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ABSTRACT

Background: Electrocardiographic (ECG) alterations occurring after subarachnoid hemorrhage (SAH) have been described
frequently, but the prognostic significance of these changes has not been well characterized. Aim and Objectives: To report
the prevalence and patterns of ECG alterations in patients with acute aneurysmal SAH and to study the relationship between
ECG alterations and the neurological outcome, if any. Materials and Methods: Records of consecutive patients admitted
to the neurosurgical intensive care unit of the SCTIMST, Trivandrum between January 1999 and January 2011 with acute
aneurysmal SAH were retrospectively analyzed. Results: Of the 321 patients with SAH, 190 (59.2%) had abnormal ECGs.
Repolarization abnormalities were the most common, with T wave inversion in the anterolateral leads occurring in 155 (48.3%)
patients. By univariate analysis, female sex, Glasgow Coma Score (GCS) at admission of <15, World Federation of Neurological
Surgeons (WFNS) grade >, ST segment depression or T inversion in anterolateral leads, prolonged corrected QT interval, and
sinus bradycardia were associated with increased risk of death. By multivariate analysis, only GCS and WFNS grade independently
predicted mortality and none of the ECG changes predicted the same. Presence of tall T waves in anterior leads, T inversion in
anterolateral leads, sinus bradycardia, and WFNS grade >1 were independently associated with GCS <15 and poor outcome at
discharge. Conclusions: In patients with acute aneurysmal SAH, repolarization abnormalities are the commonest ECG alterations.
ECG alterations do not independently predict death, but independently predict poor discharge neurological status.
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INTRODUCTION SAH, electrocardiographic (ECG) abnormalities often
occur. Although these ECG alterations are associated
with a wide variety of neurological events, (including
cerebrovascular accidents, head injury, meningitis and
tumors) the highest prevalence and most pronounced
changes occur after SAH."! Upto 10% of the patients with
SAH are known to have potentially lethal arrhythmias,
such as ventricular tachycardia (particularly torsades de
pointes) associated with a prolonged corrected QT (QTc)
interval and ventricular fibrillation."!

Subarachnoid hemorrhage (SAH) is a catastrophic
neurological event that occurs primarily during young
to mid-adulthood in both sexes.!! The most common
cause of SAH is rupture of an aneurysm arising from the
blood vessels at the base of the brain. A less common
source of hemorrhage is the rupture of an aneurysm
that is traumatic or infectious in origin or rupture of an
arteriovenous malformation.

In addition to the classic clinical signs and symptoms of oG changes in SAH commonly mimic those seen

in ischemic heart disease; thus, ST-segment elevation
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The aim of this study was to report the prevalence
and patterns of ECG alterations in patients with acute
aneurysmal SAH and to study the relationship between
ECG alterations and neurological outcome in a tertiary
referral center.

MATERIALS AND METHODS

Study population

The records of all patients admitted to the neurosurgical
intensive care department of the SCTIMST, Trivandrum
with a diagnosis of aneurysmal SAH confirmed by
cerebral angiography or by computed tomography (CT)
scan between January 1999 and January 2011, were
retrospectively reviewed. Patient records that had an ECG
which had not faded, that had been performed before any
surgical intervention or drug administration (that could
have affected the ECG) were included in the study. If more
than one ECG was recorded during the first 24 hours of
admission, the most abnormal ECG was considered for
the purpose of this study. Of the 392 patients admitted
with aneurysmal SAH to the neurosurgical intensive
care unit, a total of 71 (18.1%) patients were excluded:
12 (3.1%) patients had no ECGs and the ECGs of 59
patients (15.0%) had faded. A total of 321 patients were
analyzed in the study. In 254 of these patients, intra arterial
cerebral angiography had been performed prior to surgery.
All patients were treated according to standard intensive
care guidelines during their hospitalization.

Data collection

Patient details were retrieved from the hospital records
retrospectively. Interpretation of ECG is shown in
Table 1. The outcomes of interest were in hospital death
or the Glasgow Coma Score (GCS) at discharge.

Data analysis

Statistical analyses were done using SPSS 14.0 (SPSS
Inc., Chicago, IL, USA). Descriptive statistics were used
to report the number and type of ECG abnormalities.
We related the outcomes to baseline characteristics and
to the individual ECG abnormalities (ST depression
or elevation, a peaked T or T wave inversion, and a U
wave) of admission ECG. A P<0.05 was considered to
be statistically significant. Univariate and multivariate
analyses were performed by logistic regression analysis.
95% confidence intervals were provided for the odds ratios.

