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Abstract
Objective To investigate the association of corrected QT (QTc) interval duration and short-term outcomes in patients with 
acute heart failure (AHF).
Methods We analyzed AHF patients enrolled in 11 Spanish emergency departments (ED) for whom an ECG with QTc 
measurement was available. Patients with pace-maker rhythm were excluded. Primary outcome was 30-day all-cause mor-
tality and secondary outcomes were need of hospitalization, in-hospital mortality and prolonged hospitalization (> 7 days). 
Association between QTc and outcomes was explored by restricted cubic spline (RCS) curves. Results were expressed as odds 
ratios (OR) and 95%CI adjusted by patients baseline and decompensation characteristics, using a QTc = 450 ms as reference.
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Results Of 1800 patients meeting entry criteria (median age 84 years (IQR = 77–89), 56% female), their median QTc was 
453 ms (IQR = 422–483). The 30-day mortality was 9.7%, while need of hospitalization, in-hospital mortality and prolonged 
hospitalization were 77.8%, 9.0% and 50.0%, respectively. RCS curves found longer QTc was associated with 30-day mortal-
ity if > 561 ms, OR = 1.86 (1.00–3.45), and increased up to OR = 10.5 (2.25–49.1), for QTc = 674 ms. A similar pattern was 
observed for in-hospital mortality; OR = 2.64 (1.04–6.69), for QTc = 588 ms, and increasing up to OR = 8.02 (1.30–49.3), for 
QTc = 674 ms. Conversely, the need of hospitalization had a U-shaped relationship: being increased in patients with shorter 
QTc [OR = 1.45 (1.00–2.09) for QTc = 381 ms, OR = 5.88 (1.25–27.6) for the shortest QTc of 200 ms], and also increasing 
for prolonged QTc [OR = 1.06 (1.00–1.13), for QTc = 459 ms, and reaching OR = 2.15 (1.00–4.62) for QTc = 588 ms]. QTc 
was not associated with prolonged hospitalization.
Conclusion In ED AHF patients, initial QTc provides independent short-term prognostic information, with increasing QTc 
associated with increasing mortality, while both, shortened and prolonged QTc are associated with need of hospitalization.

Graphical abstract

Keywords Acute heart failure · Electrocardiogram · QTc interval · Outcome · Mortality · Emergency department

Introduction

Heart failure (HF) is highly prevalent in people over the 
age of 65 years of age, and constitutes a leading cause of 
hospitalization and death [1, 2]. Decompensations, termed 
acute HF (AHF), are a crucial point in the natural history of 
HF, because most deaths and health care costs are associ-
ated with this presentation [2, 3]. Therefore, it is a priority 
to identify risk factors linked to AHF and adverse outcomes, 
especially death, to help us to understand and risk stratify 
patients. This may result in areas of intervention or future 
research to improve prognosis of patients with HF [4, 5].

A 12-lead electrocardiogram (ECG) is recommended 
by European Society of Cardiology (ESC) guidelines to 
be performed early in the evaluation of patients presenting 
with AHF, as it allows prompt identification of decompen-
sation triggers, especially coronary ischemia and abnormal 
rhythms such as rapid atrial fibrillation [6]. Alternatively, 
less attention has been paid to other components of the 
ECG in patients with AHF. Among them, the QT interval 
could provide useful information to emergency physicians 
when evaluating the severity of AHF and the risk of devel-
oping short-term adverse events. It is important to note 
that, as the QT interval reflects the duration of ventricular 
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depolarization and repolarization, its duration is a func-
tion of heart rate. Thus, a heart rate correction (the QT 
corrected; QTc) is necessary to standardize its measure-
ment [7]. There are four different commonly used methods 
to calculate QTc; two exponential (Bazett and Fridericia 
methods) [8, 9] and two linear (Framingham et al. and 
Hodges et al. methods) [10, 11]. When corrected, the QTc 
is equal the QT at a heart rate of 60 beats per minute.

