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Abstract

Objectives: Prolongation of cardiac repolarization, espe-
cially the heart rate-corrected QT (QTc) interval, is associ-
ated with life-threatening dysrhythmias. This study aimed
to identify the anesthetic with the lowest risk of prolonging
cardiac repolarization and provide guidance for anesthesia
management in patients with cardiac diseases or long QT
syndrome. Methods: Randomized controlled trials (RCTs)
comparing the effects of anesthetics on cardiac repolariza-
tion indices were searched for in multiple databases. The
primary outcome was QTc; and the secondary outcomes
were other repolarization indices. A network meta-analysis
was conducted using a frequentist approach and registered
with the International Prospective Register of Systematic
Reviews (PROSPERO) database (CRD42022304970). Re-
sults: Thirteen RCTs investigating 953 adults with normal
QTc interval and without cardiovascular diseases were in-
cluded. Direct meta-analyses found that propofol had less
influence than sevoflurane (95% confidence interval (CI):
16.10, 33.54) and desflurane (95% CI: 4.85, 35.36), and
sevoflurane had less influence than desflurane (95% CI:
6.96, 19.39) on QTc prolongation. Network analysis found
that propofol had less influence than sevoflurane (95% CI:
17.78, 29.63), halothane (95% CI: 11.29, 41.24), desflu-
rane (95% CI: 23.79, 39.88), and isoflurane (95% CI: 20.11,
46.10), and sevoflurane had less influence than desflurane
(95% CI: 0.43, 15.82) on QTc prolongation. The rank
order of cumulative ranking curve analysis was propofol
(100%), sevoflurane (63.8%), halothane (49.5%), desflu-
rane (21.1%), and isoflurane (15.6%). The direct meta-
analysis found that propofol had less influence than sevoflu-
rane on QT prolongation (95% CI: 23.12, 57.86). Other
secondary outcomes showed no conclusive findings. Con-
clusions: This meta-analysis found that propofol had a min-
imal effect on QTc prolongation, followed by sevoflurane
and desflurane in adults with normal QTc interval and with-
out cardiovascular diseases. Propofol is the best anesthetic
for adult patients with long QT syndrome or cardiac dis-
eases, but still needs more robust evidence.

anesthetics; arrhythmia; network meta-analysis; long QT
syndrome; propofol

Introduction

Myocardium repolarization is not homogenous, thus
producing a physiological transmural dispersion of repolar-
ization. Prolongation of cardiac repolarization or transmu-
ral dispersion of repolarization is the substrate for torsades
de pointes, a malignant polymorphic ventricular tachycar-
dia responsible for the presenting symptoms of syncope,
aborted cardiac arrest, or sudden death, which are character-
istic of hereditary long QT syndromes [1]. Cardiac repolar-
ization prolongation can also be drug-induced. Therefore,
identifying drugs that have less effect on cardiac repolar-
ization prolongation is essential for medical care.

These following markers can recognize cardiac repo-
larization: QT interval, QT interval dispersion (QTD), cor-
rected QTD (QTcD), P-wave dispersion (PWD), Tpeak-
Tend (Tp-e) interval, and Tp-e/QT ratio [2-4]. Among
them, QT interval is usually used to assess myocardium re-
polarization. QT interval is measured from the beginning
of the QRS complex to the end of the T wave of the electro-
cardiogram [2]. The QT interval varies primarily with heart
rate (HR); thus, an HR-corrected QT (QTc) is often applied.

Anesthetics, such as propofol and sevoflurane, pos-
sess arrhythmogenic or antiarthythmic properties owing to
their effects on cardiac electrical activity [5]. Therefore, the
effects of anesthetics on the prolongation of cardiac repolar-
ization have received considerable attention since the early
1970s. Many studies have found that nearly all anesthet-
ics increase the QTc interval [6]. Propofol appears to have
the most minor effect on QTc prolongation [4,7,8]. More-
over, anesthetics can also potentially prolong QTD, QTcD,
PWD, Tp-e interval, and Tp-e/QT ratio [2—4]. Identifying
the anesthetic with the lowest risk of prolonging cardiac re-
polarization is vital for anesthesia management in patients
with cardiac diseases or long QT syndrome. Therefore, a
network meta-analysis was performed to compare the ef-
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fects of different anesthetics on the prolongation of cardiac
repolarization markers.

This meta-analysis was conducted following the
Preferred Reporting Items for Systematic Review and
Network Meta-analyses (PRISMA-NMA) Statement [9]
and was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) database
(CRD42022304970).

Search Strategy

Embase, PubMed, Medline, the Cochrane Library,
and ClinicalTrials.gov were comprehensively searched
from their inception to the date of the literature search (15
July 2023) by two reviewers independently, without restric-
tions on language, according to the search strategy provided
in Supplementary Data 1. Any potentially relevant trials
were manually searched based on the references of identi-
fied trials and systematic reviews.

Eligibility Criteria

Randomized controlled trials (RCTs) comparing the
effects of any two of these six anesthetics (propofol,
sevoflurane, enflurane, isoflurane, desflurane, halothane)
on QT interval, QTc interval, QTD, QTcD, PWD, Tp-e¢ in-
terval, and Tp-e/QT ratio of adults were included. Stud-
ies that intravenous anesthetics were not used for anesthe-
sia maintenance, the maintenance concentration of inhala-
tional anesthetics exceeded two minimum alveolar concen-
trations, and investigated children were excluded. More-
over, these data had to be extractable or calculable as the
variation before and after anesthetic treatment. The primary
outcome was QTc calculated according to Bazett’s or Frid-
ericia’s formula [2], and the other indices were secondary
outcomes.

