
WJH https://www.wjgnet.com 1060 September 27, 2023 Volume 15 Issue 9

World Journal of 

HepatologyW J H
Submit a Manuscript: https://www.f6publishing.com World J Hepatol 2023 September 27; 15(9): 1060-1083

DOI: 10.4254/wjh.v15.i9.1060 ISSN 1948-5182 (online)

META-ANALYSIS

Corrected QT interval in cirrhosis: A systematic review and meta-
analysis

Vasileios Periklis Papadopoulos, Konstantinos Mimidis

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Moreno-Gómez-
Toledano R, Spain; Sholkamy A, 
Egypt

Received: July 16, 2023 
Peer-review started: July 16, 2023 
First decision: August 4, 2023 
Revised: August 13, 2023 
Accepted: August 29, 2023 
Article in press: August 29, 2023 
Published online: September 27, 
2023

Vasileios Periklis Papadopoulos, Dialysis, AKESIOS Dialysis Center, Xanthi 67150, Greece

Konstantinos Mimidis, First Department of Internal Medicine, Democritus University of Thrace, 
Alexandroupolis 68100, Greece

Corresponding author: Vasileios Periklis Papadopoulos, MD, MSc, PhD, Consultant Physician-
Scientist, Research Fellow, Dialysis, AKESIOS Dialysis Center, Vaniano, Xanthi 67150, 
Greece. vaspapmd@gmail.com

Abstract
BACKGROUND 
Corrected QT (QTc) interval is prolonged in patients with liver cirrhosis and has 
been proposed to correlate with the severity of the disease. However, the effects of 
sex, age, severity, and etiology of cirrhosis on QTc have not been elucidated. At 
the same time, the role of treatment, acute illness, and liver transplantation (Tx) 
remains largely unknown.

AIM 
To determine the mean QTc in patients with cirrhosis, assess whether QTc is 
prolonged in patients with cirrhosis, and investigate whether QTc is affected by 
factors such as sex, age, severity, etiology, treatment, acute illness, and liver Tx.

METHODS 
In the present systematic review and meta-analysis, the searching protocol 
“{[QTc] OR [QT interval] OR [QT-interval] OR [Q-T syndrome]} AND {[cirrhosis] 
OR [Child-Pugh] OR [MELD]}” was applied in PubMed, EMBASE, and Google 
Scholar databases to identify studies that reported QTc in patients with cirrhosis 
and published after 1998. Seventy-three studies were considered eligible. Data 
concerning first author, year of publication, type of study, method used, sample 
size, mean age, female ratio, alcoholic etiology of cirrhosis ratio, Child-Pugh 
A/B/C ratio, mean model for end-stage liver disease (MELD) score, treatment 
with β-blockers, episode of acute gastrointestinal bleeding, formula for QT 
correction, mean pulse rate, QTc in patients with cirrhosis and controls, and QTc 
according to etiology of cirrhosis, sex, Child-Pugh stage, MELD score, and liver Tx 
status (pre-Tx/post-Tx) were retrieved. The Newcastle-Ottawa quality assessment 
scale appraised the quality of the eligible studies. Effect estimates, expressed as 
proportions or standardized mean differences, were combined using the random-
effects, generic inverse variance method of DerSimonian and Laird. Subgroup, 
sensitivity analysis, and meta-regressions were applied to assess heterogeneity. 
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The study has been registered in the PROSPERO database (CRD42023416595).

RESULTS 
QTc combined mean in patients with cirrhosis was 444.8 ms [95% confidence interval (CI): 440.4-449.2; P < 0.001 
when compared with the upper normal limit of 440 ms], presenting high heterogeneity (I2 = 97.5%; 95%CI: 97.2%-
97.8%); both Egger’s and Begg’s tests showed non-significance. QTc was elongated in patients with cirrhosis 
compared with controls (P < 0.001). QTc was longer in patients with Child-Pugh C cirrhosis when compared with 
Child-Pugh B and A (P < 0.001); Child-Pugh B patients presented longer QTc when compared with Child-Pugh A 
patients (P = 0.003). The MELD score was higher in patients with cirrhosis with QTc > 440 ms when compared with 
QTc ≤ 440 ms (P < 0.001). No correlation of QTc with age (P = 0.693), sex (P = 0.753), or etiology (P = 0.418) was 
detected. β-blockers shortened QTc (P< 0.001). QTc was prolonged during acute gastrointestinal bleeding (P = 
0.020). Tx tended to improve QTc (P < 0.001). No other sources of QTc heterogeneity were revealed.

CONCLUSION 
QTc is prolonged in cirrhosis independently of sex, age, and etiology but is correlated with severity and affected by 
β-blockers and acute gastrointestinal bleeding. QTc is improved after liver Tx.

Key Words: Liver cirrhosis; Corrected QT interval; Child-Pugh stage; Model for end-stage liver disease score; Liver 
transplantation; Meta-analysis

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Corrected QT (QTc) interval is prolonged in patients with liver cirrhosis and has been proposed to correlate with 
the severity of the disease. The QTc upper normal limit in cirrhosis is widely debated. Moreover, the effects of sex, age, 
Child-Pugh stage, model for end-stage liver disease score, and etiology of cirrhosis have not been elucidated, while the role 
of liver transplantation has been largely unknown. The present study is the first systematic review and meta-analysis 
focusing on the topics mentioned above, thus aiming to determine whether QTc interval is a useful, easy, and inexpensive 
tool in the assessment of liver cirrhosis by clinicians.
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INTRODUCTION
The prolongation of ventricular repolarization, as reflected in rate-corrected QT (QTc) electrocardiogram interval, was 
first reported in 44% of patients with cirrhosis of alcoholic etiology[1,2]. QTc prolongation was soon recognized as a 
frequent electrocardiographic abnormality in patients with cirrhosis, regardless of the subsequent etiology[3,4]. QTc 
prolongation has been historically attributed to a broad spectrum of pathophysiological mechanisms involving electrolyte 
imbalance, sympathetic nervous system hyperactivity, portal hypertension, elevated bile salt plasma concentrations, 
direct alcohol toxicity, regimens such as β-blockers and diuretics, and stressful events such as acute gastrointestinal 
bleeding[1,3,5-10]. However, QTc prolongation is currently considered to reflect delayed ventricular repolarization in the 
presence of cirrhotic cardiomyopathy, an entity characterized mainly by ventricular diastolic dysfunction associated with 
liver cirrhosis in the absence of other known cardiac disease[11-19]. Of note, some contradictory evidence support that 
QTc prolongation is independent of the structural and functional abnormalities that characterize cirrhotic cardiomy-
opathy[20]. Moreover, it is debatable whether taming the gonadal hormone metabolism in cirrhosis might blur QTc sex-
dependence observed in patients without cirrhosis[21]. Interestingly, liver transplantation (Tx) has been demonstrated to 
at least partly restore prolonged QTc[4,21-25].

