
Introduction

Endoscopic esophageal procedures such as endoscopic sub-
mucosal dissection (ESD) and peroral endoscopic myotomy 
(POEM) are increasingly being performed to avoid the con-
siderable morbidity and mortality associated with esophageal 
surgery. With its wide application as one of the main therapeutic 
modalities for early gastric cancer, ESD is now accepted as a use-
ful, minimally invasive procedure for the management of early 
esophageal cancer [1]. Although POEM is a relatively new pro-
cedure, technological advances have led to its widespread use for 
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Background: With the increasing demand for general anesthesia for endoscopic esophageal procedures, anesthesiologists 
should understand the clinical characteristics of post-procedural complications (PPCs).
Methods: We retrospectively investigated the incidence of and risk factors associated with PPCs of endoscopic esopha-
geal procedures performed under general anesthesia from July 2013 to November 2016. The final analysis included 129 
patients; 114 who underwent esophageal endoscopic dissection for esophageal tumors and 15 cases of peroral endoscopic 
myotomy for achalasia. Frank perforation during the procedure was defined as an endoscopically recognizable or clini-
cally detected perforation during the procedures. A multivariable logistic regression analysis was conducted to identify 
independent risk factors for PPCs.
Results: The overall incidence of PPCs was 19.4% (25/129). All of the PPCs were managed successfully with conserva-
tive measures. The most common PPC was symptomatic, radiologically documented atelectasis (11/25, 44.0%), followed 
by esophageal perforation-related PPCs (symptomatic pneumomediastinum or pneumoperitoneum; 9/25, 36.0%). In 
the multivariable analysis, frank perforation during the procedure was the only independent risk factor for PPCs (odds 
ratio, 8.470, 95% CI, 2.051–34.974, P = 0.003). Although frank perforation during the procedure occurred in 13 patients, 
38.5% (5/13) of them did not develop any clinical sequelae after their procedures. Compared with patients without PPCs, 
patients who developed PPCs took longer to their first oral intake and had prolonged hospital stays (P = 0.047 and 0.026, 
respectively).
Conclusions: Iatrogenic perforation during endoscopic esophageal procedures under general anesthesia was the only in-
dependent risk factor for PPCs; therefore, proactive measures and close follow-up are necessary.
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the treatment of achalasia [2].
Compared with endoscopic gastric procedures, endoscopic 

esophageal procedures carry an increased risk of perforation or 
bleeding due to the thinner esophageal wall, and motion with 
respiration and heartbeat in a narrow space [3]. Ventilatory sup-
port during these procedures is also challenging, as access to 
the patient’s airway is not always readily achieved. In addition, 
patients undergoing these procedures frequently have comor-
bidities, including cardiopulmonary disease, or pathology that 
increases the risk of regurgitation and aspiration [4]. Therefore, 
unlike endoscopic gastric procedures (mostly performed under 
sedation), intubation and general anesthesia may be preferable 
for endoscopic esophageal procedures.

Despite growing demand to provide anesthetic service for 
endoscopic esophageal procedures outside the operating room, 
few reports have focused on the safety of endoscopic esophageal 
procedures performed under general anesthesia. Therefore, we 
retrospectively investigated the incidence of and risk factors 
associated with post-procedural complications (PPCs) of endo-
scopic esophageal procedures performed under general anesthe-
sia in a single South Korean institution. 

Materials and Methods

With Institutional Review Board approval (IRB file number: 
2017-01-034; approval date: January 6, 2017), we retrospectively 
examined the records of patients aged ≥ 18 years who received 
general anesthesia for endoscopic esophageal procedures from 
July 2013 to November 2016 at our institution.

No esophageal procedure under general anesthesia was re-
peated in the same patient. Therefore, this retrospective cohort 
study enrolled 129 patients: 114 ESDs for esophageal tumors 
and 15 POEMs for achalasia. All procedures were performed in 
the endoscopy suite located outside the main operating theater.

Anesthesia

In all cases, anesthesia care was provided by a dedicated team 
of anesthesiologists with extensive experience in gastrointestinal 
endoscopy. The POEM patients took nothing by mouth except 
clear fluids for 24 h beforehand, while the ESD patients were 
fasted for 8 h before their procedures.

