
R E S E A R CH A R T I C L E

Intraoperative QTc interval interpretation: Effects of
anaesthesia, ECG, correction formulae, sex, and current limits
A Prospective Observational Study

Thomas Krönauer1 | Lorenz L. Mihatsch1,2,3 | Patrick Friederich1,2

1Department of Anaesthesiology, Intensive Care Medicine, Pain Therapy, München Klinik Bogenhausen, Munich, Germany

2TUM School of Medicine and Health, Technical University of Munich, Munich, Germany

3Institute for Medical Information Processing, Biometry, and Epidemiology, Ludwig-Maximilians-Universität, Munich, Germany

Correspondence

Thomas Krönauer, c/o Klinik für

Anästhesiologie, Operative Intensivmedizin

und Schmerztherapie, München Klinik

Bogenhausen, Englschalkinger Str 77, 81925

München, Munich, Germany.

Email: thomas.kroenauer@uk-augsburg.de

Present address

Thomas Krönauer, Anesthesiology and

Operative Intensive Care Medicine, Faculty of

Medicine, University of Augsburg, Augsburg,

Germany.

Funding information

Departmental funding only

Abstract

Background: Severe QT interval prolongation requires monitoring QTc intervals dur-

ing anaesthesia with recommended therapeutic interventions at a threshold of

500 ms. The need for 12-lead ECG and lack of standardisation limit such monitoring.

We determined whether automated continuous intraoperative QTc monitoring with

5-lead ECG measures QTc intervals comparable to 12-lead ECG and whether the

interpretation of QTc intervals depends on the correction formulae and the patient's

sex. We compared intraoperative QTc times to QTc times from resting ECGs of a

population from the same region, to substantiate the hypothesis that patients under

general anaesthesia may need specific treatment thresholds.

Methods: In this prospective observational study, intraoperative QT/QTc intervals

were automatically recorded using 12 and 5-lead ECG in 100 patients (44% males).

QTc values were analysed for sex and formula-specific aspects after correction for

heart rate according to Bazett, Fridericia, Hodges, Framingham, Charbit and QTcRAS,

and compared to a regional community-based cohort. The level of significance was

set to α = 0.05.

Results: QT interval duration was not significantly different between 12-lead and

5-lead ECG (difference � 0.09 ms ± 8.5 ms, p = 0.793). The QTc interval duration

significantly differed between the correction formulae (p < 0.001) and between sexes

(p < 0.001). Mean intraoperative QTc duration was higher than in resting ECGs from

a large community-based population with the same regional background (438 vs.

417 ms). The incidence of prolonged values >500 ms significantly depended on the

correction formula (p < 0.001) and was up to tenfold higher in women versus men.

Conclusion: Intraoperative QTc interval measurement using a 5-lead ECG is valid.

Correction formulae and gender influence the intraoperative QTc interval duration

Preliminary data for this study was presented online as a poster presentation at the virtual Euroanaesthesia meeting of the ESAIC, 17–19 December 2021.
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and the incidence of pathologically prolonged values according to current limits. The

consideration and definition of sex-specific normal limits for QTc times under general

anaesthesia, therefore, warrant further investigation.

K E YWORD S

electrocardiogram, intraoperative monitoring, long QT syndrome, torsade de pointes, ventricular
arrhythmia

Editorial Comment

In this study, corrected QT intervals were compared between a 5- and 12-lead ECG in a cohort

undergoing general anaesthesia, and then compared with another cohort measured in an ambu-

latory setting. This identified that 5-lead ECG is sufficient to estimate QTc, and that prolonged

QTc was very common under anaesthesia using commonly used heart rate adjustment formulas.

This suggests that the reference range for QTc or adjustment formulas might need to be recon-

sidered for measurements during anaesthesia.

1 | INTRODUCTION

Congenital and acquired long QT syndromes predispose to ventricular

arrhythmia, for example Torsade de Pointes and sudden cardiac

death.1,2 As QT prolongation and Torsade de Pointes may occur dur-

ing perioperative care,3–7 monitoring perioperative QTc interval pro-

longation has been repeatedly recommended.3,5,7 However, such

measurements have not become a clinical routine. This may be partly

due to the need to record a 12-lead ECG for QTc interval

determination,8 including manual analysis of QTc intervals during

ongoing surgery.9 Both 12-lead ECG recording for QTc interval deter-

mination and manual analysis of QTc intervals are impractical in many

perioperative settings.10 However, the feasibility of a computer-based

algorithm for automated intraoperative measurement of QTc intervals

using 12-lead ECG has been demonstrated.11 In addition, automated

ECG monitoring with a reduction of leads is available12,13 and may

facilitate QTc interval measurement. Whether an intraoperative

5-lead ECG with automated monitoring of QTc intervals measures

statistically identical values compared with the validated 12-lead ECG

and is thus feasible has not been investigated so far.

