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Abstract

Background : Arrhythmia was occasionally observed during volatile induction and 

maintenance of anesthesia using sevoflurane. However, since there were few studies related 

to arrhythmia in volatile induction, we investigated the incidence and the risk factors 

affecting the occurrence of arrhythmia.

Materials and methods : We retrospectively analyzed 995 patients who underwent ear-

nose-and-throat surgery with volatile induction at Asan Medical Center. Arrhythmia group 

and normal rhythm group were divided according to the presence or absence of arrhythmia. 

Logistic regression analysis was used to determine the risk factors of arrhythmia. 

Results : Arrhythmia was observed in 271 patients (27%) out of 995 patients. Sinus 

tachycardia was the most frequent with 186 (66%), junctional rhythm was 51 (18%). Age, 

ASA classification, hypertension and PR interval of preoperative electrocardiogram were 

differed between normal rhythm group and arrhythmia group. The incidence of arrhythmia 

was high in patients who received high concentration of sevoflurane from the beginning 

(p=0.038). Arrhythmia was more frequent in patients maintained at higher concentration than 

patients who had lowered concentration after eyelash reflex (p<0.001). Multivariate 

regression analysis indicated that coronary artery disease and sevoflurane concentration after 

the loss of the eyelash reflex were independent risk factors for the occurrence of arrhythmia 

(odds ratio=3.438; 95% confidence interval=1.524-7.754; P=0.003, odds ratio=2.287; 95% 

confidence interval=1.653-3.165; P<0.001, respectively).

Conclusion : This result suggests that coronary artery disease and high concentration of 

sevoflurane after the loss of eyelash reflex are risk factors of arrhythmia in volatile induction.

Concentration control of sevoflurane should be considered with monitoring and preparation

of arrhythmia. 

Keyword : sevoflurane, volatile induction, arrhythmia, risk factors 
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Introduction

Induction of anesthesia using inhalation agent alone has not been widely used due to 

pungency and slow increase in alveolar anesthetic concentration. But introduction of 

sevoflurane that has low airway stimulation and low blood-gas partition coefficient 

facilitates volatile induction and maintenance of anesthesia (VIMA). The advantages of 

volatile induction include smooth transition to anesthesia maintenance 1, adequate anesthetic 

depth 2 and adequate condition for airway management without use of drugs such as muscle 

relaxants or opiates, and good hemodynamic stability 3-6. It is also known to be more suitable 

for outpatient anesthesia than other inhalation anesthetics because of its rapid awakening and 

recovery 7,8.

Two different induction techniques can be used with sevoflurane : incremental induction by 

gradual increase in inspired concentration from 2 Vol% to a maximum of 8 Vol%, or 

induction with a maximum concentration of 8 Vol% for a more rapid effect.

In order to induce rapid induction, patient cooperation is needed as vital capacity breathing is 

necessary. Volatile induction may cause airway related symptoms such as cough, airway 

stimulation rather than intravenous anesthesia 5,9, and arrhythmia may occur at high 

concentration 10-12. There are also reports that sevoflurane tends to increase the QTc interval 

in adult and pediatric patients 13-16. In this regard, arrhythmia is often observed during 

induction of volatile anesthesia, but its frequency and relevance is not well known. 

In this study, we aimed to investigate the effects of sevoflurane as a volatile induction agent

on arrhythmia and evaluate the incidence and risk factors for arrhythmia.
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Methods and materials

Patients

After obtaining approval from the institutional review board (2017-0446), 995 patients were

enrolled in this study. From May, 2015 to December, 2015, electronic medical records and 

anesthesia records of 995 patients who underwent ear-nose-and-throat surgery with volatile 

induction using sevoflurane at Asan Medical Center were retrospectively reviewed. The 

exclusion criteria were follows: already known arrhythmia, serious medical condition of 

ASA 4 or more, younger than 19 years of age, older than 80 years of age, and incomplete 

medical records.

