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Background/Aims
Food retention, which is a characteristic observed in patients with achalasia, can interfere with peroral endoscopic myotomy (POEM). 
However, there is no established guideline for esophageal preparation for POEM. A previous study has shown that drinking warm 
water may reduce the lower esophageal sphincter pressure in patients with achalasia. This study aims to evaluate the possibility of 
proper preparation of POEM by instructing the patient to drink warm water.

Methods
The warm water preparation was performed in 29 patients with achalasia who underwent POEM. The patients drank 1 L of warm 
water (60oC) the night before POEM. We evaluated the esophageal clearness and determined the preparation quality. Twenty-
nine patients were prospectively recruited and compared to control group. The control cohort comprised achalasia patients whose 
endoscopic image was available from the achalasia database of our institution. A 1:2 propensity score-matched control cohort was 
established from the database of achalasia subjects (n = 155) to compare the outcome of the preparation. 

Results
In the warm water preparation group, only 1 patient (3.4%) had some solid retention, but it did not interfere with the POEM 
procedure. The grade of clearness (P = 0.016) and quality of preparation (P < 0.001) were significantly better in the warm water 
preparation group than in the matched control group. There was no any adverse event at all related to warm water preparation 
protocol.

Conclusions
Drinking warm water dramatically reduces esophageal food retention and significantly improves the quality of esophageal preparation. 
This simple protocol is quite useful, safe, and cost-effective in the preparation of achalasia patients for POEM.
(J Neurogastroenterol Motil 2022;28:231-236)
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Introduction  

Recently, peroral endoscopic myotomy (POEM) has been 
widely used as an endoscopic treatment method for patients with 
achalasia.1 The nature of achalasia can cause food or fluid reten-
tion in the esophagus.2 Therefore, patients with achalasia are more 
likely to develop aspiration pneumonia than general patients during 
endoscopic procedures. Yang et al3 reported that in 52 patients who 
had undergone pre-POEM endoscopy, approximately half had 
residual esophageal contents.3 Some authors reported that aspiration 
pneumonia was observed in 0.04-1.16% of patients during POEM 
procedures,4,5 while the incidence of respiratory infections after en-
doscopy under sedation was 0.1% in the general population.6 Also, 
esophageal food retention significantly interferes with POEM 
procedures, in terms of poor mucosal visualization and possible me-
diastinal contamination. However, guidelines for proper esophageal 
preparation before POEM do not exist. Large quantities of food 
frequently remain in the esophagus after routine overnight fasting 
for upper endoscopy in patients with achalasia. Proper esophageal 
preparation is essential to ensure patient safety and adequate vi-
sualization of the esophageal mucosa and to optimize a successful 
POEM procedure.

Clinically, warm water intake relieves the symptoms of a pa-
tient with achalasia. Winship et al7 reported that warm water intake 
would facilitate the transit of propagated waves, shorten the dura-
tion of the distal esophageal contraction, and decrease the amplitude 
of the lower esophageal sphincter (LES) after contraction.7 Ren et 
al8 reported the changes in esophageal motility to warm temperature 
in untreated achalasia patients using high-resolution esophageal ma-
nometry. Warm water could reduce the LES resting pressure, assist 
LES relaxation, shorten the contraction duration of the esophageal 
body, and relieve achalasia symptoms.8 Drinking warm water may 
help in providing a cleaner esophagus in a patient with achalasia 
than simply fasting.

This study aims to evaluate the possibility of warm water drink-
ing for proper esophageal preparation prior to POEM.

Materials and Methods  

Study Cohort
For the initial pilot study, we prospectively recruited 12 patients 

with achalasia who underwent POEM at Gangnam Severance 
Hospital from June 2019 to June 2020. These patients drank warm 

water the night before POEM. The degree of esophageal clear-
ness was evaluated by endoscopy before performing the POEM 
procedure. The control cohort comprised achalasia patients whose 
endoscopic image was available from the achalasia database of our 
institution. Among the 155 patients, we excluded 12 patients whose 
endoscopic images or reports were not available. A propensity score-
matched control group was established comprising of 24 patients 
whose age, sex, achalasia subtype, and history of previous treatment 
(balloon dilatation and botulinum toxin injection) were matched to 
those in the study group. In the control cohort, the grade of esopha-
geal clearness was retrospectively reviewed using endoscopic images 
and reports. 

