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Objective  To investigate esophageal motility disorders in patients with esophageal residual barium on chest x-rays 
after videofluoroscopic swallowing studies (VFSS) through high-resolution esophageal manometry (HREM).
Methods  We reviewed the records of 432 patients who underwent VFSS from September 2019 to May 2021, and 
85 patients (19.7%) with large residual barium (diameter ≥1 cm) were included. As a result of HREM, motility 
disorders were classified as major or minor motility disorders according. Esophagogastroduodenoscopy and chest 
computed tomography results available were also reviewed.
Results  Among 85 patients with large residual barium in the esophagus, 16 patients (18.8%) underwent HREM. 
Abnormal esophageal motilities were identified in 68.8% patient: three patients (18.8%) had major motility 
disorders—achalasia (n=1), esophagogastric junction (EGJ) outflow obstruction (n=2)—and eight patients (50%) 
had minor motility disorders—ineffective esophageal motility (n=7), fragmented peristalsis (n=1). In those with 
normal esophageal motility, three patients of esophageal structure disorders (18.8%)—esophageal cancer (n=1), 
cardiogenic dysphagia (n=1), slight narrowing without obstruction of EGJ (n=1)—and two patients (12.5%) with 
chronic atrophic gastritis (n=2) were confirmed.
Conclusion  Esophageal motility disorders were identified in 68.8% of 16 patients with large esophageal residual 
barium with three patients in the major and eight patients in the minor categories. Residual barium in the 
esophagus was not rare and can be a sign of significant esophageal motility disorders.
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INTRODUCTION

Coexistence of oropharyngeal dysphagia and esopha-
geal dysphagia have been reported in many cases [1]. 
Although the patient's subjective complaint is the first 
important clue in differentiating between oropharyn-
geal dysphagia and esophageal dysphagia [2,3], many 
patients with esophageal dysphagia initially complained 
of pharyngeal symptoms [4,5]. In patients suspected of 
both esophageal and pharyngeal dysphagia, pharyngeal 
swallowing test is recommended first, primarily to differ-
entiate the intra-airway aspiration [2]. Videofluoroscopic 
swallowing studies (VFSS) are one of the standard tests to 
evaluate pharyngeal swallowing function. We previously 
reported 7.5% of the patients undergoing the test showed 
some degree of esophageal dysphagia [6]. When barium 
in the esophagus with a diameter of 2 cm or more was 
observed after the VFSS test, lung cancer and esopha-
geal cancer were confirmed through esophagogastro-
duodenoscopy (EGD) or chest computed tomography 
(CT) scan, and achalasia was confirmed through barium 
esophagogram [6].

Esophageal motility disorders are classified into major 

and minor motility disorders according to the Chicago 
Classification, based on findings of high-resolution 
esophageal manometry (HREM) [7]. No previous attempt 
has been made to classify patients with barium residues 
in the esophagus after VFSS through HREM. According 
to previous studies of timed barium esophagogram, an 
esophageal diameter 4 cm after 1 minute form barium 
swallowing suggested the possibility of achalasia, where-
as a barium diameter greater than 1 cm suggested non-
achalasia motility disorder [8,9]. We hypothesized that 
there would be esophageal motility disorders in patients 
with post-VFSS barium residues greater than 1 cm. In 
addition, we hypothesized that a significant number of 
patients undergoing the VFSS test may have difficulties 
in receiving the HREM due to pre-existing cognitive or 
physical impairments [6]. In this study, we aimed to con-
firm the presence of esophageal motility disorders by re-
viewing the results of HREM in subjects with a diameter 
of 1 cm or more of barium residue in the esophagus, and 
to determine the proportion of major motility disorders 
requiring active treatment attempts. We also aimed to 
analyze the proportion of those who did not receive the 
HREM and the reasons of HREM failures.

