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Abstract 

Introduction:  Acute neurological injury and several medications commonly administered in the Neuro ICU pose a 
risk of fatal cardiac dysrhythmias. The objective of this study is to identify the predictors of ventricular dysrhythmias in 
the Neuro ICU patients with prolonged QTc, thereby helping the clinicians make important treatment decisions.

Methods:  We performed a retrospective review of all consecutive adults admitted to the Neuro ICU from January 
2015 to September 2015 with a QTc interval ≥ 450 ms on electrocardiogram.

Results:  A total of 170 patients with a mean age of 66 years (SD ± 16) were included in the final analysis. Eighty-
seven patients (51%) were women. Median duration of hospitalization was 9 days (IQR 4–16). Most common primary 
diagnosis was ischemic stroke (38%) followed by cerebral hemorrhage (19%) and subarachnoid hemorrhage (8%). 
Mean QTc was 487 ms (SD ± 35, range 450–659 ms). There were 27 episodes (16%) of monomorphic non-sustained 
ventricular tachycardia and one episode of Torsades (1%). Three cardiac arrests (2%) were recorded, none resulting 
from ventricular dysrhythmias. In multivariate analysis, prolonged QTc ≥ 492 ms (p = 0.0008), supratentorial acute 
ischemic stroke (p = 0.005), prolonged hospitalization (p = 0.03), and premature ventricular complexes on ECG 
(p = 0.047) were all independently associated with increased risk of ventricular dysrhythmias.

Conclusions:  In this group of patients with prolonged QTc in the Neuro ICU, we observed several episodes of non-
sustained ventricular tachycardia and identified important risk factors associated with their occurrence. This knowl-
edge is essential to inform clinical decisions.
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Introduction
The QT interval on the electrocardiogram (ECG) repre-
sents ventricular depolarization and repolarization. QT 
interval is inversely proportional to the heart rate (RR 
interval) and is therefore often corrected for heart rate 
(QTc). Two commonly used methods are Bazett’s formula 
(using square root of the RR interval) or Fridericia for-
mula (using cube root of the RR interval) [1, 2]. Delayed 

ventricular repolarization leads to QTc prolongation and 
is associated with ventricular dysrhythmias and sudden 
cardiac death [3, 4]. A form of polymorphic ventricu-
lar tachycardia known as Torsades de Pointes (TdP) is 
specifically associated with prolongation of QTc inter-
val [1]. Prolonged QTc can be either congenital due to 
channelopathies (such as long QT syndrome [LQTS]) or 
acquired due to factors such as ischemic heart disease, 
cardiomyopathies, and electrolyte imbalances [5]. Several 
drugs commonly administered in a critical care setting 
such as psychotropic drugs, macrolides, and fluoroqui-
nolones can cause QT prolongation by interfering with 
potassium efflux from cardiomyocytes [6–9]. In addition, 
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acute neurological injury is known to cause a variety of 
cardiac rhythm abnormalities [10–12]. The risk of fatal 
cardiac dysrhythmias has never been studied in the Neu-
rology Intensive Care Unit (Neuro ICU), the knowledge 
of which is important in routine clinical practice. The 
purpose of this study is to evaluate the factors increas-
ing the risk of ventricular dysrhythmias (monomorphic 
and polymorphic ventricular tachycardia and ventricular 
fibrillation) in Neuro ICU patients with prolonged QTc 
interval.

Methods
This is a retrospective review of all consecutive adults 
(18 years of age or older) admitted to Wake Forest Bap-
tist Medical Center Neuro ICU through the Emergency 
Department from January 2015 to September 2015. 
Patients who (1) had prolonged QTc on ECG defined 
as ≥ 450  ms, (2) were admitted from the emergency 
room, and (3) had QRS duration ≤ 120 ms were included 
in the study. We chose to include only patients admit-
ted from the emergency room as they are more likely to 
be critically ill (and therefore at higher risk of ventricu-
lar dysrhythmias) than the already screened and selected 
neurosurgical patients admitted to the ICU following 
elective surgeries. At our center, all craniotomies and 
some spine surgeries (most of which are non-emergent 
scheduled cases) are routinely admitted to the Neuro 
ICU for close monitoring following surgery and are usu-
ally ready to be discharged the next day to the regular 
floor.