Standard anesthesia induction and intubation were per-
formed in all patients. After an intravenous bolus of 2–3 mg of 
midazolam, anesthesia was induced and maintained by con-
tinuous infusion of propofol and remifentanil using a target-
controlled infusion pump or continuous infusion of dexme-
detomidine and remifentanil. Rocuronium was administered at 
0.6–0.9 mg/kg as a muscle relaxant. After tracheal intubation, 
the lungs were ventilated at a tidal volume of 8 ml/kg in volume-

controlled mode. The respiratory rate was set to maintain the 
end-tidal carbon dioxide (ETCO2) at 35–40 mmHg.

After completing the procedures, any residual neuromus-
cular block was reversed and the tracheal tube was removed in 
the endoscopy room. Then, the patients were transferred to the 
endoscopy recovery room.

In the recovery room, all patients underwent serial assess-
ments of pain using an 11-point numerical rating scale (NRS). 
When the patient complained of a pain NRS score ≥ 5, 25 mg of 
meperidine was injected intravenously. Patients were discharged 
to the ward when they had a modified Aldrete score ≥ 9.

Endoscopic procedures

Before every procedure, 5 mg of cimetropium was adminis-
tered intravenously. All endoscopic procedures were performed 
with a video endoscope system (EVIS LUCERA ELITE; Olym-
pus, Tokyo, Japan) by one of three experienced endoscopists. 
During the procedures, CO2 insufflation was maintained at a 
rate of 1.2–1.5 L/min.

As described previously [5], the ESD procedure sequence 
typically consisted of marking the mucosa, making a mucosal 
incision, and performing submucosal dissection with simultane-
ous hemostasis. The POEM procedure sequence consisted of 
mucosal entry after the injection of normal saline mixed with 
epinephrine and indigo carmine, submucosal tunneling, and a 
myotomy using a Triangle Tip Knife (KD-640 L; Olympus, To-
kyo, Japan), and hemostatic clip application to close the mucosal 
entry site.

For both procedures, all patients underwent chest radiogra-
phy on the day of the procedure and the first day after the pro-
cedure to screen for pneumonia and perforation.

Variable selection and definition

PPCs included any of the following: pulmonary complica-
tions (atelectasis, effusion, aspiration or infectious pneumonia, 
pulmonary embolism, and acute respiratory failure), cardio-
vascular complications (critical arrhythmias, angina pectoris, 
myocardial infarction, congestive heart failure, and thromboem-
bolic events), bleeding that required transfusion or emergency 
endoscopic/surgical intervention, and complications induced by 
procedure-related perforation (pneumothorax and symptomatic 
pneumomediastinum or pneumoperitoneum). Pulmonary com-
plications were diagnosed only if supported by both clinical and 
radiological evidence.

The following clinical characteristics were collected us-
ing medical records: patient-related (demographic variables, 
American Society of Anesthesiologists physical status, history 
of smoking, and alcohol use), lesion-related (location of lesion), 
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anesthesia-related (anesthesia methods, duration of anesthesia, 
maximum pain NRS score in the recovery room, and total dose 
of meperidine used for post-procedural pain in the recovery 
room), and procedure-related (procedure type, duration of pro-
cedure, and frank perforation during the procedure).

Alcohol abuse was defined as an average of 3–4 drinks per 
day, four or more times per week, and current smoking as hav-
ing smoked at least one cigarette per day for more than 1 year 
within at least 6 weeks before surgery. Frank perforation during 
the procedure was defined as endoscopically recognizable per-
foration or perforation diagnosed by severe subcutaneous em-
physema, pneumomediastinum, or pneumoperitoneum during 
the procedures. The post-procedural recovery profile (length of 
recovery room stay, time to first oral intake, and length of hospi-
tal stay) was also documented.

Statistical analysis

First, univariable analyses were performed to assess the as-
sociations of each clinical characteristic with PPCs. Continu-
ous variables were tested for normality using the Kolmogorov–
Smirnov test. Non-normally and normally distributed 
continuous variables were analyzed with the Mann–Whitney 
U test and unpaired t-test, respectively. Categorical variables 
were analyzed with the χ2 or Fisher’s exact test, as appropriate.

Then, forward stepwise multivariable logistic regression anal-
ysis was used to identify independent predictors of PPCs. Vari-
ables that were significant at P ≤ 0.2 in the univariable analyses 
were considered to enter in the multivariable analysis. Cox and 
Snell’s R2 and Nagelkerke’s R2 were computed as measures of the 

goodness-of-fit of the regression model. The odds ratios, 95% 
CI, and P value of the independent predictors were calculated. 
SPSS Statistics ver. 20 (IBM Corp., Armonk, NY, USA) was used 
for all analyses. Statistical significance was set at P < 0.05.

