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Objectives Current gold standard investigations to determine the pathology of
ineffective esophageal motility (IEM) are invasive and resource-intensive. Marshmallow
barium swallow esophagogram (MBSE) is emerging as a more feasible modality;
however, our understanding of its role in the clinical setting is limited. Our aim was
to appraise the current literature and describe the effectiveness and limitations of
MBSE as a potential diagnostic tool when investigating the pathological cause of IEM.
Methods A search in PubMed was conducted on May 23, 2021. Search terms included
“marshmallow” AND “barium.” We included all studies which examined MBSE in the
context of esophageal disease. The primary outcome of interest was to characterize the
use of MBSE in current literature.

Results A total of 12 studies were retrieved after initial search with 9 studies meeting
final inclusion criteria. A total of 375 patients were included, with 296 patients (79%)
having a relevant diagnosis or symptom prompting investigation with MBSE. The most
common diagnoses included referral to a gastroenterology clinic for a barium swallow
(44%), post-Angelchik insertion (23%), and dysphagia (13%). Esophageal disease was
identified in both the MBSE and other screening tests in 63% participants, whereas in
27% participants abnormalities were only seen using the MBSE.

Conclusion There is currently limited high-quality evidence on the use of MBSE to
diagnose IEM. Further large-scale studies comparing its use in patients with different
pathologic causes of IEM and of older age are required to further delineate the optimal
delivery of this emerging diagnostic modality.
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Introduction

Ineffective esophageal motility (IEM) comprises nearly half
of all diagnosed esophageal motility disorders. While a
thorough history can often provide valuable guidance to
the underlying pathophysiologic process, subsequent inves-
tigation using resource-intensive diagnostic modalities are
often required.? Identifying abnormal esophageal motility
and the presence of associated disorders can be untimely
with diagnostic modalities currently available and often
leads to delays in evaluation and management.> For many
patients with a history suggestive of IEM, the widely accept-
ed strategy is formal esophageal motility probe testing, also
known as manometry.*-> While these tests remain the gold
standard tools to investigate IEM-associated pathologies,
they are invasive, time-consuming, and pose a burden on
health care resources.®’

To address these current challenges, alternative diagnos-
tic approaches which strive to more accurately risk-stratify-
ing patients have been proposed. Fundamentally, their aim is
to potentially expedite tests for high-risk patients while
avoiding unnecessary investigations in low-risk patients.
The marshmallow barium swallow esophagogram (MBSE)
—one such promising approach—is a modification of the
standard liquid barium swallow (LBS). In the MBSE patients
swallow a barium-labeled marshmallow instead of or in
addition to liquid barium to aid in identifying areas of
restriction or esophageal abnormalities radiographically.?
Emerging evidence suggests that the MBSE may offer an
advantage over the LBS, as the viscoelastic marshmallow may
increase the sensitivity of the LBS and involve additional
swallowing mechanisms that elicit esophageal pathology.’
Further, the MBSE may be as sensitive as traditional manom-
etry testing for identifying IEM while utilizing fewer resour-
ces and improving patient tolerance.”'? These promising
characteristics make the MBSE an ideal first test to investi-
gate patients presenting with IEM to potentially rule out
esophageal pathology. However, while promising, there is a
paucity of high-quality evidence for its use, which has
limited support for its clinical implementation.

The goal of the present review was to appraise the current
literature and provide a narrative overview of the effective-
ness and limitations of MBSE as a potential initial modality to
investigate the pathological cause of IEM. An efficient, accu-
rate, and low-cost screening test may allow for prompt
diagnosis and initiation of treatment for patients suffering
from these conditions.

Materials and Methods

Search Strategy

A search in PubMed was conducted on May 23, 2021 using
the following search terms: “marshmallow” AND “barium.”
No language or date limits were applied. A total of 12 results
were retrieved and screened by initial title and abstract. No
duplicate articles were present. Gray literature was assessed
using a Google Scholar search with the same terms revealing
no additional studies of interest.