Excluded (n=347)
No barium on chest X-ray (n=216)
Small residual barium (diameter <1 cm)

on chest X-ray (n=131)

Failed HREM (n=69)
Severe oropharyngeal dysphagia (n=1)
Poor cooperaion (n=17)
Poor general condition (n=5)
Other medical condition (n=2)
Refused or no visit (n=16)
Underfined in medical chart (n=27)
Referred to other hospital (n=1)

Esophageal structure disorders (n=3)
Esophageal cancer (n=1)
Cardiogenic dysphagia (n=1)
Slight narrowing of EGJ without

obstruction (n=1)

Unspecified esophageal disorders (n=2)
Chronic atrophic gastritis (n=2)

Patients who underwent VFSS from
September 2019 to May 2021

(n=432)

Included (n=85)
Large residual barium (diameter >1 cm)

on chest X-ray

Patients who underwent HREM
(n=16)

Esophageal motility disorder
(n=11)

Major motility disorders (n=3)
Achalasia (n=1)
EGJ obstruction (n=2)

Minor motility disorders (n=8)
Fragmented peristalsis (n=1)
Ineffective esophageal motility (n=7)

Fig. 1. Inclusion flow chart. VFSS, 
videofluoroscopic swallowing 
study; HREM, high-resolution 
esophageal manometry; EGJ, 
esophagogastric junction.
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MATERIALS AND METHODS

Participants
We retrospectively reviewed the records of 432 patients 

(aged ≥18 years; mean age 74.7±12.12 years) who under-
went VFSS from September 2019 to May 2021 at Depart-
ment of Rehabilitation Medicine, Kangwon National Uni-
versity Hospital. Post-VFSS chest X-ray were reviewed, 
85 patients (19.7%) with large residual barium (diameter 
≥1 cm) were included in the analysis. The Korean ver-
sion of the Mini-Mental State Examination (MMSE), the 
Korean version of the Modified Barthel Index (MBI), and 
referral disorders (e.g., stroke) were reviewed. In patients 
who underwent HREM, the results of HREM and EGD or 
chest CT were reviewed (Fig. 1). When patients did not 
perform the HREM, the reasons for non-performance 
were reviewed, such as poor cooperation, refusal, or loss 
to follow-up. The study protocol was approved by the 
Institutional Review Board of the Kangwon National Uni-
versity Hospital (IRB No. 2021-06-022). This study was 
retrospective study and the informed consents from the 
patients were waived.

VFSS and chest X-ray
VFSS was tested using fluoroscopy (Luminos dRF MAX; 

Siemens, Munchen, Germany) with test foods mixed with 
barium contrast medium (Baritop HD barium powder; 

Kaigen Pharram Company Limited, Osaka, Japan) in 
predetermined order: thin fluid (2 mL, 5 mL), curd-type 
yogurt, pudding, rice gruel, rice, and thickened fluid. If 
there was significant endotracheal aspiration, the test 
was discontinued. The penetration-aspiration scale (PAS) 
was graded for each test food, ranging from 1 (no aspira-
tion/penetration) to 8 (aspiration without coughing). The 
highest PAS value of all foods swallowed in the VFSS were 
reviewed; PAS grade 1 was classified as no aspiration/
penetration, grade 2 to 5 as penetration, and grade 6 to 8 
as aspiration [10]. According to the degree of dysphagia, 
four types of fluid thickening were recommended: thin 
(no thickening), nectar-thick, honey-thick, and pudding-
thick [11]. When a thickened diet was not recommended 
due to the risk of aspiration, nasogastric tube feeding was 
recommended.