There are several different correction formulae, for example

Bazett, Fridericia, Hodges, Framingham, Charbit or QTcRAS, for cor-

recting QT intervals for the patient's heart rate,9,14–18 yielding QTc

intervals. Although Bazett's formula is mostly used, some monitors

allow switching to other formulae, for example Fridericia, Framingham

and Hodges. Upper limits of normal for QTc interval duration between

430–450 ms and 450–460 ms have been suggested for men and

women, respectively, irrespective of the correction formula

used.7,19,20 Various reasons for sex differences in cardiac repolarisa-

tion have been discussed.21 A QTc interval duration >500 ms predicts

short-term in-hospital mortality22 and requires decisive diagnostic and

therapeutic action.23 This also appears to be the case for QTc interval

prolongation during general anaesthesia to prevent the development

of Torsade de Pointes.3–5,7,24 However, intraoperative monitoring of

the QTc interval has not been standardised so far. As different correc-

tion formulae9,14–18 are likely to influence the incidence of prolonged

QTc intervals, the choice of correction formula may influence the like-

lihood of diagnosing QTc interval prolongation with the need for

recommended therapeutic intervention.

In addition, it has not been addressed whether normal values of

QTc intervals defined outside the operating room in large cohorts of

patients18,25 without the influence of general anaesthetics, opioids

and sedatives remain valid for patients during general anaesthesia.

This may not be the case as many anaesthetic agents have complex

pharmacological effects in addition to QTc interval prolongation,26–28

including potentially relevant antiarrhythmic effects through suppres-

sion of sympathetic nervous system activity.29

Current practical limitations and lack of standardisation limit the

recommended use of routine QTc interval determination during peri-

operative care. The aim of the current study was, therefore, threefold:

Firstly, to compare automated QT interval measurements obtained by

12-lead ECG recordings to the intraoperatively commonly used 5-lead

ECG. Secondly, to determine whether the incidence of prolonged QTc

intervals during general anaesthesia depends on the correction for-

mula used and on sex. Thirdly, to compare intraoperative QTc inter-

vals from patients under general anaesthesia with QTc intervals from

resting ECGs in a regional community-based study population,18 to

substantiate the hypothesis that current ECG normal limits for QTc

intervals may be inappropriate in patients under general anaesthesia.

2 | METHODS

In this prospective observational study, QT intervals, heart rates and

QTc intervals (Bazett correction) were measured automatically and

continuously during surgery in 100 adult patients (44% males) with

standard monitoring (QT-algorithm of the CarescapeB850 monitor,

GE Healthcare, Chicago, Illinois, USA) at München Klinik Bogenhausen,

Munich, Germany. All patients were in sinus rhythm. A pilot study had

shown no significant difference between automated and manually

determined QTc values (unpublished data). In addition, the automati-

cally measured QT intervals and the corresponding heart rate were
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manually recorded every 15 min (to avoid ECG artefacts) with both

12-lead and 5-lead ECG8,30 for further analysis. Depending on the

duration of surgery, an average of 9 (range 3–30; random intercept

models were used to correct for multiple measurements) measure-

ments were performed per patient, yielding 900 pairs of 12-lead and

5-lead ECG recordings for further analysis. Correction of the QT inter-

val for heart rate for these pairs was performed by applying the cor-

rection formulae according to Bazett,14 Fridericia,15 Hodges,16

Framingham,17 Charbit,9 and QTcRAS.18 Age, sex and ASA classifica-

tion were determined at inclusion. This manuscript adheres to the

STROBE guidelines.

2.1 | Ethics approval

Ethical approval (ref. 100007) was approved by the ethics committee

of the Bayerische Landesärztekammer on August 31, 2010. Written

informed consent was obtained from all patients prior to inclusion in

the study.

2.2 | Inclusion and exclusion criteria

The inclusion criteria were age ≥18 years and written informed con-

sent to participation after indication for surgery under general anaes-

thesia. Patients with atrial fibrillation, bundle branch block or

pacemaker carriers were excluded from the study.