Anesthesia methods 

All patients received no pre-medication, and vital signs were measured using an automatic 

sphygmomanometer, electrocardiogram, and pulse oximetry for patient monitoring. We 

described the process of volatile induction and maintenance of anesthesia (VIMA) and 

cooperated to make vital capacity breathing. At this time, it was decided by the 

anesthesiologist to apply the high concentration of sevoflurane (8 Vol%) from the beginning 

or to apply the gradually increasing concentration from the low concentration. The 

concentration of sevoflurane after eyelash reflex was also determined according to the 

decision of the anesthesiologist. When eyelash reflex was lost, rocuronium (0.5mg/kg –

0.8mg/kg) was administered through the venous catheter and intubation was performed after 

sufficient muscle relaxation. From the onset of induction, vital signs and occurrence of 

arrhythmia were recorded. Anesthesia maintenance after tracheal intubation was controlled 

to 1.5 Vol% - 2 Vol% of ETsevo (end tidal sevoflurane concentration) so that blood pressure 

and pulse rate were stable at around 20% before induction of anesthesia. 

Data collection

The anesthesia records required for the study were anesthetic gas concentration, composition 

and vital signs. The data collected from the electronic medical records were the basic 

medical information such as age, gender, weight, height, underlying disease, previous 

medication, past surgical history, preoperative electrocardiogram, chest X-ray, and blood test. 
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The primary outcome was defined as the presence or absence of arrhythmia during induction. 

Outcome evaluation was performed by an anesthesiologist. The factors affecting the 

occurrence of arrhythmias were identified as secondary outcome and confirmed by statistical 

methods.

Statistical analysis

Data collected through anesthesia records and electronic medical records were expressed as 

mean ± standard deviation or number and percentage, as appropriate. Continuous variables 

were compared by Student’s t-test, and categorical variables were compared using chi-square 

test. Logistic regression analysis was used to identify risk factors associated with arrhythmia 

during volatile induction. Variables with a p-value < 0.2 or clinical significance were used 

for multivariate regression analysis. P-value < 0.05 was considered statistically significant, 

and all statistical analyses were performed with SPSS for Windows (Version 21; IBM 

Corporation, Chicago, IL).
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Results

Arrhythmia was observed in 271 patients (27.2%) out of 995 patients during the study period. 

Sinus tachycardia was the most frequent with 186, junctional rhythm was 51, sinus 

bradycardia was 17, premature atrial contraction was 11, and premature ventricular 

contraction was 17 (Figure 1).

Patients were classified into arrhythmia group and normal rhythm group according to the 

presence or absence of arrhythmia. Age of patients, ASA classification, hypertension, 

preoperative PR interval were differed between two groups (Table 1).

During induction of anesthesia, more arrhythmia was observed in patients who received high 

concentration of sevoflurane from the beginning than patients with incremental 

concentrations (p=0.038). The incidence of arrhythmia was higher in the patients maintained 

at 8 Vol% than in the patients in which the concentration of sevoflurane was lowered after 

the loss of the eyelash reflex (p<0.001) (Table 3).

The results of logistic regression analysis are summarized in Table 4. Age, ASA 

classification, hypertension, coronary artery disease, current alpha blocker medication, PR 

interval, high initial sevoflurane concentration, high sevoflurane concentration after the loss 

of the eyelash reflex were selected for inclusion in the multivariate logistic regression 

analysis. Multivariate regression analysis indicated that coronary artery disease and high 

concentration after the loss of the eyelash reflex were independent risk factors for the 

occurrence of arrhythmia (Table 4).

Comparing the vital sign during the induction, blood pressure and pulse rate were generally

higher in the arrhythmia group than in the normal rhythm group. The time-dependent graph 

showed that the arrhythmia group had smaller blood pressure drop and had a faster pulse rate 

(Figure 2).