The chest X-ray image was obtained with digital X-ray 
equipments (Radnext 80, Hitachi, Tokyo, Japan; DigitalDi-
agnost 4 High Performance, Philips, Amsterdam, Neder-
land) following the VFSS examination. The interval from 
VFSS to chest X-ray was not strictly controlled, but was 5 to 
10 minutes in most cases. The chest X-ray was reviewed to 
ascertain whether there was esophageal barium residue. 
To evaluate the severity, the diameter of residual barium 
in the esophagus was measured transversely at the widest 
point. For vertical localization, the end-level of esophageal 
residual barium was measured as the distance from the 

A B C

Lt-PA Lt-AP Lt-PA
T1 upper
margin

0.6 cm
Diameter of
esophageal
barium

18.2 cm

Distal end of
esophageal
barium

Gastric
barium

T1 upper
margin

24.0 cm

Distal end of
esophageal
barium

1.8 cm
Diameter of
esophageal
barium

Fig. 2. Barium residues on chest X-rays taken after VFSS. (A) Barium content in the stomach with no residual esopha-
geal barium (no barium group). (B) Small residual barium in the esophagus (<1 cm). End-level of esophageal barium 
was located 18.2 cm from T1 upper margin. (C) Large residual barium in the esophagus (barium ≥1 cm). End-level of 
esophageal barium was located 24.0 cm from T1 upper margin.
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upper margin of the T1 vertebra (Fig. 2).

HREM
The HREM (Solar GI HRM; Laborie, Portsmouth, New 

Hampshire, USA) was recommended for evaluation of 
esophageal motility disorder. Motility disorders were 
classified according to the Chicago Classification ver-
sion 3.0 [7]. Achalasia, esophagogastric junction (EGJ) 
outflow obstruction, diffuse esophageal spasm, jackham-
mer esophagus, or absent contractility were classified as 
major motility disorder, and other motility disorders were 
classified as minor motility disorder [7].

The HREM was performed according to the results of 
the swallowing function test. For those with no risk of 
aspiration, a conventional HREM protocol was used: 
swallow a thin liquid [7]. When oropharyngeal dysphagia 
was confirmed on VFSS and fluid thickening was recom-
mended, the HREM protocol was modified to reduce the 
risk of aspiration during HREM: swallow a liquid mixed 
with a thickener (NUCARE Toromi Perpect; Daesang Life 
Science Corporation, Seoul, South Korea), as recom-
mended by the VFSS. When nasogastric tube feeding was 
recommended as a result of the VFSS, HREM was not 
performed.

The HREM was performed in the supine position [7,12]. 
The examinee was asked to swallow 10 consecutive swal-
lows of 5 mL of thin or thickened liquid at 30 second in-
tervals. During the 30 second interval, patients were not 
allowed to swallow any saliva [12]. Medications, e.g., pro-
kinetics, opioids, calcium channel blockers, that could 
affect esophageal motility were discontinued at least 24 
hours prior to the test.

EGD and chest CT
EGD (GIF-HQ290; Olympus, Tokyo, Japan) was recom-

mended for evaluation of esophageal structure disorder 
(e.g., esophageal cancer, peptic stricture, scleroderma) 
[2,13-15]. Chest CT was performed in some cases to fur-
ther evaluate cancer [16] or to evaluate extrinsic com-
pression [17].

Statistical analysis
The independent t-test, chi-square test, Fisher exact 

test, and Mann-Whitney U test were used to compare 
those who succeeded with HREM with those who failed. 
The diameters and end-levels of esophageal barium resi-

due between major motility disorders and minor motility 
disorders were analyzed using the Mann-Whitney U test. 
Statistical analyses were conducted using Statistical Pack-
age for Social Science, version 25.0 (IBM SPSS Statistics; 
IBM Corporation, Armonk, NY, USA). Statistical signifi-
cance was defined as a p-value <0.05.

RESULTS

Characteristics of patients with residual barium-diameter 
of ≥1 cm

Age, sex, and referral disorders were reviewed for all 
85 patients. MMSE and MBI were obtained in 69 of 85 
patients. The mean age of the 85 patients was 79.3 years, 
and 48 (56.5%) were male. The most common referral 
cause was stroke (n=49; 57.6%). As a result of VFSS, pen-
etration and aspiration were confirmed in 46 (54.1%) and 
33 (38.8%), respectively (Table 1).