Bazett’s formula was used for QTc calculation. The 
definition of abnormal QTc is variable throughout the 
literature with some references suggesting a cutoff value 
> 450 ms for men and > 470 ms for women as prolonged 
and a value > 450 ms for women as borderline prolonged 
[13, 14]. We chose to have a single QTc cutoff for both 
genders as having different QTc thresholds of inclusion 
for men and women would have introduced a substantial 
gender bias for which we would then have to adjust the 
model and potentially weaken the study. Prolonged QRS 
duration can affect QTc interval and does not truly rep-
resent repolarization, abnormality especially when QRS 
duration exceeds 120  ms [15]. Consequently, patients 
with QRS duration > 120  ms were excluded. This study 
was approved by the Wake Forest University Health Sci-
ences Institutional Review Board (IRB). Waiver of writ-
ten informed consent was requested and approved by the 
IRB.

Information gathered included demographics, admis-
sion diagnosis, comorbidities, electrolyte abnormali-
ties, renal failure, myocardial infarction, critical care 
interventions (mechanical ventilation, sepsis, vasopres-
sor use), QTc-prolonging medications, and length of 

stay. At our center, we do not have a step-down unit and 
consequently have a low threshold to admit patients to 
the Neuro ICU. Patients with single-organ failure not 
needing mechanical ventilation (otherwise sometimes 
referred to as level 2 ICU) as well as multiple-organ dys-
function or single-organ dysfunction needing mechanical 
ventilation (otherwise sometimes referred to as level 3 
ICU) are admitted to our unit. A laboratory result closest 
to the ECG used for QTc measurement or closest to the 
occurrence of the ventricular dysrhythmia (for patients 
who had one) was used for collecting electrolyte data. 
A list of QTc-prolonging drugs was generated using the 
database maintained by the Arizona Center for Educa-
tion and Research on Therapeutics (www.azcer​t.org). 
Only drugs with a “known risk” and “possible risk” were 
included.

ECG data included heart rate, QRS interval, and pres-
ence of premature ventricular complexes (PVC). For 
patients who had multiple ECGs during the hospitali-
zation, the ECG showing the highest QTc was used for 
patients without ventricular dysrhythmia event, and in 
patients who did have such an event, ECG showing the 
highest QTc obtained prior to the event was used when 
available and if not then ECG done after the event was 
reviewed. At our institution, all ECGs are signed off by 
board-certified cardiologists in the medical records of 
every patient. All Neuro ICU patients are continuously 
monitored with bedside telemetry, and any dysrhyth-
mia noted by the monitor sounds an alarm. The bedside 
nurse/provider then interprets whether that is a false 
alarm or a true event. A strip if not automatically printed 
by then, is then printed and is subsequently scanned in 
the patient’s medical record. In our study, all episodes 
of ventricular dysrhythmias were identified based upon 
manual review of all the scanned bedside continuous 
monitor strips for every patient. Episodes of cardiac 
arrest were recorded in the electronic medical record. 
Poor outcome was defined as discharge to nursing home, 
hospice, or death. Ventricular tachycardia was defined as 
≥ 3 consecutive beats arising below the atrioventricular 
node at a heart rate of > 100 beats/min. Ventricular tach-
ycardia was considered to be non-sustained with dura-
tion < 30 s.