QTc prolongation > 440 ms has been correlated with shortened overall survival in cirrhosis[3,26,27]; however, there is 
contradictory evidence obscuring this proposal[28]. More commonly, QTc length has been considered to reflect the 
severity of the disease in terms of either Child-Pugh stage[26,29-37] or model for end-stage liver disease (MELD) score[27,
37-40]. On the contrary, several studies support dissimilar conclusions[4,41-45]. Additionally, the direct (due to alcoholic 
cardiomyopathy) and indirect (due to the aggravated course of the disease) role of alcohol in QTc cirrhosis-linked 
prolongation is still debatable[1]. Whether QTc abnormalities are more pronounced in alcoholic cirrhosis has not been 
elucidated yet, as there is contradictory evidence either for[33,46] or against[24,25,47] that possibility. Finally, QTc sex 
dependence might be less evident or even absent in patients with cirrhosis[3,21,23,25,30,38-41].

The present systematic review and meta-analysis was conducted to provide further evidence regarding a potential 
correlation between QTc length in patients with cirrhosis and age, sex, etiology of cirrhosis, severity of the disease in 
terms of Child-Pugh stage, and MELD score, treatment with β-blockers, episode of acute gastrointestinal bleeding, as well 
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as liver Tx by identifying all relevant studies and summarizing their results.

MATERIALS AND METHODS
Literature search
The study was conducted following Preferred Reporting in Systematic and Meta-Analysis (PRISMA) guidelines[48]. We 
used the PubMed and EMBASE databases to identify studies that reported QTc in patients with cirrhosis and were 
published between January 1998 and April 2023. We also utilized the Google Scholar database to retrieve any additional 
published or unpublished data, such as conference proceedings and other grey literature. We performed an iterative 
search until we could trace no additional publications. Moreover, a search for unpublished dissertations as well as other 
unpublished work was completed. The literature search was performed by both authors (Papadopoulos VP and Mimidis 
K). The study has been registered in the PROSPERO database (CRD42023416595); PROSPERO data were revised on 
August 8, 2023[49].

Study selection
The present systematic review was conducted following a search strategy that included the terms {[QTc] OR [QT interval] 
OR [QT-interval] OR [Q-T syndrome]} AND {[cirrhosis] OR [Child-Pugh] OR [MELD]}. Pre-specified eligibility criteria 
used the PICO strategy [P: Populations/people/patient/problem: Patients who have cirrhosis and healthy individuals 
(controls), I: Intervention(s): Liver Tx, C: Comparison: QTc in (1) Patients with cirrhosis vs upper normal limit; (2) Patients 
with cirrhosis vs controls; (3) Males with cirrhosis vs females with cirrhosis; (4) Patients with cirrhosis of Child-Pugh stage 
A vs B vs C; (5) Patients with cirrhosis of alcoholic etiology vs viral etiology; (6) Relation with age; (7) Relation with MELD 
score; (8) Patients with cirrhosis before vs after liver Tx; (9) Relation with β-blockers; (10) Relation with episode of acute 
gastrointestinal bleeding; and (11) Relation with age, sex, and etiology of cirrhosis in transplanted patients, O: Outcome: 
Combined mean, percentage; standardized mean difference (SMD)][50]. Exclusion criteria were: (1) Review articles, case 
reports, and letters; (2) Duplicated or overlapping studies (if that was the case, only the most recent or the highest level of 
study or the most informative study was included); and (3) Studies published only as abstracts. The process was 
performed independently by both authors. Mimidis K was responsible for resolving any discordance. The Cohen kappa 
statistic was preferred to assess the level of agreement between the two investigators. No software was used for study 
retrieval. Sources of financial support were traced where possible.

Data extraction
Data concerning first author, year of publication, type of study, method used, sample size, mean age, female ratio, 
alcoholic etiology of cirrhosis ratio, Child-Pugh A/B/C ratio, mean MELD score, use of β-blockers, formula for QT 
correction, mean pulse rate, QTc in patients with cirrhosis and controls, and QTc according to etiology of cirrhosis, sex, 
Child-Pugh stage, and Tx status (pre-Tx/post-Tx) were retrieved independently by both authors. Mimidis K supervised 
the process and resolved any potential discordance.

Risk of bias
Funnel plots assessed the risk of publication bias. Trim-and-fill analysis was used to impute missing studies in cases of 
significant publication bias. The Newcastle-Ottawa Scale (NOS) evaluated the risk of bias assessment of the eligible 
studies; scores ≥ 7-9, 4-6, and < 4 were considered to reflect low, intermediate, and high risk, respectively[51]. 
Furthermore, the GRADE assessment was used to evaluate evidence certainty rating risk of bias, imprecision, 
inconsistency, indirectness, publication bias, and effect size for every endpoint[52]. When comparing hazard ratios (HRs) 
between two groups, small, medium, and large effect sizes were considered to be approximately 1.3, 1.9, and 2.8, 
respectively[53].

Statistical analysis
Data were synthesized using MedCalc Statistical Software version 20.218 (MedCalc Software bv, Ostend, Belgium; https:/
/www.medcalc.org; 2023). Effect estimates, expressed as QTc/upper normal limit percentage or SMD, were extracted 
from every study possible and combined using the random-effects, generic inverse variance method of DerSimonian and 
Laird[54], which assigned the weight of each study in the pooled analysis inversely to its variance. Combination of means 
and standard deviations (SDs) were performed using the freely available online tool located at https://www.statstodo.
com/CombineMeansSDs.php. Means and estimates based on sample size, median, range, and interquartile range were 
calculated using the freely available online tool located at https://www.math.hkbu.edu.hk/~tongt/papers/
median2mean.html[55-57]. SD estimates were computed from the mean, confidence interval (CI), and sample size using 
the freely available online tool https://www.omnicalculator.com/statistics/confidence-interval. Effect size Cohen’s d 
was calculated from 22 contingency data using the freely available online tool https://www.psychometrica.de/effect_
size.html. The correlation coefficient was calculated for paired data using the formula (SDbaseline

2 + SDfinal
2 - SDchange

2)/(2 × 
SDbaseline × SDfinal). A subgroup analysis was performed to investigate the potential effect of hospitalization, comorbidities, 
and treatments affecting QT. Sensitivity analysis assessed the correlation coefficient r concerning pre-Tx and post-Tx 
status. HR was calculated from time-to-event data and log-rank P value as described elsewhere[58]. The NORMSINV 
function, freely available from MedCalc software, was used for that purpose. The formula QTBazett = QTFridericia × RR-1/6 was 
used to convert QTFridericia (QTc corrected with the use of Fridericia formula) to QTBazett (QTc corrected with the use of 

https://www.medcalc.org
https://www.medcalc.org
https://www.statstodo.com/CombineMeansSDs.php
https://www.statstodo.com/CombineMeansSDs.php
https://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
https://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
https://www.omnicalculator.com/statistics/confidence-interval
https://www.psychometrica.de/effect_size.html
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Figure 1  Study selection.