Results

This study enrolled 129 patients; 119 men and 10 women 
(Table 1). The median (interquartile range) age of all patients 
was 66.0 (57.0–71.0) years.

The overall incidence of PPCs was 19.4% (25/129). The most 
common PPC was symptomatic, radiologically documented at-
electasis (n = 11). Additional pulmonary complications included 
aspiration (n = 3) and viral (n = 1) pneumonia (Table 2). All 
patients who developed aspiration pneumonia underwent ESD.

Nine patients developed symptomatic pneumomediastinum 

Table 1. Univariable Analyses of the Clinical Characteristics of the Patients with and without Post-procedural Complications (PPCs)

With PPCs
(n = 25)

Without PPCs
(n = 104) P value

Sex (M/F) 22/3 97/7 0.376
Age (yr) 60.9 ± 12.7 63.8 ± 10.6 0.238
Current smoking/ex- or non-smoking 4/21 30/74 0.191
Alcohol abuse (yes/no) 6/19 36/68 0.309
BMI (kg/m2) 23.3 ± 3.1 24.0 ± 2.4 0.174
ASA physical status (I/II/III) 8/14/3 34/65/5 0.402
Location of lesion (cervical/upper thoracic/mid-thoracic/lower thoracic 
  and intra-abdominal)

0/2/16/7 0/12/52/40 0.452

Procedure type (ESD/POEM) 19/6 95/9 0.032*
Anesthesia type (PPF+Remi/Dex+Remi) 20/5 95/9 0.101
Duration of surgery (min) 86.0 ± 37.8 73.3 ± 48.3 0.164
Duration of anesthesia (min) 113.5 ± 39.5 97.0 ± 49.1 0.081
Frank perforation during procedure (yes/no) 8/17 5/99 < 0.001*
Maximum pain NRS score in the recovery room (0–10) 0.0 (0.0–7.0) 1.0 (0.0–6.0) 0.793
Total dose of meperidine used in the recovery room (mg) 0.0 (0.0–25.0) 0.0 (0.0–25.0) 0.647

All data are expressed as the mean ± SD, median (interquartile range), or number. BMI: body mass index, ASA: American Society of Anesthesiologists, 
ESD: endoscopic submucosal dissection, POEM: peroral endoscopic myotomy, PPF: propofol, Remi: remifentanil, Dex: dexmedetomidine, NRS: 
numeric rating scale. *Statistically significant difference (P < 0.05).

Table 2. Classification of Post-procedural Complications of Endoscopic 
Esophageal Procedures

Classification Number of patients

Pulmonary complications
    Atelectasis 11
    Aspiration pneumonia 3
    Viral pneumonia 1
Cardiovascular complications 1
Perforation-related complications
    Symptomatic pneumomediastinum only 4
    Symptomatic pneumoperitoneum only 3
    Symptomatic pneumomediastinum 
      combined with pneumoperitoneum

2
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or pneumoperitoneum on the day of the procedure, which was 
resolved by conservative management (fasting and intravenous 
antibiotics). Of these, one patient did not show any signs of CO2 
leakage from the esophagus during the procedure. Two of these 
patients had simultaneous pneumomediastinum and pneumo-
peritoneum. One cardiovascular complication occurred, namely, 
cardiogenic shock necessitating cardioversion that developed in 
a patient with pre-existing atrial fibrillation.

No reoperation due to procedural complications or mortality 
occurred during hospitalization. There were no general anes-
thesia-specific adverse events, such as adverse drug reactions or 
intubation complications.

Frank perforation during the procedure occurred in 13 pa-
tients, of which six patients were identified only when they 
developed severe subcutaneous emphysema or pneumoperito-
neum (without endoscopic evidence of perforation). Except for 
one case requiring polyglycolic acid sheet application, all endo-
scopically recognized perforations were treated endoscopically 
by applying endoclips. Overall, 38.5% (5/13) of the patients with 
a frank perforation did not develop any clinical sequelae on the 
ward (Table 3).

Univariable and multivariable analysis

Of the variables studied, procedure type (POEM vs. ESD) 
and frank perforation during the procedure were significantly 
associated with PPCs in the univariable analyses (P < 0.05, Table 1).

