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Abstract
Purpose  Double contrast barium esophagography (BAS) and high-resolution manometry (HRM) are traditionally performed 
on separate days to allow for pre-procedural fasting. In an effort to minimize COVID-19 exposure and improve appointment 
efficiency with required pre-procedure testing, we permitted same day HRM prior to BAS. Our study aimed to evaluate the 
adequacy of barium mucosal coating with same day HRM prior to BAS compared to BAS alone.
Methods  We performed a retrospective pilot cohort study including 14 patients undergoing same day HRM prior to BAS 
and 20 patients undergoing BAS alone over an 8-month interval during the COVID-19 pandemic. Three abdominal imaging 
subspecialty-trained radiologists blindly reviewed the images and graded adequacy of esophageal coating on a 4-point scale 
with a score of 1 representing inadequate coating and 4 representing optimal coating.
Results  For the cohort studied thus far, the mean grade of the HRM and BAS group was 3.17 with a standard deviation of 
0.66. The mean grade of the BAS alone group was 3.13 with a standard deviation of 0.79. There was no statistical difference 
in the adequacy of esophageal coating between the two groups (p-value 0.97).
Conclusion  Same day HRM prior to BAS has no detrimental effect on barium mucosal coating compared to BAS alone. 
Though created to limit patient exposures during the COVID pandemic, same day BAS and HRM may prevent delays in 
care and improve convenience towards improved patient-centered care beyond the pandemic.
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Graphic abstract

Same Day Barium Esophagography and High-Resolu�on 
Manometry during the COVID-19 Pandemic
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Esophageal mucosal 
coa�ng graded on a 
1 to 4 point scale 
reveals no significant 
difference in 
mucosal coa�ng 
between same day 
HRM and BAS vs. 
BAS alone.
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Introduction

The COVID-19 pandemic presented unexpected challenges 
regarding patient care, with many institutions requiring 
mandatory screening to limit COVID-19 exposures and 
use of personal protective equipment (PPE) including 
gloves and surgical masks. Double contrast barium esoph-
agography (BAS) and high-resolution manometry (HRM) 
are frequently used in conjunction to diagnose esopha-
geal motility disorders and for pre-operative planning for 
many gastrointestinal operations including hiatal hernia 
repairs and myotomy for achalasia [1]. BAS indications are 
broad and include anatomical and functional evaluation 
of esophageal disorders including dysphagia, dysmotility, 
gastroesophageal reflux (GERD), malignancy, strictures, 
and hiatal hernias, among others [2]. HRM indications 
often overlap with BAS and include functional evaluation 
of dysphagia, GERD, and atypical chest pain [3]. Addi-
tionally, BAS and HRM are often used in conjunction 
for pre- and post-operative evaluation for various foregut 
operations. Our institution required COVID-19 screening 
prior to BAS and HRM as both procedures are considered 
aerosol-generating [4, 5]. Historically both studies require 
pre-procedural fasting to optimize HRM esophageal pres-
sure results and BAS esophageal mucosal coating, and to 
reduce aspiration risks to the patient [2, 6]. When patients 

are NPO, barium can adequately coat the esophageal 
mucosa for optimal visualization of mucosal pathology 
against an air-distended lumen. Same day performance of 
HRM and BAS prevents pre-procedure fasting for the sec-
ond study, as liquids are consumed during each procedure. 
We aimed to minimize COVID-19 testing, conserve PPE, 
and increase efficiency at our institution by allowing same 
day HRM prior to BAS.