Statistical Analysis
All statistical analysis was done using SAS software 
JMP Pro version 13.0. Participant characteristics were 
described using descriptive statistics. Means and medians 
as appropriate with corresponding standard deviations 
and interquartile ranges, respectively, were used as meas-
urements of central tendencies. Comparisons between 
groups were done using Chi-square tests for proportions 
and Wilcoxon rank sum test for nonparametric data. An 
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univariate logistic regression model was used to estimate 
the receiver operating characteristics curves (ROC) and 
to identify a threshold QTc with an optimum combina-
tion of sensitivity and specificity for predicting the risk of 
cardiac dysrhythmias. All significant variables (p < 0.05) 
in univariate analysis were simultaneously included in 
an automated multivariate logistic regression model 
using JMP Pro 13.0, and only those retaining significance 
(p < 0.05) are reported with their respective odds ratios.

Results
One hundred and seventy consecutive patients with 
a mean age of 66  years (SD ± 16) were included in 
the final analysis (Fig.  1). Eighty-seven (51%) were 
women. Demographic and clinical characteristics of 
those with and without ventricular dysrhythmias are 
outlined in Table 1. The most common primary diag-
nosis was ischemic stroke (38%), followed by cerebral 
hemorrhage (19%), and subarachnoid hemorrhage 
(8%). Median duration of hospitalization was 9  days 
(IQR 4–16). Seventy-seven patients (45%) received 
two or more QTc-prolonging drugs simultaneously. 
Forty-three (25%) patients had heart failure, and 60 

(35%) had coronary artery disease. Renal failure was 
present in 61 patients (36%), of which ten (6%) were 
on dialysis. Fifty-nine patients (35%) had sepsis, and 
seven (4%) were in septic shock. Sixty-three patients 
(37%) received mechanical ventilation during the hos-
pitalization. Eighty-two patients (48%) had poor out-
come. Electrolyte abnormalities involving low calcium, 
potassium, and magnesium were common (Table  1). 
Right-sided supratentorial strokes were associated 
with a greater likelihood of ventricular dysrhythmias. 

Mean QTc was 487  ms (SD ± 35, range 450–659  ms). 
Twenty-seven patients (16%) had non-sustained mono-
morphic ventricular tachycardia. There was one episode 
of non-sustained TdP. These ventricular dysrhythmias 
occurred after a median of 5 days (IQR 2 to 15) follow-
ing admission. All but two ECGs showing prolonged QTc 
were obtained a median of 3 days (IQR 1 to 9) prior to the 
occurrence of the dysrhythmia, one was obtained 1  day 
after the event, and another was obtained 6 days after the 
event. Three cardiac arrests (2%) occurred, none result-
ing from ventricular dysrhythmia (two patients were in 
pulseless electrical activity and the third in asystole).

Using ROC table, we identified a threshold QTc of 492 
with an optimum combination of sensitivity and specific-
ity for predicting the risk of cardiac dysrhythmias. The 
patients were then dichotomized into two groups, one 
with QTc of < 492 ms and the other with QTc ≥ 492 ms. 
The following variables with p < 0.05 in univariate analysis 
(Table 1) were simultaneously included in an automated 
multivariate logistic regression model, and only those 
retaining significance (p < 0.05) are reported in Table  2 
along with their respective odds ratios; supratentorial 
stroke, coronary artery disease, QTc ≥ 492 ms, low serum 
calcium, duration of hospitalization, PVCs on ECG, atrial 
fibrillation, heart failure, and acute myocardial infarction. 
Area under curve (AUC) for the model was 0.90 with a 
sensitivity of 93% and specificity of 75%. The model was 
adjusted by adding the following well-known confound-
ers of QTc prolongation: age, sex, serum potassium level, 
and QT-prolonging medications. Full model has been 
included in the supplementary materials.

Next, we analyzed the data using poor outcome as the 
outcome variable and the following variables were signifi-
cant in univariate analysis: primary diagnosis (p = 0.03), 
heart failure (p = 0.03), coronary artery disease (0.01), 
QTc ≥ 492 (p = 0.005), atrial fibrillation (p = 0.006), ven-
tricular dysrhythmia (p = 0.007), renal failure (p = 0.006), 
mechanical ventilation (p = 0.002), sepsis (p = 0.0002), 
older age (median 75 vs 59  years, p < 0.0001), diabetes 
mellitus (p = 0.01), and longer duration of hospitalization 
(median 13 vs 7  days, p = 0.002). These variables were 
then simultaneously included in an automated multivari-
ate logistic regression analysis, and only those retaining 

Fig. 1  Flow diagram outlining how the patients were selected for 
inclusion in the study. ED Emergency Department
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significance (p < 0.05) are reported in Table 3 along with 
their respective odds ratios. Full model has been included 
in the supplementary materials.