RESULTS

Patient demographics are shown in Figure 1. Hypertension
was present in 41.7% and diabetes in 13.7% of the study
population. Investigations performed and the outcome
characteristics of the patients are shown in Figure 2.
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Table 1: Interpretation of electrocardiographic changes

Category Abnormality Finding
Rhythm Sinus bradycardia HR<60/min
abnormalities Sinus tachycardia HR>100/min

Conduction
abnormalities

Repolarization
abnormalities

Others

Atrioventricular nodal
rhythm

Atrial premature
contractions

Ventricular premature
contractions

Atrial fibrillation or
flutter

Ventricular
tachycardia

1%t degree AV block
Short PR interval

Higher grades of AV
block

Right or left bundle
branch block

QTc segment
prolongation

ST-segment elevation

ST-segment
depression

Peaked T wave

Isoelectric or diphasic
T wave

Inverted T wave

U wave
Pathological Q waves

Right ventricular
hypertrophy

Left ventricular
hypertrophy
Peaked P wave

Left atrial
enlargement

>3 consecutive VPCs

>0.20 s
<0.12s
2" or 3" degree

QRS>0.12 s+characteristic
morphology

20.44 s

>0.1 mV with upward
convexity

>0.1 mV, flat or downsloping

>66% of R amplitude in the
same lead

Negative component<3 mm

Negative component>0.3 mV
in two contiguous leads

>0.1 mV

>0.04 s duration/
amplitude>25% of R wave

R/S ratio>1in V1 and
R>0.5 mV

SinV1andRinV5,623.5 mV

P20.25mVinll

>2.5 mV wide notched P wave
in 1l or>0.1 mV negative in V1

HR — Heart rate; AV — Atrioventicular; VPC — Ventricular premature contraction

Echocardiography was normal in 90.3% of the subjects.
ECG changes noted in study population are shown
in Figure 3. Overall, abnormal ECGs were noted in
190 (59.2%) patients. Repolarization abnormalities were
the most common abnormalities. T wave inversion in the
anterolateral leads was noted in 48.3% of patients. QTc
prolongation was noted in 40 (12.5%) patients. Among
arrhythmias, sinus bradycardia was the most common and
was noted in 16.8% of the study population. Ventricular
tachycardia was noted in 6 (1.8%) patients. All the
observed ventricular tachycardias were polymorphic and
were successfully terminated by electrical cardioversion.
There were no deaths directly attributable to arrhythmias.
Table 2 shows the odds ratio for death based on ECG

findings. ST depression or T inversion in anterolateral
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leads, prolonged QTc interval, and sinus bradycardia had
higher odds ratio for death based on univariate analysis.
Similarly, odds ratio of GCS less than 15 at discharge
based on ECG changes by univariate analysis showed
that ST depression or T inversion in anterolateral leads,
prolonged QQTc, and sinus bradycardia were associated

with GCS <15 at discharge.
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Figure 1: Patient demographics. GCS — Glasgow coma score; WFNS — World
Federation of Neurological Surgeons
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Figure 2: Investigations and outcome characteristics. RWMA — Regional wall
motion abnormality; GCS — Glasgow coma score
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Figure 3: Electrocardiographic features in study population
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By multiple regression analysis [Table 3], the only
independent predictors of mortality were GCS at admission
less than 15 and World Federation of Neurological
Surgeons (WFNS) grade worse than 1. None of the ECG
variables were an independent predictor of death. However,
four variables — presence of tall T waves in anterior leads,
T inversion in anterolateral leads, sinus bradycardia, and
WENS grade >1 were independently associated with GCS
<15 at discharge based on multiple regression analysis.
As shown in Table 4, presence of 2 of the 3 independent
variables (T inversion or tall T in anterior leads, sinus
bradycardia, and WENS grade >2) is associated with 90.6%
risk of GCS <15 at discharge and presence of all 3 variables
is associated with 100% risk of poor outcome.

Table 2: Univariate analysis of risk of death based on
electrocardiographic findings

Death P value Odds (CI*)
No Yes Total
ST depression
in anterolateral
leads
Yes 55(80.9) 13(19.1) 68 <0.01 5.74(2.40-13.78)
No 243(96) 10(4) 253 1
ST-segment
elevation
Yes 9(81.8) 2(18.2) 11  0.149 3.06(0.62-15.07)

No 289(93.2) 21(6.8) 310 1

T inversion in
anterolateral

leads

Yes 139(89.7) 16(10.3) 155 0.034 2.62 (1.05-6.54)
No 159(95.8) 7(4.2) 166 1
Arrhythmias