Methods

This retrospective observational study was submitted to the 
Institutional Review Board (IRB) prior to data collection. 
The IRB confirmed that no ethical approval was required for 
this study. Our retrospective cohort study included patients 
undergoing same day HRM prior to BAS and patients under-
going BAS alone from June 2020 to February 2021. We 
evaluated 34 patients total, including 14 patients with same 
day HRM prior to BAS and 20 patients with BAS alone. 
Only double contrast BAS exams were included in the study. 
BAS was performed by a board-certified, subspecialty radi-
ologist in all patients, 18 without resident participation (6 
HRM + BAS, 12 BAS alone) and 16 with resident partici-
pation (8 HRM + BAS, 8 BAS alone). Resident participa-
tion involved the exam being primarily performed by a 
resident with an abdominal subspecialist attending directly 
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supervising. Six of the exams were performed by one of 
the three blinded readers. Exams in both cohorts were con-
trolled for the presence or absence of resident participation 
and radiologist performing the exam.

HRM protocol

After the patient had been fasting for at least six hours, 
the HRM catheter was inserted through the nare while the 
patient was in the upright posture. As the catheter was being 
inserted, the patient swallowed saline until the catheter was 
positioned in the stomach. The patient was then placed in 
the supine position for the duration of the study. Ten wet 
swallows of 5 mL of saline were used to initiate esophageal 
peristalsis and individual swallows were timed 30 s or more 
apart. After the study was complete, the manometry catheter 
was removed.

BAS protocol

Standing lateral and AP pharyngeal swallows were recorded 
using three approximately 5 to 10 mL swallows of thin bar-
ium in each position, as a screen for swallowing dysfunction 
and morphologic abnormalities. The patient was then placed 
in the standing left posterior oblique (LPO) position. Bicar-
bonate was administered in 10 mL water followed promptly 
by 60 mL thick barium, and 3 air contrast digital views of 
the esophagus were obtained. The patient was placed in the 
standing AP and lateral positions and air contrast views of 
the pharynx were obtained. Next, the patient was placed in 

the right anterior oblique (RAO) position. Peristalsis was 
evaluated and recorded using 3 single swallows of approxi-
mately 10 mL each thin barium. Esophageal distensibility 
was evaluated using fluoroscopy while the patient drank 3 
consecutive swallows (approximately 10 mL each) of thin 
barium to optimize detection of esophageal strictures. Dur-
ing multiple consecutive swallows of the remaining thin 
barium, spot images were obtained of the distended esopha-
gus. The patient was then rotated into the supine and right 
posterior oblique (RPO) position to evaluate for reflux. If no 
spontaneous reflux occurred, provocative maneuvers were 
utilized including Valsalva maneuver, water siphon, and 
right lateral positioning. Coughing was not assessed as a 
provocative maneuver due to the COVID-19 pandemic. The 
table was then turned upright and a 12.5 mm barium tablet 
was administered with water in the standing LPO position.

Grading system

BAS images were retrospectively and independently 
reviewed by three blinded radiologists (SG, JZ, DM) with 
subspecialty training in abdominal imaging and fluoroscopy 
and 4, 7, and 18 years of experience, respectively. Each radi-
ologist used a 4-point grading scale to grade the adequacy of 
esophageal coating. Grade 1 was defined as inadequate coat-
ing (difficulty seeing wall in continuity outlined by barium), 
grade 2 as suboptimal coating (wall seen in continuity but 
poor surface details), grade 3 as adequate coating (wall seen 
in continuity and adequate surface details), and grade 4 as 
optimal coating (wall seen very well, cannot imagine a better 

Fig. 1   Examples of esophageal mucosal coating grading system. a 
Grade 1 inadequate coating, difficulty seeing wall in continuity out-
lined by barium; b grade 2 suboptimal coating, wall seen in conti-

nuity but poor surface details; c grade 3 adequate coating, wall seen 
in continuity and adequate surface details; d grade 4 optimal coating, 
wall seen very well and cannot imagine a better coating
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coating) (Fig. 1). The overall mean, median, and standard 
deviation of the assigned grades were calculated for the each 
of the groups. An unpaired t-test was used for statistical 
comparison of both groups.