Data Extraction

Two reviewers independently screened the retrieved
titles and abstracts for potential inclusion, reviewed the full
text of potential studies, and extracted the data from the
studies that met the inclusion criteria. Discrepancies were
resolved through a discussion with a third reviewer where
necessary. The following data were extracted: first author,
publication date, sample size, age, sex, details of anesthet-
ics, concomitant drug treatment, type of surgery, inclusion
and exclusion criteria for patients, timepoints of data col-
lected, cardiac repolarization indices, and the incidence of
dysrhythmia.
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Assessment of Methodological Quality

Two reviewers independently assessed the quality of
the RCTs based on the Cochrane Handbook for Systematic
Reviews of Interventions guidelines. A ‘risk of bias’ ta-
ble was created, which included judgments on the method
of random sequence generation, allocation concealment,
blinding, incomplete outcome data, selective outcome re-
porting, and other biases. The quality of RCTs was fur-
ther quantitatively assessed using a modified Jadad 7-point
scale, and a Jadad score >4 was considered high quality
[10]. Therefore, the overall quality of each study was eval-
uated as ‘low’ or ‘high’. The Grades of Recommendations
Assessment Development and Evaluation (GRADE) scale
was used to evaluate the strength and level of evidence for
recommendations [10].

Statistical Analysis

The mean difference (MD) with 95% confidence in-
tervals (Cls) was used to assess continuous outcomes, and
odds ratios with 95% CIs were used to assess dichotomous
outcomes. A random-effects model was used throughout
the meta-analysis to include the different types of surgery.
A direct meta-analysis was performed using Review Man-
ager software version 5.4 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark). The
I? statistic was used to assess heterogeneity. Generally,
12 values >75% indicate considerable heterogeneity, while
those <40% indicate that heterogeneity may not be impor-
tant [11]. Sensitivity analysis was conducted by omitting
one study in turn to investigate the source of the heterogene-
ity. A network meta-analysis was conducted using frequen-
tist methods with the network package in STATA version
16 (StataCorp LLC, TX, USA). Global inconsistency was
assessed using Higgins’ model [12]. Local inconsistencies
were assessed using the node-splitting method [13]. The
rank of anesthetics, which has less effect on the prolonga-
tion of QTc, was based on the surface under the cumula-
tive ranking curve (SUCRA). Funnel plots were generated
to assess the publication bias. A sensitivity analysis was
conducted by excluding studies with <15 patients in one
arm.

Study Selection and Characteristics

A total of 738 studies were identified, of which 696
studies were excluded after reading the titles and abstracts
(Fig. 1). Five studies with unavailable full-text and one con-
ference abstract were excluded. After the full text of the
remaining 36 articles was read, 23 studies were excluded:
two with data unavailable or unextractable, two without
relevant outcomes, one that compared the effects of pneu-
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Records excluded by title

and abstract (n = 696)

Articles excluded with reasons (n = 29):

5 studies with full-texts unavailable

2 data unavailable or unextractable
2 without relevant outcomes
1 compared pneumoperitoneum with head-

1 compared children with adults
1 compared sugammadex with placebo,

1 had very high similarity with the other
one published in 2003

11 compared anesthetics that can’t be used
for anesthesia maintenance

4 investigated children

Fig. 1. “PRISMA” flow diagram.

moperitoneum and head-up position on cardiac repolariza-
tion, one that compared children with adults, one that com-
pared sugammadex with a placebo, one published in 2010
that was extremely similar to another one published in 2003
[4], 11 compared anesthetics that can’t be used for anesthe-
sia maintenance, and four investigated children. Finally, 13
RCTs [2-4,7,8,14-21] with 953 patients who had no car-
diac diseases and long QT syndrome and five anesthetics
(propofol, sevoflurane, halothane, desflurane, and isoflu-
rane) were included in the meta-analysis. The basic char-
acteristics of the included studies are summarized in Table 1
(Ref. [2-4,7,8,14-21]).

Risk of Bias Assessment

The quality of each RCT was assessed using the risk
of bias and the modified Jadad score (Table 2, Ref. [2—
4,7,8,14-21]). Six RCTs [2,4,8,14,16,21] mentioned their
randomization procedure using permuted block sizes of 6,
a random samples table, or a computer-generated random
code generator; the remaining RCTs did not mention how
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randomization was performed. Only two [14,16] reported
allocation concealment via sealed envelopes. Min et al.
[16] reported that the vaporizers on the anesthesia machine
were covered, and the monitor setting was altered to hide
the concentration of the inhalational anesthetic to blind pa-
tients and participants. Kim ef al. [21] described blinding
of patients and participants but did not report the details.
However, nine studies reported that data analyses were con-
ducted by participants blinded to the groups. Park ef al. [2]
reported one patient each in the sevoflurane and desflurane
groups was excluded because necessary data could not be
obtained, Min et al. [16] reported that seven patients were
excluded for incomplete data, and Kim ef al. [21] reported
that no patient was excluded after enrollment. The remain-
ing studies did not report the numbers and reasons for with-
drawal and loss of follow-up; thus, we judged that they had
an unclear risk of bias of incomplete outcome data. None of
the studies had selective outcome reporting or other sources
of bias. Finally, only four studies [2,14,16,21] with a mod-
ified Jadad score >4 were considered high-quality.
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Table 1. The characteristics of included studies.

ID Study

Groups Cases (Male%)

Age (years)

Concomitant drug

Patients

Procedures

Timepoints of data ex-

traction

1 Hanci 2010 [4]

A: propofol 2.5 mg-kg—! for induction, 6 36/36 (53/53)
mg-kg~!-h~! for maintenance
B: sevoflurane 7% for induction, 3% for

329+ 11/354+9.9

Vecuronium 0.1 mg-kg™

1

18-50 years; ASA I-11I; without
cardiovascular diseases

Elective non-cardiac
surgery

T1: before induction
T2: 10 after intubation

maintenance

2 Karagdoz 2005  A: sevoflurane 2% with 66% N2O for 25/25/25 33.548.2/30.5+  Thiopental 5 mg-kg—?!, Male; ASA I-11; without Inguinal T1: before induction

[14] maintenance (100/100/100)  8.3/31.1 £ 8.8 fentanyl 1.5 pg-kg~1, cardiovascular diseases or QTc ~ herniorrhaphy T2: 10 min after the

B: halothane 0.8% with 66% N2O for vecuronium 0.1 mg-kg=!  >440 ms start of surgery
maintenance
C: isoflurane 1% with 66% N2 O for main-
tenance

3 Kim2022[21] A: desflurane 3-7% 60/60 (63/70) 58 + 10/58 £ 8 Sufentanil 0.1 mg-kg—1,  Aged >20 years; ASA III-1V; Living donor liver ~ T1: before induction