2.3 | Statistical analysis

Data were analysed using R, version 3.6.0 (The R Foundation for Sta-

tistical Computing, Vienna, Austria). Categorical demographic vari-

ables were compared between sexes using chi-squared tests, and for

continuous variables, the non-parametric Wilcoxon test was used.

Means ± standard deviations (SD) of continuous variables were cor-

rected for multiple measurements using random intercept models

without co-variables.31 Wald tests were used to test for significant

differences between the groups. Bland-Altman plots adjusted for mul-

tiple measurements were used to analyse the agreement between the

two methods: (1) 12-lead versus 5-lead ECG recordings and (2) QT

intervals corrected by Bazett versus Fridericia. Wald tests were used

to determine whether the difference between the two methods dif-

fered significantly from zero. Likelihood Ratio (LR) tests were used to

test if the difference between the two methods was linearly depen-

dent on the mean value of the two methods, that is whether the slope

of a linear regression line was significantly different from zero. The

mean QTc intervals resulting from the different correction formulae

were compared using the LR test. The t-test was used to test the max-

imum intra-individual differences between QTcBazett and QTcFridericia.

The incidence of prolonged QTc intervals, depending on the correc-

tion formula, was analysed using logistic regression models with ran-

dom intercepts to account for repeated measurements. All Wald and

LR tests were adjusted for multiple measurements. Normality assump-

tions were tested using QQ-plot analysis and analysis of residuals. All

tests were conducted under two-sided hypotheses. The significance

level was set to α = 0.05. Bonferroni correction was used to correct

for α-error accumulation due to multiple testing.

2.4 | Sample size calculation

A pilot study in perioperative patients found an average QTc time of

438 ± 25 ms (unpublished observation). We therefore considered an

effect size of 20 ms difference between 12-lead and 5-lead ECG

recordings to be clinically relevant. Using a two-sided hypothesis t-

test, a significance level of α = 0.05, and a power of 1�β = 0.9, the

required number of patients for the study was determined to be at

least 35.

3 | RESULTS

The demographic characteristics of the study population are shown in

Table 1. There were no significant differences in any of the categorical

variables of these parameters between the male and female patients.

The inclusion period was from February to November 2011. The final

analysis was performed in 2023.

TABLE 1 Patient characteristics.

Sex n patients (n measurements, range)

Men 44 (397; 3–22) Women 56 (503; 3–30)

Age [years] Mean ± SD (Range)

Men 55.4 ± 14 (26–81) Women 58.1 ± 15 (23–84)

ASA

n Patients (n Measurements)

Men Women

ASA 1 2 (19) 5 (39)

ASA 2 21 (197) 27 (274)

ASA 3 18 (156) 20 (163)

ASA 4 3 (25) 3 (23)

ASA 5 0 (0) 1 (7)

Anaesthesia

n Patients (n Measurements)

TIVA BA

Men 38 (352) 6 (45)

Women 51 (468) 5 (35)

Surgery

n patients (n patients, n measurements)

Intracranial Other

Men 38 (38 TIVA; 352) 6 (6 BA; 45)

Women 50 (48 TIVA–2 BA; 459) 6 (3 TIVA–3 BA; 44)

Note: Demographic patient characteristics.

Abbreviations: ASA, American Society of Anaesthesiology risk group; BA:

balanced anaesthesia; TIVA, total intravenous anaesthesia.
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3.1 | 12-lead ECG recording

Heart rates ranged from 37 to 112 min�1 (n = 900; Figure 1A), with

mean values of 61 ± 14 min�1 and 62 ± 11 min�1 in male and female

patients, respectively (p = 0.742). The range of the measured QT

intervals was 330–584 ms (443 ± 47 ms; n = 900; Figure 1B), with

mean QT durations of 436 ± 47 ms (n = 397) and 449 ± 46 ms

(n = 503) in men and women, respectively (p = 0.127).