Results

Demographics of each cohort are compared in Table 1. 
There is no significant difference between the mean age in 
both groups (53.3 years in BAS alone vs. 57.2 years in same 
day HRM and BAS, p = 0.49). There is comparable distri-
bution of gender between the two groups with both groups 
consisting of more females than males (70% female in BAS 
alone vs. 71% female in same day HRM and BAS, p = 0.93).

In the same day HRM group, the time from HRM to 
BAS ranged from 37 min to 4 h and 18 min. The mean time 
between HRM and BAS was 1 h and 21 min with median 
time of 57 min and standard deviation of 58 min.

The overall BAS grading results of both groups are pro-
vided in Table 2. The individual reader same day HRM and 
BAS group grades range from 2 to 4 with an overall mean of 
3.17, median 3.00, and standard deviation of 0.66 (Figs. 2, 
3). The individual reader BAS alone group grades range 
from 1 to 4 with an overall mean of 3.13, median of 3.00, 
and standard deviation of 0.79 (Figs. 4, 5). The calculated 
p-value between the two groups is 0.97.

Discussion

HRM and BAS are often performed to evaluate motility dis-
orders and for pre-operative planning for various gastrointes-
tinal operations including hiatal hernia repair and myotomy 
for achalasia. Both HRM and BAS are considered potential 
aerosol-generating procedures by the American Gastroen-
terology Association and Radiological Society of North 
America COVID-19 Task Force, respectively, and require 
COVID-19 screening at many institutions [4, 5]. The Ameri-
can College of Radiology recommends fasting for at least 2 h 
prior to a routine BAS [2]. HRM and BAS are traditionally 

performed on separate days to allow appropriate preproc-
edural fasting, theoretically optimizing HRM esophageal 
pressure measurements and BAS esophageal mucosal coat-
ing.[2, 6] We hypothesized that there was no loss in study 
quality utilizing same day HRM and BAS, while increasing 
efficiency, conserving resources, reducing patient expenses 
and time off work/traveling, and limiting patient exposures 
during the COVID pandemic.

BAS indications are highly variable and include func-
tional and anatomic indications such as dysphagia, GERD, 
esophagitis, strictures, esophageal obstruction, suspected 
malignancy, as well as pre- and post-operative evaluation 
[2]. Current indications for HRM include functional evalu-
ation (not anatomic) including dysphagia, GERD, atypical 
chest pain, and pre- and post-operative planning [3]. HRM 
and BAS are both essential for pre-operative planning for 
anti-reflux surgery to evaluate esophageal motility, exclude 
achalasia, and to determine baseline anatomy (i.e. presence/
absence of hiatal hernia) [7–9]. The Society of American 
Gastrointestinal and Endoscopic Surgeons (SAGES) also 
recommends BAS in the pre-operative workup for hiatal 
hernia repair with selective use of HRM [10]. Further, HRM 
and BAS play major roles in the diagnosis and evaluation of 
achalasia based on pressurization measurements, contraction 
patterns, characterization of the lower esophageal sphincter, 
and characteristic BAS appearance with delayed emptying 
on timed BAS [11].

BAS provides unique evaluation of mucosal pathology 
which HRM does not provide. BAS optimizes mucosal 
evaluation by distending the esophagus with air using an 
effervescent agent, followed by consumption of thick barium 
to coat the mucosa. The radiopaque barium outlines fine 
mucosal abnormalities against the radiolucent distended air-
filled lumen. Pharyngeal and esophageal mucosal pathology 
are thus readily visible. These include esophagitis, ulcera-
tion, Barrett’s esophagus, strictures, and malignancy, all of 
which are incompletely evaluated with HRM. [12–14]

Inexpensive, non-invasive, and readily available, BAS is 
often the first exam performed for patients presenting with 
esophageal symptoms [15]. Compared to the gold stand-
ard endoscopy, BAS has shown comparable sensitivity and 
specificity for detecting reflux esophagitis [16]. Addition-
ally, BAS demonstrates comparable sensitivity to endoscopy 
for detection of esophageal carcinoma, measuring greater 
than 95% [17–21]. BAS is similarly excellent for detec-
tion of esophageal strictures, with a reported sensitivity of 
95% [22]. Gupta et. al compared radiographically benign 
and malignant strictures with endoscopy and pathologic 
findings. 100% of radiographically benign strictures were 
endoscopically benign, 100% of radiographically malignant 
strictures were endoscopically malignant, and 93% of radio-
graphically equivocal strictures were endoscopically benign, 
demonstrating high BAS and endoscopy correlation [23].