B: TCI of propofol

rocuronium 0.6 mg-kg~

1

without cardiovascular diseases

transplantation

T2: 30 min after in-
duction

4 Kleinsasser 2000 A: propofol 2.5 mg-kg—1 for induction, 6 15/15 (0/0) 37.6 £3/363+2 NM Female; ASA I-II; without Elective gynecologi- T1: before induction
[7] mg-kg=1-h~—! for maintenance cardiovascular diseases or QTc  cal surgery T2: 20 min after
B: sevoflurane 6% for induction, 2.5% for >440 ms induction
maintenance
5 Kuenszberg 2000 A: propofol 2.5 mg-kg—! for induction, 6 18/18 (0/0) NM NM Female patients; ASA I-1I; with- Gynaecological T1: before induction
[15] mg-kg—1-h~! for maintenance out cardiovascular diseases or surgery T2: 10 min after
B: sevoflurane 5% for induction, 2% for QTc >440 ms induction
maintenance
6 Liu2019 [8] A: TCI of propofol 4 pg-mL~1 and was  60/60 (NM) 37 +8/37+8 NM 20-50 years; ASA I-1I; normal ~ Gynaecological la-  T1: before induction

sustained for 5 min
B: 8% sevoflurane was applied to reached
1.3 MAC and sustained for 6 min

preoperative cardiopulmonary
function, ECG, and electrolyte
state; QTc <440 ms

paroscopic operation

T2: 5 or 6 min after the
maintenance of
anesthesia

7 Min 2016 [16]

A: sevoflurane 1 MAC for maintenance ~ 22/21 (68/81)

B: desflurane 1 MAC for maintenance

52+ 7/52+ 10

Lidocaine 40 mg, propo-

fol 2 mg-kg—1,

rocuronium 0.6 mg-kg™

1

1865 years; without cardiac

arrhythmias

Living-donor liver

transplantation

T1: before induction
T2: 10 min after intu-

bation
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Table 1. Continued.

ID Study Groups Cases (Male%) Age (years) Concomitant drug Patients Procedures Timepoints of data
extraction
8  Park 2020 [2] A: propofol 4.0-4.5 pgmL~—! and 23/22/22(NM) 67.3 + 5.6/64.0 + Rocuronium 1.2 >19 years, ASA I-III; without Robot-assisted T1: before induction
remifentanil 4.0 ng-mL~! for induction, 6.3/66.1 +£ 6.3 mg-kg—! cardiovascular diseases or QTc laparoscopic prosta- T2: 10 min after
TCI of propofol and remifentanil for >450 ms tectomy intubation
maintenance
B: propofol 1.5-2 mg-kg=! and TCI of
remifentanil 4.0 ng'-mL~! for induction,
0.8-1 MAC sevoflurane for maintenance
C: propofol 1.5-2 mg-kg—! and TCI of
remifentanil 4.0 ng-mL~! for induction,
0.8-1 MAC desflurane for maintenance
9 Paventi 2001 A: propofol 2.5 mg-kg~! for induction, 6 90/90 (NM) 36.9 £4/357+5  Vecuronium 0.1 ASA I-III; without cardiovascu- Elective non cardiac T1: before induction
[17] mg-kg—1-h~1 for maintenance mg-kg—?! lar diseases or QTc >440 ms surgery T2: immediately
B: sevoflurane 6% for induction, 2.2% for after intubation
maintenance
10 Schmeling 1991 A: halothane inhalation induction and 1-2 6/8/8 462+47/528+ NM Male; ASA I-II; no history of Elective surgery T1: before induction
[18] MAC for maintenance 25-30 min (100/100/100)  3.6/50.1 4.9 cardiac disease; receiving no T2: 30 min after
B: isoflurane inhalation induction and 1-2 medications known to affect the induction
MAC for maintenance 25-30 min cardiovascular system
11 Sen 2004 [19] A: propofol 2 mg-kg—! for induction, 6  22/22 (0/0) 31.1 £6.2/315 £ Vecuronium 0.1 Female patients; ASA I-1I; with- Elective gynaeco- T1: before induction
mg-kg~!-h~?! for maintenance 6.1 mg-kg~! out cardiovascular diseases or logical laparoscopic  T2: 10 min after the
B: sevoflurane 5% for induction, 1-1.5% QTc >440 ms surgery start of surgery
for maintenance
12 Silay 2005 [3]  A:sevoflurane from 0.5% to 5% for induc- 30/30 (50/53) 334 + 10.8/32.6 £ NM 16-50 years; ASA I-II; without NM T1: before induction
tion, 2 MAC for maintenance 11.8 cardiovascular problems T2: 3 min after
B: desflurane from 2% to 18% for induc- intubation
tion, 2 MAC for maintenance
13 Yildirim 2004  A: sevoflurane 2% 30/30/30 N\M) NM Vecuronium 0.1 16-50 years; ASA I; without Elective non-cardiac T1: before induction
[20] B: isoflurane 1.2% mg-kg—! cardiovascular diseases or QTc  surgery T2: 10 min after

C: desflurane 6%

>440 ms

reaching steady state
end-tidal concentra-

tion

N2 O, nitrous oxide; NM, not mentioned; ASA, American Society of Anesthesiologists physical status; QTc, hear rate-corrected QT; ECG, electrocardiogram; MAC, minimum alveolar concentration; BMI, body

mass index; TCI, target-controlled infusion.
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Table 2. The quality assessment of RCTs was based on the guidelines in the Cochrane Handbook for Systematic Reviews of

Interventions and the modified Jadad 7-point scale.

Study Sequence  Allocation Blinding of  Blinding of Incomplete No selective Other Jadad Quality
generation concealment participants and  outcome outcome outcome source of  score
personnel assessment data reporting bias
Hanci 2010 [4] Vv ? - Vv - Vv Vv 3 Low
Karagdoz 2005 [14] VA Vv - Vv - Vv v 5 High
Kim 2022 [21] 4 ? ? Vv Vv 4 High
Kleinsasser 2000 [7] ? ? - Vv - Vv 4 2 Low
Kuenszberg 2000 [15] ? ? - Vv - VA v 2 Low
Liu 2019 [8] v ? - ? - VA v 3 Low
Min 2016 [16] v v Vv Va VA v 7 High
Park 2020 [2] Vv ? - 4 Vv 4 V4 4 High
Paventi 2001 [17] ? ? - V4 - 4 Vv 2 Low
Schmeling 1991 [18] ? ? - ? - Vv VA 2 Low
Sen 2004 [19] ? ? - ? - Vv Vv 2 Low
Silay 2005 [3] ? ? - Vv - Vv Vv 2 Low
Yildirim 2004 [20] ? ? - Vv - Vv 4 2 Low

v/, low risk of bias; ?, unclear risk of bias; —, high risk of bias. RCT, Randomized controlled trials.