3.2 | 12-lead vs. 5-lead ECG recording

QT duration resulting from 12-lead and 5-lead ECG recordings

(n = 900) was not significantly different (�0.09 ± 8.5 ms; p = 0.793,

Figure 1C). The mean difference in QT interval duration between

12-lead and 5-lead ECG recordings was �0.27 ± 11.8 ms in male and

0.10 ± 6.1 ms in female patients, respectively. QT intervals obtained

by 12-lead ECG recording correlated significantly with those

obtained by 5-lead ECG recording (Pearson's correlation coefficient

r = 0.98; R2 = 0.96; p < 0.001). The Bland-Altman analysis revealed a

regression line with a slope and y-intercept that did not significantly

deviate from zero ((QT12–QT5) = �0.0009 � (QT12 + QT5)/2 + 0.03;

dfslope = 205.8, Tslope = �0.146, Pslope = 0.884; df intercept = 203.2,

Tintercept = 0.113, Pintercept = 0.910; Figure 1D).

3.3 | QT correction formula and QTc duration
during general anaesthesia

QTc intervals calculated using different correction formulae

(n = 900) differed significantly (LR test: χ2 = 236.31, df = 5,

p < 0.001). QTc intervals ranged from 357 to 535 ms for Bazett to

381–561 ms for Hodges. The mean values of QTc intervals ranged

from 438 ± 29 ms (QTcRAS) to 445 ± 33 ms (Hodges),(Table 2).

Analysis of intraoperatively determined QTc intervals regressed on

QT intervals demonstrated systematic differences between the for-

mulae, with all slopes being significantly different from zero. Conse-

quently, the incidence of values above the current limits of normal

(>440 ms: χ2 = 93.47, df = 5, p < 0.001; >500 ms: χ2 = 46.74,

df = 5, p < 0.001) depended significantly on the correction formula

(Figure 2A,B). Bazett yielded the lowest incidence of prolonged QTc

intervals >440 ms as well as >500 ms at heart rates below 50 min�1

0

50

100

150

<4
0

41
−4

5
46

−5
0
51

−5
5
56

−6
0
61

−6
5
66

−7
0
71

−7
5
76

−8
0
81

−8
5
86

−9
0
91

−9
5

96
−1

00
>1

00

M
ea

su
re

m
en

ts
 (n

)

(A) Heart Rate [min�1]

0

25

50

75

100

125

<3
55

35
6−

37
0

37
1−

38
5

38
6−

40
0

40
1−

41
5

41
6−

43
0

43
1−

44
5

44
6−

46
0

46
1−

47
5

47
6−

49
0

49
1−

50
5

50
6−

52
0

52
1−

53
5

53
6−

55
0

>5
50

M
ea

su
re

m
en

ts
 (n

)

(B) QT [ms]

400

500

12 5
Number of leads

Q
T 

in
te

rv
al

 [m
s]

(C) Distribution of QT intervals

−20

0

20

400 500
(QT12 + QT5) / 2

Q
T 1

2
�

Q
T 5

(D) Bland−Altman Plot

F IGURE 1 Distribution of heart rates and QT intervals. Distribution of measured intraoperative heart rates, QT intervals and comparison of
12-lead and 5-lead ECG measurements. (A) histogram of heart rates, (B) histogram QT intervals, (C) distribution (left sub-column), boxplot (middle
sub-column) and empirical density (right sub-column) of intraoperative QT intervals measured by 12-lead (left) and 5-lead (right) ECG, (D) Bland-
Altman analysis of intraoperative QT intervals measured by 12-lead and 5-lead ECG.

1372 KRÖNAUER ET AL.

 13996576, 2024, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14515 by U

niversitaetsbibl A
ugsburg, W

iley O
nline Library on [24/02/2025]. See the Term

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License



and the highest incidence of prolonged QTc intervals at heart rates

above 70 min�1 (Figure 2A,B).

3.4 | Bazett correction versus Fridericia correction

Analysis of intraoperative QTc intervals calculated with the two most

commonly used correction formulae (Bazett and Fridericia) showed

similar mean values over all heart rates (Bazett: 440 ± 29 ms

vs. Fridericia: 442 ± 30 ms, n = 900). Bland-Altman analysis of all mea-

surements (Figure 3A, n = 900) revealed mean differences that were

not significantly different from zero (�1.1 ± 14.3 ms, T = �0.839,

df = 98.96, p = 0.403). Analysing groups with heart rates of 50–

70 min�1 (Figure 3B, n = 582), below 50 min�1 (Figure 3C, n = 157)