Table 1   Demographics of both cohorts

BAS alone Same day HRM and bas

Age
 Mean 53.3 57.2
 Median 56.0 61.5
 SD 16.6 15.4

Gender
 Male 30.0% (6/20) 28.6% (4/14)
 Female 70.0% (14/20) 71.4% (10/14)
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Table 2   Results of quality of esophageal coating in both cohorts

Attending Same day HRM and BAS

Esophageal coating Esophageal coating Esophageal coating Mean Median

A 3 3 3 3.00 3
B 4 4 3 3.67 4
C 4 3 3 3.33 3
A 3 3 2 2.67 3
D 3 3 4 3.33 3
E 3 3 2 2.67 3
A 3 3 3 3.00 3
F 4 4 4 4.00 4
G 3 2 2 2.33 2
A 3 4 3 3.33 3
A 3 3 3 3.00 3
A 4 4 4 4.00 4
A 2 3 2 2.33 2
C 3 4 4 3.67 4

Overall mean 3.17

Overall median 3.00
Overall SD 0.66

Attending BAS alone

Esophageal coating Esophageal coating Esophageal coating Mean Median

A 4 4 4 4.00 4
A 4 4 4 4.00 4
A 3 3 3 3.00 3
A 4 4 4 4.00 4
B 4 2 3 3.00 3
B 3 3 3 3.00 3
B 3 2 3 2.67 3
B 4 4 4 4.00 4
C 3 2 3 2.67 3
C 3 3 3 3.00 3
C 4 4 3 3.67 4
C 4 4 3 3.67 4
A 4 4 3 3.67 4
A 3 4 3 3.33 3
A 2 1 2 1.67 2
A 3 4 3 3.33 3
D 3 2 2 2.33 2
D 2 2 3 2.33 2
D 3 2 2 2.33 2
D 4 3 2 3.00 3

Overall mean 3.13

Overall median 3
Overall SD 0.79
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Fig. 2   68-year-old female with history of Nissen fundoplication pre-
sents with worsening reflux and dysphagia, undergoing evaluation 
for redo of paraesophageal hernia repair. Patient underwent same 
day HRM prior to BAS. HRM revealed hiatal hernia, normal lower 

esophageal sphincter pressure, and intact primary peristalsis wave. 
BAS (a, b, and c) demonstrated partial dehiscence of the fundoplica-
tion with recurrent hiatal hernia and transthoracic migration. Barium 
esophageal coating was graded adequate to optimal (grade 3.67)

Fig. 3   70-year-old female with history of hiatal hernia and chronic 
gastroesophageal reflux disease (GERD), referred for pre-operative 
evaluation of hernia. Patient underwent same day HRM prior to BAS. 
HRM revealed hiatal hernia, low basal lower esophageal sphincter 
pressure, and fragmented peristalsis. a BAS demonstrated no abnor-
mality of the upper 2/3 esophagus. b A Schatzki ring (arrow) was 

present in the lower esophagus on standing air contrast LPO views. c 
During supine RPO reflux maneuvers, a type III paraesophageal her-
nia was noted involving the gastric cardia and fundus with superior 
displacement of the gastroesophageal junction. Barium esophageal 
coating was graded adequate to optimal (grade 3.33)
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Fig. 4   59-year-old male with history of esophageal perforation sec-
ondary to suspected Boerhaave’s syndrome undergoing follow-up 
after esophageal stent removal. Patient underwent BAS alone. a and 
b BAS demonstrated normal esophageal mucosa with subtle possi-
ble extraluminal contrast at the level of the distal esophagus (white 

arrow). c Delayed magnified images of the distal esophagus dem-
onstrate contained extraluminal contrast from the distal esophagus 
(black arrow). A wide stricture was also incidentally noted in the 
upper-to-mid thoracic esophagus. Barium esophageal coating was 
graded optimal (grade 4.00)