Heart Rate-Corrected QT (QTc)

Direct meta-analyses found that propofol had less in-
fluence than sevoflurane (MD = 24.82, 95% CI: 16.10,
33.54) and desflurane (MD = 20.10, 95% CI: 4.85, 35.36),
sevoflurane had less influence than desflurane (MD =
13.17,95% CI: 6.96, 19.39), sevoflurane (MD =10.11, 95%
CI: —1.01, 21.23) and halothane (MD = 5.92, 95% CI: —
1.83, 13.67) had similar effect with isoflurane on QTc pro-
longation (Fig. 2). No heterogeneity (I = 0%) between
sevoflurane and desflurane was detected, but a significant
heterogeneity (I> = 89%) between propofol and sevoflu-
rane was found, and it greatly reduced to 39% when the
study of Paventi ef al. [17] was omitted (Supplementary
Data 2), indicating the heterogeneity between propofol and
sevoflurane came from the study of Paventi ef al. [17].
Sensitivity analysis found that significant differences be-
tween propofol and sevoflurane and between sevoflurane
and desflurane still existed when one study was omitted in
turn (Supplementary Data 2). Other comparisons could
not perform sensitivity analysis due to a lack of studies.

The network geometry (Fig. 3) of the studies revealed
the effect of anesthetics on QTc prolongation. Network
analysis (Fig. 4) found that propofol had less influence than
sevoflurane (MD =23.71, 95% CI: 17.78, 29.63), halothane
(MD = 26.27, 95% CI: 11.29, 41.24), desflurane (MD =
31.84, 95% CI: 23.79, 39.88), and isoflurane (MD = 33.11,
95% CI: 20.11, 46.10), and sevoflurane had less influence
than desflurane (MD = 8.13, 95% CI: 0.43, 15.82) on QTc
prolongation. Other pairwise comparisons showed no sig-
nificant differences. Moreover, global inconsistency (p
= 0.38) and local inconsistency (Supplementary Data 3)
were insignificant. SUCRA analysis (Fig. 5) showed that
propofol had the highest cumulative rank (SUCRA 100%),
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followed by sevoflurane (63.8%), halothane (49.5%), des-
flurane (21.1%), and isoflurane (15.6%), and which means
that propofol had the minimal effect on QTc prolongation.
However, the asymmetry of the funnel plot indicated a
small study effect (Fig. 6).

Sensitivity analysis was conducted by omitting the
study of Paventi et al. [17], which was the source of hetero-
geneity between propofol and sevoflurane, or studies that
had patients <15 in one arm. When the study by Paventi et
al. [17] or Schmeling et al. [18] was omitted, the signifi-
cant differences between propofol and sevoflurane (MD =
19.15,95% CI: 12.68, 25.62 or MD =23.67, 95% CI: 17.69,
29.66), between propofol and desflurane (MD =27.63, 95%
CI: 17.22,38.04 or MD =31.95, 95% CI: 23.81, 40.08), and
between sevoflurane and desflurane (MD = 8.48, 95% CI:
2.42,14.55 or MD =8.27, 95% CI: 0.50, 16.05) still existed
(data not shown), and the cumulative rank order of SUCRA
analysis had no alteration (data not shown).

Other Cardiac Repolarization Indices

The number of studies reporting other cardiac repo-
larization indices was too little to perform any network
meta-analysis, and only some direct meta-analyses were
conducted. Four studies [4,7,8,17] compared the effects
of sevoflurane with those of propofol on QT, and a di-
rect meta-analysis found that propofol had less influence
than sevoflurane on QT prolongation (MD = 40.49, 95%
CI: 23.12, 57.86; Supplementary Data 4). Moreover, this
significant difference existed when one study was omitted
from the sensitivity analysis (data not shown). Two stud-
ies [2,8] compared the effects of sevoflurane with those
of propofol on Tp-e and Tp-e/QT ratio, and direct meta-
analyses found that sevoflurane had less effect on Tp-e (MD
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Drug 1 Drug 2 Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.1.1 Sevoflurane vs Propofol
Hanci 2010 25.78 24.75 36 1.28 20.02 36 6.1% 24.50[14.10, 34.90]
Kleinsasser 2000 26 17.75 15  -10 27.93 15  4.4% 36.00[19.25, 52.75] -
Kuenszberg 2000 23.92 22.28 18 -3.2 23.94 18 4.8% 27.12[12.01,42.23] -
Liu 2019 23.48 11.46 60 5.3 1542 60 7.4% 18.18[13.32, 23.04] -
Park 2020 11.47 21.09 22 0.15 15.68 23 6.0% 11.32[0.42, 22.22] -
Paventi 2001 27 6.93 90 -8 8.19 90 7.8% 35.00[32.78, 37.22] -
Sen 2004 2412 21.47 22 1.06 26.39 22 51%  23.06[8.84, 37.28] -
Subtotal (95% CI) 263 264 41.7% 24.82[16.10, 33.54] ‘
Heterogeneity: Tau? = 107.04; Chi? = 55.05, df = 6 (P < 0.00001); I> = 89%
Test for overall effect: Z = 5.58 (P < 0.00001)
1.1.2 Desflurane vs Propofol
Kim 2022 26 7.05 60 -1 5.94 60 7.8% 27.00[24.67, 29.33] -
Park 2020 11.47 21.09 22 0.15 15.68 23 6.0% 11.32[0.42, 22.22] -
Subtotal (95% Cl) 82 83 13.8%  20.10 [4.85, 35.36] ——
Heterogeneity: Tau? = 106.77; Chi? = 7.61, df = 1 (P = 0.006); I> = 87%
Test for overall effect: Z = 2.58 (P = 0.010)
1.1.3 Desflurane vs Sevoflurane
Min 2016 29.81 28.46 21 20.12 265 22 45% 9.69 [-6.77, 26.15] ]
Park 2020 25.58 20 22 11.47 21.09 22 5.6% 14.11 [1.96, 26.26] -
Silay 2005 28 22.65 30 8 26.46 30 5.5%  20.00[7.54, 32.46] -
Yildirim 2004 31 21.63 30 22 20.07 30 6.0% 9.00 [-1.56, 19.56] T
Subtotal (95% Cl) 103 104 21.7% 13.17 [6.96, 19.39] A 2
Heterogeneity: Tau? = 0.00; Chi? = 1.95, df = 3 (P = 0.58); I = 0%
Test for overall effect: Z = 4.15 (P < 0.0001)
1.1.4 Isoflurane vs Sevoflurane
Karagoz 2005 8.84 17.23 25 34 19 25 6.2% 5.44 [-4.61, 15.49] T
Yildirim 2004 39 34 30 22 20.07 30 5.1% 17.00 [2.87, 31.13]
Subtotal (95% CI) 55 55 11.3% 10.11 [-1.01, 21.23] g
Heterogeneity: Tau? = 27.68; Chiz=1.71,df =1 (P =0.19); I?=41%
Test for overall effect: Z=1.78 (P = 0.07)
1.1.5 Isoflurane vs Halothane
Karagoz 2005 8.84 17.23 25 0.28 15.88 25 64% 8.56 [-0.63, 17.75] -
Schmeling 1991 50 10 8 50 17.32 8 5.2% 0.00[-13.86, 13.86] - 1
Subtotal (95% ClI) 33 33 11.6% 5.92 [-1.83, 13.67] “
Heterogeneity: Tau? = 0.66; Chi? = 1.02, df =1 (P =0.31); 2 =2%
Test for overall effect: Z=1.50 (P = 0.13)
Total (95% Cl) 536 539 100.0% 17.76 [12.44, 23.07] <>
Heterogeneity: Tau? = 92.66; Chiz = 150.83, df = 16 (P < 0.00001); I2 = 89% _;0 25 A 2‘5 5’0