Eligibility Criteria

The Population, Intervention, Comparison, Outcomes and
Study design framework was used to frame the design of
this systematic review. The population of interest was adult
subjects with IEM. The intervention was use of MBSE, in
which patients attempt to swallow a barium-labeled marsh-
mallow and areas of restriction or esophageal abnormalities
are identified radiographically.® Our primary outcome of
interest was to characterize the use of MBSE in current
literature. Secondary outcomes were to see if we could
compare outcome differences of the MBSE to currently
employed diagnostic tests, and findings from the MBSE in
common esophageal pathologies, including IEM. Due to the
limited number of studies available based on our preliminary
exploratory search, our only inclusion criteria was defined
simply as original studies which examined MBSE in the
context of esophageal disease. Only studies where full text
could not be retrieved were excluded.

Ethical Approval
Due to the nature of this review, ethical approval was not
required.

Data Extraction
Titles and abstracts were screened by one author (H.W.), and
two authors (H.W. and V.M.) subsequently screened full-text
articles. Discrepancies were resolved by consensus.
Pertinent data was collected from selected trials using an
Excel spreadsheet by one reviewer (H.W.) and verified by
a second reviewer (V.M.). Included studies were then
assessed for methodological quality and bias using the
methodological index for non-randomized studies (MINORS)
tool for nonrandomized trials."

Data Synthesis

The findings are summarized narratively as included studies
had significant limitations making any pooled estimate of
the effect size of limited clinical value.

Results

Study Selection

Preliminary database search of the literature yielded 12
articles (=Fig. 1). After initial screening of titles and
abstracts, 10 studies underwent full-text assessment for
eligibility. Nine manuscripts'®'?>~'® met inclusion criteria
and were included in the final review. All nine studies were
comparative trials, eight comparing MBSE to another diag-
nostic modality'% 214719 and five prospective cohort studies
comparing the findings of MBSE in different patient
populations.'%12-14.17

Variations in MBSE Delivery

MBSE was defined as a swallow of liquid before and after the
marshmallow in two studies,'®'2 a swallow of liquid before
or after the marshmallow in four studies,'*'®'8 a marsh-
mallow or viscoelastic bolus with the consistency of a
marshmallow in two studies,'>'” and no definition provided
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Records identified through database
searching
(n=12)

Additional records identified
through other sources
(n=0)

(n=12)

Records after duplicates removed

(n=12)

Records screened

Records excluded
(n=0)

(n=12)

Full-text articles assessed
for eligibility

Full-text articles excluded,
with reasons
(n=23)

1 - No original data
2 - Full text not available

review
(n=9)

Studies included in final

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for study search selection.

in two studies'>'? (~Table 1). Participants were allowed to
chew the marshmallow in one study.14 The approximate
diameter of the marshmallow used ranged from 10 to
20 mm.

Affected Patient Populations and Comparative
Diagnostic Tests

Patient populations included patients referred to a gastro-
enterology clinic for a barium swallow, post-Angelchik in-
sertion, complaint of dysphagia, eosinophilic esophagitis,
post-fundoplication, presence of hiatal hernias, and hyper-
tensive lower esophageal sphincter. Comparator diagnostic
tests included LBS, solid barium swallow, endoscopy, ma-
nometry, and radionuclide solid esophageal emptying study.

Baseline Demographics of Study Population

Atotal of 375 patients were identified within the nine studies
included (=Table 1). Of those, 296 patients (79%) had a
relevant diagnosis or symptom prompting investigation
with a MBSE while 79 patients (21%) were included in the
control group. Evaluation of basic characteristics of all par-
ticipants enrolled in these studies revealed a male predomi-

nance in the affected group (n=154, 53%) and a female
predominance in the control group (n=29, 58%). Mean
weighted ages were 47 (range 16-90) years for affected
patients and 42 (range 22-72) years for control patients.