Given the high correlation between ‘duration of procedure’ 
and ‘duration of anesthesia’ (Pearson’s correlation coefficient = 
0.987, P < 0.001), the latter variable was removed. Thus, in addi-
tion to these two variables, four variables associated with PPCs 

(P ≤ 0.2) in the univariate analysis (current smoking, body mass 
index, anesthesia type, and procedure duration) were entered 
into the multivariate logistic regression analysis. Of these, only 
frank perforation during the procedure was an independent risk 
factor for PPCs (odds ratio, 8.470, 95% CI, 2.051–34.974, P = 
0.003).

Recovery variables between patients with and 
without PPCs

Post-procedures, the patients who developed PPCs had a 
longer time to first oral intake (2.5 ± 2.8 and 1.3 ± 0.8 days for 
patients with and without PPCs, respectively; P = 0.047). In 
addition, the presence of a PPC resulted in a prolonged post-
procedural hospital stay (4.9 ± 3.5 and 3.2 ± 0.7 days for patients 
with and without PPCs, respectively; P = 0.026) (Table 4).

Discussion

The main finding of this study was that PPCs occurred with 
an incidence of 19.4% in patients undergoing endoscopic esoph-
ageal procedures with general anesthesia, but all of these compli-
cations could be dealt with during the procedures and managed 
successfully by conservative measures after the procedures.

In the era of endoscopic gastric procedures, the safety and ef-
ficacy of sedation are clear [6,7]. While one study reported a fa-
vorable result for sedation [8], advanced esophageal endoscopy 
is generally performed under general anesthesia. Compared 
with endoscopic gastric procedures, minimal patient movement 
is more important during endoscopic esophageal procedures 
due to the anatomic differences [3]. Insufficient depth of seda-

Table 3. Characteristics and Clinical Courses of the Patients with Frank Perforation during the Procedure

Number of patients

Endoscopically recognizable perforation (yes/no) 7/6
ESD/POEM 8/5
No treatment/closure with clips/application of polyglycolic acid sheets 6/6/1
Application of abdominal drain (yes/no) 1/12
Progression to PPCs (yes/no) 8/5

ESD: endoscopic submucosal dissection, POEM: peroral endoscopic myotomy, PPCs: post-procedural complications.

Table 4. Recovery Variables of the Patients with and without Post-procedural Complications (PPCs)

With PPCs
(n = 25)

Without PPCs
(n = 104) P value

Recovery room stay (min) 34.8 ± 9.8 34.1 ± 8.0 0.703
Time to first oral intake (days) 2.5 ± 2.8 1.3 ± 0.8 0.047*
Postoperative hospital stay (days) 4.9 ± 3.5 3.2 ± 0.7 0.026*

All data are expressed as mean ± SD. *Statistically significant difference (P < 0.05).
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tion can lead to an unstable respiratory status or patient move-
ment, which may result in complications such as perforation 
and hemorrhage.

In addition to the absence of patient movement, the major 
advantages of general anesthesia for endoscopic esophageal pro-
cedures include the reliability of the airway with tracheal intuba-
tion, a reduced risk of aspiration pneumonia, and the assistance 
of an anesthesiologist if complications occur [3,9]. As a result, 
more anesthesiologists are likely to encounter such patients in 
their daily practice.

Compared with gastric ESD, the risk of perforation is greater 
for esophageal ESD, with perforation rates in gastric ESD rang-
ing between 1.2% and 5.2% versus up to 10.7% in esophageal 
ESD [10,11]. Although one small retrospective study [3] report-
ed a similar incidence of perforation between general anesthesia 
and sedation, it is uncertain whether anesthesia methods influ-
ence the risk of perforation during esophageal ESD. In compari-
son, the reported perforation rate in POEM ranges broadly from 
0.4% to 14% [11].

Although the majority of esophageal perforations can be 
treated successfully with immediate endoscopic closure and 
conservative management, it is considered a major complication 
due to the potential for severe emphysema and life-threatening 
mediastinal inflammation. In this study, perforation-related 
PPCs occurred in nine cases (7.0% of all cases). Fortunately, all 
of them resolved with endoscopic closure and conservative mea-
sures.

Notably, 38.5% (5/13) of the patients with a frank perfora-
tion did not show any symptoms or signs on the ward. This 
result may be in part attributed to the use of CO2 gas during the 
endoscopic esophageal procedures. CO2 gas is cleared from the 
gastrointestinal tract more rapidly than air and is subsequently 
exhaled from the lungs [12]. CO2 insufflation during endoscopic 
esophageal procedures is known to reduce the risk of severe 
perforation-related PPCs [12]. In addition, general anesthesia 
itself may exert a protective effect on the progression of pneu-
moperitoneum or pneumomediastinum. The mediastinal pres-
sure is higher than the intra-esophageal pressure under general 
anesthesia, which prevents mediastinal emphysema.