With favorable preparation outcomes from the initial pilot 
study, we continued the warm water preparation in subsequent 17 
patients. Finally, the warm water preparation was performed in 29 
patients. In the same way as the pilot study, a 1:2 propensity score-
matched cohort was established. This study was approved by the 
Institutional Review Board of Gangnam Severance Hospital (No. 
3-2019-0104).

Esophageal Preparation
In the warm water preparation group, the patients drank 1 L of 

warm water at 60℃ during 30 minutes at 8 PM the day before the 
POEM. Moreover, the patient had nothing to eat or drink after 
midnight the evening before the procedure in both the warm water 
preparation group and the control group.

The degree of clearness of the esophagus was compared with 
that of the control cohort, in which the patients underwent endo-
scopic procedures without warm water preparation. We defined the 
esophageal clearness scale for assessment of esophageal preparation 
quality (Table 1). Grades 0 to 3 were defined as follows: 0 = the 
entire mucosa of the esophagus can be clearly observed without re-
sidual staining; 1 = minor amount of residual staining with opaque 
liquid can be observed, but the entire esophageal mucosa can be 
easily observed just by endoscopic suction; 2 = a portion of the 

Table 1. Esophageal Clearness Grade

Preparation 
quality

Grade Characteristic
Mucosal  

visualization

Good 0 Clear Entire mucosa
1 Liquid retention Most of the mucosa

Poor 2 Some solid retention Part of the mucosa
3 Large amount of solid 

retention
Not observed
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mucosa of the esophagus can be observed, but residual solid food 
retention hinders the observation of the entire esophageal mucosa; 
and 3 = an unprepared esophagus with the mucosa cannot be ob-
served due to large quantity of solid retention that cannot be cleared 
by endoscopic suction.

Figure shows the representative endoscopic images of each 
esophageal clearness scale. Grades 0 and 1 indicate that the qual-

ity of preparation is good, which is a state adequate for endoscopic 
therapeutic procedures. Grades 2 and 3 indicate that the quality of 
preparation is poor, which is a state inadequate for endoscopic thera-
peutic procedures.

Statistical Methods
The Fisher’s exact test was used to examine the associations 

among categorical variables. The Mantel–Haenszel test was used 

Preparation quality

Good = grades 0 and 1

Poor = grades 2 and 3

Clearness grade 0 1 2 3

Figure. Representative case of different endoscopic preparation grades for patients with achalasia.

Table 2. Baseline Characteristics of and Preparation Outcomes in 
Initial Pilot Study

Variables
Warm water  

preparation (n = 12)
Control  

(n = 143)
P-value

Male 3 (25.0) 64 (44.8) 0.756
Age (yr) 42.3 ± 15.0 44.2 ± 17.1 0.793
Previous treatment 4 (33.3) 75 (52.4) 0.475
Achalasia type 0.599
  Type I 3 (25.0) 40 (28.0)
  Type II 9 (75.0) 91 (63.6)
  Type III 0 (0.0) 12 (8.4)
Clearness grade 0.274
  Grade 0 2 (16.7) 54 (37.7)
  Grade 1 10 (83.3) 48 (33.6)
  Grade 2 0 (0.0) 21 (14.7)
  Grade 3 0 (0.0) 20 (14.0)
Preparation quality 0.019
  Good 12 (100.0) 102 (71.3)
  Poor 0 (0.0) 41 (28.7)

Data are presented as n (%) or mean ± SD.

Table 3. Baseline Characteristics of and Preparation Outcomes in the 
1:2 Propensity Score-matched Cohort of Initial Pilot Study

Variables
Warm water  

preparation (n = 12)
Control  

(n = 24)
P-value

Male 3 (25.0) 6 (25.0) > 0.999
Age (yr) 42.3 ± 15.0 44.7 ± 17.5 0.685
Previous treatment 4 (33.3) 8 (33.3) > 0.999
Achalasia type > 0.999
  Type I 3 (25.0) 6 (25.0)
  Type II 9 (75.0) 18 (75.0)
Clearness grade 0.041
  Grade 0 2 (16.7) 4 (16.7)
  Grade 1 10 (83.3) 9 (37.5)
  Grade 2 0 (0.0) 6 (25.0)
  Grade 3 0 (0.0) 5 (20.9)
Preparation quality (n, %) 0.006
  Good 12 (100.0) 13 (54.2)
  Poor 0 (0.0) 11 (45.8)

Data are presented as n (%) or mean ± SD.
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for ordinal variables, and the independent 2 sample t test was used 
for the non-categorical variables. A P-value < 0.05 was considered 
statistically significant. The Statistical Package for the Social Sci-
ences version 12.0 (IBM Corp, Armonk, NY, USA) and Statistical 
Analysis System version 9.4 (SAS Institute, Cary, NC, USA) were 
used for all analyses.