Because of the electrical instability and arrhythmo-
genesis associated with prolonged QTc, QTc duration has 
been considered useful as prognosticator of long-term 
adverse outcomes. Using the QTc, several authors have 
reported a J-shaped association between QTc duration 
and some adverse events in healthy people and patients 
with cardiovascular risk factors, including HF [12–18]. 
However, less evidence exists about the potential utility of 
QTc duration as marker of decompensation severity and 
short-term risk for adverse events in patients with AHF. 
The association between QTc duration and long-term sur-
vival was analyzed in a Swiss cohort of 173 consecutive 
ED AHF patients that had been included in the B‐Type 
Natriuretic Peptide for Acute Shortness of Breath Evalua-
tion (BASEL) study during 2001–2002 and followed dur-
ing 2 years [19]. Although QRS duration was found related 
to mortality, the authors failed to demonstrate a relation-
ship between QTc and death risk. This lack of correlation 
may have been a function of the fact that QTc duration 
was handled as a binary variable, defined as abnormal 
if > 440 ms. A more recent study using the Korean AHF 
(KorAHF) registry analyzed 4990 hospitalized patients 
during 2011–2014 and followed a median 44 months. They 
used restricted cubic spline (RCS) curves, to allow a more 
dynamic analysis of the relationship between QTc and 
long-term mortality, and reported a J-shaped relationship 
between QTc and mortality for both sexes, with a higher 
risk of dying for males [20]. Therefore, a more complete 
understanding of association between QTc and short-term 
outcomes in patients with AHF, not only limited to death 
risk nor restricted to hospitalized patients, is an unmet 
necessity. Accordingly, the purpose of our study was 
to investigate short-term outcomes in ED AHF patients 
included in the Epidemiology of AHF in the Emergency 
Departments (EAHFE) registry.

Methods

Setting and patient selection

Extensive details about the EAHFE registry have been 
reported elsewhere [2, 3, 21]. Briefly, EAHFE is a pro-
spective multicenter registry which includes patients with 
AHF attended to Spanish EDs, independently of their final 

disposition (e.g., admission to a general ward, admission to 
intensive care unit or discharged home). The current study 
is a specific secondary analysis of a multipurpose analysis. 
Diagnosis is initially based on clinical criteria and, whenever 
it is possible, confirmed by natriuretic peptides or echocar-
diographic criteria, as recommended by the ESC guidelines 
[6]. For our analysis, eligible patients were consented and 
enrolled from 11 Spanish emergency departments partici-
pating in the phase EAHFE registry 6 (January–February, 
2018) and 7 (January–February, 2019) and met the entry 
criteria of an ED ECG with QTc measurement available. 
The sole exclusion was the presence of a ventricular paced 
rhythms (thus precluding accurate QTc measurement) on 
the initial ECG. All ECGs were standard 12‐lead resting 
ECGs (25 mm/s paper speed, 10 mm/mV amplitude, and 
250 Hz sampling rate) and were inspected visually for qual-
ity and incorrect measurements. Extreme values were visu-
ally verified or excluded. The QTc value was provided by 
the electrocardiograph and it was calculated using the Phil-
lips QT-interval automatic measurement DXL algorithm. 
The measurement accuracy of the DXL Algorithm has been 
measured on the ECGs specified by the IEC 60,601–2-51 
standard for safety and performance of analyzing electrocar-
diographs. The QT interval was measured from the begin-
ning of the QRS complex to the end of the T wave, identify-
ing the inflexion point to determine end of T wave defined 
as the return of voltage to the isoelectric line. (Philips DXL 
ECG Algorithm Physician’s Guide). The QT corrections for 
heart rates were conducted using the Fridericia's cube root 
exponential formula [9, 22]. We chose Fridericia’s formula 
as it is considered to have higher sensitivity than Bazett’s 
formula in detecting QT prolongation than Bazett’s formula 
In our study, we used the Fridericia’s correction as it is the 
most frequently displayed in electrocardiographs used in 
Spanish ED (while Bazett’s formula is more frequently used 
in US, Fredericia’s formula is used in may electrocardio-
graphs in Europe). and for centers using Bazett’s formula, 
Bazett-QTc duration was transformed to Fridericia-QTc 
duration before statistical analyses.