Bazett formula) given that the mean heart rate was 60-100 beats/min. Heterogeneity was approached using the Q test and 
I2 statistic; Q test P value < 0.10 was indicative of a statistically significant result. Furthermore, a value of I2 ≤ 25% was 
indicative of insignificant heterogeneity, 26%-50% of low heterogeneity, 51%-75% of moderate heterogeneity, and > 75% 
of high heterogeneity[59,60]. Heterogeneity was analyzed through meta-regressions and derived standardized coeffi-
cients beta (bSD) focusing separately on study characteristics and quality assessment. Multivariate analysis was omitted 
in cases where the available studies numbered less than 10. Meta-regressions were performed using SPSS 26.0 software 
(IBM Corp., Armonk, NY, United States). Synthesis of effect sizes was performed using the MedCalc® Statistical Software 
version 20.218 and Meta-Essentials Excel-based software[61].

RESULTS
Study selection
Four hundred and sixty-eight potentially relevant publications (PubMed: 213, EMBASE: 255, Google Scholar: 6) were 
identified. No unpublished data of interest were detected. The authors removed duplicates and critically appraised the 
title, the abstract, and the full text of the remaining publications (Figure 1). Finally, 73 studies, including 14495 patients, 
were eligible for qualitative and quantitative meta-analyses (Table 1)[3,4,6,7,10-15,17,18,21,23-47,62-96].

QTc interval in patients with cirrhosis
QTc was elongated in patients with cirrhosis when compared with controls (SMD = 1.187; 95%CI: 0.804-1.570; P < 0.001). 
The I2 was 88.8% (95%CI: 81.0%-93.4%; P < 0.001) (Figure 2A). QTc combined mean in patients with cirrhosis (n = 7715) 
was 444.8 ms (95%CI: 440.4-449.2; P < 0.001 when compared with the upper normal limit of 440 ms), presenting high 
heterogeneity (I2: 97.5%; 95%CI: 97.2%-97.8%; P < 0.001) (Figure 2B).

A subgroup analysis was performed to investigate the potential effect of hospitalization, comorbidities, and treatments 
affecting QT. Thus, when non-hospitalized patients with cirrhosis without any other comorbid condition or treatment 
with known effect of QT were considered (n = 1448), the QTc combined mean was 444.0 ms (95%CI: 437.8-450.1) with an 
I2 of 92.4% (95%CI: 89.6%-94.5%; P < 0.001). When patients with cirrhosis who either might have been hospitalized or 
presented other comorbidities or were treated with regimens affecting QT were considered (n = 6267), the QTc combined 
mean was 445.3 ms (95%CI: 439.6-450.6) with an I2 of 98.1% (95%CI: 97.9%-98.4%; P < 0.001). These two groups yielded 
comparable results (P = 0.823) (Supplementary Figures 1 and 2).

https://f6publishing.blob.core.windows.net/6d40b809-8a0d-4efb-a5e1-d62246432594/WJH-15-1060-supplementary-material.pdf
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Table 1 Characteristics of eligible studies

Child-Pugh QTc

Ref.
Type 
of 
study

Device Formula Patients, 
n

Controls, 
n

Female 
ratio

Alcoholic 
etiology 
ratio

A, 
n

B, 
n

C, 
n

MELD 
score

Age 
in 
yr

Prolongation 
ratio Controls Females Viral 

etiology
Acohol 
etiology

Child-
Pugh 
A

Child-
Pugh 
B

Child-
Pugh 
C

Tx 
pre

Tx 
post

Wang et al[62], 2023 R E B 1022 0.095 1 52.6 
± 
11.6

0.107

Bilous et al[10], 2023 P H B 33 0.394 8 14 11 48.0 
± 
12.0

393.7 
± 
35.0

Barutcu et al[37], 2023 R E B 100 100 0.440 32 34 34 16 ± 8 60.0 
± 
42.2

446.3 
± 
49.3

439 ± 33 410 ± 
23

455 ± 
39

473 ± 
53

Lu et al[46], 2022 R E B 3529 0.233 0.182 55.0 
± 
11.0

0.158

Wang et al[63], 2022 R E B 189 0.783 102 56 31 59.4 
± 
11.8

435.9 
± 
46.1

0.243 433 ± 
45

439 ± 
47

439 ± 
47

Li et al[27], 2021 P E F 274 0.456 108 122 44 12 ± 4 61.8 
± 
12.8

0.328

Ou et al[40], 2021 R E B 167 0.281 0.168 70 81 16 11 ± 4 52.9 
± 
10.8

0.665

Ko et al[25], 2021 R E B 408 0.236 0.093 57.1 
± 
12.0

452.0 
± 
31.0

0.650 452 
± 
31

430 
± 32

Héla et al[36], 2020 P H B 42 0.429 0.095 12 15 15 60.0 
± 
13.2

435.9 
± 
21.8

0.476 423 ± 
19

429 ± 
17

453 ± 
17

Abrahamovych et al
[64], 2020

R H B 87 0.276 1 44.5 
± 
4.3

443.8 
± 
34.4

Ibrahim et al[65], 2020 P E B 50 0.580 0 38 12 0 52.0 
± 
12.0

415.8 
± 
24.4

Hussain et al[66], 47.0 470.0 P E B 87 87 0.460 0.316 0.218 400 ± 50
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2020 ± 
13.3

± 
50.0

Kim et al[35], 2020 R E B 310 0.274 0.274 105 94 111 46.0 
± 
17.0

450.0 
± 
43.0

460 ± 44 417 ± 
29

452 ± 
34

480 ± 
38

Toma et al[67], 2020 P E B 63 0.508 0 18 20 25 56.2 
± 
13.5

452.5 
± 
27.7

0.460 453 ± 28 445 ± 
27

451 ± 
23

459 ± 
31

Bhardwaj et al[68], 
2020

P E B 100 100 0.150 0.530 4 35 61 49.8 
± 
13.6

458.5 
± 
27.0

424 ± 28

Gaafar et al[69], 2019 P E B 112 0 424.4 
± 
36.6

Kazankov et al[28], 
2019

R E B 915 415.0 
± 
30.0

Moaref et al[70], 2019 P E B 30 0.367 16 ± 5 41.0 
± 
6.6

Santeusanio et al[71], 
2019

R E B 258 0.337 0.097 18 ± 
10

59.5 
± 
9.7

454.4 
± 
27.9

0.403

Biselli et al[72], 2019 R E F 474 0.352 0.236 13 ± 5 61.7 
± 
12.6

438.0 
± 
42.0

Tieranu et al[45], 2018 P E B 60 0.433 6 28 26 59.4 
± 
7.3

457.8 
± 
23.9

456 ± 
27

452 ± 
26

462 ± 
20

Lee et al[39], 2018 R E B 283 0.247 0.113 17 ± 
11

55.1 
± 
7.7

449.9 
± 
31.6

0.636 450 
± 
32

435 
± 32

Hajiaghamohammadi 
et al[73], 2018

P E B 37 0.432 12 12 13 58.8 
± 
11.5

418.5 
± 
41.9

Główczyńska et al
[44], 2018

R E B 151 0.371 0.179 50 73 28 12 ± 5 49.0 
± 
12.3

426.3 
± 
41.6

0.338 426 ± 41 432 ± 45 423 ± 
38

424 ± 
46

438 ± 
34

Tahata et al[74], 2018 P E B 104 0.654 104 0 0 71.1 
± 
8.4

415.9 
± 
30.6

416 ± 
31
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Tsiompanidis et al
[75], 2018