Test for overall effect: Z = 6.55 (P < 0.00001)

Favours [drug 1] Favours [drug 2
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Fig. 2. Forest plots of the direct meta-analysis of the effects of anesthetics on QTc prolongation. QTc, heart rate-corrected QT; SD,

standard deviation; CI, confidence interval; IV, inverse variance.

=-3.12, 95% CI: -5.77, —0.48) and Tp-e/QT ratio (MD =
—0.02, 95% CI: —0.04, 0.00; Supplementary Data 4). The
indices of QTD, QTcD, and PWD were unable to perform
direct meta-analyses.

GRADE Assessment

The GRADE rating results are shown in Supplemen-
tary Data 5. According to the GRADE system, the strength
of the evidence of QTc prolongation was moderate for
sevoflurane vs. propofol, desflurane vs. propofol, desflu-
rane vs. sevoflurane; QT prolongation was low for sevoflu-
rane vs. propofol.

Incidence of Dysrhythmia

Three studies investigated the incidence of dysrhyth-
mia: two [3,4] reported no occurrence of dysrhythmia, and
the remaining one [17] found that two patients in the propo-
fol group developed a short run of three monomorphic ven-
tricular ectopic contractions. However, no intergroup dif-

ference existed between propofol and sevoflurane. There-
fore, more data was needed for direct or network meta-
analysis.

Heart Surgery Forum

To our knowledge, this is the first meta-analysis to ad-
dress anesthetics for cardiac repolarization. Both direct and
network meta-analyses found that propofol had less influ-
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Sevoflurane(370)

Halothane(33)

Propofol(324)

Desflurane(163)

Isoflurane(63)

Fig. 3. Network geometry plot of anesthetics based on their
effect on QTc prolongation. The size of the nodes is proportional
to the number of patients (parentheses). The thickness of the lines
connecting the nodes is proportional to the number of trials. QTc,
heart rate-corrected QT.

Treatment Effect Mean with 95%Cl|
Sevoflurane vs Propofol —— 23.71(17.78,29.63)
Halothane vs Propofol —— 26.27 (11.29,41.24)
Desflurane vs Propofol —— 31.84(23.79,39.88)
Isoflurane vs Propofol ———  33.11(20.11,46.10)
Halothane vs Sevoflurane +——@—— 2.56 (-11.36,16.48)

Desflurane vs Sevoflurane —— 8.13(0.43,15.82)

Isoflurane vs Sevoflurane H—— 9.40 (—2.44,21.24)

Desflurane vs Halothane ~ ——— 5.57 (-9.73,20.86)

Isoflurane vs Halothane ——— 6.84 (—5.04,18.72)
Isoflurane vs Desflurane —#—— 1.27 (-11.88,14.42)

T T T T
-12026 32 46

Fig. 4. Forest plots of the network meta-analysis of the effects
of anesthetics on QTc prolongation. QTc, heart rate-corrected

QT; CI, confidence interval.

ence than sevoflurane and desflurane, and sevoflurane had
less influence than desflurane on QTc prolongation. The
differences between halothane with other anesthetics and
isoflurane with other anesthetics on QTc prolongation were
inconclusive for lack of sufficient evidence. In addition,
a direct meta-analysis found that propofol had less influ-
ence than sevoflurane on QT prolongation. Taken together,
our data demonstrated that propofol had a minimal effect on
QTc prolongation, followed by sevoflurane and desflurane.

E912

Since cardiac repolarization is developmentally
changed with growth and heart rate in children is very
different from that in adults; thus, this study only included
RCTs that investigated adults. However, our results
were the same as those data in children that propofol had
less influence than sevoflurane and sevoflurane had less
influence than desflurane on QTc prolongation [1,22,23],
indicating these results are also applicable in children.