Independent variables

We recorded age, sex, and 12 variables corresponding to 
comorbidities that included hypertension, dyslipidemia, dia-
betes mellitus, coronary artery disease (CAD), heart valve 
disease, peripheral artery disease, cerebrovascular disease, 
chronic kidney disease (defined as creatinine > 2 mg/mL), 
chronic obstructive pulmonary disease (COPD), demen-
tia, active neoplasia and liver cirrhosis. Baseline status 
was recorded as 3 variables consisting of functional class 
according to Barthel index, respiratory class according to 
New York Health Association (NYHA) and left ventricular 
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ejection fraction (LVEF). Chronic treatment was evaluated 
by the following medications: diuretics, renin-angiotensin 
system (RAS) inhibitors, betablockers, mineralocorticos-
teroid receptor antagonists (MRA) and digoxin), and 6 
triggers of decompensation were included; infection, rapid 
atrial fibrillation (defined by a heart rate > 120 bpm plus 
need of treatment to control such a rapid rhythm), anemia, 
dietetic-therapeutic transgression, acute coronary syndrome 
and hypertensive crisis. Vital signs at ED arrival (systolic 
blood pressure, heart rate, pulse oximetry), 6 lab results 
(hemoglobin, creatinine, sodium, potassium, NT-proBNP 
and troponin I) and ECG findings in addition to QTc dura-
tion (atrial fibrillation, left-bundle branch block -LBBB-, left 
ventricular hypertrophy) were documented.

Endpoint

We considered all-cause mortality during the following 
30 days after ED presentation as the primary outcome to 
assess the severity of the decompensation. As secondary 
outcomes, we included the need for hospitalization, in-
hospital mortality for hospitalized patients and prolonged 
hospitalization (> 7 days) if discharged from the hospital. 
Outcome adjudication was performed at the local level by 
the principal investigator from each center, without inde-
pendent external review. For this purpose, local investiga-
tors telephonically contacted the patient or their relatives, 
reviewed the patients’ medical reports and/or consulted the 
Spanish death registry.

Statistical analysis

Quantitative variables are expressed as median and inter-
quartile range (IQR), and qualitative variables as the num-
ber of patients and percentages. To avoid dichotomizing 
QTc duration into a few discrete ordered levels and to avoid 
imposing linearity, we used an RCS function to model the 
continuous association of QTc duration and primary and 
secondary outcomes. Five spline knots were placed at the 
5, 27.5, 50, 72.5 and 95 centiles of each continuous vari-
able marginal distribution, following the recommendations 
of Harrel [23]. The magnitude of the effect of each QTc 
duration unit change on unadjusted outcomes was graphi-
cally assessed. Because the continuous QTc duration was 
modeled with RCS, its unadjusted and adjusted associa-
tions were expressed in a dose–response manner for prob-
ability or odds ratio (OR) with 95% confidence intervals 
(CI) for each outcome of interest. To compute an OR for 
the dose–response plots, we a priori chose arbitrarily the 
QTc duration of 450 ms as the reference value. Adjustment 
was performed for patient baseline and decompensation 
characteristics previously cited. Missing values in quantita-
tive variables were replaced by their median, and missing 

values in qualitative variables were replaced by their mode. 
Interaction for 20 independent covariates selected for their 
influence on outcomes with the relationship between QTc 
duration and primary outcome was assessed in the adjusted 
model. For this analysis, we transformed non-dichotomic 
variables into dichotomous variables following clinical 
meaningful cut-offs.

As widening of the QRS complex –in the setting of 
LBBB– leads to QT-interval prolongation without signifi-
cant alterations to the repolarization duration, we also inves-
tigated the potential effect of including patients with LBBB 
in our study. With this purpose and in addition to investigate 
interaction of LBBB in the relationship between QTc dura-
tion and risk of death at 30 days (primary outcome), we also 
run 2 sensitivity analyses in the adjusted model for primary 
outcome, which consisted in: (1) excluding patients with 
LBBB (sensitivity analysis A); and (2) using the Rautaha-
rju’s formula [24] to correct QT duration in patients with 
LBBB (sensitivity analysis B). The Rautaharju’s formula has 
been proposed to be more precise for patients with LBBB 
and cover the complete heart rate spectrum [25].

All hypothesis testing was two-tailed and p values < 0.05, 
or OR with a 95% CI excluding 1, were considered statisti-
cally significant. Data analysis was performed using Statisti-
cal Package for Social Sciences version 23.0 (IBM, Armonk, 
NY, USA) and Stata version 16.1 (Stata Corp, College Sta-
tion, TX, USA), and some graphs were produced using 
Microsoft Office Power Point version 2019 (Microsoft Cor-
porate Office, Redmond, Washington, USA).

Ethics

The EAHFE Registry protocol was approved by a central 
Ethics Committee at the Hospital Universitario Central 
de Asturias (Oviedo, Spain) with the reference numbers 
49/2010, 69/2011, 166/13, 160/15 and 205/17. Due to the 
non-interventional design of the registry, Spanish legislation 
allows central Ethical Committee approval, accompanied by 
notification to the local Ethical Committees. All participat-
ing patients gave informed consent to be included in the 
registry and to be contacted for follow-up. The present study 
was carried out in strict compliance with the principles of 
the Declaration of Helsinki.