The proportion of each of the affected patient groups
indicating an MBSE in the included studies is shown
in =Fig. 2. Affected patient groups included patients referred
to a gastroenterology clinic for a barium swallow with cause
not specified (n=130, 44%; 1 study), post-Angelchik inser-
tion (n =68, 23%; 2 studies), complaint of dysphagia (n =37,
13%; 1 study), eosinophilic esophagitis (n =34, 11%; 2 stud-
ies), post-fundoplication (n =19, 6%; 2 studies), presence of
hiatal hernias (n=7, 2%; 1 study), and hypertensive lower
esophageal sphincter (n=1, 0.3%; 1 study). Control groups
included participants with no known esophageal reflux or
disease (n =44, 65%; 3 studies) and participants with non-
cardiac chest pain (n =24, 35%; 1 study).

Comparison of Abnormal Results on MBSE Compared
with Another Screening Test

A total of eight'%1214-19 studies compared MBSE to another
screening test for evaluation of dysphagia and esophageal
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11.49% Eosinophilic esophagitis
6.42% Post fundoplication
2.36% Hiatal hernia

22.97% Post Angelchik insertion
12.50% Presence of dysphagia
43.92% Referred to Gl clinic for a
barium swallow

0.34% Hypertensive LES

OE0O0On

Total=296

Fig. 2 Proportion of affected patient populations. Gl, gastroenter-
ology; LES, lower esophageal sphincter.

disease. Esophageal disease was identified in both the MBSE
and correlated to comparator diagnostic tests in 61% of cases
(n=56, 6 studies),'®121>:16.18.19 whereas in 23% partici-
pants (n=21, 5 studies)'%'2101819 apnormalities were
only seen using the MBSE. Contrastingly, abnormalities
were not seen on MBSE compared with endoscopy in 16%
of participants (n=14, 2 studies)'>'® and in 1% of partic-
ipants when compared with the LBS (n=1, 1 study),
respectively.1 8

Abnormalities identified by both MBSE and manometry
accounted for 48% of cases in which the esophageal abnor-
mality was identified on both tests. These included patients
post-fundoplication, patients post-Angelchik in situ, lower
esophageal mucosal rings, and hypertensive lower esoph-
ageal sphincter (n =27, 4 studies).'%1216.19 A total of 30% of
cases seen on both tests were identified on MBSE and LBS.
These pathologies included lower esophageal mucosal rings
and small caliber eosinophilic esophagitis (n=17, 2
studies).'®18

The remaining 21% of the esophageal pathology identified
by both tests were found on both MBSE and endoscopy,
which included the principle abnormality not specified in
patients with eosinophilic esophagitis and small caliber
esophagus (n=12, 2 studies).’>'8

MBSE was found to have identified additional esophageal
pathology in cases where there was an impairment in marsh-
mallow transit, either defined as a “hang up” or impaction of
the marshmallow during swallowing, and the comparative test
results were unremarkable. This included 15 cases of addition-
al esophageal pathology compared with manometry (71%, 4
studies),m'u’]s'1 8 5 additional cases compared with LBS (24%,
2 studies),'®'® and 1 additional case compared with radionu-
clide solid esophageal emptying study (5%, 1 study).'® Pathol-
ogies not identified on manometry included primarily
structural abnormalities, including patients post-fundoplica-
tion or post-Angelchik in situ, lower esophageal rings, and
small caliber eosinophilic esophagitis. Lower esophageal rings
and small caliber eosinophilic esophagitis were also not
identified on LBS when an abnormality in the MBSE was found.
The radionuclide solid esophageal emptying study did not
identify the patient with a hypertensive lower esophageal
sphincter, which was found on MBSE.

Esophageal abnormalities that were missed by MBSE were
primarily subtle structural abnormalities. These included six
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cases of small caliber esophagus, three proximal esophageal
stenosis, and six corrugated ring-like formations, which were
all identified on endoscopy (93%, 2 studies),''8 other than
one case of small caliber esophagus, which was identified on
LBS (7%, 1 study).'8