Furthermore, we assessed the effects of anesthetics on
other cardiac repolarization indices that predispose patients
to cardiac dysrhythmias. Tp-e index, the interval from the
peak of the T wave to the end of the T wave, is an indica-
tor of transmural dispersion of repolarization. Thus, some
studies reported its prolongation could better predict ven-
tricular arrhythmias, such as torsades de pointes [24,25].
HR influences Tp-e; therefore, the Tp-¢/QT ratio, which is
less dependent on HR, has been utilized to assess cardiac re-
polarization [25]. Tp-e interval >117 ms or Tp-e/QT ratio
>(.28 are strongly associated with the risk of torsades de
pointes [24,25]. Although our direct meta-analyses found
that sevoflurane had less effect on Tp-e and Tp-¢/QT ra-
tio than propofol, which was contrary to the result of QTc
or QT prolongation, the 95% CIs of Tp-e and Tp-¢/QT
ratio were close to zero and had no clinical significance,
and the sample size was too small. Moreover, two studies
[1,23] found no differences in children’s Tp-e intervals and
Tp-e¢/QT ratio detected between sevoflurane and propofol.
Therefore, these data indicate that propofol and sevoflurane
had no difference in the prolongation of Tp-e intervals and
Tp-e/QT ratio.

QTD, the difference between the maximum and min-
imum QT intervals, is considered an index of left ventric-
ular repolarization inhomogeneity [26]. Increased QTD or
QTcD is a sign of heterogeneous repolarization and possi-
ble arrhythmogenic re-entry [27]. Yildirim e al. [20] found
that sevoflurane, isoflurane, and desflurane significantly in-
creased QTD and QTcD, while Silay ef al. [3] found that
sevoflurane and desflurane did not influence QTD prolon-
gation. PWD is the difference between the maximum and
minimum P-wave duration, and prolongation is accepted
as an independent predictor of atrial arrhythmias, such as
atrial flutter or fibrillation [28,29]. Hanci et al. [4] found
that sevoflurane significantly increased PWD compared to
propofol. Owczuk ef al. [5] found that desflurane had no
influence on PWD, but propofol decreased it. However,
the effects of anesthetics on QTD and PWD could not be
defined by this meta-analysis due to a lack of studies.

Although inhalational anesthetics significantly in-
creased the QTc interval, no dysrhythmia was reported dur-
ing anesthesia with inhalational anesthetics in the studies
included this meta-analysis. Some RCTs [17,26,30—33] re-
ported that transient dysrhythmias, such as supraventric-
ular arrhythmia, ventricular arrhythmias, and idioventric-
ular thythm, were detected in the treatment of anesthet-
ics including propofol, thiamylal, thiopentone, sevoflurane,
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Fig. 5. Surface under the cumulative ranking curve analysis (SUCRA) graphs for the effects of anesthetics on QTc prolongation.

QTc, heart rate-corrected QT.
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Fig. 6. Comparison-adjusted funnel plot of the effects of anes-
thetics on QTc prolongation. A, B, C, D, and E correspond to
propofol, sevoflurane, halothane, desflurane, and isoflurane, re-

spectively. QTc, heart rate-corrected QT.

isoflurane, and halothane, but no intergroup differences
were reported. This might have occurred because all the
RCTs investigated adult patients with normal QTc inter-
val and no cardiovascular diseases. However, torsade de
pointes and the need for defibrillation did occur in a patient
with no relevant medical history [34] and usually occurred
in patients with long QT syndrome when receiving sevoflu-
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rane [35-37]. In addition, torsade de pointes also occurred
in a patient with chronic atrial flutter/fibrillation and nor-
mal QT interval during sevoflurane anesthesia [38]. Taken
together, these results indicate that the effects of inhala-
tional anesthetics on QTc prolongation may trigger lethal
dysrhythmia, especially in patients with long QTc intervals
or cardiac diseases. Therefore, we recommend the avoid-
ance of volatile agents and the use of propofol for anesthetic
management in patients with long QT syndrome or cardiac
diseases.

Cardiac repolarization is affected by the efflux of
potassium (KT) ions through slowly activating (iKs) and
rapidly activating (iKr) delayed rectifier K+ channels dur-
ing phases 2 and 3 of the electrical cardiac cycle [1]. Small
inward fluxes of sodium ions partially counter the outward
flow of current through late-activating sodium channels and
the activity of the sodium-calcium exchanger pump. The
outward and inward flow balance through these ion chan-
nels determines the repolarization duration. Volatile anes-
thetics are known to inhibit iK current. However, each
volatile anesthetic affects the iKr and iKs channels dif-
ferently, resulting in varying degrees of QT prolongation.
Suzuki ef al. [39] found that isoflurane at clinical concen-
tration inhibited iKs by approximately 80% while iKr by
20%, and Park et al. [40] found that 5.3% desflurane de-
pressed the iKs current by about 70% in guinea pig ventric-
ular muscles. In contrast, the propofol concentrations re-
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quired for iK suppression were higher than those currently
used in clinical scenarios [41]. Therefore, volatile agents
at clinic concentrations can prolong QT interval compared
with propofol.

However, this study had some limitations. First, the
sample size is small and a publication bias might have been
present in this network meta-analysis. To minimize this
risk, we attempted to search systematically and include un-
published studies, but no additional trials were available for
data extraction. Second, most of the included RCTs did not
mention how to perform randomization, allocation conceal-
ment, and blind patients and participants, and did not report
the numbers and reasons for withdrawal and loss of follow-
up, which led to a high risk of bias in this meta-analysis.
The third limitation was some unaccountable confounding
factors, such as different doses or concentrations of anes-
thetics, observational times after anesthetic treatment, ad-
juvants, genders, and a great range of ages due to a lack of
data. These limitations decreased the overall validity of this
meta-analysis.

Conclusions

Overall, our meta-analysis found that propofol had a
minimal effect on QTc prolongation, followed by sevoflu-
rane and desflurane in adult patients with normal QTc in-
tervals and without cardiovascular diseases. Propofol is
currently the best anesthetic for patients with long QT
syndrome currently but still needs more robust evidence
considering the confounding factors, publication bias, and
small sample size in this study.

Abbreviations

RCT, randomized controlled trials; HR, heart rate;
QTc, HR-corrected QT; QTD, QT interval dispersion;
QTcD, corrected QTD; PWD, P-wave dispersion; Tp-e,
Tpeak—-Tend; GRADE, the Grades of Recommendations
Assessment Development and Evaluation; MD, mean dif-
ference; CI, confidence interval, SUCRA, the surface under
the cumulative ranking curve.

Availability of Data and Materials

The data and materials used to support the findings of
this study are included in the article.