Results

We analyzed 1,800 AHF patients for whom an ECG 
was performed, with a median QTc duration of 453 ms 
(IQR = 422–483) (Fig. 1). The median age was 84 years 
(IQR = 77–89), and 56% were women. Overall, reporting 
rates were very high (above 95%) for almost all popula-
tion characteristics. Most common comorbidities were 
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hypertension (81%), dyslipidemia (44%), diabetes mellitus 
(37%) and chronic kidney disease (30%). Additionally, most 
patients had some degree of functional dependence (Bar-
thel index < 100 points) at baseline in 66%, and respiratory 
capacity was affected in 76% (NYHA class II–IV). Although 
left ventricular ejection fraction was reported in only 67% 
of patients, it was found to be reduced (defined as < 40%) in 
25% of patients. The most frequent chronic treatments were 
diuretics (73%) and RAS inhibitors (51%), but the infrequent 
use of other heart failure therapies may suggest that goal 
directed guideline compliant management may have been 
underutilized.

Overall, the main triggers of decompensation were infec-
tion (43%) and rapid atrial fibrillation (14%). Although not 
considered the cause of decompensation, atrial fibrillation 
was found on the ECG of 50% of patients. In terms of lab-
oratory data, 70% of patients had a troponin result above 
the 99th centile, although this was tested in only 57.3% of 
patients. Additionally, 37% had a very high level of NT-
proBNP (> 5000 pg/mL), although this was only tested in 
75.9% of patients. Finally, potassium measurement was 
obtained in all but 8.2% of patients. While potassium abnor-
malities may alter QTc, this small value is unlikely to have 
impacted our results. The remainder of baseline and decom-
pensation characteristics are detailed in Table 1.

The 30-day mortality was observed in 175 patients 
(9.7%). The curve of 30-day all-cause death demonstrates 
a flattened aspect for QTc duration below 500 ms, and then 
shows a mortality increase in parallel with increasing QTc 
(Fig. 2). In regards to secondary outcomes, need of hospi-
talization, in-hospital mortality and prolonged hospitaliza-
tion rates were 77.8% (1401 patients), 9.0% (126 out of the 
1401 hospitalized patients) and 50.0% (637 out of the 1275 
patients hospitalized and discharged alive), respectively. 
The curve for in-hospital mortality shows a similar shape 
as that observed for the relationship for prolonged hospi-
talization. The curve for probability of hospitalization has 
a U-shape, with risk increased for both at the extremes of 
long and short QTc, while the curve for prolonged hospi-
talization does not show a clear pattern (Fig. 2).

Odds ratio adjusted by patient baseline and decompen-
sation characteristics provides similar curves as in the 
unadjusted analyses for both, primary (Fig. 3) and sec-
ondary outcomes (Supplementary Fig. 1). In the adjusted 
30-day mortality model, there is a significant increase in 
risk from QTc above 561 ms (OR 1.86, 1.00–3.45) and 
higher, with an OR as high as 10.5 (2.25–49.1) for a QTc 
of 674 ms (Fig. 3). Sensitivity analyses showed a very sim-
ilar estimation of risk of death at 30 days associated with 
QTc duration, with adjusted OR being over 1 from around 
580 ms, although due to low number of patients with long 

Fig. 1  Flow chart for patient 
inclusion and patient distribu-
tion according to the QTc inter-
val duration. ED emergency 
department, ECG electrocar-
diogram
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Table 1  Patient characteristics 
included in the present study

Total 
N = 1800
n (%)

Missing values
n (%)

Baseline patient characteristics
Demographic data
 Age (years) [median (IQR)] 84 (77–89) 1 (0.1)
 Female 1004 (55.8) 1 (0.1)

Comorbidities
 Hypertension 1455 (81.5) 14 (0.8)
 Dyslipidemia 786 (44.0) 14 (0.8)
 Diabetes mellitus 662 (37.1) 14 (0.8)
 Chronic kidney disease (creatinine > 2 mg/mL) 533 (29.8) 14 (0.8)
 Chronic obstructive pulmonary disease 436 (24.4) 14 (0.8)
 Coronary artery disease 422 (23.6) 14 (0.8)
 Heart valve disease 406 (22.7) 14 (0.8)
 Active neoplasia 278 (15.6) 14 (0.8)
 Cerebrovascular disease 231 (12.9) 14 (0.8)
 Dementia 206 (11.4) 14 (0.8)
 Peripheral artery disease 166 (9.3) 14 (0.8)
 Liver cirrhosis 25 (1.4) 14 (0.8)