Transient episode of desaturation happened in 2 patients. One of them had decreased blood 

pressure, pulse rate, and oxygen saturation during the mask ventilation and recovered after 

intubation. The other patient failed in the tracheal intubation due to already known difficult 

airway and recovered after tracheostomy. Other complications did not occur.
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Table 1. Demographics and characteristics of patients who appeared arrhythmia or not during 

volatile induction of anesthesia using sevoflurane

Normal rhythm (N=724) Arrhythmia (N=271) p-value

Age (years) 50.2 ± 15.0 45.0 ± 17.0 0.000

Weight (kg) 65.3 ± 12.3 65.2 ± 12.6 0.861

Height (cm) 165.4 ± 8.8 166.1 ± 9.3 0.252

BMI (kg/m2) 23.8 ± 3.4 23.5 ± 3.3 0.223

Sex (male/female) 440 (60.8%) / 284 (39.2%) 170 (62.7%) / 101 (37.3%) 0.573

Smoking 194 (26.8%) 77 (28.4%) 0.610

Alcohol 268 (37.0%) 112 (41.3%) 0.213

ASA (1/2/3) 377 (52.1%) / 336 (46.4%) 

/ 11 (1.5%)

169 (62.4%) / 100 (36.9%) 

/ 2 (0.7%)

0.012

Underlying diseases

Hypertension 159 (22.0%) 40 (14.8%) 0.011

Diabetes mellitus 73 (10.1%) 28 (10.3%) 0.908

Radiation/Chemotherapy 25 (3.5%) 12 (4.4%) 0.469

Coronary artery disease 20 (2.8%) 12 (4.4%) 0.185

Respiratory disease 38 (5.2%) 15 (5.5%) 0.858

Renal failure 10 (1.4%) 2 (0.7%) 0.408

Liver disease 19 (2.6%) 3 (1.1%) 0.147

Thyroid disease 25 (3.5%) 13 (4.8%) 0.325

Previous medication

Beta blocker 37 (5.2%) 12 (4.4%) 0.644

Calcium channel blocker 91 (12.7%) 27 (10.0%) 0.245

ACE inhibitor/ARB 69 (9.5%) 17 (6.3%) 0.098

Diuretics 24 (3.3%) 5 (1.9%) 0.215

Levothyroxine 25 (3.5%) 11 (4.1%) 0.661

Alpha blocker 20 (2.8%) 2 (0.7%) 0.052

Values are mean±standard deviation. ASA; American society of anesthesiologist physical 

status, ACE inhibitor; Angiotensin-converting enzyme inhibitor, ARB; Angiotensin Ⅱ

receptor blocker
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Table 2. Preoperative electrocardiogram and blood test 

Normal rhythm (N=724) Arrhythmia (N=271) p-value

EKG heart rate (bpm) 69.0 ± 11.8 69.5 ± 10.9 0.566

PR interval (msec) 163.5 ± 23.8 157.2 ± 20.9 0.000

QRS duration (msec) 93.3 ± 12.1 94.2 ± 25.3 0.449

QTc (msec) 427.5 ± 23.1 426.0 ± 25.0 0.342

Hemoglobin (g/dL) 13.8 ± 1.6 14.0 ± 1.6 0.223

Na (mmol/L) 140.4 ± 2.4 140.5 ± 2.2 0.536

K (mmol/L) 4.3 ± 0.4 4.3 ± 0.4 0.294

Ca (mg/dL) 9.4 ± 0.4 9.4 ± 0.4 0.788

Table 3. Differences in occurrence of arrhythmia in patients who received different 

concentration of sevoflurane from the beginning, and after the loss of eyelash reflex

Normal rhythm (N=724) Arrhythmia (N=271) p-value

Initial sevoflurane concentration

Low to high 80 (11%) 18 (7%) 0.038

High 644 (89%) 253 (93%)

Sevoflurane concentration after the loss of the eyelash reflex

Low 326 (45%) 70 (26%) 0.000

High 398 (55%) 201 (74%)
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Table 4. Logistic regression analysis of factors affecting arrhythmia in volatile induction of 

anesthesia using sevoflurane 

Variables Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Age 0.979 (0.971-0.988) 0.000 0.983 (0.972-0.994) 0.003

