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Abstract Peroral endoscopic myotomy (POEM) is a

newly developed, less invasive treatment for esophageal

achalasia that requires general anesthesia under positive

pressure ventilation. In this retrospective case series, we

describe the anesthetic management of 28 consecutive

patients who underwent POEM for esophageal achalasia.

Anesthesia was maintained with sevoflurane and remifen-

tanil under positive pressure ventilation through a tracheal

tube. Retained contents in the esophagus were evacuated

just before anesthesia induction to prevent regurgitation

into the trachea. The POEM procedure was performed

using an orally inserted flexible fiberscope. Elevation of

end-tidal carbon dioxide after initiating esophageal carbon

dioxide insufflation was observed in all patients and was

treated by minute adjustments to the ventilation volume.

Scopolamine butylbromide-induced tachycardia in one

patient was treated with landiolol hydrochloride, which is a

short-acting beta 1-selective blocker. Minor subcutaneous

emphysema around the neck was observed in one patient.

POEM was successfully completed, and tracheas were

extubated immediately after the procedure in all patients.

Our findings suggest that prevention of aspiration pneu-

monia during anesthesia induction, preparation for carbon

dioxide insufflation-related complications, and treatment of

scopolamine butylbromide-induced tachycardia play

important roles in safe anesthesia management of POEM

for esophageal achalasia.
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Introduction

Esophageal achalasia is a disorder characterized by a lack

of peristalsis of the esophagus, incomplete lower esopha-

geal sphincter relaxation, and increased tone [1]. Main

clinical symptoms include dysphagia, regurgitation, and

chest pain [2]. Peroral endoscopic myotomy (POEM) has

been developed as an incisionless, minimally invasive

endoscopic treatment intended to correct esophageal

achalasia by a natural orifice transmural endoscopic sur-

gery (NOTES)-related procedure [3, 4]. Although less

invasive, POEM requires general anesthesia under positive

pressure ventilation [5–7]. We describe the anesthetic

management of 28 consecutive patients who underwent

POEM for esophageal achalasia as a retrospective case

series.

Case series

After obtaining Institutional Review Board approval, we

performed a retrospective chart review for all patients who

underwent POEM for esophageal achalasia at Nagasaki

University Hospital from August 2010 to August 2012. No

written informed consent was required. Table 1 shows the

demographic characteristics and clinical features of the 28

consecutive patients who were identified.
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Patients were withheld oral intake (nil per os) for 24 h

before POEM. An esophagoscopy using a large channel

endoscope was performed within a few hours prior to

anesthesia induction to ensure complete evacuation of the

esophageal contents. The nature and volume of the

esophageal remnants varied among patients. Of the 27

patients whose pre-anesthetic esophagoscopic findings

were available, solid food remained in ten patients

(37.0 %) and only liquid was observed in four patients

(14.8 %). Of the remaining 13 patients (48.1 %), a very

little amount of frothy discharge was observed in five

patients (18.5 %), and no remnants were found in eight

patients (29.6 %). In either case, all of the esophageal

contents were completely evacuated. The patients did not

receive premedication before anesthesia induction. Anes-

thesia was induced with propofol, 1 mg/kg, under contin-

uous intravenous infusion of remifentanil at 0.25–0.5 mcg/

kg/min. In some cases, the anesthesiologist in charge of the

patient decided to apply cricoid pressure. Rocuronium

bromide 0.6 mg/kg was administered to facilitate orotrac-

heal intubation with a cuffed tube. Anesthesia was main-

tained with sevoflurane, 1.0–1.5 % end-tidal, in oxygen

40 % with air, with continuous intravenous infusion of

remifentanil under positive pressure ventilation through the

tracheal tube.