MBSE Results in Common Pathologies Causing IEM

In the five studies assessing this outcome, participants with
esophageal pathology were more likely to have an abnormal
MBSE result compared with the control partici-
pants.'®12-1417 of fundoplication patients, 57% of partici-
pants had a positive MBSE test (n=4, 1 study)12 and
significantly increased transit time compared with normal
participants (n=12, 1 study).17 Participants with Angelchik
prosthesis in situ also had significantly prolonged marsh-
mallow transit times compared with normal participants or
participants with the prosthesis removed (n=>52, 2 stud-
ies).%13 peristaltic amplitude was significantly lower in
participants with dysphagia when compared with normal
participants (n=37, 1 study).'* No participants with hiatal
hernias had an abnormal MBSE (n=7, 1 study).'? The two
studies investigating patients with eosinophilic esophagitis
did not have a comparison group, although cumulatively they
found that 67% (n=12) of patients who had an abnormal
endoscopy also had a positive MBSE.'>'8

Risk of Bias for Included Studies

Included studies were assessed for bias and methodology
using the MINORS criteria, summarized in online
=Supplementary Table S1 (available in the online version
only). No study met ideal criteria as all studies lacked a
prospective calculation of study size. Further, the majority of
studies lacked inclusion of consecutive patients. Despite
these limitations, the majority of studies scored full marks
in the remaining categories; therefore, the overall risk of bias
assessment of included studies was low.

Discussion

To the best of our knowledge, the present review is the largest
to date evaluating MBSE as a potential diagnostic tool for the
pathological causes of IEM. We found nine relevant studies
that reported on a total 296 affected participants and 79
controls. Indications for the MBSE were diverse, ranging from
patients referred to a gastroenterology clinic for a barium
swallow, post-Angelchik insertion, complaint of dysphagia,
eosinophilic esophagitis, post-fundoplication, presence of
hiatal hernias, and hypertensive lower esophageal sphincter.
MBSE identified an esophageal abnormality that was also
found on the comparative diagnostic tests in 61% of partic-
ipants from the included studies and identified missed
abnormal pathology in 23% of participants. While promising,
the clinical impact of these observed benefits are not clear
and warrant further evaluation.

One proposed explanation for the theoretical increased
sensitivity of MBSE compared with the traditional LBS is the
ability of MBSE to assess secondary peristalsis, which is
heavily dependent on bolus size.”?>?' Our findings were

© 2022. Indian Society of Gastrointestinal and Abdominal Radiology. All rights reserved.
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consistent with this theory, as in comparison of LBS and
MBSE, 74% or abnormalities were identified on both diag-
nostic tests, and 22% were only seen on MBSE. These included
structural narrowings of the esophagus, specifically lower
esophageal mucosal rings and small caliber eosinophilic
esophagitis. LBS identified only one case of small caliber
esophagus that had an unremarkable MBSE result. Taken
together, these findings suggest that MBSE may be a viable
alternative to the LBS in investigating patients with structur-
al esophageal narrowing.

Comparison of the MBSE to endoscopy in the current
literature was confined to patients with eosinophilic esoph-
agitis, a chronic, immune antigen-mediated esophageal
disease characterized by esophageal dysfunction and eosin-
ophil-predominant inflammation, often leading to esoph-
ageal fibrosis and strictures.”> Our findings suggest that
MBSE may be more sensitive to functional rather than purely
structural esophageal abnormalities, as both Vasilopoulos
et al and Potter et al found that in participants with eosino-
philic esophagitis, MBSE failed to identify multiple patients
with structural abnormalities found on endoscopy.'>'® No-
tably, Potter et al reported that MBSE failed to identify all
patients with small caliber esophagus diagnosed endoscopi-
cally.’® Although MBSE may be a viable alternative to the LBS
for structural esophageal narrowing, the current literature
does not support its use as an alternative to endoscopy when
investigating suspected structural esophageal abnormalities.
Symptoms in patients with IEM that are consistent with
structural esophageal pathologies and would warrant fur-
ther investigation with endoscopy include dysphagia that is
consistently present, rapidly progressive, and initially affect-
ed by solids more than liquids.?3

