination imaging order
set that includes both volvulus US and upper GI series
ensured that US is included in the imaging workup but
at no time-cost to the patient if an upper GI series is
needed. The greatest barrier to use of US by the clinicians
was the potential delay if an upper GI series was still
deemed necessary, a concern exacerbated at our commu-
nity hospitals where no on-site radiologists are available
after-hours or on weekends. Simultaneously scheduling/
performing the volvulus US and activating the community
call radiologist for the upper GI series was integral to
addressing these concerns.

The heterogeneous makeup and size of our organiza-
tion made it challenging to achieve institution-wide buy-
in from our surgical, emergency medicine and neonatolo-
gy partners. With 21 pediatric radiologists and 18 pediat-
ric surgeons throughout three pediatric hospitals, it did
take some time before the surgeons were comfortable with
making the decision to take a child to surgery solely on
the basis of a positive US exam. Our successful transition
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benefitted from our decision to engage relevant clinical
stakeholders in advance through discussion of the litera-
ture, demonstration of positive US findings that had been
incidentally found by our own sonographers, and imple-
mentation of clear and concise standardized reports.

Instrumental to the successful transition was continued for-
mal and informal education of the sonographers, trainees, ra-
diologists and clinicians. Because volvulus is rare, multidisci-
plinary conferences where everyone can learn from the limited
number of cases is vital. Additionally, key components of the
volvulus US such as evaluating the SMA and SMV vascular
pedicle and third portion of the duodenum should be routinely
included in more common studies such as pylorus or intussus-
ception US.

A secondary benefit of our new imaging algorithm for
midgut volvulus is that community call activations for emer-
gent after-hours upper GI series have trended down, despite
overall increased community departmental imaging volume.
The number of radiologists trained in pediatric radiology is
progressively declining and call burden has been shown to
contribute to burnout through high emotional exhaustion and
depersonalization. Opportunities to shift practice from the up-
per GI series requiring on-site physician support to US utiliz-
ing remote physician support could help address the pediatric
radiology shortage by improving the call burden for pediatric
radiologists [22—24].

Implementing US as the first-line exam at institutions
where after-hours US is the responsibility of trainees or radi-
ologists who are not subspecialty-trained in pediatric radiolo-
gy would be different from our experience. However, similar
to a variety of other conditions (hypertrophic pyloric stenosis,
ileocolic intussusception and appendicitis) that are now rou-
tinely diagnosed on US at both pediatric and adult facilities,
US for the diagnosis of volvulus could be similarly incorpo-
rated into clinical practice, and not limited to pediatric institu-
tions such as ours with 24/7 pediatric specialty-trained attend-
ing coverage.

There are limitations to the analysis of our transition to US
as a first-line imaging modality. Despite being a large pediat-
ric health system, we see a low number of positive US exams
for malrotation and midgut volvulus, reflective of their rela-
tively low incidence in the population. This prevents defini-
tive statistical analysis of US exams’ diagnostic accuracy, and
for this, we are pursuing a multi-institutional study.
Additionally, given the small numbers, while our turnaround
time metrics meet internal goals, the impact on patient out-
comes is not known.

Finally, as described in quality assurance, in 3 of the 16
children surgically treated for midgut volvulus, the
interpreting radiologist did not prospectively diagnose midgut
volvulus on US. Two of these were reported as abnormal
because of proximal small bowel obstruction, one
nondiagnostic because of bowel gas. Additionally, we had
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one false positive, with a segmental volvulus overcalled a
midgut volvulus. In retrospect, the duodenum was not clearly
seen within the identified bowel volvulus. Based on these
cases, we have changed our approach to both sonographer
image acquisition and radiologist interpretation. First, we have
reiterated the necessity of graded compression to decrease
artifact from gas, particularly from a midline subxiphoid ap-
proach. Second, we now emphasize the importance of recog-
nizing duodenal (proximal small bowel) dilation as a sign that
should prompt further evaluation for midgut volvulus. To this
end, we have included additional imaging of the proximal
duodenum in the imaging protocol and also in the report.
Additionally, we have added discussion in the training mod-
ule. For further description and more examples, we collabo-
rated with two other institutions to create a pictorial essay for
US evaluation of midgut malrotation and volvulus [25]. Last,
to reiterate the algorithm used at our institution, an upper GI
series follows an inconclusive or nondiagnostic US. As par-
tially indicated by the outcome of upper GI series in the 8
children with midgut volvulus who were imaged with upper
GI series, only a minority (3 of 8) had the midgut volvulus
identified on upper GI series. Consequently, we have found
the combination of US followed by upper GI series especially
useful in problem cases.

Despite the limitations, this manuscript is the first to
detail key steps for systematically implementing US as a
first-line imaging modality for malrotation and midgut
volvulus. Given its adoption at both community and aca-
demic sites, our experience suggests that the use of US for
primary diagnosis of midgut volvulus can be successful in
a wide variety of settings. By describing our successful
transition, we hope to aid institutions that might similarly
benefit from this protocol.

Conclusion

An imaging protocol to use US as the first-line modality for
diagnosing malrotation with midgut volvulus has been suc-
cessfully deployed at our institution. This workflow required
significant education and communication with many clinical
partners. US can be implemented in a wide variety of settings,
and this report can be used to guide others.
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