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Background and Purpose: QT dispersion (QTd) abnormalities are widely documented in stroke patients. This study aims to investigate the association between QTd and clinical outcomes in IS patients.

Methods: IS patients registered in the Blood Pressure and Clinical Outcome in transient ischemic attack (TIA) or IS (BOSS) registry between 2012 and 2014 within 24 h of onset were analyzed. In this prospective observational study, we identified 1,522 IS cases with adequate electrocardiographic evaluations to assess QTd after the index stroke. Patients were classified into four groups based on the quartile of QTd, with the lowest group as the reference. The primary stroke outcome was defined as a modified Rankin Scale score ≥3 at 1-year. Multiple logistic regressions were utilized to investigate the association between QTd and outcome events.

Results: The mean QTd across all cases was 57 ms (40–83). Functional dependency or death was documented in 214 (14.98%) cases at 1 year. After adjusting for confounders, the prevalence of death and major disability (mRS ≥ 3) showed significant differences according to the quartile of QTd, with the risk of death and major disability (mRS ≥ 3) at 1 year being significantly higher for patients in Q4 than for those in Q1 (adjusted OR = 1.626, 95% CI:1.033–2.560). However, there were no significant correlation between QTd and the event outcomes at 1 year.

Conclusions: QTd was associated with poor functional outcomes at 1 year. QTd is a useful surrogate marker for adverse functional prognosis, which might help to stratify risk in patients with acute IS.
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INTRODUCTION

Stroke is one of the most common causes of death and disability (1). A huge variety of factors are known to influence patient outcome, including demographic variables, clinical variables, laboratory tests, or comorbidities (2). But predicting the final neurological outcomes is very difficult after the index stroke because most studies presenting contradictory results (3, 4).

Patients with acute stroke are still at risk for adverse clinical outcomes, as the treatment primarily focuses on neurological recovery and ignores the hierarchical management of cardiovascular complications (5). Furthermore, many stroke survivors are less likely to exercise enough to develop the significant symptoms of cardiac disease due to movement disorders or complete the traditional cardiac examination for risk stratification. Alternative approaches and novel thinking are therefore required in stroke survivors.

Lesions in the central nervous system often cause autonomic dysregulation (6). The major autonomic dysfunctions caused by ischemic stroke (IS) include a loss of heart rate variability and various ECG changes, particularly QT dispersion (QTd), which is an expression of cardiac repolarization abnormalities (7). Several studies have confirmed the association between acute cerebrovascular events and QTd (8–12). In patients admitted to hospital for acute cerebrovascular diseases, QTd may reflect neurologic injury as well as the underlying heart disease. Thus, it can be used as a marker of adverse clinical prognosis after acute ischemic stroke. Unfortunately, many of these early studies either did not differentiate between hemorrhagic and ischemic stroke or were single-center studies with small sample sizes, making it difficult to draw firm conclusions. Furthermore, the existing data regarding the effect of QTd on the long-term outcomes of these patients are contradictory. Therefore, we aimed to assessed whether abnormal QTd are associated with adverse prognosis of patients with acute IS in the BOSS (blood pressure and clinical outcome in transient ischemic attack [TIA] or IS) study.



PATIENTS AND METHODS


Study Design and Population

This study was conducted among patients from the BOSS study (a nationwide, hospital-based, longitudinal cohort) consecutively enrolled from October 2012 to February 2014 at 61 hospitals in China. The design of the BOSS study has been described in detail elsewhere (13). The BOSS registry inclusion criteria were as follows: age 18 years or older; diagnosis of an acute IS or TIA; and recruited within 7 days of symptom onset. Baseline information about the following risk factors was collected: hypertension, diabetes, dyslipidemia, current, or previous smoking, and moderate or heavy alcohol consumption (≥2 standardized alcohol drinks per day). In this study, those who had acute myocardial infarction (n = 10), atrial fibrillation (n = 73), bundle branch block (n = 77), atrioventricular block (n = 52), or a history of stroke (n = 618) were excluded. After exclusions, our final sample size included 1,841 participants. The protocol and data collection of the trial were approved by the ethics committee of Beijing Tiantan Hospital and all participating centers. All participants provided written informed consent.



Measurement of QTD

For each patient, standard 12-lead-ECGs (paper speed of 25 mm/s, standardization of 10 mm/1 mV) were recorded at admission and retrieved and analyzed manually with caliper by two independent, trained investigators blinded to the clinical data. The QT was measured in all leads from the onset of the QRS to the end of the T-wave. In the presence of U wave, QT was measured to the nadir of the curve between the T and U-waves (14). QTd was defined as the difference between the maximum and minmum QT intervals and was obtained using Bazett's formula (6). Using 50 randomly chosen ECGS assessed the inter-rater and intra-rater variability. Both readers were blinded to all previous measurements.