Baseline status
 Barthel Index (points) [median (IQR)] 90 (70–100) 47 (2.6)
 NYHA class 48 (2.7)
  I 413 (23.6)
  II 891 (50.9)
  III 427 (24.4)
  IV 21 (1.2)

 Left ventricular ejection fraction (%) [median (IQR)] 57 (50–65) 596 (33.1)
Chronic treatments
 Diuretics 1291 (72.7) 25 (1.4)
 Renin-angiotensin system inhibitors 913 (51.5) 28 (1.6)
 Betablockers 841 (47.6) 32 (1.8)
 Digoxin 192 (10.6) 32 (1.8)
 Mineralocorticosteroid receptor antagonists 185 (10.3) 28 (1.6)

Characteristics of decompensation
Triggers of decompensation
 Infection 766 (43.2) 28 (1.6)
 Rapid atrial fibrillation 248 (14.0) 28 (1.6)
 Anemia 117 (6.6) 28 (1.6)
 Dietetic-therapeutic transgression 90 (5.1) 28 (1.6)
 Acute coronary syndrome 77 (4.3) 28 (1.6)
 Hypertensive crisis 62 (3.5) 28 (1.6)

Vitals at ED arrival [median (IQR)]
 Systolic blood pressure (mmHg) 140 (122–155) 15 (0.8)
 Heart rate (bpm) 87 (73–102) 59 (3.3)
 Pulse oximetry (%) 94 (90–97) 26 (1.4)

Analytical findings
 Hemoglobin (g/L) [median (IQR)] 122 (108–135) 12 (0.7)
 Creatinine (mg/mL) [median (IQR)] 1.1 (0.9–1.5) 18 (1.0)
 Sodium (mmol/L) [median (IQR)] 140 (137–142) 71 (3.9)

Potassium (mmol/L) [median (IQR)] 4.4 (4.0–4.8) 148 (8.2)
 NT-proBNP (pg/mL) [median (IQR)] 3444 (1659–7433) 433 (24.1)
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QTc duration in both analyses, statistical significance was 
not present for estimations (Fig. 3). A similar pattern was 
observed for in-hospital mortality, with QTc above 588 ms 
having an OR 2.64 (1.04–6.69) and reaching the highest 
OR of 8.02 (1.30–49.3) for QTc of 674 ms (Fig. 4). Hospi-
talization risk demonstrated a U-shape characteristic, and 

was highest at a QTc 200 ms, OR = 5.88 (1.25–27.6) and 
at QTc = 588 ms, OR = 2.15 (1.00–4.62). After this point, 
although OR still increased in some extend up to 2.73 for 
QTc = 674 ms, it does not achieve statistical significance 
(95% CI 0.57–12.8, Fig. 4). The risk of prolonged hospi-
talization was not associated with QTc duration (Fig. 4).

Table 1  (continued) Total 
N = 1800
n (%)

Missing values
n (%)

 Raised troponin 724 (70.2) 768 (42.7)
ECG findings
 Atrial fibrillation 903 (50.2) 0
 Left-bundle branch block 192 (10.7) 0
 Left ventricular hypertrophy 75 (4.2) 0

Fig. 2  Restricted cubic spline curves showing the observed probability of primary and secondary outcomes according to the duration of the QTc 
interval duration
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Analysis of interaction showed that adjusted OR curves 
for 30-day mortality was only different depending on the 
NYHA class of patient, being prolonged QTc a signifi-
cantly worse risk factor for dying in patient on class III–IV 
than in patients on class I–II (Fig. 5). For the remaining 19 
variables tested, no interaction was found (Fig. 5).