Of 85 patients, 69 patients (81.2%) did not undergo eval-
uation of esophageal motility disorders (failed HREM). 
Poor cooperation (n=17) was the most common reason 
for test failure followed by refusal or no visit (n=16). The 
reason for failed HREM was undefined in the medical 
charts of 27 patients. Other minor reasons were severe 
oropharyngeal dysphagia (n=1), poor general condition 
(n=5), and other medical conditions (n=2). One patient 
was referred to another hospital with a gastroenterolo-
gist, where the patient was previously treated (Fig. 1).

There was a significantly higher proportion of men in 
failed HREM workups compared to successful HREM 
(62.3% and 31.3%, respectively; p=0.024). However, there 
was no significant difference in age (p=0.300), refer-
ral disorders (p=0.430), VFSS findings (p=0.151), MBI 
(p=0.293), and MMSE (p=0.215) between those with 
failed HREM for all reasons and those with successful 
HREM (Table 1).

Esophageal motility disorders
Of 85 patients with large esophageal residual barium, 

16 (18.8%) successfully underwent both HREM (Fig. 1). 
Ten of the 16 patients underwent HREM with a thickened 
liquid according to the VFSS results (6, thin liquid; 8, 
nectar-thick; 2, pudding-thick) (Table 2).

As a result of HREM, esophageal motility disorder was 
identified in 11 (68.8%) out of 16 patients. Three patients 
(18.8%) had major motility disorders: achalasia (n=1) 
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(Fig. 3) and EGJ outflow obstruction (n=2) (Fig. 4). Fig. 
3 shows the HREM results of achalasia (case no#1) with 
integrated relaxation pressure >15 mmHg, 100% failed 
peristalsis, and panesophageal pressurization, which 
were reasonable findings for type II achalasia. For the 
treatment of esophageal dysphagia due to achalasia, a 
balloon catheter was dilatated at the EGJ. Fig. 4 shows 
integrated relaxation pressure > 15 mmHg and peristalsis 
in HREM (case no#2 and #3), which are compatible with 
for EGJ outflow obstruction. During and after meals, pa-
tients were instructed to maintain an upright posture for 
about 30 minutes. If necessary, prokinetic agents, such 
as serotonin modulating agents, were prescribed. Since 
no severe symptoms were identified, additional interven-
tions (e.g., botulinum toxin injection, pneumatic dila-
tion, esophagomyotomy) were not performed.

Eight patients (50%) had minor motility disorders: inef-
fective esophageal motility (n=7), fragmented peristalsis 

(n=1). Patients with minor motility disorder were in-
structed to eat in the upright position and to sit for about 
30 minutes after eating.

EGD and chest CT findings in patients with normal 
esophageal motility

In five patients with normal esophageal motility, three 
patients (18.8%) had esophageal structural disorders: 
esophageal cancer (n=1), cardiogenic dysphagia (n=1), 
slight narrowing without obstruction of EGJ (n=1). Al-
though both HREM and EGD were performed, two 
patients (12.5%) had chronic atrophic gastritis (n=2) 
without significant abnormality in the esophagus (Fig. 1, 
Table 2).

Fig. 5 shows the EGD and chest CT images of an 
81-year-old man who had the diameter of barium residue 
was 1.1 cm (case no#12), and the end-level of esopha-
geal residual barium (distance from the upper margin of 

Table 1. Characteristics of patients with large residual barium and comparison of successful and failed HREM

Variable
Barium diameter  

≥ 1 cm (n=85)
Successful HREM

(n=16)
Failed HREM

(n=69)
p-value

Age (yr) 79.3±10.31 76.9±9.98 79.9±10.38 0.300a)

Sex 0.024*b)

    Male 48 (56.5) 5 (31.3) 43 (62.3)

    Female 37 (43.5) 11 (68.8) 26 (37.7)

Referral disorders 0.430c)

    Stroke 49 (57.6) 13 (81.3) 36 (52.2)