Author Contributions

BC designed the trial. BC, YC and ZY were responsi-
ble for the data extraction, data analysis and writing of the

E914

manuscript. HO and YD are responsible for the production
of pictures and tables. HH provides methodological support
and read the full text and provided comments. HO, YD and
HH also designed the work and interpreted the data. All
authors contributed to editorial changes in the manuscript.
All authors have participated sufficiently in the work to take
public responsibility for appropriate portions of the content
and agreed to be accountable for all aspects of the work in
ensuring that questions related to its accuracy or integrity.

Ethics Approval and Consent to Participate

Not applicable.

Acknowledgment

Not applicable.

Funding

This work is supported by Grant [2021]24 from the
Kuanren Talents Program of the Second Affiliated Hospi-
tal of Chongqing Medical University and the Young and
Middle-aged Outstanding Medical Team of Chongqing.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.

59958/hst.6969.

References

[1] Whyte SD, Booker PD, Buckley DG. The effects of propofol
and sevoflurane on the QT interval and transmural dispersion of
repolarization in children. Anesthesia and Analgesia. 2005; 100:
71-77.

[2] Park JH, Lee KY, Choi YD, Lee J, Shin HJ, Han DW, et al. Ef-
fect of different general anaesthetics on ventricular repolarisa-
tion in robot-assisted laparoscopic prostatectomy. Acta Anaes-
thesiologica Scandinavica. 2020; 64: 1243—1252.

[3] Silay E, Kati I, Tekin M, Guler N, Huseyinoglu UA, Coskuner
I, et al. Comparison of the effects of desflurane and sevoflurane
on the QTc interval and QT dispersion. Acta Cardiologica. 2005;
60: 459-464.

[4] Hanci V, Aydin M, Yurtlu BS, Ayoglu H, Okyay RD, Tas E, et
al. Anesthesia induction with sevoflurane and propofol: evalu-
ation of P-wave dispersion, QT and corrected QT intervals. The
Kaohsiung Journal of Medical Sciences. 2010; 26: 470-477.

Heart Surgery Forum


https://doi.org/10.59958/hsf.6969
https://doi.org/10.59958/hsf.6969
https://journal.hsforum.com/

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Owczuk R, Wujtewicz MA, Sawicka W, Polak-Krzeminska A,
Suszynska-Mosiewicz A, Raczynska K, et al. Effect of anaes-
thetic agents on p-wave dispersion on the electrocardiogram:
comparison of propofol and desflurane. Clinical and Experimen-
tal Pharmacology & Physiology. 2008; 35: 1071-1076.

Kies SJ, Pabelick CM, Hurley HA, White RD, Ackerman MJ.
Anesthesia for patients with congenital long QT syndrome.
Anesthesiology. 2005; 102: 204-210.

Kleinsasser A, Kuenszberg E, Loeckinger A, Keller C, Hoer-
mann C, Lindner KH, ef al. Sevoflurane, but not propofol, sig-
nificantly prolongs the Q-T interval. Anesthesia and Analgesia.
2000; 90: 25-27.

Liu Y, Gao H, Wang G, An L, Yi J, Fu X, ef al. A Compar-
ison of the Effect of Sevoflurane and Propofol on Ventricular
Repolarisation after Preoperative Cefuroxime Infusion. BioMed
Research International. 2019; 2019: 8978906.

Hutton B, Catala-Lopez F, Moher D. The PRISMA statement
extension for systematic reviews incorporating network meta-
analysis: PRISMA-NMA. Medicina Clinica. 2016; 147: 262—
266.

Gong S, Xu W, Wang R, Wang Z, Wang B, Han L, et al.
Patient-specific instrumentation improved axial alignment of the
femoral component, operative time and perioperative blood loss
after total knee arthroplasty. Knee Surgery, Sports Traumatol-
ogy, Arthroscopy. 2019; 27: 1083-1095.

Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP,
et al. Updated guidance for trusted systematic reviews: a new
edition of the Cochrane Handbook for Systematic Reviews of
Interventions. The Cochrane Database of Systematic Reviews.
2019; 10: ED000142.

Higgins JPT, Jackson D, Barrett JK, Lu G, Ades AE, White
IR. Consistency and inconsistency in network meta-analysis:
concepts and models for multi-arm studies. Research Synthesis
Methods. 2012; 3: 98-110.

Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consis-
tency in mixed treatment comparison meta-analysis. Statistics in
Medicine. 2010; 29: 932-944.

Karagoz AH, Basgul E, Celiker V, Aypar U. The effect of inhala-
tional anaesthetics on QTc interval. European Journal of Anaes-
thesiology. 2005; 22: 171-174.

Kuenszberg E, Loeckinger A, Kleinsasser A, Lindner KH,
Puehringer F, Hoermann C. Sevoflurane progressively prolongs
the QT interval in unpremedicated female adults. European Jour-
nal of Anaesthesiology. 2000; 17: 662—664.

Min JJ, Lee J, Lee HC, Ryu HG, Shin M, Kim HJ. A Com-
parison of the Effects of Sevoflurane and Desflurane on Cor-
rected QT Interval Prolongation in Patients Undergoing Liv-
ing Donor Liver Transplantation: A Prospective Observational
Study. Transplantation Proceedings. 2016; 48: 96—-101.

Paventi S, Santevecchi A, Ranieri R. Effects of sevoflurane ver-
sus propofol on QT interval. Minerva Anestesiologica. 2001; 67:
637-640.

Schmeling WT, Warltier DC, McDonald DJ, Madsen KE, Atlee
JL, Kampine JP. Prolongation of the QT interval by enflurane,
isoflurane, and halothane in humans. Anesthesia and Analgesia.
1991; 72: 137-144.

Sen S, Ozmert G, Boran N, Turan H, Caliskan E. Comparison
of single-breath vital capacity rapid inhalation with sevoflurane
5% and propofol induction on QT interval and haemodynamics
for laparoscopic surgery. European Journal of Anaesthesiology.
2004; 21: 543-546.

Yildirim H, Adanir T, Atay A, Katircioglu K, Savaci S. The ef-
fects of sevoflurane, isoflurane and desflurane on QT interval of
the ECG. European Journal of Anaesthesiology. 2004; 21: 566—
570.