Clinical Outcome

The patients were followed up in person at 12 months. For patients with non-fatal events, we either called them back for a face-to-face follow-up or performed a home visit. The functional outcome status (modified Rankin Scale [mRS] scores ≥3) at 1 year after onset was the primary outcome of this study. Secondary efficacy outcomes included a new composite vascular event (ischemic stroke, hemorrhagic stroke, myocardial infarction, or vascular death) and stroke recurrene. Stroke recurrence was defined as a new stroke event (ischemic or hemorrhagic) accompanied by evidence of a stroke on magnetic resonance imaging or computed tomography of the brain.



Statistical Analysis

Continuous variables with skewed distributions are presented using medians (interquartile ranges [IQR]) and those with normal distribution are presented using the mean (standard deviation [SD]). Categorical variables are described using percentages (%). Student's t-test and the Kruskal–Wallis rank test were used to compare parametric and non-parametric continuous variables, respectively. The chi-squared and Fisher's exact tests were used to compare qualitative data. Logistic regression analysis was performed to explore the independent predictors of QTd on functional outcome at 1 year. We assessed the associations between QTd and recurrent stroke and CVE using multivariable Cox regression models. The crude and multiple-adjusted odds ratios(OR) or adjusted hazard ratios (HRs) and their 95% confidence intervals (CIs) were calculated according to the quartile of QTd, using the lowest group as the reference. Variables with a p < 0.20 and the well-established predictors were selected as confounding variables into the multivariable analyses. The covariates included in the multivariable model were age, sex, habitual smoking, habitual drinking, medical history (hypertension, diabetes, dyslipidemia), and initial stroke severity (NIHSS), body mass index, ECG-LVH, Heart failure, Coronary heart disease, qualifying event, and secondary medication (anti-platelet, anti-lipid, and anti-hypertension), ischemic stroke subtype. SAS software, version 9.4 (SAS Institute, Inc, Cary, NC), was used for all statistical analyses, and two-sided p < 0.05 were considered statistically significant.



Sensitivity Analyses

Additionally, we performed additional multivariable logistic regression analyses in patients without history of cardiovascular disease to eliminate the potential impact of cardiovascular disease on QTd.




RESULTS


Characteristics of Patients

Of 1,841 IS patients, 319 patients with inadequate electrocardiographic were excluded. Therefore, 1,522 participants were included in the final analysis (Figure 1). The excluded population was more likely to have a history of hypertension, hyperlipidemia, and diabetes compared with the study population. Of the 1,522 included patients, 160 (10.51%) were TIA, the mean age was 61 ± 10 years, and 483 (31.73%) were female. The NIHSS score at presentation was 2 (1–4). The prevalence of major vascular risk factors was as follows: hypertension, 65.57%; diabetes, 20.30%; dyslipidemia, 8.21%; and habitual smoking, 44.09%. The mean QTd across all cases was 57 ms (40–83) (Table 1). Inter-rater reliability were ICC = 0.94 and intra-rater reliability were ICC = 0.95.


[image: Figure 1]
FIGURE 1. Flowchart of the study.



Table 1. Baseline characteristics of patients included vs. excluded.
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QTd and Clinical Outcomes

During the 1 year of follow-up, 93 (6.1%) patients were lost. Functional dependency or death was documented in 214 (14.98%) cases at 1 year (Table 2). A total of 95 (6.24%) patients with CVE and 80 (5.26%) patients with recurrence stroke were identified at 1 year.


Table 2. Primary and secondary outcomes according to QTd quartiles.
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After adjusting for confounders, the prevalence of death and major disability (mRS ≥ 3) showed significant differences according to the quartile of QTd (Figure 2), with the risk of death and major disability (mRS ≥ 3) at 1 year being significantly higher for patients in Q4 than for those in Q1 (adjusted OR = 1.626, 95% CI:1.033–2.560) (Figure 3). However, there were no significant correlation between QTd and the event outcomes at 1 year.


[image: Figure 2]
FIGURE 2. Modified Rankin Scale (mRS) at 1 year according to QTd quartile.
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FIGURE 3. Multivariable logistic regression analyses between QTd and functional recovery. OR, odds ratio; CI, confidence interval; mRS, modified Rankin Scale.




Sensitivity Analyses

A sensitivity analysis of patients without cardiovascular disease was conducted, and the results showed that patients in Q4 still had higher risks for functional dependence or death compared with the Q1 group (Table 3).


Table 3. Sensitivity analyses of association of QTd with functional outcome (mRS ≥ 3) at 1 year.
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DISCUSSION

In this prospective cohort study, we found that an increase in QTd is associated, in a magnitude-dependent fashion, with an increase in poor functional outcomes at 12 months in IS or TIA patients which was independent of age, NIHSS, other co-morbidities, and other cardiovascular risk factors.