    Traumatic brain injury 4 (4.7) 0 (0) 4 (5.8)

    Parkinsonism 5 (5.9) 0 (0) 5 (7.2)

    Dementia 9 (10.6) 1 (6.3) 8 (11.6)

    Other brain lesion 2 (2.4) 0 (0) 2 (2.9)

    Poor general condition 8 (9.4) 0 (0) 8 (11.6)

    Others 2 (2.4) 1 (6.3) 1 (1.4)

    Unknown 6 (7.1) 1 (6.3) 5 (7.2)

VFSS findings 0.151c)

    No aspiration or penetration 6 (7.1) 3 (18.8) 3 (4.9)

    Penetration 46 (54.1) 8 (50.0) 38 (55.1)

    Aspiration 33 (38.8) 5 (31.3) 28 (40.6)

MBI 22 (8.0–54.5) (n=69) 39 (12.0–64.0) (n=13) 20 (8.0–49.5) (n=56) 0.293d)

MMSE 15.4±8.42 (n=69) 12.77±9.36 (n=13) 16.0±8.16 (n=56) 0.215a)

Values are mean±standard deviation or number (%) or median (interquartile range).
HREM, high-resolution esophageal manometry; VFSS, videofluoroscopic swallowing studies; MMSE, Mini-Mental 
State Examination; MBI, Modified Barthel Index.
a)Independent t-test, b)chi-square test, c)Fisher exact test, d)Mann-Whitney test analyses.
*p<0.01.
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T1 body) was 13 cm on chest X-ray. On EGD and chest-
CT, a cancer mass narrowing the lumen was observed at 
the same esophageal level as the barium residue, which 
corresponded to the chest X-ray. To palliate esophageal 
obstruction caused by cancer, stent insertion was per-
formed through EGD (Fig. 5).

In a case of cardiogenic dysphagia, a rare cause of esoph-
ageal dysphagia [17], EGD showed external compression 
lesion in the mid-esophagus. On chest CT, the enlarged 
left atrium was observed to externally compress the mid-

esophagus. After diuretic treatment, no barium residue 
was observed on post-VFSS chest X-rays followed up.

Characteristics of barium residue in major versus minor 
esophageal motility disorders

The diameter and end-level of residual esophageal 
barium were compared between major motility disorders 
and minor motility disorders. There was no significant 
difference in esophageal barium diameter between ma-
jor motility disorders (median 1.8 cm, interquartile range 

A B C

2.5 cm

23.0 cm

Fig. 3. Achalasia (case no#1). (A) Residual barium with a diameter of 2.5 cm was observed in the esophagus on chest 
X-ray. The end-level of the esophageal barium was located 23.0 cm from the T1 upper margin. Due to the fixed instru-
ment, the bird beak sign is difficult to identify. (B) On esophageal manometry, impaired lower esophageal sphincter 
relaxation (integrated relaxation pressure >15 mmHg), absent peristalsis, and panesophageal pressurization were 
observed, which are reasonable findings for type II achalasia. (C) For the treatment of esophageal dysphagia due to 
achalasia, a balloon-catheter dilatation was performed at the esophagogastric junction.

A B

Lt-PA

1.8 cm

24.0 cm

Fig. 4. Esophagogastric junction (EGJ) outflow obstruction (case no#2). (A) Residual barium with a diameter of 1.8 cm 
was observed in the esophagus on chest X-ray. The end-level of esophageal barium was located 24.0 cm from the T1 
upper margin. (B) On esophageal manometry, impaired lower esophageal sphincter relaxation (integrated relaxation 
pressure >15 mmHg) but peristalsis was observed, which are reasonable findings for EGJ outflow obstruction.
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[IQR] 1.3–2.5) and minor motility disorders (median 1.3 
cm, IQR 1.1–1.5) (p=0.776). The end-levels of esophageal 
barium also showed no significant difference between 
major motility disorders (median 23.0 cm, IQR 19.2–24.0) 
and minor motility disorders (median 22.3 cm, IQR 17.4–
27.0) (p=0.133) (Table 3).