P E B 51 0.373 0.333 22 18 11 28 ± 
19

55.2 
± 
14.2

428.1 
± 
31.0

0.431 437 ± 31 419 ± 
30

419 ± 
30

435 ± 
30

Yap et al[43], 2018 R E B 148 0.527 0.155 17 57 9 72.4 
± 
14.0

440.3 
± 
45.6

464 ± 
63

432 ± 
33

448 ± 
63

Kim et al[76], 2017 R E B 406 0.404 0.389 18 ± 9 56.4 
± 
9.0

454.5 
± 
27.8

0.510

Rimbaş et al[18], 2018 P E B 46 46 0.348 0.522 23 16 7 13 ± 5 57.0 
± 
9.0

436.0 
± 
30.0

0.413 404 ± 21 438 ± 35

Salgado et al[42], 2016 P E B 67 0.478 0.239 25 26 16 54.0 
± 
12.9

418.7 
± 
26.6

0.224 415 ± 
34

418 ± 
21

426 ± 
22

Naqvi et al[34], 2016 P E B 89 0.438 0 17 29 43 51.5 
± 
12.4

475.1 
± 
73.3

0.461 420 ± 
36

459 ± 
56

508 ± 
78

Zhao et al[38], 2016 R E B 1268 0.347 0.253 497 528 140 6 ± 7 56.0 
± 
12.1

0.382

Sonny et al[77], 2016 R E B 106 0.280 0.179 17 ± 8 55.0 
± 
9.0

453.0 
± 
28.0

453 
± 
28

442 
± 29

Barbosa et al[17], 2016 C E B 26 0.154 0.769 17 8 1 9 ± 5 54.6 
± 
10.4

460.0 
± 
23.0

0.769

Carvalheiro et al[78], 
2016

R E F 106 0.198 0.651 23 24 59 17 ± 8 54.8 
± 
8.5

0.189

Pourafkari et al[79], 
2016

R E B 69 0.348 0.217 14 28 27 17 ± 7 56.8 
± 
16.0

452.2 
± 
46.0

0.507 453 ± 
52

455 ± 
40

449 ± 
50

Barakat et al[80], 2015 P E B 74 0.324 0 19 ± 
26

473.1 
± 
25.1

Voiosu et al[81], 2015 P E F 74 0.378 0.378 43 12 19 13 ± 5 58.0 
± 
11.0

418.3 
± 
26.8

42.1 
± 

447.5 
± 

Cichoż-Lach et al[82], 
2015

R E B 122 32 0.344 0.664 28 40 54 394 ± 23 465 ± 50 443 ± 7 438 ± 
35

434 ± 
40

476 ± 
40
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12.7 29.9

Peter et al[83], 2014 P E B 78 0.154 0.538 15 ± 5 51.2 
± 
11.9

424.0 
± 
10.2

Moaref et al[15], 2014 P E B 80 0.375 0 0 80 41.0 
± 
14.0

490.0 
± 
51.0

490 ± 
51

Josefsson et al[84], 
2014

R E B 202 0.307 22 91 89 17 ± 6 52.0 
± 
11.0

0.262

Karagiannakis et al
[14], 2014

P E B 45 0.267 0.444 26 15 3 12 ± 4 57.2 
± 
12.4

428.0 
± 
27.5

Yataco et al[41], 2014 R E B 17 0.471 0.235 0 1 16 29 ± 7 57.9 
± 
7.9

461.4 
± 
37.4

0.529 461 ± 38 459 ± 31 479 ± 42

Bhatti et al[85], 2014 C E B 166 0.422 0 22 69 75 57.1 
± 
12.0

429.9 
± 
45.1

0.247

Møller et al[86], 2012 P E B 10 0.500 55.6 
± 
10.0

450.0 
± 
20.0

Trevisani et al[87], 
2012

R E F 70 0.329 0.186 16 ± 1 61.7 
± 
12.5

415.9 
± 
36.0

0.243

Zamirian et al[24], 
2012

P E B 243 0.380 0.049 446.9 
± 
12.5

0.432 483 ± 20 478 ± 25 447 
± 
13

383 
± 49

Kim et al[88], 2011 P E B 100 0.140 18 48 34 14 ± 8 52.3 
± 
8.3

Shin et al[89], 2011 P E B 50 0.200 14 19 17 52.0 
± 
7.0

433.2 
± 
32.7

0.440

Mozos et al[33], 2011 P E B 38 0.500 0.395 16 13 9 58.0 
± 
12.0

493.0 
± 
46.0

0.711 481 ± 51 527 ± 50 462 ± 
25

493 ± 
62

520 ± 
45

Vuppalanchi et al
[90], 2011

P E B 14 0.286 0.500 11 ± 2 53.9 
± 
9.6
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Møller et al[91], 2010 P E B 43 0.326 1 17 18 8 11 ± 3 57.4 
± 
9.1