Results  

The baseline characteristics and preparation outcomes of the 2 
groups for pilot study (initial 12 patients) are shown in Table 2. The 
warm water preparation group comprised of 3 male and 9 female 
patients with a mean age of 42.3 years. In the control group before 
propensity score matching (n = 143), a total of 64 (44.8%) males 
were included, with a mean age of 44.2 years. Moreover, 4 of the 
12 patients (33.3%) in the warm water preparation group and 75 of 
the 143 patients (52.4%) in the control group previously underwent 
balloon dilatation. Most of the patients in the preparation group 
(83.3%) showed clearness grade 1. In the control group, clearness 
grade 1 was observed in 33.6% of patients. However, there was 
no statistical difference in clearness grade between the warm water 
preparation group and the control group (P = 0.274). The prepa-
ration quality was better in the warm preparation group than that 
in the control group (100.0% vs 71.3%, P = 0.019). We also com-
pared the warm water preparation group with the 1:2 propensity 
score-matched cohort control group (n = 24). Patients from the 
control group were statistically matched to those of the warm water 
preparation group with regard to the following factors: age, sex dis-
tribution, previous balloon dilatation, and achalasia subtype. Table 
3 shows the baseline characteristics and preparation outcomes of the 
1:2 well-balanced, propensity score-matched cohort. The warm wa-
ter preparation group showed better clearness grade than the con-
trol group (P = 0.041). Preparation quality was significantly better 
in the preparation group than that in the control group (100.0% vs 
54.2%, P = 0.006). 

Table 4 shows the baseline characteristics and preparation out-
comes of the total study cohort including initial pilot and follow up 
study (n = 29). There was some solid retention in 1 of 29 patients, 
but it did not interfere with the POEM procedure. When com-
pared to the 1:2 propensity score-matched cohort control group, the 
warm water preparation group showed better clearness grade than 
the control group (P = 0.016). Preparation quality was significantly 
better in the preparation group than that in the control group (96.6% 
vs 44.8%, P ≤ 0.001). For 2 years of the study period, none of the 
patients in the warm preparation group experienced any adverse 

event from drinking warm water.

Discussion  

Achalasia is characterized by abnormal relaxation of LES and 
absent or abnormal peristalsis of the esophageal body, and the im-
paired esophageal transit induces symptoms of achalasia, such as 
dysphagia, regurgitation, chest pain, and weight loss.9 Endoscopic 
examination in patients with achalasia often shows food retention in 
the esophagus, even after overnight fasting. Esophageal food reten-
tion is considered a significant problem because it hinders the pre-
cise observation of the esophageal mucosa, interferes with the en-
doscopic therapeutic procedure, and increases the risk of aspiration. 
Aspiration of fluid and food contents during endoscopic procedure 
may induce pneumonia, other pulmonary infections, or even death 
in patients with achalasia. In general preparations before endoscopic 
procedures, a patient is instructed not to eat or drink after midnight 
the evening before the procedure. However, in some patients with 
achalasia, fasting alone is insufficient to achieve optimal preparation. 
Additionally, POEM is performed under general anesthesia and 
is different from conventional endoscopy that is performed under 
conscious sedation.3 There is a risk of aspiration pneumonia due to 
esophageal and gastric content reflux during induction of general 
anesthesia when performing positive pressure ventilation with a face 
mask10 and during the process of intubation. Furthermore, POEM 

Table 4. Baseline Characteristics of and Preparation Outcomes in the 
1:2 Propensity Score-matched Cohort of Follow-up Study

