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Dear Editor,
Prolonged corrected QT interval (QTc) is common in 
the intensive care unit (ICU) [1, 2]. It is associated with 
higher mortality in general population [3] and with 
higher in-hospital mortality in critically ill patients ICU 
[1, 4], while the association with long-term mortality is 
unclear. The benefit of beta-blockers is confirmed in con-
genital long QT syndrome [5], but not evaluated in ICU 
patients with QTc prolongation. Our aim was to inves-
tigate the association between prolonged QTc and both 
short- and long-term outcome in ICU patients and to 
assess the effect of beta-blockers on outcome in patients 
with prolonged QTc.

The FROG-ICU study (NCT 01367093) is a prospec-
tive, observational study conducted in 21 ICUs in 14 
university hospitals in France and Belgium. The study 
was approved by local ethics committees and conducted 
in accordance with the Declaration of Helsinki. In this 
sub-study, patients with at least one 12-lead ECG avail-
able within 3 days of ICU admission were included. ECGs 
were recorded with a high-resolution electrocardio-
graph (CarTouch®, Cardionics). QT interval was meas-
ured from overlapped averaged 12-lead ECG data using 
Cardionics® QT analysis software, and it was corrected 

for heart rate using Bazett’s formula. Prolonged QTc was 
defined as QTc ≥ 500 ms [5]. ECGs with atrial fibrillation 
(n = 271) and with QRS-duration ≥ 120 ms (n = 160) were 
excluded from this study. Multivariable Cox regression 
models included Charlson Comorbidity Index, Simplified 
Acute Physiology Score II (SAPS II), gender and cardiac 
arrest or cardiogenic shock as cause for ICU admission.

Of 2087 FROG-ICU patients, 1467 were included in 
this sub-study. Prolonged QTc was found in 209 (14%) 
patients within 3 days. Patients with prolonged QTc were 
older (63 ± 16 vs. 58 ± 16  years, p < 0.001), had higher 
Charlson Comorbidity Index (4 ± 3 vs. 3 ± 2, p < 0.001) 
and higher SAPS II (51 ± 17 vs. 48 ± 19, p = 0.018) than 
patients with normal QTc. Heart rate was similar in the 
two groups (91 ± 19 vs. 90 ± 19 bpm, p = 0.48).

Thirty-day mortality [30% (n = 63) vs. 17% (n = 216), 
p < 0.001, Fig.  1a] and 1-year mortality [45% (n = 94) vs. 
31% (n = 386), p < 0.001, Fig. 1a] were higher in patients 
with prolonged QTc compared to normal QTc. In 
adjusted mortality analysis, prolonged QTc was associ-
ated with the risk of 30-day (HR 1.55, 95% CI 1.16–2.06, 
p = 0.003) and 1-year death (HR 1.31, 95% CI 1.04–1.65, 
p = 0.02).

Among patients with prolonged QTc, 34 (16%) were 
treated with beta-blockers during the ICU stay. Of these 
patients, 15 had beta-blocker as chronic treatment. 
Patients with beta-blocker therapy during the ICU stay 
had lower 30-day [12% (n = 4) vs. 34% (n = 59), p = 0.001, 
Fig.  1b] and 1-year mortality [29% (n = 10) vs. 48% 
(n = 84), p = 0.001, Fig.  1b] when compared to patients 
without beta-blockers. Among patients with prolonged 
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QTc, beta-blocker therapy was associated with lower 
risk of 30-day (HR 0.29, 95% CI 0.11–0.82, p = 0.019) and 
1-year death in adjusted mortality analysis (HR 0.46, 95% 
CI 0.24–0.89, p = 0.040).

In conclusion, prolonged QTc was associated with 
worse outcome in ICU patients and beta-blocker therapy 
among patients with prolonged QTc was associated with 
lower mortality. Indeed, these results reveal many ques-
tions. To name but one, it was not possible to explore if 
the outcome would be different in patients with acquired 
prolonged QTc and pre-existing QTc prolongation as the 
data for QT-prolonging medications was not available 
in this cohort. Further studies are needed to answer this 
question and to confirm our results.