Fig. 5   61-year-old male with history of hiatal hernia undergoing pre-
operative evaluation. Patient underwent BAS alone. a and b BAS 
demonstrated normal esophageal mucosa with narrowing of the distal 
esophagus due to extrinsic compression from a large type II parae-

sophageal hernia (arrow). c Erect AP view demonstrates the type II 
paraesophageal hernia with air-fluid levels. Barium esophageal coat-
ing was graded adequate (grade 3.00)
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Poor esophageal coating and artifacts can reduce sensi-
tivity for detection of mucosal abnormalities. Additionally, 
suboptimal coating may be a function of a patient’s disease 
state. For example, a dilated, a motile esophagus in achalasia 
may have poorer esophageal coating compared to a normal 
peristaltic esophagus. Our retrospective study demonstrates 
no difference in quality of BAS mucosal coating in patients 
receiving same day HRM versus those receiving BAS alone. 
Additionally, each group has similar grading scale means 
(3.17 HRM + BAS vs. 3.13 BAS alone). Our mean time 
between HRM and BAS was 1 h and 21 min, less than the 
2 h minimum fasting time recommended by the ACR. [2] 
These findings suggest that same day HRM and BAS may be 
performed with no significant effect on esophageal mucosal 
coating.

Same day HRM and BAS may prevent delays in care, 
limits COVID-19 exposures, minimizes COVID-19 prepro-
cedural testing, and conserves PPE. The American Neuro-
gastroenterology and Motility Society Task Force recom-
mends sequential scheduling of procedures when possible 
to minimize the need for repeat COVID-19 testing [24]. As 
Lee et. al discusses, expediting care during the pandemic is 
particularly important for patients with obstructive motor 
disease, severe reflux, or those at risk of aspiration [25]. 
Beyond the pandemic, scheduling same day HRM and BAS 
may allow more convenient and efficient medical evaluation.

There are important considerations given the findings of 
this study. A main limitation of the study is that it is of low 
power, which limits extrapolation of results to a larger scale. 
Further evaluation with a larger patient population would 
provide insight into same day HRM and BAS quality across 
multiple institutions. Further, suboptimal coating may be a 
function of a patient’s disease state rather than a non-fasting 
state, which may also explain why there was no significant 
difference between the groups. Additionally, many patients 
undergoing HRM and BAS also have endoscopy performed. 
Thus, suboptimal coating may be acceptable as EGD may be 
used for mucosal evaluation in these patients and HRM and 
BAS more for functional/anatomic evaluation (i.e. a timed 
achalasia study). Dedicated institutional protocols for same 
day HRM and BAS (i.e. minimum 2 h delay) should be con-
sidered and will be considered at our own institution follow-
ing the pandemic.

In conclusion, this retrospective cohort study demon-
strates no reduced quality in esophageal coating with same 
day BAS and HRM versus BAS alone. Same day BAS and 
HRM may prevent delays in care, improve efficiency, reduce 
patient expenses and travel time, and limit patient exposures 
both during and after the COVID-19 pandemic.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 

performed by Drs. SJG, DEM, and JGZ. The first draft of the manu-
script was written by Dr. SDC and all authors commented on previous 
versions of the manuscript. All authors read and approved the final 
manuscript.

Funding  No funding was received for conducting this study.

Data availability  Excel spreadsheet used for data input and calculations 
is available upon request.

Declarations 

Conflict of interest  The authors have no relevant financial or non-fi-
nancial interests to disclose.