Cardiovascular complications and several ECG abnormalities unrelated to ischemic heart disease are extremely common following stroke and represent a major form of morbidity (15). Disturbances in the autonomic nervous system are thought to be responsible for these cardiac electrophysiological changes (16). QTd has been suggested to be useful as an indirect method of measuring cardiac repolarization abnormalities in the recent 20 years. However, there have been conflicting results on the prognostic value of QTd in patients with ischemic stroke.

Our results were consistent with those of most previous studies. A prospective study of 93 hemorrhagic stroke patients found that a higher QTmax had a positive relationship to bed confinement and Barthel index of 28 days (17). The same result was found in a observational case control study which showed prolonged corrected QT interval (QTc) in acute IS patients 48 h after the index stroke correlated with admission NIHSS and discharge mRS scores (12). Meanwhile, Stead et al. found no relationship between prolonged QTc and discharge mRS (18). Furthermore, a prospective cohort study provided no evidence that QTd is related to high mortality and poor functional outcomes on hospital discharge among acute IS patients (19). The US Third National Health and Nutrition Examination Survey suggested that a prolonged corrected QT interval can predict all-cause mortality in the general population (20). The REasons for Geographic and Racial Differences in Stroke (REGARDS) Study showed that patients with prolonged QT have a higher risk of IS (21). In addition to supporting the findings of these previous studies, our results also suggest that QTd is a predictor of adverse functional outcome even up to 1 year later. Despite the differing results in the above studies, we believe that the present study strengthens the evidence for the relationship between QT interval and clinical outcomes in an IS/TIA population.

As we all known that the increase in QTd during the acute phase probably due to excessive circulating catecholamines secreted by the hypothalamic-pituitary-adrenal (HPA) axis, as well as massive catecholamine release from myocardial nerve endings (16). We speculated that QTd can aid in identifying subclinical cardiac disease, as well as reversible acute stress cardiomyopathy induced by cerebral injury, likely mediated by autonomic nervous dysfunction and increased circulating catecholamines. Some evidence from diabetic patients shows that an increase in the number of cardiac abnormalities increases the prolongation of QTd (22). One study found that acute cerebral lesions cause abnormally high levels of plasma catecholamines which can result in cardiac repolarization abnormalities and stress cardiomyopathy, but not myocardial infarction (23). Another study showed that the sympathetic nerve can directly release catecholamines at myocardial nerve endings and thereby induce cardiomyocyte toxicity (24). Cardiac dysfunction reflected in QTd may compromise perfusion to the brain sufficiently to damage the ischemic zone of the brain and poor prognosis may occur (25, 26).

The congenital long QT syndrome is an inheritable ion channelopathy that has traditionally been considered to be a purely electrical disease. However, using various imaging techniques, mechanical alterations have recently been reported: differences in mechanical and electrical timing; a reduction in both systolic and diastolic function (27); as well as a shorter left ventricular filling time and smaller stroke volume (28). Thus, we speculated that an abnormal QT interval is not just an electrical phenomenon, but also an electromechanical one that may be a potential pathomechanism for adverse events and may contribute to risk stratification of IS patients.

In this large, prospective cohort study, QTd (an established ECG marker of left ventricular abnormality) was significantly associated with poor functional outcomes regardless of confounding factors. Few studies that examine the prognostic value of QTd in a non-Western acute stroke population have been performed. However, this study also has some limitations. First, we were unable to collect pre-stroke ECGs, which would have allowed us to exclude the possibility that the abnormal QTd values were caused by preexisting heart disease, or Serial QTd measurements, which would have evaluated exactly the correlation between stroke outcomes and QTd. To mitigate this, we performed a sensitivity analyses. It showed that subgroups without history of cardiovascular disease also exhibited a significant correlation between QTd and study outcomes. Therefore, acute cerebrovascular disease itself may be the main cause of the increased QTd of our patients. Second, There may be a selection bias because the cohort we studied had no history of stroke indicating that the results may not generalize to all stroke patients. Third, We are short of information about the drugs and rehabilitation interventions out of the hospital which may affects the robustness of the main analysis. Fourth, We had no control for confounding factors of medications or serum electrolytes which may lead to alteration of the QT interval. Fifth, We studied a cohort of patients with low NIHSS scores, whether our findings can be extrapolated to more severe patients safely is not known. Last, As in other epidemiologic studies, residual confounding remains a possibility, although we adjusted for several factors which may affect the prognosis of IS.



CONCLUSIONS

An increase in QTd was associated with poorer functional outcomes up to 1 year after the index event. These results showed that electrocardiographic assessment for cases with stroke may provide significant prognostic information for patients and pathogenetic perception in restoration of function. QTd is a useful surrogate marker of adverse functional prognosis that provides effective risk stratification of cerebrovascular disease.
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