Author details
1 Department of Anesthesiology, Critical Care and Burn Unit, Hôpitaux 
Universitaires Saint Louis, Lariboisière, Assistance Publique, Hôpitaux de Paris, 
Université Paris Diderot—Paris 7, Sorbonne Paris Cité, UMR-S 942, INSERM, 
Paris, France. 2 Cardiology, Heart and Lung Center, Helsinki University Hospital, 
University of Helsinki, P.O. Box 340, 00029 HUS Helsinki, Finland. 3 Department 
of Cardiology, Nippon Medical School Musashi-Kosugi Hospital, Kawasaki, 
Japan. 4 Department of Anesthesiology and Intensive Care, CHU Reims, Hôpi-
tal Robert Debré, Reims, France. 5 Anesthesia and Critical Care Department, 
Hôtel Dieu, 1 Place Alexis Ricordeau 44093, Nantes Cedex 44093, France. 

Funding
The original FROG ICU study was supported by grants from Assistance Pub-
lique–Hôpitaux de Paris (AOR01004) and from Société Française d’Anesthésie 
–Réanimation.

Compliance with ethical standards

Ethical approval
The study was approved by local ethics committees and conducted in accord-
ance with the Declaration of Helsinki.

Conflicts of interest
Tuija Javanainen received personal unrestricted research grants from Paavo 
Nurmi Foundation, Paavo Ilmari Ahvenaisen säätiö and AstraZeneca Oy. 
Etienne Gayat received a research grant from Sphingotec, consultancy fees 
from Magnisense, Roche Diagnostics. Alexandre Mebazaa received speaker’s 
honoraria from Abbott, Novartis, Orion, Roche and Servier and a fee as a 
member of the advisory board and/or Steering Committee from Cardiorentis, 
Adrenomed, MyCartis, Neurotronik, and Sphingotec.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Accepted: 30 January 2019
Published online: 11 February 2019

References
	1.	 Pickham D, Helfenbein E, Shinn JA, Chan G, Funk M, Weinacker A, Liu JN, 

Drew BJ (2012) High prevalence of corrected QT interval prolongation 
in acutely ill patients is associated with mortality: results of the QT in 
Practice (QTIP) study. Crit Care Med 40:394–399

	2.	 Uvelin A, Pejaković J, Mijatović V (2017) Acquired prolongation of QT 
interval as a risk factor for torsade de pointes ventricular tachycardia: 
a narrative review for the anesthesiologist and intensivist. J Anesth 
31:413–423

Fig. 1  Kaplan-Meier survival curves. a Patients with prolonged QTc had higher 30-day and 1-year mortality rates when compared to patients with 
normal QTc. b Among patients with prolonged QTc, patients with beta-blocker therapy during the course of the ICU stay had lower mortality rates 
that patients without beta-blockers



748

	3.	 Zhang Y, Post WS, Blasco-Colmenares E, Dalal D, Tomaselli GF, Guallara E 
(2011) Electrocardiographic QT interval and mortality: a meta-analysis. 
Epidemiology 22:660–670

	4.	 George T, Chase D, Peter J, Satyendra S, Kavitha R, George L, Thomas 
V (2015) Association between a prolonged corrected QT interval and 
outcomes in patients in a medical intensive care unit. Indian J Crit Care 
Med 19:326

	5.	 Priori SG, Wilde AA, Horie M, Cho Y, Behr ER, Berul C, Blom N, Brugada 
J, Chiang C-E, Huikuri H et al (2013) HRS/EHRA/APHRS CONSENSUS 
STATEMENT Executive summary: HRS/EHRA/APHRS expert consensus 
statement on the diagnosis and management of patients with inherited 
primary arrhythmia syndromes. EP Europace 15:1389–1406


	Prolonged corrected QT interval is associated with short-term and long-term mortality in critically ill patients: results from the FROG-ICU study
	References