Discussion

We have found that severity of decompensation in ED 
AHF, when assessed by the rate of hospitalization, is “U” 
shaped, with higher rates of admission for QTc below 
381 ms, or above 459 ms. Additionally, a prolonged QTc 
(> 561 ms) is associated with increased risk of 30-day 
mortality as well as with increased in-hospital mortality 
risk (> 588 ms), but was not associated with prolonged 
hospitalization. Notably, all these findings were consistent 
even after adjusting for age, sex, multiple comorbidities 
and baseline conditions, as well as for characteristics of 
decompensation. Remarkably, it is important to note that 
few studies in AHF patients have been performed in the 

ED using the first ECG recorded in ED, and that we have 
used a continuous analysis of QTc duration, which have 
demonstrated that risk of dying is progressively increased 
above 560 ms. As QTc interval has not usually been con-
sidered in risk models of patients with HF (AHF), we 
suggest potential of measurement of QTc duration in risk 
stratification of patients with AHF should be tested in the 
future.

Our findings are congruent with previous studies dem-
onstrating an association between prolonged QTc interval 
and increased mortality in chronic HF patients [15, 16]. 
However, our study was unique because most prior studies 
evaluated long-term prognosis, while ours examined short-
term outcomes in AHF patients. Interestingly, the nadir for 
mortality in our study was around 480 ms and represents 
a right-shift as compared to that in chronic HF [15]. This 
fact agrees with the recent findings of Park et al., who 
also reported right-shifted specific nadir in the relation-
ship between QTc duration and long-term mortality (about 
440–450 ms in males, and about 470 –480 ms in females) 
[20]. However, we did not find an increase in mortality 
for shortened QTc, as Park et al. found, where a J-shaped 

Fig. 3  Unadjusted and adjusted representation of the magnitude of 
the effect of QTc duration on the primary outcome (30-day all-cause 
mortality) expressed in a dose–response manner as odds ratio (OR) 
with 95% confidence intervals (CI) taking QTc duration of 450 ms as 
reference. Tables on the right present some selected OR, with 95% CI 
(LL lower limit, UL upper limit), in the adjusted models. Bold num-

bers in table denote statistical significance (p < 0.05). Adjusted by 
baseline patient characteristics and characteristics of decompensation 
(Table 1). *Patients with left brunch-bundle block were eliminated in 
this sensitivity analysis. **QT duration was corrected with the Rauta-
harju’s formula in patients with left brunch-bundle block
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association was reported. IEven for extremely short QTc 
durations, we found a very low risk of death, although 
this was not statistically significant probably due to the 
limited number of cases with those values. This lack of 
association of shortened QTc with mortality may appear 
contradictory to the findings in other chronic HF studies. 

However, it is possible that the negative effects of a short 
QTc interval manifest slowly in chronic HF patients, and 
this is the reason why it was only captured by a long-term 
follow-up as previously reported by Park et al. (mortal-
ity at 44 month) but not in ours (in-hospital and 30-day 
mortality). Remarkably, patients at advanced stages of 

Fig. 4  Adjusted* representation of the magnitude of the effect of 
QTc duration on the secondary outcomes (left: need of hospitaliza-
tion; middle: in-hospital all-cause mortality; right: prolonged hospi-
talization) expressed in a dose–response manner expressed as odds 
ratio (OR) with 95% confidence intervals (CI) taking QTc duration 

of 450 ms as reference. Tables beside graphs present some selected 
OR, with 95% CI (LL lower limit, UL upper limit). Bold numbers 
in table denote statistical significance (p < 0.05). *Adjusted by base-
line patient characteristics and characteristics of decompensation 
(Table 1)

Fig. 5  Analysis of interactions in the adjusted model (with imputa-
tion) for 20 selected variables in the relationship between QTc inter-
val duration and the primary outcome (30-day all-cause mortality). 
Bold p values denote statistical significance (< 0.05). NYHA Ney 

York Health Association, LVEF left ventricular ejection fraction, 
RAS renin-angiotensin system inhibitors, MRA mineralocorticosterid 
receptor antagonists, OR odds ratio, 95% CI 95% confidence interval
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HF, those with a baseline respiratory NYHA class III–IV, 
resulted highly and distinctively vulnerable to prolonged 
QTc (in comparison with patients at NYHA class I-II).