Discussion
In this group of selected patients at high risk of ventric-
ular dysrhythmias in the Neuro ICU, several episodes 

Table 1  Demographic and clinical characteristics for those with and without ventricular arrhythmias

All p values < 0.05 are given in bold
a  Includes the following: cerebrospinal neoplasm (6), acute encephalopathy (5), intraventricular hemorrhage (5), traumatic brain injury (4), spine fracture (4), 
myasthenia gravis (3), meningitis/encephalitis (3), acute spinal cord injury (2), ataxia (2), spells (2), acute neuropathy (1), multiple sclerosis (1)
b  Numbers reflect n = 151 as data on 19 patients were missing

Characteristics Without ventricular tachycardia 
N = 142

Ventricular tachycardia N = 28 p value

Age (years); median (IQR) 66 (54–77) 70 (56–78) 0.47

Female; n (%) 75 (53) 12 (43) 0.34

Primary diagnosis; n (%)

 Ischemic stroke 48 (34) 17 (61) 0.007
 Intracerebral hemorrhage 30 (21) 3 (11) 0.20

 Subarachnoid hemorrhage 13 (9) 0 (0) 0.10

 Subdural hemorrhage 8 (6) 3 (11) 0.32

 Seizure/status epilepticus 10 (7) 0 (0) 0.15

 Othera 33 (23) 5 (18) 0.53

Stroke location; n (%)

 Supratentorial 43 (30) 17 (61) 0.002
  Right supratentorial 14 (10) 9 (32) 0.001
  Bilateral supratentorial 5 (4) 2 (7) 0.38

  Left supratentorial 23 (16) 4 (14) 0.80

 Infratentorial 5 (4) 0 (0) 0.31

Comorbidities; n (%)

 Hypertension 129 (91) 27 (96) 0.33

 Diabetes mellitus 69 (49) 15 (54) 0.63

 Hyperlipidemia 88 (62) 20 (71) 0.34

 Hypothyroidism 18 (13) 3 (11) 0.77

 Coronary artery disease 44 (31) 16 (57) 0.008
 Heart failure 30 (21) 13 (46) 0.005

Number of QT-prolonging drugs; n (%)

 0 or 1 78 (55) 15 (54) 0.90

 2 39 (28) 6 (21) 0.51

 3 17 (12) 6 (21) 0.18

 4 8 (6) 1 (4) 0.66

QTc ≥ 492 33 (23) 18 (64) < 0.0001
Low serum calcium (< 8.5 mg/dL) 34 (24) 12 (43) 0.04
Low serum potassium (< 4.0 mmol/l) 85 (60) 14 (50) 0.33

Low serum magnesium (< 2.0 mg/dL)b 86 (69) 13 (50) 0.07

Duration of hospitalization (days); median (IQR) 8 (4–16) 15 (9–31) 0.0006
Heart rate; median (IQR) 90 (77–100) 95 (82–121) 0.14

Premature ventricular complexes on ECG; n (%) 11 (8) 8 (29) 0.001
Atrial fibrillation; n (%) 22 (16) 11 (39) 0.004
Active myocardial infarction; n (%) 3 (2) 3 (11) 0.02
Mortality; n (%) 27 (19) 4 (14) 0.55