453.0 
± 
31.0

Zurick et al[23], 2010 R E B 269 0.372 21 50.9 448.3 
± 
41.3

0.502 449 ± 11 449 
± 
41

417 
± 41

Lossnitzer et al[13], 
2010

P E B 20 0.450 0.600 15 ± 6 52.4 
± 
9.4

0.250

Genovesi et al[32], 
2009

P H B 40 0.000 0.450 26 15 7 56.1 
± 
11.2

439.3 
± 
30.2

0.525 425 ± 
24

452 ± 
30

465 ± 
24

Zambruni et al[31], 
2008

P E B 30 0.167 0.233 15 10 5 13 ± 1 58.8 
± 
11.0

455.4 
± 
26.8

0.367 459 ± 38 450 ± 38 440 ± 
16

466 ± 
26

486 ± 
20

Henriksen et al[92], 
2007

P E B 48 0.354 0.917 15 19 14 52.1 
± 
11.1

450.0 
± 
33.9

0.563 441 ± 
53

441 ± 
39

470 ± 
76

Kosar et al[93], 2007 R E B 33 0.455 9 15 9 53.0 
± 
11.0

412.5 
± 
89.6

405 ± 
51

411 ± 
46

427 ± 
64

Hansen et al[12], 2007 P H B 23 0.261 0.609 6 10 7 55.0 
± 
8.6

441.0 
± 
31.7

0.478 420 ± 
53

438 ± 
48

461 ± 
45

Zuberi et al[94], 2007 C E B 78 0.269 6 19 53 34.4 438.0 
± 
15.0

0.192

Zambruni et al[47], 
2007

P E B 100 53 0.370 0.210 34 39 27 57.2 
± 
7.6

465.2 
± 
33.3

0.520 416 ± 24

Ytting et al[7], 2005 P E B 80 0.263 0.488 33 33 14 51.0 
± 
10.4

447.0 
± 
42.3

0.513

Adigun et al[21], 2005 P E B 183 0.366 0.164 7 143 33 47.7 
± 
7.4

419.6 
± 
31.8

0.279 419 ± 35 436 
± 
21

421 
± 21

Henriksen et al[95], 
2004

P E B 24 0.125 1 3 12 9 58.3 
± 
11.0

462.0 
± 
40.3

0.583 462 ± 40

49.0 
± 

439.4 
± 

450 
± 

Bal and Thuluvath
[26], 2003

R E B 409 0.440 0.196 0 273 136 0.396 456 ± 42 434 ± 
31

451 ± 
43

429 
± 29
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14.2 36.4 39

Trevisani et al[6], 
2003

P E B 19 0.474 61.2 
± 
6.5

465.0 
± 
26.2

0.842

Mimidis et al[30], 
2005

R E B 52 0.250 0.558 23 19 10 61.3 
± 
11.1

466.6 
± 
37.8

0.596 468 ± 15 466 ± 43 468 ± 15 446 ± 
27

480 ± 
39

489 ± 
36

Henriksen et al[11], 
2002

P E B 24 17 0.125 1 3 12 9 58.3 
± 
11.0

462.0 
± 
40.3

0.375 410 ± 41 462 ± 40

Puthumana et al[29], 
2001

R E B 130 0.469 42 53 35 52.0 
± 
10.0

442.7 
± 
29.3

0.446 432 ± 
23

443 ± 
29

455 ± 
33

Quera et al[96], 2000 R E B 47 460.0 
± 
30.0

0.723

Bernardi et al[3], 1998 P E B 94 37 0.277 0.074 24 45 25 53.1 
± 
13.6

440.3 
± 
31.0

0.468 394 ± 36 444 ± 25 453 ± 25

Finucci et al[4], 1998 P E B 75 24 0.360 0.453 23 37 15 57.0 
± 
11.0

452.0 
± 
33.0

0.600 414 ± 28 463 ± 31 449 
± 
31

415 
± 26

C: Case-control; NOS: Newcastle-Ottawa scale; P: Prospective; R: Retrospective; E: Electrocardiography; B: Bazett’s formula; H: Holter; F: Fridericia’s formula; QTc: Corrected QT; MELD: Model for end-stage liver disease; Tx: 
Transplantation.

The pre-specified upper normal limit for QTc was higher for females (median: 440 ms; range: 440-470 ms) when 
compared with males (median: 440 ms; range: 420-462 ms). The related samples Wilcoxon signed rank test showed 
statistical significance (P < 0.001) (Figure 3).

Effect of sex and age on QTc interval
QTc was comparable between male and female patients (SMD = -0.032; 95%CI: -0.229 to 0.165; P = 0.753); I2 was 78.5% 
(95%CI: 62.0%-87.8%; P < 0.001) (Figure 4A). Moreover, no correlation of QTc with age (P = 0.974) was detected, even 
after adjustment for alcoholic etiology rate and MELD score (Padj = 0.160).

Effect of etiology of cirrhosis on QTc interval
Patients with cirrhosis of alcoholic etiology exhibited comparable QTc with those of viral etiology (SMD = 0.095; 95%CI: 
-0.109 to 0.264; P = 0.418). Heterogeneity was moderate (I2: 47.8%; 95%CI: 0.0%-74.8%; P = 0.045) (Figure 4B).

Effect of Child-Pugh stage and MELD score on QTc interval
QTc was longer in patients with Child-Pugh C cirrhosis when compared with Child-Pugh A (SMD = 0.860; 95%CI: 0.547-
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Figure 2 Meta-analysis forest plot. A: Corrected QT (QTc) in patients with cirrhosis vs controls; B: QTc compared with the upper normal limit (440 ms) ratio in 
patients with cirrhosis. QTc: Corrected QT.

1.173; P < 0.001) and B (SMD = 0.474; 95%CI: 0.344-0.6003; P < 0.001); I2 was 80.8% (95%CI: 71.5%-87.1%; P < 0.001) and 
24.9% (95%CI: 0.0%-55.4%; P = 0.647), respectively (Figures 5A and B). Moreover, Child-Pugh B patients with cirrhosis 
were characterized by longer QTc when compared with Child-Pugh A patients (SMD = 0.372; 95%CI: 0.126-0.619; P = 
0.003); I2 was 76.0% (95%CI: 63.5%-84.2%; P < 0.001) (Figure 5C). Considering the effect of the Child-Pugh score on QTc, a 
significant dose-response gradient was observed using Spearman’s non-parametric correlation coefficient (rho = 0.526, P 
< 0.001). The MELD score was higher in patients with cirrhosis with QTc > 440 ms when compared with patients with 
QTc ≤ 440 ms (SMD = 0.509; 95%CI: 0.249-0.769; P < 0.001); I2 was 78.1% (95%CI: 47.4%-90.9%; P = 0.001) (Figure 6A).
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Figure 3 Violi plot for corrected QT upper normal limit used in the included studies. QTc: Corrected QT.

Figure 4 Meta-analysis forest plot concerning the effect of sex and etiology of cirrhosis on corrected QT. A: The effect of sex on corrected QT 
(QTc) in patients with cirrhosis; B: The effect of etiology of cirrhosis on QTc. QTc: Corrected QT.

Role of liver Tx regarding QTc interval
Liver Tx tended to improve QTc (pre-Tx vs post-Tx QTc SMD = 0.808; 95%CI: 0.488-1.129; P < 0.001). I2 was 93.9% (95%CI: 
90.1%-96.2%; P < 0.001) (Figure 6B). Since pre-Tx and post-Tx QTc values were correlated, the correlation coefficient r was 
0.7, using two separate approaches: (1) Sensitivity analysis for r = 0.1 to r = 0.9 (step 0.1), which suggested that the 
combined Hedges’g (0.714; 95%CI: 0.645-0.783) with I2: 0.00% (P = 0.988) corresponded to 0.7 < r < 0.8; and (2) Direct 
calculation from Finucci et al[4], which resulted in r = 0.642 (Figure 7). QTc improvement after Tx remained unaffected by 
age (P = 0.417) and was negatively correlated with female ratio (P = 0.002), alcoholic etiology of cirrhosis ratio (P < 0.001), 
and age of the study (P = 0.019) (Figures 8A-D).

Pharmacological effects on QTc: The paradigm of β-blockers
The effect of β-blockers on QTc was investigated using data from three relevant studies. Patients with cirrhosis who were 
treated with β-blockers presented shorter QTc than those who were not (SMD = -0.540; 95%CI: -0.836 to -0.243; P < 0.001); 
I2 was 0.0% (95%CI: 0.0%-92.1%; P = 0.653) (Supplementary Figure 3).

https://f6publishing.blob.core.windows.net/6d40b809-8a0d-4efb-a5e1-d62246432594/WJH-15-1060-supplementary-material.pdf
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Figure 5 Meta-analysis forest plots concerning the effect of the Child-Pugh stage on corrected QT. A: Child-Pugh stage C vs A; B: Child-Pugh 
stage C vs B; C: Child-Pugh stage B vs A. QTc: Corrected QT.