In this study, frank perforation during the procedure was 
found to be a strong independent risk factor for PPCs. As 
demonstrated in this study, the presence of frank perforation 
during the procedure does not always precede clinically sig-
nificant PPCs. However, 61.5% (8/13) of the cases with a frank 
perforation progressed to symptomatic pneumomediastinum 
or pneumoperitoneum. It is evident that the clinical outcome of 
iatrogenic perforation depends on the timing and efficacy of in-
terventions. In the case of an endoscopically identified or clini-
cally suspected perforation, proactive intervention, including 
immediate treatment with endoclips, is necessary to minimize 

the morbidity and mortality related to iatrogenic perforation 
[11,13]. Careful follow-up is mandatory in cases with a pro-
longed high-grade fever, positive tests for inflammation, and 
chest pain.

Post-procedural pneumomediastinum or pneumoperito-
neum may occur in the absence of endoscopically or clinically 
detected perforation during ESD or POEM. In our series, one 
patient who developed symptomatic pneumomediastinum did 
not show any sign of CO2 leakage from the esophagus during 
the procedure. This may be attributed to the absence of serosa 
in the esophagus. CO2 gas might diffuse into the mediastinum 
or abdomen via muscle fibers exposed during the submucosal 
dissection or myotomy [13,14]. However, this is usually self-lim-
iting because CO2 gas is reabsorbed spontaneously after the pro-
cedure. If clinically relevant on the ward, such a small amount 
of gas leakage can be effectively treated by using antibiotics and 
fasting.

In this study, three cases of aspiration pneumonia were 
observed. In addition to achalasia or an esophageal tumor, up-
per gastrointestinal endoscopy itself is a known risk factor for 
regurgitation and aspiration [4,14,15]. Aspiration pneumonia 
occurs in 1.6–6.6% of gastric ESD cases under sedation [16,17]. 
Although not perfect, positive pressure ventilation with tracheal 
intubation significantly decreases the risk of regurgitation or as-
piration. This is the main reason for the relatively low incidence 
of aspiration pneumonia observed in this study.

Some anesthesiologists recommended the routine pre-
anesthetic clearance of the esophageal contents before POEM 
because the prevention of aspiration is more important during 
POEM [15]. Nevertheless, no aspiration pneumonia developed 
in the POEM patients in this study, although prior endoscopic 
clearance was not performed. We believe that withholding oral 
intake except clear fluids for 24 h before POEM might have 
protective effects on regurgitation and aspiration. Routine pre-
anesthetic endoscopic suctioning may cause marked discomfort 
in some patients. 

In our series, there were no general anesthesia-specific adverse 
effects such as adverse drug reactions or intubation complica-
tions. Atelectasis, the most common PPC in this study, can 
occur following non-surgical procedures under sedation. In a 
retrospective analysis of upper gastrointestinal endoscopic re-
section (mostly including gastric lesions), an atelectasis rate of 
19.5% (68 of 349 cases) was reported after endoscopist-directed 
sedation [18]. Compared with that study, we had a relatively low 
incidence of atelectasis (11/129, 8.5%), although direct compari-
son may be impossible due to the different procedures studied. 
Further study is necessary to clarify the beneficial effect of gen-
eral anesthesia over sedation on atelectasis following endoscopic 
esophageal procedures.

One major limitation of this study is that it was a retrospec-
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tive observational study performed in a single institution. In 
South Korea, general anesthesia is administered for endoscopic 
esophageal procedures only in a few hospitals because of a short-
age of anesthesiologists. Therefore, our study should help the 
anesthesia community to cope actively with the increasing de-
mand for remote anesthesia services for endoscopic esophageal 
procedures. Another limitation is the relatively small number 
of POEM patients. As POEM is a new endoscopic intervention, 
experience with it is very limited globally.

In conclusion, this study demonstrated that procedure-
specific complications, such as esophageal perforation-related 
PPCs (pneumomediastinum or pneumoperitoneum) and aspi-
ration pneumonia, were not uncommon following endoscopic 

esophageal procedures performed under general anesthesia. 
Many complications could be controlled safely during the pro-
cedures and managed conservatively afterwards. However, as 
frank perforation during the procedure was found to be a strong 
independent risk factor for PPCs, proactive interventions and 
close follow-up are necessary to minimize the morbidity and 
mortality related to iatrogenic perforation in such cases.
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