DISCUSSION

Esophageal evaluations including HREM were per-
formed to assess the esophageal motility disorders. The 
proportion of esophageal motility disorders was 68.8%. 
Major and minor esophageal motility disorders were 
18.8% and 50%, respectively. This was the first study to 
analyze the proportion of esophageal motility disorders 
through HREM in patients with esophageal barium resi-
dues with diameter greater than 1 cm on the post-VFSS 
chest X-ray. Of the 85 patients with esophageal barium 
residues, only 16 underwent HREM testing, and the re-

maining 81% did not achieve HREM testing. Characteris-
tics such as age, causative disease, MMSE, MBI, and VFSS 
findings excluding sex, were not significantly different 
between successful and failed HREMs. In spite of low ex-
ecution rate of HREM, our findings suggest that esopha-
geal motility disorders may be present in a high propor-
tion in patients with large residual barium on post-VFSS 
chest X-rays.

In this analysis, the proportion of subjects with esopha-
geal barium greater than 1 cm was 19% of the subjects, 
which was even higher than the previously reported 7.5% 
with presence of esophageal barium residue regardless 
of the size of diameter [6]. The previous study showed 
significant differences in the age of subjects based on the 
presence or absence of esophageal barium residues [6]. 
The average age of the study population in the previous 
study was 73.5 years, and the age of population in this 
study was slightly older (mean age was 74.7 years). The 
proportion of esophageal abnormalities may vary de-

Table 3. Association of esophageal barium diameter degree and distance between distal end of barium and upper 
margin of T1 in major motility disorders

Esophageal barium Major motility disorders (n=3) Minor motility disorders (n=8) p-valuea)

Diameter (cm) 1.8 (1.3–2.5) 1.3 (1.1–1.5) 0.776

Distance to T1 upper margin (cm) 23.0 (19.2–24.0) 22.3 (17.4–27.0) 0.133

Values are presented as median (interquartile range).
a)Mann-Whitney U test.

A B C D

4.5 cm4.5 cm

13 cm

1.1 cm

4.5 cm

Fig. 5. Esophageal cancer (case no#12). (A) Residual barium with a diameter of 1.1 cm was observed in the esophagus 
on chest X-ray. The end-level of esophageal barium was located 13.0 cm from the T1 upper margin. A filling defect 
of the barium was observed for a length of 4.5 cm below the distal end of the barium, which was the middle thoracic 
esophageal level. (B) On esophagogastroduodenoscopy (EGD) and (C) chest computed tomography, a cancer narrow-
ing the lumen was observed at the middle thoracic esophageal level, which corresponds to the chest X-ray. (D) To pal-
liate esophageal obstruction caused by cancer, stent insertion was performed through EGD.
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pending on the characteristics of the patients (e.g., age) 
participating in the VFSS. Therefore, it suggests that the 
rate of esophageal dysphagia among people receiving 
VFSS test may vary by hospitals or regions. Nevertheless, 
we were able to suggest that a non-negligible proportion 
of VFSS patients could have esophageal dysphagia.

In spite of the high proportion of identified causes of 
esophageal dysphagia (87.5%) including 11 motility and 
three structural disorders, two patients showed unspeci-
fied findings on HREM and EGD. In the current study, 
VFSS was performed in an upright posture and HREM 
was performed supine. Sweis et al. [18] reported that 
in the upright position, the pressure of the EGJ could 
change due to an increase in hydrostatic pressure or ana-
tomical change. When upright position swallows were 
included in the HREM, the results could be different to 
a supine test [19]. Generally, esophageal motility disor-
ders are associated with both solid foods and liquids [3]. 
HREM with solid food had different findings than that 
with liquid food. Sweis et al. [18] reported that the inte-
grated relaxation pressure was larger in solid swallows 
than in liquid ones because of increased friction between 
the bolus and the luminal wall. Our HREM protocol was 
to swallow liquid (thin or thick). When solid food swal-
lowing or upright position swallow were included in the 
HREM, the results could differ a from liquid and supine 
test [19]. The Chicago classification, which classified 
esophageal motility disorders through HREM, was pub-
lished in version 3.0 in 2015 and updated to version 4.0 in 
2020. In the Chicago classification version 4.0, positional 
change (supine and upright position) and provocative 
testing (solid food) were included [20]. Because the Chi-
cago classification version 4.0 provides detailed diagnos-
tic threshold values for upright position and solid food 
swallowing, more accurate diagnosis will be possible if 
HREM is based on the Chicago classification version 4.0. 
At the time of our study, the Chicago classification ver-
sion 3.0 was the latest version, so the upright position test 
or the solid food test could not be performed.