Mechanical ventilation; n (%) 54 (38) 9 (32) 0.56

Sepsis; n (%) 48 (34) 11 (39) 0.58

Renal failure; n (%) 50 (35) 11 (39) 0.68
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of non-sustained monomorphic ventricular tachycar-
dia were observed. The prevalence of TdP was found to 
be very low. There were three cardiac arrests although 
none were caused by ventricular dysrhythmias. In addi-
tion to QTc ≥ 492  ms, other risk factors for ventricular 
dysrhythmias were prolonged duration of hospitalization, 
supratentorial acute ischemic stroke, and PVCs on ECG. 
Older age, QTc ≥ 492  ms, sepsis, and mechanical venti-
lation were associated with poor outcome. We examined 
the effect of stroke laterality on the risk of ventricular 
dysrhythmias and found that right supratentorial lesions 
increased the risk significantly. Insular cortex lesions par-
ticularly on the right side have been previously reported 
to have a higher incidence of ECG abnormalities and pro-
longed QTc thought to be related to sympathetic over 
activation [16, 17].

Non-sustained ventricular tachycardia (NSVT) has 
been recorded in a wide range of conditions from appar-
ently healthy individuals to patients with severe heart 
disease, both ischemic and non-ischemic [18]. In addi-
tion, certain inherited channelopathies such as LQTS and 
drug-associated QT prolongation can be present with 
ventricular tachycardia, which are usually polymorphic 
episodes [5]. It is generally accepted that QTc of > 500 ms 
is associated with high risk of dysrhythmias but these 
data are derived from long-term, follow-up studies of 
patients with LQTS in the outpatient setting [19, 20]. The 
physiology of critically ill patients in the ICU is differ-
ent from clinic patients and therefore needs to be stud-
ied separately. In our study, we found a threshold QTc of 
492 ms beyond which the risk of dysrhythmias increased 
significantly. To our best knowledge, this is the first study 

evaluating the predictors of cardiac dysrhythmias specifi-
cally in the Neuro ICU population with prolonged QTc. 
Acute neurological injury, underlying cardiovascular 
comorbidities, avoidance of sedation to preserve neuro-
logical examination, and instead the use of medications 
such as antipsychotics and dexmedetomidine, all place 
these patients at risk of cardiac dysrhythmias. Estimat-
ing that risk helps inform clinical decisions; however, the 
available data are limited and derived from medical, sur-
gical, and cardiac ICUs. In a prospective observational 
single-center study by Reinelt et  al., the authors exam-
ined the incidence of cardiac dysrhythmias in a group of 
756 patients admitted to medical and cardiac ICU. There 
were five patients with TdP (< 1%) and 54 patients (7%) 
with monomorphic ventricular tachycardia [21]. Util-
ity of continuous QT interval measurement in critically 
ill patients was examined by Pickham and colleagues in 
a single-center, prospective, observational study which 
shares several similarities with our study [22]. This study 
was conducted in six ICUs across the institution, and 
the authors concluded that QT prolongation is com-
mon in this patient population with a prevalence of 24% 
and is associated with increased length of hospitaliza-
tion and mortality. There were 17 “code blue” events, 16 
of which were cardiac. Only one episode of TdP (repre-
senting 6% of cardiac arrests) was evident. Whether pro-
longed QTc is simply a surrogate marker of the illness 
severity remains to be proven. Ischemic stroke particu-
larly involving the right hemisphere increased the risk of 
ventricular dysrhythmias in our study, which aligns with 
findings previously reported in the literature. Ischemic 
stroke has been described to cause QTc prolongation and 
ventricular dysrhythmias, especially with lesions involv-
ing the right insular cortex [1, 4]. Patients with acute 
stroke often share several of the common comorbidities 
associated with heart disease such as hypertension, dia-
betes, hypercholesterolemia, coronary artery disease, and 
need for QTc-prolonging medications, among others, 
that increase the risk of malignant cardiac dysrhythmias. 
Catecholamine surge occurring as a result of acute cere-
bral injury can lead to cardiomyocyte necrosis and stress 
cardiomyopathy. Finally, genetic and epigenetic factors 
might modify the individual phenotype of stroke–heart 
syndrome [23].