Consent to participate  Not required.

Consent for publication  Not required.

Ethical approval  This is an observational study. The University of Ala-
bama at Birmingham Institutional Review Board for Human Use has 
confirmed that no ethical approval is required. (IRB-30005990–004).

References

	 1.	 Gyawali CP, Carlson DA, Chen JW, Patel A, Wong RJ, Yadlapati 
RH. ACG Clinical Guidelines: Clinical Use of Esophageal Physi-
ologic Testing. Am J Gastroenterol. Sep 2020;115(9):1412-1428. 
https://​doi.​org/​10.​14309/​ajg.​00000​00000​000734

	 2.	 Rubin EB, ME; Thomas, L; Torres, WE. ACR Practice Parameter 
for the Performance of Esophagrams and Upper Gastrointestinal 
Examinations in Adults American College of Radiology.

	 3.	 Pandolfino JE, Kahrilas PJ, American Gastroenterological A. 
AGA technical review on the clinical use of esophageal manom-
etry. Gastroenterology. Jan 2005;128(1):209-24. https://​doi.​org/​
10.​1053/j.​gastro.​2004.​11.​008

	 4.	 Mossa-Basha M, Azadi J, Ko J, Klein J, Meltzer C. RSNA 
COVID-19 Task Force: Best Practices for Radiology Depart-
ments during COVID-19. Updated April 27, 2020. Accessed 
March 13, 2021, https://​www.​rsna.​org/-/​media/​Files/​RSNA/​
Covid-​19/​RSNA-​COVID-​19-​bestp​racti​ces.​ashx?​la=​en&​hash=​
58700​DDDED​B3E5A​9C8ED​E80BE​534B4​ABB10​291B7

	 5.	 Sultan S, Lim JK, Altayar O, et al. AGA Rapid Recommendations 
for Gastrointestinal Procedures During the COVID-19 Pandemic. 
Gastroenterology. Aug 2020;159(2):739–758 e4. https://​doi.​org/​
10.​1053/j.​gastro.​2020.​03.​072

	 6.	 Yadlapati R, Kahrilas PJ, Fox MR, et al. Esophageal motility dis-
orders on high-resolution manometry: Chicago classification ver-
sion 4.0((c)). Neurogastroenterol Motil. Jan 2021;33(1):e14058. 
https://​doi.​org/​10.​1111/​nmo.​14058

	 7.	 Jobe BA, Richter JE, Hoppo T, et al. Preoperative diagnostic 
workup before antireflux surgery: an evidence and experience-
based consensus of the Esophageal Diagnostic Advisory Panel. J 
Am Coll Surg. Oct 2013;217(4):586-97. https://​doi.​org/​10.​1016/j.​
jamco​llsurg.​2013.​05.​023

	 8.	 Patti MG, Allaix ME, Fisichella PM. Analysis of the Causes of 
Failed Antireflux Surgery and the Principles of Treatment: A 
Review. JAMA Surg. Jun 2015;150(6):585-90. https://​doi.​org/​10.​
1001/​jamas​urg.​2014.​3859

	 9.	 Stefanidis D, Hope WW, Kohn GP, et al. Guidelines for surgical 
treatment of gastroesophageal reflux disease. Surg Endosc. Nov 
2010;24(11):2647-69. https://​doi.​org/​10.​1007/​s00464-​010-​1267-8