Previous study suggested the larger diameter barium in 
the esophagus could be associated with achalasia com-
pared to non-achalasia motility disorders [8,9]. In our 
study, the diameter and end-level of esophageal residual 
barium were not significantly related to the severity of 
esophageal motility disorders. First, this may be because 
only large barium residues (diameter ≥1 cm) were in-

cluded in the analysis. Second, too few patients were 
included, and it may have failed to achieve statistical sig-
nificance due to the small sample. Third, this may be due 
to the failure to control the interval between VFSS and 
chest X-ray. The interval between two tests may increase, 
depending on several factors. When large amounts of 
pharyngeal residues were observed during VFSS, oropha-
ryngeal suction was performed during or after VFSS. De-
pending on the patient’s walking ability, the travel time 
to the chest X-ray room after VFSS could be delayed.

Sixty-nine of 85 patients (81%) failed HREM. Poor co-
operation was the most common cause of failed HREM. 
The conventional HREM protocol (based on Chicago 
classification version 3.0), which requires 10 swallows of 
5 mL of liquid in the supine position [7], was difficult to 
perform in patients who did not cooperate. Shinjo et al. 
[21] reported that swallowing was subjectively more dif-
ficult in the supine position than in the upright position. 
Xiao et al. [19] reported that the diagnostic results were 
significantly consistent in the supine and upright posi-
tions. Therefore, for patients with risk of aspiration and 
poor cooperation, carefully performing only five swal-
lows in the upright position can be considered.

This study has several limitations. First, it was a retro-
spective review, and additional workups were not per-
formed in the absence of esophageal barium residue or 
with small residue. Therefore, a randomized controlled 
trial is needed to determine whether there is a statistically 
significant difference in the diagnostic rate of esophageal 
dysphagia by performing additional workups in a control 
group without esophageal barium residue. Second, of 85 
patients with large esophageal barium residue, only 16 
patients underwent esophageal evaluation. The sample 
was too small to evaluate the relationship between the 
degree of barium diameter and the severity of esophageal 
motility disorders. Third, chest X-ray posture was not 
consistent. Patients (n=25) who were able to stand were 
examined with the chest posteroanterior (PA) to observe 
a wider lung field. However, the patient (n=60) with dif-
ficulty in standing was examined in anteroposterior (AP) 
method because there was a risk of falling. We could not 
find any papers reporting the difference in esophageal 
diameter between chest PA and chest AP, but there may 
be a bias in measuring barium diameter.

In conclusion, of the 85 patients with large esopha-
geal residual barium, 16 (18.8%) successfully underwent 
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HREM. Lack of cooperation, systemic deterioration, and 
other medical reasons were the most common reasons 
limiting HREM. Esophageal motility disorders were iden-
tified in 68.8% of 16 patients with large esophageal re-
sidual barium with three patients in the major and eight 
patients in the minor categories. Including three patients 
(18.8%) with structural disorders, the proportion of iden-
tified causes of esophageal dysphagia was increased up 
to 87.5%. Since residual barium in the esophagus is not 
rare and can be a sign of significant esophageal disease, 
additional esophageal evaluation will be required.
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