We found a lack of high-quality evidence comparing
manometry to the MBSE, as the five studies that did
compare these diagnostic tests were published before the
era of high-resolution manometry, which decreases the
applicability of their findings to current clinical prac-
tice.'0:1216.18.19 Additjonally, patients in these studies had
primarily structural abnormalities including eosinophilic
esophagitis and Angelchik in situ, which are not typical
patient populations that would benefit from motility inves-
tigations. Motility investigations such as manometry are
designed to diagnose functional abnormalities by indicating
if propulsive contraction reaches the lower esophageal
sphincter, which may affect bolus transit, and if high intra-
bolus pressure is present, which may impair peristalsis.?'
The lack of evidence comparing these two modalities in a
variety of patient populations, including those with IEM,
strongly suggests that comparative trials in this area are
warranted. However, given the delays and limited tolerance
in manometry, these findings perhaps suggest a role for
MBSE in risk stratifying which patients may benefit from
further manometry investigation.

Other studies have demonstrated that the MBSE can play
an important role in the diagnosis of IEM. A systematic
review by Reedy et al®* found that 49% of participants in
included studies were identified to have an esophageal
abnormality when visualization was included as part of

the MBSE. This supports the foundational concept that there
is a relationship between the oral, pharyngeal, and esoph-
ageal phases of swallowing, and that visualization is a
critical component of IEM investigations. The proportion
of participants that had an abnormal MBSE result was much
lower in this systematic review compared with our findings.
This is likely a consequence of a lack of standardized
protocols across published studies, as marshmallow bolus
sizes, liquid provided, and chewing of the bolus were
inconsistent between studies. As mentioned by Reedy
et al, a standardized, validated, and reliable protocol will
be needed if MBSE is to be successfully implemented into
clinical practice.?*

Taken together, our results suggest that there is a paucity
of recent high quality studies investigating the accuracy and
clinical utility of the MBSE. As a result, the MBSE has yet to be
widely implemented. While the MBSE has shown promise as
an effective diagnostic tool, it currently lacks the capacity to
allow for simultaneous therapeutic treatment. Endoscopy
remains the test of choice in high-risk patients, as esophageal
dilatations and biopsies can be performed during the test and
expedite treatment. This may contribute to the hesitancy to
introduce the MBSE as in some cases it may delay a necessary
endoscopy. Additionally, although the MBSE is cost effective,
advances in other testing modalities, including the introduc-
tion of high-resolution manometry, have made currently
used tools more resource efficient.?> A clear benefit of the
MBSE will likely need to be demonstrated before it becomes
more widely utilized.

Our study is limited by the inherent limitations of litera-
ture reviews. The current literature revealed a small number
of highly heterogeneous studies with small sample sizes.
Comparative groups were not present in four of the nine
included studies.’>17-1%-20 Heterogeneous study populations
and testing protocols made it difficult to compare findings
between studies. Only three of the nine included studies had
amean or median participant age over 50 years.1 0.13.19 While
IEM can occur in younger adults, the majority of patients
presenting with IEM, particularly with the symptom of
dysphagia, are older adults.?® This may affect study validity
and generalizability. Therefore, future MBSE studies should
include older aged participants in studies and assess for
potential age-mediated differences in diagnostic results.
Additionally, trials comparing findings of MBSE in patients
with different pathologic causes of IEM are warranted to
delineate the optimal use of this test.

Despite these limitations, we report the most compre-
hensive analysis of the utility of the MBSE as a diagnostic tool
in patients presenting with IEM. We found there is insuffi-
cient evidence available to inform clinical guidelines regard-
ing the use of the MBSE in investigating IEM. Currently
available data are dated and heterogeneous, highlighting
the need for further large-scale MBSE studies comparing
modalities for diagnosing the underlying cause of IEM. If
successful, MBSE has the possibility to optimize care for
patients with IEM by reducing waiting times, improving
patient comfort, and more efficiently allocating resources,
while maintaining diagnostic accuracy.
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Conclusion

There is currently limited high-quality evidence on the use of
MBSE to diagnose IEM. Further large-scale studies comparing
its use in patients with different pathologic causes of dys-
phagia and of older age are required to further delineate the
optimal delivery of this emerging diagnostic modality.
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