Figure 6 Meta-analysis forest plot concerning the effect of the model for end-stage liver disease score and liver transplantation on 
corrected QT. A: The effect of the model for end-stage liver disease score on corrected QT (QTc); B: The effect of liver transplantation on QTc. Tx: Transplantation; 
MELD: Model for end-stage liver disease; QTc: Corrected QT.
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Acute gastrointestinal bleeding
QTc was prolonged during acute gastrointestinal bleeding, as deduced from two studies providing paired data (SMD = 
1.800; 95%CI: 0.287-3.313; P = 0.020); I2 was 96.7% (95%CI: 91.1%-98.8%; P < 0.001) (Supplementary Figure 4). Moreover, 
QTc was restored among survivors of an episode of gastrointestinal bleeding (SMD = 0.183; 95%CI: -0.051 to 0.417; P = 
0.124); I2 was 0.0% (95%CI: 0.0%-0.0%; P = 0.770) (Supplementary Figure 5).

Other potential sources of QTc heterogeneity
Meta-regression over 54 studies providing complete data revealed no independent correlation of QTc with study type 
(prospective vs others; bSD = -0.089; P = 0.517), device used (electrocardiograph vs Holter; bSD = 0.164; P = 0.237), or year 
of publication (bSD = 0.218; P = 0.118).

Overall survival according to QTc
Patients with cirrhosis with QTc ≤ 440 ms (n = 46) when compared with those with QTc > 440 ms (n = 40) had a survival 
HR of 2.666 [95%CI: 1.131-6.284; P = 0.025; standard error (SE) = 0.4375][3]. Similarly, patients with cirrhosis with QTc ≤ 
440 ms (n = 247) when compared with those with QTc > 440 ms (n = 162) had a survival HR of 1.727 (95%CI: 1.054-2.828; 
P = 0.030; SE = 0.2518)[26]. Lastly, patients with cirrhosis with QTc ≤ 440 ms (n = 55) when compared with those with QTc 
> 440 ms (n = 55) had a survival HR of 2.464 (95%CI: 1.407-4.313; P = 0.0016; SE = 0.2858)[27]. These data demonstrated 
that patients with cirrhosis with QTc ≤ 440 ms when compared with those with QTc > 440 ms had a survival HR of 2.228 
(95%CI: 1.640-2.815; P < 0.001) with an I2 of 63.1% (95%CI: 0.0%-89.5%; P = 0.067) (Figure 9A).

Risk of bias assessment
The funnel plot referring to QTc/440 ratio combined mean was symmetric (Figure 9B). Moreover, both Egger’s and 
Begg’s tests showed non-significance (P = 0.151 and P = 0.985, respectively). The risk of bias assessment with the aid of 
the NOS and evaluation of evidence certainty derived from GRADE assessment are provided in Tables 2 and 3, 
respectively. Of note, no correlation of QTc with NOS low, intermediate, and high risk (P = 0.772) was detected, even 
after adjustment for alcoholic etiology rate and MELD score (Padj = 0.651).

DISCUSSION
The present work represents the first systematic review and meta-analysis of QTc interval in cirrhosis. We demonstrated 
that QTc is prolonged in patients with cirrhosis compared with the most commonly used upper normal limit for QT 
interval (440 ms). Moreover, we showed that QTc prolongation in cirrhosis is linked with overall survival and is more 
evident in severe forms of the disease, as described by Child-Pugh stage, as well as in cases where alcohol as the etiology 
factor prevails when compared with viral hepatitis B or C. Interestingly, the fact that QTc prolongation in cirrhosis is a 
potentially reversible electrocardiographic abnormality is reflected by the fact that is at least partly restored after liver Tx.

Evidence of high quality indicates that liver Tx exerts a large beneficial effect in QTc. In contrast with Adigun et al[21], 
this amelioration has been shown to be negatively associated with age, male sex, and alcohol as the etiology of cirrhosis. 
This phenomenon could be partly attributed to the redefinition of QTc-affecting drugs, such as β-blockers and diuretics
[77]. Moreover, both restoration of hepatocellular function and remission of portal hypertension might be considered 
helpful[6,32,92]. However, as portal decompression following transjugular intrahepatic portosystemic shunt increases 
QTc, the beneficial effect of liver Tx reflects only the amelioration of liver function[3,6,90]. Therefore, this compensatory 
mechanism might be compromised in patients with cirrhosis of alcohol etiology in cases that alcohol consumption 
persists. Moreover, diastolic dysfunction reflecting cirrhotic cardiomyopathy persists after liver Tx[77]. Patients with 
persistent QTc prolongation after liver Tx exhibit a worse prognosis[39].

High certainty of evidence has been also demonstrated that QTc prolongation in cirrhosis is more pronounced in 
severe forms of the disease, revealing a dose-response gradient effect of Child-Pugh score on QTc. It has been shown that 
patients with cirrhosis with QTc > 440 ms had higher MELD scores when compared with patients with QTc ≤ 440 ms. The 
correlation between the severity of cirrhosis and QTc prolongation might reflect the key role that aggravating 
hyperdynamic circulation leading to cirrhotic cardiomyopathy plays in the pathophysiology of the disease as well as the 
electrolyte imbalance superimposed by diuretic administration[80].

We have also concluded that alcohol, compared to the viral etiology of cirrhosis, leads to comparable QTc 
prolongation. This finding is in contrast with the fact that patients with cirrhosis related to alcoholic liver disease have 
been reported to present a worse outcome than those with cirrhosis related to chronic hepatitis C virus infection or non-
alcoholic fatty liver disease[97]. Moreover, considering that alcohol causes cardiomyopathy per se, it could be argued that 
alcohol might well contribute to an inextricably intertwined entity involving alcoholic and cirrhotic cardiomyopathy in 
cases that it constitutes the unique or dominant cause of cirrhosis[62,64]. However, our result suggests that the contri-
bution of alcohol in the pathophysiology of cirrhotic cardiomyopathy might be limited, if any.