In spite of having 26 episodes of ventricular tachycar-
dia and one episode of TdP, there were no cardiac arrests 
due to ventricular dysrhythmias. One likely explanation 
for this observation is the sample size. It is likely that with 
a bigger sample size, some of these ventricular dysrhyth-
mias may lead to cardiac arrest; however, based upon our 
results, the risk appears to be low. The strength of this 
study lies in the identification of a “threshold QTc” and 
factors increasing the chance of ventricular dysrhythmias 

Table 2  Multivariate analysis of  factors associated 
with ventricular dysrhythmias

*Odds ratio per unit change in regressor

Risk factor OR (95% CI) p value

Length of hospitalization* 1.04 (1.00–1.07) 0.03

QTc ≥ 492 7.4 (2.3–24.0) 0.0008

Supratentorial ischemic stroke 5.7 (1.7–19.6) 0.005

Premature ventricular complexes on ECG 4.4 (1.02–19.4) 0.047

Table 3  Multivariate analysis of  factors associated 
with poor outcome

*Odds ratio per unit change in regressor

Risk factor OR (95% CI) p value

Age* 1.1 (1.06–1.15) < 0.0001

QTc ≥ 492 3.2 (1.01–10.1) 0.047

Mechanical ventilation 3.7 (1.2–11.2) 0.02

Sepsis 3.7 (1.1–12.0) 0.03
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in the Neuro ICU population, which may help the clini-
cian identify patients at the highest risk and remain extra 
vigilant during their care.

Our study has some limitations. All of our patients 
were treated at a single tertiary care referral center. This 
and the retrospective design could potentially lead to a 
selection bias. The decision to obtain ECG, and therefore 
our ability to identify patients with prolonged QTc, was 
at the discretion of the treating physicians. However, we 
believe that patients perceived at “high risk” were more 
likely to get ECGs than others, a factor that may help 
mitigate this bias to some extent. We studied only those 
with borderline or prolonged QTc at baseline (≥ 450 ms) 
excluding the ones with normal QTc. Our goal is to study 
the predictors of ventricular dysrhythmias, of which QTc 
is an important one. Since the outcome of interest is rare, 
we chose to include only patients with prolonged QTc, 
thereby improving the probability of the outcome occur-
ring in a reasonable sample size and thus allowing us to 
study the associated factors. Due to the retrospective 
nature of the study, we relied on proper medical docu-
mentation of events and monitor strips of dysrhythmias, 
thus potentially introducing information bias. However, 
all of our Neuro ICU patients undergo continuous ECG 
monitoring with automated alarms and printouts of 
abnormal rhythms, which are then manually reviewed for 
accuracy and entered into the medical record. Lastly, we 
studied the entire Neuro ICU population and not a single 
disease process, thus creating heterogeneity in the sam-
ple, which may affect the applicability of our results to 
other Neuro ICUs with a different patient population.

Conclusion
In spite of the limitations, our study does provide useful 
information for practicing neurointensivists. We found 
that the risk of ventricular dysrhythmias is increased in 
patients with prolonged QTc ≥ 492  ms, supratentorial 
acute ischemic stroke, PVCs on ECG, and prolonged hos-
pitalization. Prolonged QTc is also associated with poor 
outcome. Ability to identify which patients are at a higher 
risk of dysrhythmias will help the clinicians make impor-
tant treatment decisions, especially regarding the choice 
of medications and optimum treatment of electrolyte 
imbalances.

Future Direction
Future prospective studies are needed to validate our 
findings in a larger sample. Capture and analysis of con-
tinuous QTc data throughout the hospitalization can 
increase our understanding of the relationship between 
QTc and the risk of ventricular dysrhythmia. Detailed 
review of all QTc-prolonging drugs administered with 
regard to the class, pharmacokinetics, dosage, and 

interactions can help analyze the impact of these drugs, 
particularly in patients with normal baseline QTc on 
admission. Lastly, patients after neurosurgical proce-
dures need to be studied as a separate group.
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