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Introduction

Percutaneous device closure of an atrial septal defect (ASD) 
is a safe and effective procedure for the complete closure of 
an ASD in children and adults (1,2). Use of transesophageal 
echocardiography (TEE) during this procedure is essential 

to confirm the correct placement of the closure device 
and to detect complications including early thrombosis, 
interference with other cardiac structures, and misplacement 
of the device (3). Although general anesthesia (GA) has 
usually been used to perform ASD device closures for the 
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protection of airway due to the use of the TEE probe, there 
have been reports that the procedure can be performed 
safely under conscious sedation or deep sedation (4,5).

Monitored anesthesia care (MAC) is a type of anesthesia 
service involving an anesthesiologist who manages the 
entire process of sedation and analgesia and converts the 
anesthesia method to GA during the procedure if necessary. 
During MAC, the depth of sedation can be adjusted from 
minimal sedation to deep sedation as appropriate. When 
an ASD device closure was performed under MAC in our 
center, the deep sedation had been chosen as the sedation 
depth for the patient’s tolerance to TEE probe insertion 
and for minimal body movement during the procedure. 
In this study, we investigated the possibility of using MAC 
with deep sedation as an alternative to GA in percutaneous 
device closures of ASDs.

Methods

Study population and data collection

This study was approved by the institutional review board 
of our center. We retrospectively analyzed the records 
of patients who underwent percutaneous device closures 
of ASDs from January 2011 to December 2015 at the 
Congenital Heart Diseases Center of the Asan Medical 
Center, Seoul, Korea. Patients who underwent device 
closures combined with other procedures or operations 
were excluded; those who underwent emergency procedures 
or were under 20 years of age were also excluded. Data 
regarding the baseline characteristics, perioperative 
variables, and the incidence of complications of the patients 
were collected from the electronic health records system of 
our center (Asan Medical Center Information System).

Anesthetic management and procedural technique

No premedication was administered to any of the patients. 
In addition to noninvasive blood pressure monitoring, the 
electrocardiogram, arterial oxygen saturation, and partial 
pressure of end-tidal carbon dioxide were monitored for 
every patient. For patients undergoing the procedure under 
MAC, oxygen was routinely administered via a simple 
mask at the rate of 6 L/min. As a loading dose, 1.0 µg/kg  
of dexmedetomidine was injected for over a 15-minute 
periods, followed by a continuous infusion at a rate of 
0.5 µg/kg/hr. Additionally, 1–2 mg of IV midazolam was 
infused to assist with the sedation. Remifentanil was also 

administered by target-controlled infusion at an effect site 
concentration of 0.3–1.0 ng/mL during the procedure. To 
maintain a deep sedation state in a patient, the bispectral 
index was monitored, and the target range was between  
60 and 80. The TEE probe was inserted when a patient lost 
consciousness after the dexmedetomidine loading.

Patients undergoing GA were preoxygenated with 100% 
oxygen at a flow rate of 8 L/min and were administered with 
2 mg/kg of propofol intravenously as an induction dose. 
After an injection of 0.6 mg/kg of rocuronium to produce 
the neuromuscular blockade, tracheal intubation was 
done, and a TEE probe was inserted. The anesthesia was 
maintained with 2% sevoflurane in a 50% oxygen and air 
mixture. After the procedure was completed, pyridostigmine 
mixed with glycopyrrolate was used as a reversal agent for 
the neuromuscular blockade, and the patient was extubated 
when the recovery from anesthesia was confirmed.

The procedural technique was not different between the 
two groups. Before beginning the procedure, an evaluation 
with TEE and balloon sizing was performed to decide on 
the size of the device to be used. The Amplatzer septal 
occluder (AGA Medical, Golden Valley, MN, USA) was 
used for the transcatheter closure procedure. After the 
procedure, transthoracic echocardiography was performed 
to confirm the position of the device and to monitor for the 
occurrence of complications (6).