https://doi.org/10.14309/ajg.0000000000000734
https://doi.org/10.1053/j.gastro.2004.11.008
https://doi.org/10.1053/j.gastro.2004.11.008
https://www.rsna.org/-/media/Files/RSNA/Covid-19/RSNA-COVID-19-bestpractices.ashx?la=en&hash=58700DDDEDB3E5A9C8EDE80BE534B4ABB10291B7
https://www.rsna.org/-/media/Files/RSNA/Covid-19/RSNA-COVID-19-bestpractices.ashx?la=en&hash=58700DDDEDB3E5A9C8EDE80BE534B4ABB10291B7
https://www.rsna.org/-/media/Files/RSNA/Covid-19/RSNA-COVID-19-bestpractices.ashx?la=en&hash=58700DDDEDB3E5A9C8EDE80BE534B4ABB10291B7
https://doi.org/10.1053/j.gastro.2020.03.072
https://doi.org/10.1053/j.gastro.2020.03.072
https://doi.org/10.1111/nmo.14058
https://doi.org/10.1016/j.jamcollsurg.2013.05.023
https://doi.org/10.1016/j.jamcollsurg.2013.05.023
https://doi.org/10.1001/jamasurg.2014.3859
https://doi.org/10.1001/jamasurg.2014.3859
https://doi.org/10.1007/s00464-010-1267-8


84	 Abdominal Radiology (2022) 47:76–84

1 3

	10.	 Peters JH. SAGES guidelines for the management of hiatal hernia. 
Surg Endosc. Dec 2013;27(12):4407-8. https://​doi.​org/​10.​1007/​
s00464-​013-​3212-0

	11.	 Vaezi MF, Pandolfino JE, Yadlapati RH, Greer KB, Kavitt RT. 
ACG Clinical Guidelines: Diagnosis and Management of Acha-
lasia. Am J Gastroenterol. Sep 2020;115(9):1393-1411. https://​
doi.​org/​10.​14309/​ajg.​00000​00000​000731

	12.	 Levine MS, Rubesin SE. History and Evolution of the Bar-
ium Swallow for Evaluation of the Pharynx and Esophagus. 
Dysphagia. Feb 2017;32(1):55-72. https://​doi.​org/​10.​1007/​
s00455-​016-​9774-y

	13.	 Levine MS, Rubesin SE, Laufer I. Barium esophagogra-
phy: a study for all seasons. Clin Gastroenterol Hepatol. Jan 
2008;6(1):11-25. https://​doi.​org/​10.​1016/j.​cgh.​2007.​10.​029

	14.	 Zarzour JG, Morgan DE, Callaway JP, Hawn MT, Canon CL, 
Koehler RE. Anti-reflux procedures: complications, radiologic 
findings, and surgical and gastroenterologic perspectives. Abdom 
Radiol (NY). Jun 2018;43(6):1308-1318. https://​doi.​org/​10.​1007/​
s00261-​017-​1446-3

	15.	 Iyer R, Dubrow R. Imaging of esophageal cancer. Cancer Imag-
ing. Sep 9 2004;4(2):125-32. https://​doi.​org/​10.​1102/​1470-​7330.​
2004.​0022

	16.	 Dibble C, Levine MS, Rubesin SE, Laufer I, Katzka DA. Detec-
tion of reflux esophagitis on double-contrast esophagrams and 
endoscopy using the histologic findings as the gold standard. 
Abdom Imaging. Jul-Aug 2004;29(4):421-5. https://​doi.​org/​10.​
1007/​s00261-​003-​0128-5

	17.	 Levine MS, Chu P, Furth EE, Rubesin SE, Laufer I, Herlinger 
H. Carcinoma of the esophagus and esophagogastric junction: 
sensitivity of radiographic diagnosis. AJR Am J Roentgenol. Jun 
1997;168(6):1423-6. https://​doi.​org/​10.​2214/​ajr.​168.6.​91687​01

	18.	 Gruner M, Denis A, Masliah C, et al. Narrow-band imaging ver-
sus Lugol chromoendoscopy for esophageal squamous cell cancer 
screening in normal endoscopic practice: randomized controlled 
trial. Endoscopy. Jul 22 2020;https://​doi.​org/​10.​1055/a-​1224-​6822

	19.	 Shaheen NJ, Falk GW, Iyer PG, Gerson LB, American College 
of G. ACG Clinical Guideline: Diagnosis and Management of 