and above 70 min�1 (Figure 3D, n = 161) demonstrated heart rate

dependence of the difference between Bazett and Fridericia correc-

tions. At heart rates of 50–70 min�1 the mean difference was the smal-

lest (�2.2 ± 7.7 ms, T = �2.94 df = 83.5, p = 0.004, Figure 3B). For

heart rates lower than 50 min�1 the mean difference was negative

(�19.5 ± 4.6 ms, T = �31.16, df = 38.02, p < 0.001, Figure 3C), and

thus QTcBazett intervals were shorter than QTcFriedericia intervals. At

heart rates above 70 min�1, the mean difference was positive (18.3

± 7.0 ms, T = 18.46, df = 37.61, p < 0.001, Figure 3D) and QTcBazett

intervals were significantly longer than QTcFriedericia intervals. Bland-

Altman analysis yielded regression lines with slopes significantly differ-

ent from zero only for QTc intervals at heart rates above 70 min�1

((QTcBazett–QTcFridericia) = 0.082 � (QTcBazett + QTcFridericia)/2–17.7,

T = 2.7, df = 86.87; p = 0.008, Figure 3D). The intra-individual differ-

ences in maximum and minimum QTc interval duration were not signifi-

cantly different between QTcBazett intervals and QTcFriedericia intervals

(25 ± 11 vs. 23 ± 11 ms, p = 0.207, n = 100).

3.5 | QTc intervals in male and female patients

The QTc interval duration was sex-specific, with mean values ranging

from 430 ± 23 ms (Bazett) to 437 ± 30 ms (Hodges) in male patients

(n = 397) and from 444 ± 30 ms (QTcRAS) to 452 ± 34 ms (Hodges)

in female patients (n = 503), respectively (Table 2). The incidence of

QTc intervals >430 ms ranged from 46% to 54% in males, and the

incidence of QTc intervals >450 ms ranged from 41% to 51% in

female patients (Table 2). QTc intervals longer than 500 ms were pre-

sent in 1%–2% and 3%–10% of the male and female patients, respec-

tively (Table 2). The sex-dependent difference in QTcBazett intervals

remained highly significant when comparing only one type of surgery

(brain surgery) performed with one type of anaesthesia (total intrave-

nous anaesthesia, n = 38 men versus n = 48 women, T = 3.746,

df = 83.9; p < 0.001).

4 | DISCUSSION

The results of our study demonstrate that automated intraoperative

recording of QTc interval duration using 5-lead ECG monitoring is

TABLE 2 Summary of QTc values
and incidence of prolonged QTc
intervals.

QTc [ms] Bazett Framingham Fridericia Hodges Charbit QTcRAS

All patients

Mean ± SD 440 ± 29 440 ± 30 442 ± 30 445 ± 33 443 ± 31 438 ± 29

Range 357–535 361–541 372–538 381–561 374–555 364–544

Men

Mean ± SD 430 ± 24 430 ± 26 432 ± 26 437 ± 30 434 ± 28 432 ± 25

Range 357–516 361–541 372–538 381–561 374–555 364–544

Women

Mean ± SD 448 ± 30 448 ± 31 449 ± 31 452 ± 34 451 ± 32 444 ± 30

Range 377–535 381–523 384–521 386–549 378–532 372–515

Incidence of prolonged QTc interval [%]

Men Bazett Framingham Fridericia Hodges Charbit QTcRAS

>430 ms 46 48 51 53 54 53

>450 ms 17 20 22 30 21 26

>500 ms 1 1 1 2 1 2

Women

>430 ms 70 66 68 70 63 70

>450 ms 46 46 47 51 41 49

>500 ms 5 5 7 10 3 7

Note: The distribution of QTc interval duration and the incidence of prolonged QTc intervals obtained

every 15 min during general anaesthesia were calculated for both genders using different correction

formulae.
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feasible under general anaesthesia and may substitute the recom-

mended 12-lead ECG monitoring.8 This is not surprising, as reduced

lead ECG analysis of multiple cardiac abnormalities, such as wide-

QRS-complex tachycardia and acute myocardial infarction, has been

shown to be as useful as standard 12-lead ECG analysis outside the

operation theatre.12 The loss of information from leads V1-V4 and V6

in the 5-channel ECG compared with the 12-channel ECG did not

show any effect in our study either. The QT interval is, by definition,

the longest QT interval in any lead, and manual measurement is tradi-

tionally recommended in lead II and V5.19 As both 12-lead and 5-lead

ECGs contain information from limb and precordial leads, a non-

significant difference was expected. Nevertheless, this is the first

study to compare automated intraoperative QT and QTc intervals

recorded with standard 12-lead ECG and 5-lead ECG and hence vali-

dates the intraoperative feasibility of automated 5-lead ECG monitor-

ing of the QTc interval. Although QTc interval measurement has also

been described with reduced lead ECG using a different algorithm

with a new electrode position,12,13 to our knowledge, intraoperative

QT/QTc interval measurement with 3-lead ECG has never been vali-

dated. Since 3-lead ECG lacks information from the precordial leads,

we reason that the QT/QTc interval may be underestimated in some

patients. Since the recommendation of manual QTc analysis for

borderline values9 more than 15 years ago, mainly due to technical

progress and improved validity, the authors in 2024 see the advan-

tages of automated measurement.