For the POEM procedure [5, 8], patients were positioned

supine with the upper abdomen exposed. This enabled

assessment of apparent pneumoperitoneum that could occur

during the procedure as POEM was performed under carbon

dioxide insufflation through esophagoscopy at a constant

rate of 1.2 L/min [5–8]. A 2-cm longitudinal incision was

made on the esophageal mucosal surface at the level of the

mid esophagus, followed by creation of a submucosal tun-

nel downwards, passing the gastroesophageal junction into

the proximal stomach. Endoscopic myotomy was started

2 cm distal to the mucosal entry point to approximately

2–3 cm beyond the gastroesophageal junction. The inner

circular muscle layer of the esophagus was the sole target of

the endoscopic myotomy. Smooth passage of an endoscopy

through the gastroesophageal junction into the stomach was

confirmed after the myotomy was completed. The mucosal

entry site was closed with hemostatic clips at the end of the

procedure.

Mean duration of anesthesia and surgery were 138 and

99 min, respectively (Table 2). No regurgitation or aspi-

ration into the trachea was observed during anesthesia

induction. Endoscopic observation of the esophagus at the

initiation of POEM revealed no remaining contents in any

patient. End-tidal carbon dioxide elevation was observed in

all patients after the initiation of carbon dioxide insufflation

through the esophageal endoscope, which was controlled

by increasing minute ventilation volume. No apparent

change in the respiratory mechanics, such as elevation of

inspiratory pressure during positive pressure mechanical

ventilation, was observed in any patient. Based on the data

from the electrically recorded anesthetic chart, the highest

end-tidal carbon dioxide value after initiation of the

esophageal carbon dioxide insufflation was \50 mmHg

except for one case. The POEM procedure was completed

successfully, and tracheas were extubated in the operating

room in all of the patients. Postoperatively, some patients

complained about epigastric pain. A diclofenac sodium

suppository 25 mg was given to 20 of the 28 patients

within first 24 h postoperatively, and three of these 20

patients were also administered pentazocine 15 mg intra-

muscularly. Metoclopramide 10 mg was used to treat

postoperative nausea and vomiting in nine of the 28

patients.

The single case of sudden increase in end-tidal carbon

dioxide, which reached 55 mmHg, was accompanied by a

small amount of subcutaneous emphysema around the

neck. Because the POEM procedure was almost completed

at the time of this event, exacerbation of subcutaneous

emphysema was not observed. The subcutaneous

Table 2 Anesthesia and surgical events in 28 consecutive patients

who underwent peroral endoscopic myotomy for esophageal achalasia

Anesthesia and surgical events Values

Duration of anesthesia (min) 138 (98–204)

Duration of operation (min) 99 (61–160)

Elevation of end-tidal carbon dioxide tension after

esophageal carbon dioxide insufflation

28 (100 %)

Subcutaneous emphysema 1 (3.6 %)

Use of scopolamine butylbromide 4 (14.3 %)

Data are mean (range) for continuous variables; n (%) for categorical

variables

Table 1 Demographic characteristics and clinical features of 28

consecutive patients who underwent peroral endoscopic myotomy for

esophageal achalasia

Demographic characteristics/clinical features Values

Male/female 10/18

Age (year) 52 (19–84)

Duration of symptoms (year) 11 (1–55)

Type of achalasia

Non-sigmoid 22

Sigmoid 6

Degree of dilatation (diameter of esophageal lumen: d)

Grade I (d \ 35 mm) 13 (46.4 %)

Grade II (35 mm \ d \ 60 mm) 12 (42.9 %)

Grade III (60 mm \ d) 3 (10.7 %)

Data are presented as the mean with the range in parenthesis for

continuous variables and as the number (n) with the percentage for

categorical variables
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emphysema subsided spontaneously in a few days. No

clinically apparent adverse events, such as pneumoperito-

neum, pneumomediastinum, or pneumothorax were

observed during anesthesia.

Intravenous scopolamine butylbromide was adminis-

tered to four patients to facilitate the POEM procedure by

inhibiting abnormal spastic contraction of the esophagus.

An increase in heart rate from 60 to 140 beats per min was

observed in one patient, who was treated with 20 mg

scopolamine butylbromide. Randiolol hydrochloride, a

short-acting beta1-adrenergic antagonist, was continuously

infused intravenously at a rate of 5 mcg/kg/min for about

50 min to decrease the heart rate. The remaining three

patients (two received 20 mg and one received 10 mg of

scopolamine butylbromide intravenously) showed a slight

increase in heart rate, which lasted about 30 min, but did

not require any treatment to control their heart rate.