Evaluation of the outcomes

The primary outcome was the overall complication rate 
that included the incidence of pulmonary, neurologic, 
cardiac, device-related, and other complications. The 
pulmonary complications monitored included the incidence 
of aspiration pneumonitis, laryngospasms, bronchospasms, 
pneumonia, acute respiratory distress syndrome, atelectasis, 
pneumothorax, and pleural effusion. The neurologic 
complications were defined as the occurrence of post-
procedural delirium, cognitive dysfunction, stroke, or 
spinal cord ischemia. New-onset arrhythmia, ischemic 
heart disease, hemodynamic instability requiring the 
administration of cardiovascular medication or intervention, 
and incorrect position of the device were included among 
the monitored cardiac complications. Device-related 
complications were defined as embolization erosion, 
fracture, or thrombus formation of closing device that 
occurred from the day of the procedure to the present. 
Complications other than those that could be classified into 
the above categories, including vocal cord palsy or a sore 
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throat, were defined as other complications.
The secondary outcomes were the procedure time, 

turnover time, and duration of hospital stay. The procedure 
time was defined as the duration of the time taken from 
the femoral venous puncture to the removal of the last 
catheter. The turnover time was defined as the duration of 
the time period from the moment the patient entered the 
operating room to the time point corresponding to their 
exit from the operating room. Additionally, we investigated 
the percentage of cases in which the patients were switched 
from MAC to GA during the procedure.

Statistical analysis

Continuous variables such as age, body mass index, 
hematocrit values, creatinine and albumin levels, the left 
atrium size, ASD size, left ventricular ejection fraction, 
procedure time, turnover time, and duration of hospital 
stay were presented as the mean ± standard deviation or 
medians with the interquartile range, and were analyzed 
using the t-test or Mann-Whitney rank-sum U test. 
Categorical variables such as the sex, American Society of 
Anesthesiologists classification, New York Heart Association 
classification, comorbidities, and complications encountered 
were presented as frequencies and percentages and assessed 
using the Pearson’s χ2 or Fisher’s exact test. Statistical 
analyses were conducted using SPSS (Version 21.0; SPSS 
Inc, Chicago, IL, USA). In all comparisons, P<0.05 was 

considered statistically significant.

Results

A total of 324 patients (MAC, 80 patients; GA, 244 patients) 
were involved in this study. After excluding 13 patients 
who underwent the procedure at the Pediatric Cardiology 
Department, a total of 311 patients were enrolled in the 
final analysis (Figure 1). The demographic data of all the 
study patients are shown in Table 1. Among the study cases, 
79 cases were performed under MAC with deep sedation, 
and 232 cases were performed under GA. In the MAC 
group, two cases involved patients being switched from 
MAC to GA (2.5%), one of which was due to the onset of 
respiratory depression and the other was because of cardiac 
tamponade. The overall complication rate was not different 
between the two groups [25/232 (10.8%) in the GA group 
vs. 7/79 (8.9%) in the MAC group; P=0.830] (Table 2). The 
incidence of cardiac complications was not significantly 
different between the two groups [7/232 (3.0%) in the GA 
group vs. 3/79 (3.8%) in the MAC group; P=0.718]. In the 
GA group, cardiac complications including the onset of 
paroxysmal supraventricular tachycardia, atrioventricular 
block, bradycardia, right ventricle failure due to air 
embolism, and frequent premature ventricular contractions 
accompanied by chest discomforts occurred. In the 
MAC group, the onset of bradycardia, temporary cardiac 
arrest, and cardiac tamponade were recorded as cardiac 

All patients underwent ASD device closures 

at our institution within the study periods

(N=591)

Patients reviewed

(N=324)

Data available for final analysis

(N=311)

Excluded (N=267)

•	Age <20

•	Emergency procedures

•	Combined procedures

Excluded (N=13)

•	Performed at pediatric 

department

Figure 1 Study flow diagram. ASD, atrial septal defect.
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complications. All patients with cardiac complications were 
treated as needed and discharged without active problems. 
There was only one pulmonary complication overall, 
which occurred in the GA group (ventilator weaning 
failure, pulmonary edema). Aspiration pneumonia did not 
occur in any patient. Neurologic complications also did 
not occur in the entire patient group of the study. There 
were no difference in the occurrence of intubation related 

complications (sore throat, vocal cord palsy, dysphagia) 
between the two groups [7/232 (3.0%) vs. 1/79 (1.3%); 
P=0.685]. The incidences of device-related complications 
did not show significant difference between two groups (0.4% 
vs. 0%, P=1.000). The procedure time and duration of hospital 
stay were not different between the groups. However, the 
turnover time was significantly shorter in the MAC group 
(55.87±12.89 vs. 50.90±15.50 min; P=0.005) (Table 2).