Kim SH, Lee JG, Ju HM, Choi S, Yang H, Koo BN. Propofol

Heart Surgery Forum

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

prevents further prolongation of QT interval during liver trans-
plantation. Scientific Reports. 2022; 12: 4636.

Aypar E, Karagoz AH, Ozer S, Celiker A, Ocal T. The effects of
sevoflurane and desflurane anesthesia on QTc interval and car-
diac rhythm in children. Paediatric Anaesthesia. 2007; 17: 563—
567.

Safacian R, Hassani V, Mohseni M, Ahmadi A, Ashraf H,
Movaseghi G, et al. Comparison of the Effects of Propofol and
Sevoflurane on QT Interval in Pediatrics Undergoing Cochlear
Implantation: A Randomized Clinical Trial Study. Anesthesiol-
ogy and Pain Medicine. 2019; 9: ¢88805.

Panikkath R, Reinier K, Uy-Evanado A, Teodorescu C, Hat-
tenhauer J, Mariani R, ef al. Prolonged Tpeak-to-tend interval
on the resting ECG is associated with increased risk of sudden
cardiac death. Circulation. Arrhythmia and Electrophysiology.
2011; 4: 441-447.

Gupta P, Patel C, Patel H, Narayanaswamy S, Malhotra B, Green
JT, et al. T(p-¢)/QT ratio as an index of arrhythmogenesis. Jour-
nal of Electrocardiology. 2008; 41: 567-574.

Tominaga S, Terao Y, Urabe S, Ono M, Oji N, Oji M, et al. The
effects of intravenous anesthetics on QT interval during anes-
thetic induction with desflurane. JA Clinical Reports. 2018; 4:
57.

Kaye AD, Volpi-Abadie J, Bensler JM, Kaye AM, Diaz JH. QT
interval abnormalities: risk factors and perioperative manage-
ment in long QT syndromes and Torsades de Pointes. Journal of
Anesthesia. 2013; 27: 575-587.

Chandy J, Nakai T, Lee RJ, Bellows WH, Dzankic S, Leung JM.
Increases in P-wave dispersion predict postoperative atrial fib-
rillation after coronary artery bypass graft surgery. Anesthesia
and Analgesia. 2004; 98: 303-310.

Dagdelen S, Yuce M, Toraman F, Karabulut H, Alhan C. The
value of P dispersion on predicting atrial fibrillation after coro-
nary artery bypass surgery; effect of magnesium on P dispersion.
Cardiac Electrophysiology Review. 2003; 7: 162—164.
Lindgren L, Yli-Hankala A, Randell T, Kirveld M, Scheinin M,
Neuvonen PJ. Haemodynamic and catecholamine responses to
induction of anaesthesia and tracheal intubation: comparison be-
tween propofol and thiopentone. British Journal of Anaesthesia.
1993; 70: 306-310.

Tanskanen PE, Kyttd JV, Randell TT. QT interval and QT dis-
persion during the induction of anaesthesia in patients with sub-
arachnoid haemorrhage: a comparison of thiopental and propo-
fol. European Journal of Anaesthesiology. 2002; 19: 749-754.
Michaloudis D, Fraidakis O, Petrou A, Gigourtsi C, Parthenakis
F. Anaesthesia and the QT interval. Effects of isoflurane and
halothane in unpremedicated children. Anaesthesia. 1998; 53:
435-439.

Higashijima U, Terao Y, Ichinomiya T, Miura K, Fukusaki M,
Sumikawa K. A comparison of the effect on QT interval between
thiamylal and propofol during anaesthetic induction*. Anaesthe-
sia. 2010; 65: 679—-683.

Goitia L, Pérez P, Sebastian P, Taibo JM, Arizaga A. Periopera-
tive acquired long QT syndrome: a case report. Revista Espanola
De Anestesiologia Y Reanimacion. 2010; 57: 109-114.
Kumakura M, Hara K, Sata T. Sevoflurane-associated torsade de
pointes in a patient with congenital long QT syndrome genotype
2. Journal of Clinical Anesthesia. 2016; 33: 81-85.

Tacken MCT, Bracke FALE, Van Zundert AAJ. Torsade de
pointes during sevoflurane anesthesia and fluconazole infusion
in a patient with long QT syndrome. A case report. Acta Anaes-
thesiologica Belgica. 2011; 62: 105-108.

Thiruvenkatarajan V, Osborn KD, Van Wijk RMAW, Euler P,
Sethi R, Moodie S, ef al. Torsade de pointes in a patient with
acute prolonged QT syndrome and poorly controlled diabetes
during sevoflurane anaesthesia. Anaesthesia and Intensive Care.

E915


https://journal.hsforum.com/

[38]

[39]

2010; 38: 555-559.

Hamaguchi E, Kawano H, Kawahito S, Kitahata H, Oshita S.
Torsade de pointes associated with severe bradycardia after in-
duction of general anesthesia. Masui. the Japanese Journal of
Anesthesiology. 2011; 60: 1097-1100.

Suzuki A, Bosnjak ZJ, Kwok WM. The effects of isoflurane on
the cardiac slowly activating delayed-rectifier potassium chan-
nel in Guinea pig ventricular myocytes. Anesthesia and Analge-
sia. 2003; 96: 1308-1315.

E916

[40]

[41]

Park WK, Kim MH, Ahn DS, Chae JE, Jee YS, Chung N, et
al. Myocardial depressant effects of desflurane: mechanical and
electrophysiologic actions in vitro. Anesthesiology. 2007; 106:
956-966.

Liu Q, Kong AL, Chen R, Qian C, Liu SW, Sun BG, e al. Propo-
fol and arrhythmias: two sides of the coin. Acta Pharmacologica
Sinica. 2011; 32: 817-823.

Heart Surgery Forum


https://journal.hsforum.com/

	Abstract
	Keywords
	Introduction
	Methods
	Search Strategy
	Eligibility Criteria
	Data Extraction
	Assessment of Methodological Quality
	Statistical Analysis

	Results
	Study Selection and Characteristics
	Risk of Bias Assessment
	Heart Rate-Corrected QT (QTc)
	Other Cardiac Repolarization Indices 
	Incidence of Dysrhythmia 
	GRADE Assessment

	Discussion
	Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