It is well described that hospitalization rates demonstrate 
great variability in clinical practice, from country to country, 
and even from ED to ED [26]. They are highly influenced 
by subjective perceptions and sometimes hospitalization 
rates may not match the severity of decompensation in indi-
vidual patients [27]. The same variability can be applied 
for length of hospitalization, and prolonged hospitalization 
as an outcome may even be a less precise and more sub-
jective variable. To some effect, this is demonstrated when 
comparing the length of hospitalization between Europe and 
the United States [28, 29], where the former has generally 
longer inpatient stays. However, we believe that hospitali-
zation rates for AHF can be a surrogate for severity, as the 
majority of severely decompensated AHF patients are hos-
pitalized and stay longer, while less severe are more likely 
to be discharged without hospital admission and, if hospital-
ized, will stay for a shorter period. Thus, a unique, and pre-
viously unreported, feature of our findings is the U-shaped 
curve of hospitalization associated with the extremes of both 
high and low QTc. Because our study was not designed to 
identify the underlying physiology linking QTc interval 
and hospitalization rates, we are unable to fully explain the 
causal relationship between shortened QTc duration and the 
need for admission. Hypothetically, the association of QTc 
interval with the need for hospitalization could be an effec-
tive of variation in sympathetic and parasympathetic tone, 
which are altered in HF patients in general, and to a greater 
extent in stressed AHF patients in particular, with catecho-
lamines being markedly increased [30, 31]. This hypothesis 
is supported by several experimental studies suggesting a 
relatively short QTc duration and repolarization time could 
be a substrate for multiple-circuit reentry excitation, which 
would induce atrial/ventricular arrhythmia [32, 33], further 
worsening the clinical presentation and thus the association 
with hospitalization. Further studies will need to evaluate 
the potential for a low QTc admission cut point requirement.

Last, but not least, our study underlines the importance 
of a more flexible, dynamic exploration of the relationship 
between a linear variable, like QTc duration, with an out-
come. Certainly, the selection of a specific cut point can 
ignore important relationships between pathology, physiol-
ogy, and prognosis However, it is particularly challenging 
for the clinician to accurately discern slight variations in 
QTc and use of it in the context of subtle clinical presenta-
tions to predict outcomes. Hence, there is an opportunity for 
artificial intelligence applications to outperform clinicians 
[34, 35]. Some have demonstrated that machine earning pat-
tern recognition may perform better than physicians using 
dichotomous cut points. This same technology may offer 
solutions for the QTc in the near future.

Limitations

There are some limitations that should be considered. First, 
as in every observational study, causal relationships cannot 
be inferred. For example, some data were not recorded in 
many patients (troponin and natriuretic peptides were lack-
ing in 42% and 24% of cases). Therefore, the results of the 
current analysis are limited by the retrospective design, as 
should be considered as hypothesis generating. Second, adju-
dication of outcomes was made locally, by principal investi-
gators of each center without external overview. However, 
we used easily identifiable and unequivocal outcomes to 
overcome the need for external adjudication. Third, although 
we recorded chronic treatment with digoxin, beta-blockers 
and the presence of infection or acute coronary syndrome 
as triggers of the AHF episode (and they were included as 
covariates in the adjusted model), data on other well-known 
drugs (such as amiodarone) and medical conditions (such as 
fever) prolonging QTc were not recorded. Fourth, we did not 
investigate if diagnostic or therapeutic approaches intending 
to correct QTc duration were made during hospitalization 
in patients with abnormal QTc. Therefore, the potential of 
such correction to improve outcomes is not assessed by the 
present study. Fifth, Spain has a nationwide universal public 
health care system, and external validation of our results 
might be needed to confirm their generalizability. Although 
performed within a single country, organization of care to 
patients with HF is not uniform in all Spanish territories 
[36, 37], and strategies of ambulatory follow-up of patients, 
specially of those at highest risk of complications, can affect 
outcomes. Sixth, because this study was performed in a 
“real world” registry environment, with likely lower rates 
of guideline directed chronic HF therapy, how the unique 
finding of a U-shaped curve predicting hospitalization could 
be impacted by greater rates of chronic HF guideline compli-
ant treatment is unclear. Seventh, our study included a high 
percentage of elderly AHF patients (as the EAHFE Registry 
includes all patients diagnosed with AHF in the ED with 
no age limit, and the only exclusion criteria is that AHF is 
triggered by an ST-elevation myocardial infarction). Accord-
ingly, they predominantly have preserved ejection fraction, 
as well as frailty and dependence are frequent in very older 
population, being both conditions strongly related to mor-
tality [38]. Therefore, application of our results in younger 
cohort of patients should be taken with caution.

Conclusions

In patients with AHF, initial measurement of QTc duration 
in ED provides independent information of short-term out-
comes: prolonged QTc duration is associated with mortality 
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while both, shortened and prolonged duration are associated 
with need of hospitalization.
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