Variables
Warm water  

preparation (n = 29)
Control  

(n = 58)
P-value

Male 19 (65.5) 19 (65.5) > 0.999
Age (yr) 44.7 ± 15.1 41.1 ± 16.5 0.327
Previous treatment 7 (24.1) 7 (24.1) > 0.999
Achalasia type > 0.999
  Type I 10 (34.5) 6 (34.5)
  Type II 18 (62.1) 18 (62.1)
  Type III 1 (3.4) 1 (3.4)
Clearness grade 0.016
  Grade 0 2 (6.9) 5 (17.2)
  Grade 1 26 (89.7) 8 (27.6)
  Grade 2 1 (3.4) 9 (31.0)
  Grade 3 0 (0.0) 7 (24.2)
Preparation quality < 0.001
  Good 28 (96.6) 13 (44.8)
  Poor 1 (3.4) 16 (55.2)

Data are presented as n (%) or mean ± SD.
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procedures creates a submucosal tunnel and cuts the esophageal 
proper muscle; thus, even a small amount of esophageal food reten-
tion can contaminate the mediastinum and cause serious infection. 
Hence, clean esophageal preparation is especially important in 
POEM.

Fasting is essential before induction of general anesthesia or 
upper gastrointestinal endoscopy owing to the risk of aspiration 
pneumonia caused by reflux of the gastroesophageal contents. In 
general, 6-8 hours of fasting is required before general anesthesia 
induction.11 Depending on the protocol of each institution, patients 
may fast either 24 hours before POEM or from midnight on the 
day of the procedure.4,12 In a study in which the patients continued 
on a clear liquid diet for 48 hours followed by a midnight fast before 
undergoing the POEM procedure, solid residues were observed in 
37.0% of the patients.4

The need for pre-inspection by separate endoscopy to remove 
retained food in the esophagus is controversial.10 Inoue et al13 
recommended that a few days of fasting and endoscopic cleaning 
should be performed prior to POEM, specifically for patients with 
sigmoid type achalasia. Endoscopic cleaning before POEM may 
be the most reliable method. However, several studies in which as-
piration pneumonia associated with POEM has not occurred have 
questioned its necessity.4 Unnecessary costs and procedures can be 
avoided if reliable esophageal preparation can be achieved by means 
other than additional pre-inspection endoscopy.

The effects of temperature on esophageal motor function have 
been studied since about 50 years ago.14 Triadafilopoulos et al15 
investigated the effects of warm water drinking in patients with 
esophageal motility disorders using esophageal scintigraphy and 
conventional esophageal manometry. Clinically, drinking cold water 
can cause dysphagia or chest pain in some patients with achalasia. 
In contrast, some patients with achalasia tend to improve their 
esophageal symptoms after drinking warm water. Esophageal 
clearance was accelerated in esophageal scintigraphy, and esopha-
geal body contractions were decreased by drinking warm water in 
manometry.15 Catalano et al16 investigated manometric monitoring 
while administering wet swallows with warm and cold water boluses 
to patients with esophageal motility disorders. Warm bolus showed 
normal amplitude peristaltic contraction, while cold bolus showed 
low-amplitude aperistaltic contraction.16 The exact mechanism by 
which temperature alternates esophageal motor and sensory func-
tion in achalasia is not yet clearly known.

This study showed that simple warm water drinking protocol 
was significantly effective and useful for adequate preparation for 
POEM. Although the number of subjects was small, all achalasia 

patients who complied with the warm water drinking protocol 
showed good clearness of the esophagus for POEM. This warm 
water preparation protocol was tolerable in all patients without any 
adverse events and would also be easily applied at any institution, 
with little costs.

This study has several limitations. First, the number of study 
subjects, 29 in the warm water preparation group was relatively 
small, and moreover, only 1 case of type III achalasia was included 
in the preparation group, which was collected prospectively. Hence, 
further experience and validation are required with a larger patient 
population. Second, although the warm water preparation group 
was prospectively recruited, the control group was retrospectively 
reviewed from the database of a single center. Hence, possible 
selection bias may have affected the clinical outcomes. We tried to 
overcome this bias by creating a propensity score-matched control 
cohort. Despite these limitations, we believe that this warm water 
preparation method will be of great practical help in the POEM 
procedure in hospitals worldwide. To the best of our knowledge, 
this study is the first to compare the clinical outcomes of warm wa-
ter intake in esophageal preparation before POEM.

In conclusion, warm water is feasible and sufficient for achiev-
ing adequate esophageal preparation before POEM by temporarily 
improving esophageal motility in patients with achalasia. Warm 
water preparation is effective, easy, safe, and cost-effective. It also 
enables optimal preparation for POEM while reducing the cost 
and risk of additional endoscopy before POEM.
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