The POEM procedure achieved the decrease in lower

esophageal sphincter pressure in each patient. Mean lower

esophageal pressure was decreased from 71.2 to

21.0 mmHg.

Discussion

Aspiration pneumonia caused by residual contents within

the esophagus in patients with esophageal achalasia should

be avoided during anesthesia induction [9]. Prior endo-

scopic clearance of the esophageal contents is beneficial in

preventing regurgitation during anesthesia induction [6]. In

our case series, all patients underwent a pre-anesthetic

endoscopic procedure to guarantee esophageal emptiness.

We applied cricoid pressure during anesthesia induction in

some cases as a further preventative measure. However,

esophagoscopy performed after anesthesia induction

revealed that no contents remained in the esophagus of any

patient. Thus, cricoid pressure might not be necessary

during anesthesia induction when pre-anesthetic esopha-

geal emptiness is confirmed by prior endoscopic observa-

tion. Both sevoflurane [10] and propofol [11] do not

significantly influence esophageal sphincter pressure in

healthy individuals. The effect of these agents on esopha-

geal tone in patients with esophageal achalasia has not been

well studied; however, information on clinical importance

of the selection of anesthetics (e.g., inhalational anesthetic

or total intravenous anesthesia) is not available.

Possible complications related to esophageal insufflation

during the POEM procedure include pneumomediastinum,

pneumoperitoneum, subcutaneous emphysema, and pneu-

mothorax [5–7, 12–14]. General anesthesia with positive

pressure ventilation is recommended during the POEM

procedure to minimize the risk for pneumomediastinum [5,

6]. In two separate studies, post-procedural computed

tomography [5] and chest X-ray film [13] revealed a small

amount of carbon dioxide deposition in the mediastinum,

although no treatment was required in either study. The

reported incidence of pneumomediastinum ranges widely

from 0 to 100 % [5, 12–14], possibly due to differences in

method of detection in these studies. The reported inci-

dence of pneumoperitoneum ranges from 39.5 to 60 % [7,

12, 13]. Needle placement through the abdominal wall to

decrease intra-abdominal pressure, which was not indicated

in the our case series, might be used when necessary [5, 7,

12], based on assessment of the abdominal wall upon

clinical palpation [12].

The reported incidence of subcutaneous emphysema

ranges from 0 to 55.5 %, with most cases resolved through

conservative treatment [13]. Similar to laparoscopic sur-

gery [15], a sudden increase in end-tidal carbon dioxide

tension during carbon dioxide insufflation into the esoph-

agus might be a sign of extensive subcutaneous emphy-

sema. The use of carbon dioxide to insufflate the esophagus

has been recommended, taking into account the higher

incidence of subcutaneous emphysema, mediastinal

emphysema, pneumothorax, and pneumoperitoneum asso-

ciated with air insufflation into the esophagus [13].

About 10–20 mg of scopolamine butylbromide is usu-

ally injected intravenously during gastrointestinal endo-

scopic examination. However, scopolamine butylbromide

induces tachycardia because of its anticholinergic action

[16]. Simultaneous treatment of a beta 1-selective adren-

ergic antagonist is useful in keeping the heart rate stable

[17]. Thus, a short-acting beta 1-selective adrenergic

antagonist should be considered when scopolamine buty-

lbromide is used during POEM for esophageal achalasia,

especially for elderly patients or those with cardiac com-

plications. Glucagon, which does not influence autonomic

nervous activity, might be an option to inhibit gastric

peristalsis [18].

In conclusion, prevention of aspiration pneumonia dur-

ing anesthesia induction, preparation for carbon dioxide

insufflation-related complications, and heart rate control

against scopolamine-induced tachycardia appear to be

important preventative factors for the anesthesia manage-

ment of POEM for esophageal achalasia.
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