Our study shows that all commonly used correction formulae

have a different effect on the incidence of pathologically prolonged

QTc intervals during general anaesthesia. Given the known mathemat-

ical definitions of the correction formulae, the fact that there are dif-

ferences between QTc values obtained with different correction

formulae (given QT duration, heart rate/RR interval variable) is not

primarily surprising. However, it is important to understand that a

QTc value depends on two variables (QT interval and heart rate/RR

interval). In the present study, these two variables were automatically

collected together in an intraoperative patient population and ana-

lysed using the correction formulae mentioned above.

Such intraoperative measurements of QTc intervals have not been

standardised so far. This is important not only for reasons of compara-

bility. Our data show that the choice of correction formula may influ-

ence therapeutic decisions. As current recommendations consider a

QTc interval >500 ms as an important therapeutic threshold,3–5,23,24,32

the likelihood of an intervention will be influenced by the underlying

correction formula. As correction formulae differentially over- and

under-correct QT intervals at heart rates significantly higher and lower
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than 60 min�1, the number of pathologically prolonged QTc intervals

requiring intervention will also be influenced by the intrinsic character-

istics of the patient population with extremes ranging from endurance

athletes33 to neonates.34 In addition, the incidence of pathologically

prolonged QTc intervals during heart rate-modifying perioperative

interventions, such as beta-blocker treatment or thoracic epidural

anaesthesia, will depend on the correction formula.

This is particularly evident when using Bazett's formula. This for-

mula is the only one with a positive correlation between heart rate

and the resulting QTc intervals. Therefore, compared to all other cor-

rection formulae, QTc intervals according to Bazett, will have a

shorter duration at low heart rates and a longer duration at higher

heart rates. This is important because Bazett's formula still remains

the most widely used correction formula despite repeated recommen-

dations otherwise.20,35,36

It is noteworthy that regardless of the correction formula used, a

high percentage of the QTc intervals recorded intraoperatively (41%–

54%) are above the current sex-specific limits of normal of 430–450

and 450–460 ms in male and female patients, respectively. Up to 10%

of values are above the diagnostically and therapeutically important

clinical threshold of 500 ms.3–5,7,23,24,32 Comparing the intraoperative

QTc intervals obtained in our study with identical correction formulae

(QTcRAS) to those obtained in a large community-based study popu-

lation with the same regional background,18 it is noteworthy that the

mean duration of the QTc intervals during general anaesthesia is

21 ms longer (Figure 4A). There is also a quantitative difference of

20–40 ms when comparing the QTc intervals obtained in our study

using the formulae of Bazett and Fridericia with those of another large

cohort of ambulatory patients, outside the operation theatre25

(Figure 4A). This difference persists even after correction for sex

(Figure 4B,C) and is consistent with other studies describing a similar

QTc prolongation during the intra- and post-operative period in the

context of general and regional anaesthesia.4,37

It has long been known that both general anaesthetics and seda-

tives prolong the QTc interval.26,27 This may be further modified by

the type of surgery4,6,38 and type of anaesthesia.37 Given the fact that

cardiac arrhythmias, T-wave alternans or short-long-short QT intervals

were not observed in any patient during our study, it may be hypothe-

sised that therapeutically relevant thresholds of QTc intervals during

general anaesthesia differ from those in a population without general

F IGURE 3 Comparison of Bazett vs. Fridericia. Bland-Altman analysis comparing QTc intervals resulting from the Bazett and Fridericia
correction for different groups of heart rates. Red lines show the mean, and red dashed lines 2SD show the differences between QTcBazett and
QTcFridericia. Regression lines of the mean differences regressed on mean QTc values are shown in blue. (A) all heart rates (B) heart rates between
50 and 70 min�1. The slope of the blue regression line is not significantly different from zero (T = 0.683, df = 361.2, p = 0.495), (C) heart rates
<50 min�1. The Slope of the blue regression line is not significantly different from zero (T = �1.85, df = 55.5, p = 0.069), (D) heart rates
>70 min�1. The slope of the blue regression line is significantly different from zero (T = 2.7, df = 86.9, p = 0.008).
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anaesthesia or sedation. In addition to QTc interval prolongation, the