Table 1 Baseline patient characteristics

Variables General (n=232) MAC (n=79) P value

Demographics

Age (years) 46.40±13.44 44.34±14.93 0.254

Body mass index (kg/m2) 23.35±3.35 24.16±3.04 0.309

Female 163 (70.3%) 51 (64.6%) 0.399

ASA class 0.335

I or II 227 (97.8%) 79 (100.0%)

III or IV 5 (2.2%) 0 (0.0%)

NYHA class 0.737

I or II 222 (95.7%) 77 (97.5%)

III or IV 10 (4.3%) 2 (2.5%)

Comorbidities

Diabetes mellitus 16 (6.9%) 3 (3.8%) 0.421

Hypertension 39 (16.8%) 15 (19.0%) 0.731

Congestive heart failure 1 (0.4%) 0 (0.0%) 1.000

Coronary artery disease 8 (3.4%) 0 (0.0%) 0.210

Cerebrovascular disease 16 (6.9%) 7 (8.9%) 0.619

Chronic obstructive pulmonary disease 2 (0.9%) 0 (0.0%) 1.000

Liver disease 1 (0.4%) 1 (1.3%) 0.444

Asthma 2 (0.9%) 2 (2.5%) 0.268

Current smoking 49 (21.1%) 16 (20.3%) 1.000

eGFR <60 (mL/min/1/.73 m2) 0 (0.0%) 0 (0.0%) NA

Laboratory data

Hematocrit (%) 40.15±4.58 39.94±5.16 0.730

Creatinine (mg/dL) 0.75±1.74 0.81±0.22 0.022

Albumin (g/dL) 4.07±0.32 3.96±0.30 0.08

ASD size (mm) 17.74±5.71 18.31±5.87 0.443

Data are expressed as the number of patients (%), mean ± standard deviation. MAC, monitored anesthesia care; ASA, American society 
of anesthesiology; NYHA, New York heart association; GFR, glomerular filtration rate; LA, left atrium; ASD, atrial septal defect; LVEF, left 
ventricular ejection fraction.
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Discussion

In our present study, the outcomes of performing a 
percutaneous ASD device closure under MAC with deep 
sedation did not demonstrate any differences in the overall 
complication rate, which included pulmonary, neurologic, 
cardiac, and the other complications when compared to 
the outcomes of performing this procedure under GA. We 
also found that there were no significant differences in the 
procedure time and duration of hospital stay between the 
two groups; however, the turnover time was found to be 
shorter in the MAC group.

During this procedure, the patient is generally made to 
lie down in the supine position and the TEE probe should 
be inserted. Thus, the use of GA has been considered to be 
necessary for the protection of airway and comfort of the 
patient during the procedure (3). The onset of aspiration 
pneumonia is one of the feared complications that could 
arise during this procedure when the patient is sedated 
but not intubated. In a study that analyzed data of 100,359 
patients undergoing colonoscopies, the incidence of 
aspiration was reported to be 0.14% when the procedure was 
performed under sedation by an anesthesia service (7). In 
another study involving 293 patients undergoing endoscopic 
submucosal dissections performed under sedation with 
propofol and remifentanil, the incidence of aspiration 
pneumonia was reported to be from 1.4% (in analgesia 
targeted light sedation group) to 5.2% (in moderate 
sedation with analgesic supplementation group) (8). In 
contrast, in our current study no aspiration was reported in 

any of the patients including in the MAC group, suggesting 
the safety of deep sedation with dexmedetomidine with 
regard to this potential complication. It is known that 
dexmedetomidine has a side effect that causes reduction 
of salivary secretion (9,10). The activation of the central 
alpha 2-receptor inhibits the central cholinergic activation 
and causes salivary gland vasoconstriction (11). It is also 
suggested that dexmedetomidine increases the expression 
of phosphodiesterase 4D, reducing the fluid secretion 
of the salivary glands (12). This anti-salivary effect 
of dexmedetomidine seems to have contributed to its 
protective effect against aspiration-related complications.