Barrett's Esophagus. Am J Gastroenterol. Jan 2016;111(1):30–50; 
quiz 51. https://​doi.​org/​10.​1038/​ajg.​2015.​322

	20.	 Domper Arnal MJ, Ferrandez Arenas A, Lanas Arbeloa A. Esoph-
ageal cancer: Risk factors, screening and endoscopic treatment 
in Western and Eastern countries. World J Gastroenterol. Jul 14 
2015;21(26):7933-43. https://​doi.​org/​10.​3748/​wjg.​v21.​i26.​7933

	21.	 Codipilly DC, Qin Y, Dawsey SM, et al. Screening for esophageal 
squamous cell carcinoma: recent advances. Gastrointest Endosc. 
Sep 2018;88(3):413-426. https://​doi.​org/​10.​1016/j.​gie.​2018.​04.​
2352

	22.	 Ott DJ, Gelfand DW, Lane TG, Wu WC. Radiologic detection and 
spectrum of appearances of peptic esophageal strictures. J Clin 
Gastroenterol. Feb 1982;4(1):11-5. https://​doi.​org/​10.​1097/​00004​
836-​19820​2000-​00002

	23.	 Gupta S, Levine MS, Rubesin SE, Katzka DA, Laufer I. Use-
fulness of barium studies for differentiating benign and malig-
nant strictures of the esophagus. AJR Am J Roentgenol. Mar 
2003;180(3):737-44. https://​doi.​org/​10.​2214/​ajr.​180.3.​18007​37

	24.	 Baker JR, Moshiree B, Rao S, et  al. American Neurogas-
troenterology and Motility Society Task Force Recommen-
dations for Resumption of Motility Laboratory Operations 
During the COVID-19 Pandemic. Am J Gastroenterol. Oct 
2020;115(10):1575-1583. https://​doi.​org/​10.​14309/​ajg.​00000​
00000​000823

	25.	 Lee YY, Bredenoord AJ, Gyawali CP. Recommendations for 
Essential Esophageal Physiologic Testing During the COVID-19 
Pandemic. Clin Gastroenterol Hepatol. Aug 2020;18(9):1906-
1908. https://​doi.​org/​10.​1016/j.​cgh.​2020.​04.​075

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00464-013-3212-0
https://doi.org/10.1007/s00464-013-3212-0
https://doi.org/10.14309/ajg.0000000000000731
https://doi.org/10.14309/ajg.0000000000000731
https://doi.org/10.1007/s00455-016-9774-y
https://doi.org/10.1007/s00455-016-9774-y
https://doi.org/10.1016/j.cgh.2007.10.029
https://doi.org/10.1007/s00261-017-1446-3
https://doi.org/10.1007/s00261-017-1446-3
https://doi.org/10.1102/1470-7330.2004.0022
https://doi.org/10.1102/1470-7330.2004.0022
https://doi.org/10.1007/s00261-003-0128-5
https://doi.org/10.1007/s00261-003-0128-5
https://doi.org/10.2214/ajr.168.6.9168701
https://doi.org/10.1055/a-1224-6822
https://doi.org/10.1038/ajg.2015.322
https://doi.org/10.3748/wjg.v21.i26.7933
https://doi.org/10.1016/j.gie.2018.04.2352
https://doi.org/10.1016/j.gie.2018.04.2352
https://doi.org/10.1097/00004836-198202000-00002
https://doi.org/10.1097/00004836-198202000-00002
https://doi.org/10.2214/ajr.180.3.1800737
https://doi.org/10.14309/ajg.0000000000000823
https://doi.org/10.14309/ajg.0000000000000823
https://doi.org/10.1016/j.cgh.2020.04.075

	Same day barium esophagography and high-resolution manometry during the COVID-19 pandemic
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Graphic abstract

	Introduction
	Methods
	HRM protocol
	BAS protocol
	Grading system

	Results
	Discussion
	References