Male (reference) 1.000

Female 0.920 (0.690-1.228) 0.573

BMI 0.974 (0.934-1.016) 0.222

ASA 1 (reference) 1.000

ASA 2 0.664 (0.498-0.885) 0.005 1.027 (0.695-1.519) 0.892

ASA 3 0.406 (0.089-1.850) 0.244

Hypertension 0.615 (0.421-0.899) 0.012 0.755 (0.467-1.220) 0.250

Coronary artery disease 1.631 (0.786-3.383) 0.189 3.438 (1.524-7.754) 0.003

Alpha blocker 0.260 (0.060-1.120) 0.071 0.975 (0.384-2.476) 0.958

PR interval 0.987 (0.981-0.994) 0.000 0.990 (0.983-0.998) 0.009

High initial sevoflurane 

concentration

1.746 (1.026-2.971) 0.040 1.284 (0.731-2.258) 0.384

High sevoflurane 

concentration after the 

loss of the  eyelash reflex

2.352 (1.727-3.203) 0.000 2.287 (1.653-3.165) 0.000

ASA; American society of anesthesiologist physical status, OR; Odds ratio, CI; Confidence 

interval
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Figure 1. Incidence of arrhythmia during volatile induction using sevoflurane
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(A)

(B)

Figure 2. Changes in (A) mean blood pressure and (B) heart rate during volatile induction of 

anesthesia

T0, before induction; T1, 1minute after the start of induction; T2, 2minutes after the start of 

induction; T3, 3minutes after the start of induction; T4, 4minutes after the start of induction; 

T5, 5minutes after the start of induction. Data are expressed as mean ± standard deviation.
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Discussion

The incidence of arrhythmia during volatile induction was 27.2% (271 patients), and the 

most common arrhythmia was sinus tachycardia (66%, 186 patients). Blayney et al. reported 

in a prospective randomized trial that 8% of incremental sevoflurane group and 16% of the 8 

Vol% sevoflurane group had arrhythmia 17. Reported sevoflurane associated arrhythmia were 

mainly single supraventricular ectopic beats. In this study, the most common arrhythmia was 

sinus tachycardia and the incidence was also high. Since we included sinus tachycardia into 

the category of arrhythmia, there was a difference in incidence with the previous results. The 

clinical significance of sinus tachycardia might be low. However, we did not exclude it 

because of the need for beta blocker to control the heart rate (17 patients, 6.3% of total 

arrhythmia).

In the present study, we found that the risk factors for arrhythmia in volatile induction using 

sevoflurane were age, coronary artery disease, preoperative PR interval, and high 

sevoflurane concentration after the loss of the eyelash reflex.

It had been reported that sevoflurane reduced myocardial contractility in patients with 

coronary artery disease and did not potentiate arrhythmia 18. In this study, coronary artery 

disease was found to be an independent factor for arrhythmia, and there were no patients 

with postoperative myocardial ischemia. Careful anesthesia management is required because 

tachycardia itself can increase myocardial oxygen demand in patients with coronary artery 

disease.

The incidence of arrhythmia was associated with high concentration of sevoflurane. 

Especially, high concentration after the loss of eyelash reflex was a risk factor of arrhythmia. 

This is similar to the report that isorhythmic atrioventricular dissociation and junctional 

rhythm occurred in induction of anesthesia with concentration of 8 Vol% 11. This result

suggests the need for concentration control if there is no change in consciousness after 

eyelash reflex. The odds ratios of age and PR interval are very close to 1, suggesting less 

clinical significance.

It was induced by vital capacity induction discussed in previous studies 3,4,19,20 and ventilated 

with mask bagging after the administration the muscle relaxant. Patients without arrhythmia 

had a tendency to have a constant pulse rate despite the drop in blood pressure (16%). This
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result is similar to that of Yurino’s study, in which the blood pressure was reduced by 18% 

and the pulse rate remained constant regardless of the sevoflurane concentration 20. 