There have been some reports recently that have 
suggested that the ASD device closure can be performed 
safely and effectively under conscious sedation or deep 
sedation (4,5,13). In a retrospective cohort study which 
involved 197 children undergoing percutaneous ASD 
closures under deep sedation with spontaneous breathing, 
the success rate of the intervention was high (unsuccessful 
procedures, 5.7%), and the incidence of complications 
associated with sedation or the procedure in general was 
relatively low (no major cardiorespiratory complications; 
minor respiratory complications, 8%) (5). In a study 
involving 43 patients undergoing transcatheter ASD 
closures, Desai et al. (4) reported that conscious sedation 
using dexmedetomidine was a safe and effective technique 
with a procedure success rate of 93% and the incidence of 
complications occurring rarely resulting in a very low to 
no complication rate. Another study which involved 122 
patients also reports that the procedure was performed 

Table 2 Primary and secondary outcomes according to the type of anesthesia

Variables General (n=232) MAC (n=79) P value

Overall complication 25 (10.8%) 7 (8.9%) 0.830

Cardiac complication 7 (3.0%) 3 (3.8%) 0.718

Pulmonary complication 1 (0.4%) 0 (0.0%) 1.000

Neurologic complication 0 (0.0%) 0 (0.0%) NA

Sore throat or vocal cord palsy 7 (3.0%) 1 (1.3%) 0.685

Device-related complication 1 (0.4%) 0 (0.0%) 1.000

Procedural failure 0 (0.0%) 1 (1.3%) 0.254

Procedure time (min) 27.79±11.52 26.20±14.06 0.319

Turnover time (min) 55.87±12.89 50.90±15.50 0.005

Hospital stay (day) 4.59±1.49 4.53±1.58 0.782

Data are expressed as the number of patients (%), mean ± standard deviation. MAC, monitored anesthesia care.
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safely (free of any complications, 91.0%) and successfully 
(implantation success, 98.4%) under conscious sedation, 
and the authors suggest that the procedure time observed 
in their study was significantly shorter than the duration of 
the procedures under GA reported in other literatures (13). 
Nevertheless, few studies have been conducted that have 
involved directly comparing the use of GA versus sedation in 
this procedure. Within our knowledge, our present study is 
the first to directly compare the outcomes of using GA and 
MAC to perform this procedure. Similar to other studies, 
the success rate of this procedure was high (procedural 
failure, GA, 0%; MAC, 1.3%), and the incidence of overall 
complications was low (GA, 10.8%; MAC, 8.9%), without 
significant differences observed between the two groups. 
Specifically, there was only one procedural failure associated 
with the MAC process, suggesting the feasibility and safety 
of this protocol in percutaneous ASD device closures.

Our current study has several limitations. As this 
was a retrospective study, it is possible that unexpected 
biases were involved. Although the two groups were not 
significantly different in their baseline characteristics, there 
could be confounding factors that were not detected but 
affected the outcomes of the study. We also cannot rule out 
selection bias because the choice of the method employed 
to induce anesthesia was made at the discretion of the 
anesthesiologist. Additionally, as this study was performed 
by reviewing electronic health records, it is possible that 
reports outlining the complications encountered could 
have been omitted or could not have been recorded. A 
randomized prospective study is warranted to compare 
the outcomes of anesthesia methods used to perform this 
procedure with minimal biases.

In conclusion, percutaneous ASD device closure under 
MAC with deep sedation showed comparable safety and 
efficiency to the procedure under GA. Thus, MAC with 
deep sedation can be considered as an alternative to GA for 
performing this procedure.
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