Of note, other factors such as β-blockers, electrolyte imbalance due to diuretic treatment, and a recent episode of 
gastrointestinal bleeding might affect QTc. Similar to previous studies, we have demonstrated that β-blockers exert a 
negative effect on QTc[31,88,95]. Moreover, we showed that QTc is prolonged during acute gastrointestinal bleeding and 
is restored among survivors. This finding is also similar to recent studies[40,72]. However, the overall effect of treatments 
affecting QT, hospitalization for acute illness, and comorbidities on QTc prolongation in patients with cirrhosis is 
debatable if not negligible as suggested by the relevant sensitivity analysis carried out in the present study.

https://f6publishing.blob.core.windows.net/6d40b809-8a0d-4efb-a5e1-d62246432594/WJH-15-1060-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/6d40b809-8a0d-4efb-a5e1-d62246432594/WJH-15-1060-supplementary-material.pdf
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Table 2 Newcastle-Ottawa risk of bias assessment tool for all eligible studies

Ref. Type NOS 
selection

NOS 
comparability

NOS exposure1 or outcome of 
interest2

Risk of 
bias

Wang et al[62], 2023 Retrospective 
study

** * *** Intermediate

Bilous et al[10], 2023 Prospective study ** * *** Intermediate

Barutcu et al[37], 2023 Retrospective 
study

*** ** *** Low

Lu et al[46], 2022 Retrospective 
study

*** * *** Low

Wang et al[63], 2022 Retrospective 
study

** ** *** Low

Li et al[27], 2021 Prospective study **** ** *** Low

Ou et al[40], 2021 Retrospective 
study

**** * *** Low

Ko et al[25], 2021 Retrospective 
study

**** ** *** Low

Héla et al[36], 2020 Prospective study ** ** *** Low

Abrahamovych et al[64], 2020 Retrospective 
study

*** * *** Low

Ibrahim et al[65], 2020 Prospective study **** * *** Low

Hussain et al[66], 2020 Prospective study *** * *** Low

Kim et al[35], 2020 Retrospective 
study

*** ** *** Low

Toma et al[67], 2020 Prospective study *** ** *** Low

Bhardwaj et al[68], 2020 Prospective study *** * *** Low

Gaafar et al[69], 2019 Prospective study *** * *** Low

Kazankov et al[28], 2019 Retrospective 
study

**** * *** Low

Moaref et al[70], 2019 Prospective study *** * *** Low

Santeusanio et al[71], 2019 Retrospective 
study

**** * *** Low

Biselli et al[72], 2019 Retrospective 
study

**** * ** Low

Tieranu et al[45], 2018 Prospective study *** ** *** Low

Lee et al[39], 2018 Retrospective 
study

**** ** *** Low

Hajiaghamohammadi et al[73], 
2018

Prospective study *** * ** Intermediate

Główczyńska et al[44], 2018 Retrospective 
study

*** ** *** Low

Tahata et al[74], 2018 Prospective study **** * *** Low

Tsiompanidis et al[75], 2018 Prospective study *** ** *** Low

Yap et al[43], 2018 Retrospective 
study

** ** *** Low

Kim et al[76], 2017 Retrospective 
study

*** * ** Intermediate

Rimbaş et al[18], 2018 Prospective study **** * *** Low

Salgado et al[42], 2016 Prospective study **** ** *** Low

Naqvi et al[34], 2016 Prospective study *** ** *** Low
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Zhao et al[38], 2016 Retrospective 
study

*** * *** Low

Sonny et al[77], 2016 Retrospective 
study

*** ** *** Low

Barbosa et al[17], 2016 Case-control study *** * *** Low

Carvalheiro et al[78], 2016 Retrospective 
study

*** * *** Low

Pourafkari et al[79], 2016 Retrospective 
study

*** ** *** Low

Barakat et al[80], 2015 Prospective study ** * *** Intermediate

Voiosu et al[81], 2015 Prospective study *** * *** Low

Cichoż-Lach et al[82], 2015 Retrospective 
study

** ** *** Low

Peter et al[83], 2014 Prospective study ** * *** Intermediate

Moaref et al[15], 2014 Prospective study ** * *** Intermediate

Josefsson et al[84], 2014 Retrospective 
study

*** * *** Low

Karagiannakis et al[14], 2014 Prospective study *** * *** Low

Yataco et al[41], 2014 Retrospective 
study

*** ** *** Low

Bhatti et al[85], 2014 Case-control study ** * *** Intermediate

Møller et al[86], 2012 Prospective study *** * *** Low

Trevisani et al[87], 2012 Retrospective 
study

**** * *** Low

Zamirian et al[24], 2012 Prospective study ** * *** Intermediate

Kim et al[88], 2011 Prospective study **** * *** Low

Shin et al[89], 2011 Prospective study *** * *** Low

Mozos et al[33], 2011 Prospective study *** ** *** Low

Vuppalanchi et al[90], 2011 Prospective study ** * *** Intermediate

Møller et al[91], 2010 Prospective study *** * *** Low

Zurick et al[23], 2010 Retrospective 
study

**** ** *** Low

Lossnitzer et al[13], 2010 Prospective study *** * *** Low

Genovesi et al[32], 2009 Prospective study **** ** *** Low

Zambruni et al[31], 2008 Prospective study **** ** ** Low

Henriksen et al[92], 2007 Prospective study **** ** *** Low

Kosar et al[93], 2007 Retrospective 
study

**** ** *** Low

Hansen et al[12], 2007 Prospective study ** ** *** Low

Zuberi et al[94], 2007 Case-control study *** * ** Intermediate

Zambruni et al[47], 2007 Prospective study **** * *** Low

Ytting et al[7], 2005 Prospective study *** * *** Low

Adigun et al[21], 2005 Prospective study *** ** *** Low

Henriksen et al[95], 2004 Prospective study *** * *** Low

Bal and Thuluvath[26], 2003 Retrospective 
study

**** ** *** Low

Trevisani et al[6], 2003 Prospective study *** * *** Low

Retrospective Mimidis et al[30], 2005 *** ** *** Low
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study

Henriksen et al[11], 2002 Prospective study *** * *** Low

Puthumana et al[29], 2001 Retrospective 
study

*** ** *** Low

Quera et al[96], 2000 Retrospective 
study

*** * ** Intermediate

Bernardi et al[3], 1998 Prospective study **** ** *** Low

Finucci et al[4], 1998 Prospective study **** ** *** Low

1For case-control studies.
2For cross-sectional studies.
NOS: Newcastle-Ottawa scale.

Table 3 GRADE assessment of evidence certainty (quality) for every endpoint

Endpoint Risk of bias Imprecision Inconsistency Indirectness Publication 
bias Effect size Quality

Cirrhosis effect (patients vs 
controls) on QTc

No important 
risk of bias

No important 
imprecision

No important 
inconsistency

No important 
indirectness

No important 
publication bias

Very large Very 
high

QTc prolongation in 
cirrhosis (QTc vs 440 ms)

No important 
risk of bias

No important 
imprecision

No important 
inconsistency

No important 
indirectness

No important 
publication bias

Very large Very 
high

Sex effect on QTc in 
cirrhosis

No important 
risk of bias

No important 
imprecision

Serious 
inconsistency

No important 
indirectness

No important 
publication bias

Trivial Very 
low

Etiology of cirrhosis 
(alcohol vs viral) effect on 
QTc

No important 
risk of bias

No important 
imprecision

Serious 
inconsistency

No important 
indirectness

No important 
publication bias

Trivial Very 
low

Child-Pugh stage (C vs B vs 
A) effect on QTc

No important 
risk of bias

No important 
imprecision

No important 
inconsistency

No important 
indirectness

No important 
publication bias

Medium with 
dose-response 
gradient

High

MELD score effect on QTc 
prolongation

No important 
risk of bias

No important 
imprecision

No important 
inconsistency

No important 
indirectness

No important 
publication bias

Medium Low

β-blockers effect on QTc No important 
risk of bias

No important 
imprecision

No important 
inconsistency

No important 
indirectness

No important 
publication bias

Medium Low

Acute gastrointestinal 
bleeding effect on QTc

No important 
risk of bias

No important 
imprecision

Serious 
inconsistency

No important 
indirectness

No important 
publication bias

Very large High

Liver transplantation effect 
on QTc

No important 
risk of bias

No important 
imprecision

No important 
inconsistency

No important 
indirectness

No important 
publication bias

Large High

QTc prolongation effect on 
overall survival in cirrhosis

No important 
risk of bias

No important 
imprecision

No important 
inconsistency

No important 
indirectness

No important 
publication bias

Medium Low

MELD: Model for end-stage liver disease; QTc: Corrected QT.