pharmacological effect of general anaesthetic agents26–28 may influ-

ence the risk of developing Torsade de Pointes during general anaes-

thesia. As relevant suppression of sympathetic nervous system

activity has been extensively described for general anaesthetic

agents29 and is also an established strategy for reducing the risk for

Torsade de Pointes in Long QT syndrome,39 an adjustment of current

recommendations for therapeutic intervention during general anaes-

thesia may be worth considering. The perioperative case reports of a

Torsade de Pointes have regularly been associated with a significant

prolongation of the QTc interval. There are numerous cut-off values

for the QTc interval, with treatment recommended above 500 ms.

However, our data show that in general anaesthesia, a QTc prolonga-

tion outside of 2 standard deviations above the mean value starts

between 478 (Bazett) and 507 ms (Hodges) in men, and between

504 ms (QTcRAS) and 520 ms (Hodges) in women, and thus, markedly

depends on sex and the correction formula used (Table 2). Therefore,

the treatment limit during anaesthesia may be higher. In addition, the

incidence of prolongation above 500 ms in our study was dependent

on sex and the correction formula used. If current recommendations

are followed, this could lead to unnecessary overtreatment in general

anaesthesia due to the lack of limits for men and women. QTc prolon-

gation is associated with an increased risk of developing Torsade de

Pointes tachycardia. In this respect, gender-specific thresholds for

intervention would be necessary and clinically relevant. On the other

hand, specific limit values for each correction formula could be con-

fusing. Standardisation is needed, and the Fridericia correction seems

to be preferred in the current literature.

The small number of reports on perioperative Torsade de

Pointes5 despite a high incidence of prolonged QTc intervals during

general anaesthesia (this study),4,6,37 together with more than 300 mil-

lion operations per year worldwide,40 supports this hypothesis.

Our study is limited in that it was not designed to demonstrate

the interaction of various influences on intraoperative QTc intervals,

such as age, genetic background, sex, type of surgery, anaesthetic

management and concomitant diseases and medications. This would

require large numbers of patients to allow multivariate analysis.18,25

Such data have not been available to date. Unfortunately, a resting

ECG was not available to be used as a possible baseline QTc value

before the patients were admitted to the hospital, nor was it required

for most patients in our cohort according to recommendations for

perioperative anaesthesia assessment. Therefore, we chose the
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F IGURE 4 Comparison of resting ECG versus general anaesthesia. Comparison of the distribution of QTc values from our study during
general anaesthesia (G. A.) with published QTc values from resting ECG data (Mason and QTcRAS) assuming normal distributions depending on
the correction formula used as well as on sex. (A) all QTc values, (B) QTcBazett depending on sex, (C) QTcFridericia depending on sex.
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community-based cohort of the KORA study18 with identical regional

background for comparison. If QTc measurements before induction of

anaesthesia may be used as baseline remains an important outstand-

ing question to further studies since premedication, stress and an

increased sympathetic tone might already impact the duration of the

QTc interval.29

Nevertheless, our results provide evidence that intraoperative

monitoring of QTc intervals and therapeutic recommendations based

on intraoperative QTc intervals require further evaluation and stan-

dardisation regarding correction formulae and normal limits. Applying

the current limit for treatment of 500 ms may lead to overtreatment

in patients under general anaesthesia. However, further studies are

needed to confirm this.

5 | CONCLUSION

In conclusion, the results of our study demonstrate that intraoperative

monitoring of QTc intervals with 5-lead ECG recording during surgery

is feasible and allows valid continuous intraoperative measurements

of QTc intervals. Furthermore, our results show a much higher inci-

dence of prolonged QTc intervals and a different distribution of values

in patients under general anaesthesia than in a standard population.

Our study shows that this prolongation of the QTc time under general

anaesthesia, as demonstrated in other studies, occurs regardless of

sex and the correction formula used. However, common correction

formulae and gender differentially influence the incidence of pro-

longed QTc intervals during perioperative care. Further studies are

needed to recommend a preferred correction formula and sex-specific

QTc thresholds for interventions under general anaesthesia.
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