The QT interval represents depolarization and repolarization of the myocardium, and the 

prolongation of the QT interval is associated with life-threatening arrhythmia. There were 

reports that sevoflurane increased QTc 13,14,16,21 and anesthetic depth was related to changes 

in QTc 15. However, there was no difference in QTc between arrhythmia and normal rhythm 

group in this study. The results were the same when QTc was divided by the upper normal 

limit of 440ms (p=0.678).

There is a possibility of selection bias because of the retrospective nature of the study. There 

is a limitation that the concentration of sevoflurane was determined according to the 

individual judgement of the anesthesiologist. Depending on the experience of the 

anesthesiologist, carbon dioxide accumulation may have affected the outcome. It is also 

possible that an observation variation has occurred. However, a large number of patients 

were included in the study to overcome these drawbacks.  

There have been few studies on arrhythmia with volatile induction and maintenance of 

anesthesia (VIMA). This study has significance as a study conducted at a single medical 

center where VIMA is frequently performed with a constant anesthesia protocol. 

In conclusion, we have found that coronary artery disease and high concentration after the 

loss of eyelash reflex affect the incidence of arrhythmia in volatile induction using 

sevoflurane. This result suggests that monitoring and preparation for life threatening 

arrhythmia is important and that sevoflurane concentration control is necessary. 
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국문초록

기도 자극이 적고 혈액가스용해계수 (blood-gas partition coefficient) 가 낮은 세보플루

란 (sevoflurane)이도입되면서마취유도에보편적으로많이사용되고있다. 완전흡입

마취 (volatile induction and maintenance of anesthesia, VIMA) 는 부드럽게 마취 유지로

이행되며적절한마취심도와기도관리에적절한환경을조성하는장점이있다. 그러

나 기침, 환자의비협조와같은문제점이발생할수있고고농도에서는부정맥이종종

관찰되나그빈도와양상에대한연구는없는실정으로본연구를진행하게되었다. 

서울아산병원에서 2015년 5월부터 2015년 12월까지완전흡입마취유도를통해이비

인후과수술을받는 995명의환자들을후향적으로분석하였다. 부정맥이발생한경우

부정맥군으로, 발생하지 않은 경우 정상군으로 분류하였다. 부정맥의 위험인자를 파

악하기위해로지스틱회귀분석이사용되었다. 

그 결과 분석 대상 총 995 명 중 271 명에서 부정맥이 관찰되었다. 동성 빈맥 (sinus 

tachycardia)이 186명으로가장 많았고 접합부리듬 (junctional rhythm)이 51명으로 그

다음으로 많이 나타났다. 나이, 미국마취과학회 신체등급 분류, 고혈압의 유무, 수술

전 심전도의 PR 간격이 정상리듬 군과 부정맥 군 사이에 유의한 차이를 보였다. 마취

유도 시 저농도부터 고농도로 점진적으로 증가시킨 환자들 보다 처음부터 고농도의

세보플루란을 흡입한 환자들에게서 부정맥이 더 빈번하게 관찰되었다 (p=0.038).  또

한속눈썹반사 (eyelash reflex) 가없어진후세보플루란의농도를낮춘환자들보다계

속 높은농도로유지한환자들에서부정맥의발생빈도가높았다 (p<0.001).다변량회

귀분석에서는 관상 동맥 질환과 속눈썹 반사 후에도 높은 농도로 세보플루란을 유지

하는 것이 부정맥 발생에 영향을 미치는 유의한 위험인자로 나타났다 (odds 

ratio=3.438; 95% confidence interval=1.524-7.754; P=0.003, odds ratio=2.287; 95% 

confidence interval=1.653-3.165; P<0.001각각).

이러한본연구의결과는관상동맥질환및높은세보플루란농도가완전흡입마취유

도 시 부정맥의 위험인자이므로 주의가 필요함을 시사한다. 심각한 부정맥을 대비하

기위한충분한준비와더불어흡입마취제의농도조절이고려되어야한다.
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