In line with Adigun et al[21], we found no essential effect of sex or age on QTc of patients with cirrhosis. However, sex-
dependent QTc prespecified upper normal limits are often adopted in the overall relevant literature, as demonstrated in 
the present meta-analysis and Figure 3. The QTc prolongation ratio recorded in studies that do not share a common QTc 
upper normal limit for both males and females might be erroneous. According to our findings, using sex-specific or age-
specific QTc upper normal values in this group of patients is not justified.

It is widely debated which upper normal limit should be used for QTc in patients with cirrhosis. In contrast with what 
is considered as QTc upper normal limit for patients without cirrhosis, namely < 430 ms for males and < 450 ms for 
females, 440 ms was adopted as the upper normal limit for QTc for both male and female patients with cirrhosis by the 
majority of the studies included (38/60; 63.3%; Figure 3)[98,99]. This choice was further supported by our result that 
patients with cirrhosis with QTc ≤ 440 ms, when compared with those with QTc > 440 ms, have at least twice the 
probability of surviving, thus conveying a clear-cut clinical meaning. The evidence above suggests that QTc ≤ 440 ms can 
be introduced as a surrogate prognostic marker for prolonged overall survival in cirrhosis.

Most studies adopted the Bazett formula (QTBazett = QT/RR1/2), while the second most common formula was Fridericia 
(QTFridericia = QT/RR1/3). In cases where the heart rate was 60-100 beats/min, QTFridericia can be safely converted to QTBazett 
using the formula QTBazett = QTFridericia/RR-1/6, given that QTBazett and QTFridericia produce comparable QT corrections under 
these circumstances[100]. There is still much debate regarding the procedure that should be selected for the correction of 
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Figure 7 Sensitivity analysis forest plot concerning the estimation of the correlation coefficient between post-transplantation and pre-
transplantation corrected QT values. Tx: Transplantation.
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Figure 8 Plot points and regression lines on effect size, namely Hedges’ g, reflecting correlations of pre-transplantation vs post-
transplantation corrected QT. A: Age [Hg = -0.95 + 0.01 (yr); P = 0.417]; B: Female ratio [Hg = -0.29 - 1.28 (female ratio); P < 0.001]; C: Alcoholic etiology rate 
[Hg = -0.90 - 1.95 (alcoholic etiology rate); P < 0.001]; D: Age of study [Hg = -0.61 - 0.01 (age of study); P = 0.019]. Hg refers to Hedges’g.

QT in patients with cirrhosis, as there is evidence that they may lead to different clinical conclusions[31]. However, 
QTBazett was selected as the formula of choice in most of the included studies (68/73; 93.2%). Therefore, all current 
evidence derived from combining relevant effect sizes and summarized in Table 3 was based on QTBazett. Hence, authors 
should consider using the QTBazett as an at least additional formula to correct QT.

Interestingly, QTc length was not correlated with study type, year of publication, or even device used (electrocardi-
ograph or Holter). This finding underlies that since no confounding parameters have been detected, the quality of 
evidence concerning QTc length remains very high, having been upgraded by two levels due to the very high relevant 
effect size.

Limitations
Apart from the apparent strengths regarding the quantitative and qualitative assessment of endpoints, the present study 
also had some limitations. First, the literature review was conducted by only two authors; while no different coauthor 
was available to resolve any discrepancies, the most experienced author (Mimidis K) undertook the latter task. Second, 
high heterogeneity was detected, which was not attributed to any specified potential confounder, such as publication 
bias, NOS scoring, study type, device used, year of publication, hospitalization for acute illness, comorbidities, and 
treatments affecting QT except β-blockers. Third, the effect of drugs on QTc could not be explicitly determined as detailed 
information concerning the use of medications, other than β-blockers, affecting QTc (including diuretics, anti-rejection 
regimens such as tacrolimus, antibiotics, antipsychotics, antidepressants, antiemetics, analgesics, antihistamines, and the 
direct antiviral agents lepidasvir and sofosbuvir) are lacking. Last, it might be claimed that performing meta-analysis 
with very few studies, as in the cases of the effect of β-blockers on QTc, acute gastrointestinal bleeding effect on QTc, and 
QTc prolongation effect on overall survival in cirrhosis, might be a limitation. However, when the results are not 
inconclusive, a quantitative meta-analysis is an acceptable approach[101].
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Figure 9 Meta-analysis forest plot concerning overall survival of patients with cirrhosis relating to corrected QT and corrected QT to 
upper normal limit (440 ms) ratio in patients with cirrhosis. A: Overall survival of patients with cirrhosis relating to corrected QT (QTc); B: QTc to upper 
normal limit (440 ms) ratio in patients with cirrhosis. QTc: Corrected QT; HR: Hazard ratio.

CONCLUSION
QTc is prolonged in cirrhosis independent of sex, age, and etiology. QTc is correlated with severity and is affected by β-
blockers and acute gastrointestinal bleeding. QTc is improved after liver Tx.

ARTICLE HIGHLIGHTS
Research background
The effects of sex, age, severity, and etiology, as well as the role of treatment, acute illness, and liver transplantation (Tx) 
are largely unknown regarding corrected QT (QTc) in cirrhosis.

Research motivation
It is unknown whether QTc is prolonged in patients with cirrhosis and whether QTc is affected by factors such as sex, 
age, severity, etiology, regimens, acute illness, and liver Tx.

Research objectives
To investigate QTc clinical usefulness in cirrhosis.

Research methods
Seventy-three studies were considered eligible, as identified by application of the search protocol “{[QTc] OR [QT 
interval] OR [QT-interval] OR [Q-T syndrome]} AND {[cirrhosis] OR [Child-Pugh] OR [MELD]}” in PubMed, EMBASE, 
and Google Scholar databases.

Research results
QTc was prolonged in patients with cirrhosis independent of sex and age (444.8 ± 4.4 ms). QTc correlated with Child-
Pugh stage and model for end-stage liver disease score. QTc improved after liver Tx.

Research conclusions
QT prolongation in cirrhosis is independent of sex and age, is aggravated in severe cases, and benefited by liver Tx.

Research perspectives
QTc interval could be further evaluated as a tool in the assessment of liver cirrhosis by clinicians.
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