Yes 10(83.3) 2(16.7) 12  0.193 2.74(0.56-13.33)
No 288(93.2) 21(6.8) 309 1

Prolonged QTc

Yes 33(82.5) 7(17.5) 40 0.007 3.51(1.35-9.17)
No 265(94.3) 16(5.7) 281 1

Sinus bradycardia
Yes 44 (81.5) 10(18.5) 54 <0.01 4.44(1.83-10.75)
No 254 (95.1) 13 (4.9) 267 1

*Confidence interval

Table 3: Independent predictors of death by multiple

regression
B s 0dds (C1)

GCS admission (15)

12-14 1.28 0.440 3.61(1.04-93.45)

<12 1.87 0.042 6.49 (1.07-39.33)
WEFNS grade (1)

1l 1.51 0.308 4.54 (0.25-83.07)

1] 6.49 0.000 658.37 (51.33-844.27)

v 6.62 0.000 748.77 (46.8-1197.14)

B — Beta coefficient; S — Sigma error; GCS — Glasgow coma score; WFNS — World
Federation of Neurological Surgeons; Cl — Confidence Interval
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Table 4: Prediction of Glasgow coma score at discharge
<15 based on the presence of three independent
predictors

GCS at discharge

15 <15
Count Percent Count Percent
0 117 70.9 48 29.1
1 34 34.3 65 65.7
2 3 9.4 29 90.6
3 0 0.0 2 100.0

GCS — Glasgow coma score; (T inversion or tall T in anterior leads, sinus bradycardia,
and World Federation of Neurological Surgeons >2)

DISCUSSION

The cardiac effects of intracranial hemorrhage were
initially described in 1903 by Cushing. Byer and
collaborators first described ECG changes in a patient
with SAH in 1947. ECG changes commonly experienced
by patients with SAH can mimic changes associated with
coronary ischemia or infarction, and therefore, healthcare
professionals must anticipate and recognize these changes.
Evidence from a number of studies indicates that patients
with SAH are at high risk for malignant ventricular
arrhythmias if the QTc interval is prolonged.*¢
A decrease in cardiac output due to alterations in heart
rate associated with SAH, such as sinus bradycardia, sinus
tachycardia, or rapid atrial fibrillation, can also adversely
affect patients’ clinical status.

Originally, the cause of ECG changes in SAH patients
was thought to be pre-existing coronary artery disease
exacerbated by the physiological demands of critical
illness. However, a previous study reported that both
coronary angiography and autopsy revealed normal
coronary vasculature in patients with SAH who had
marked ECG changes./”! Cardiac injury due to elevated
myocardial wall stress associated with tachycardia and
hypertension has also been suggested as a causative
factor. Yuki et al.™™ proposed that coronary vasospasm and
reversible post-ischemic “stunned myocardium” may cause
the development of ECG changes in patients with SAH.
Increasingly, evidence indicates a neurogenic etiology for
ECG abnormalities in SAH. Studies in animals and humans
have indicated that injury to the insula, an area of the
cortex thought to be involved in arrhythmogenesis, might
be implicated in both abnormal cardiac rhythm and focal
myocardial necrosis that occurs after SAH.P! Currently,
the release of catecholamines, either systemically or
within the myocardium, as a cause of ECG abnormalities
is the subject of much research. Autopsies have revealed
areas of characteristic subendocardial ischemic lesions,
contraction band necrosis, in the hearts of patients
who died of SAH.'""! The characteristic pattern and
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distribution of myocardial lesions in these patients suggests
that the damaging catecholamines are probably released
from intramyocardial nerve endings rather than from the
general circulation. Parekh et al.'V found that patients
with elevations in cardiac troponin I were more likely
than patients without elevations in the biomarker to
have ECG abnormalities. Factors that may influence the
development of arrhythmias in patients with SAH include
hypoxia, electrolyte imbalance or cerebral vasospasm,
and sudden increase in intracranial pressure due to
compression of cerebral structures triggering a sympathetic
or vagal discharge."!

In this study, of the 321 patients who were reviewed, ECG
changes were noted in 190 (59.2%) patients. This is in
contrast to a prospective study of 406 patients with SAH,
in which Rudehill et al.™! found that 82% of patients had
ECG alterations regardless of the presence of underlying
heart disease. Timing of the ECGs (only 60% ECGs taken
within 48 h) in this study could have influenced the
prevalence and specific ECG abnormalities. In this study,
repolarization abnormalities were the most common
abnormalities with T inversion in anterolateral leads
present in 48.3% of patients. T wave abnormalities have
been reported to occur in 59-72% in various studies.!*!
Rhythm abnormalities were noted in 22.7% of this study
population with sinus bradycardia constituting 16.8%.
The prevalence of rhythm abnormalities reported by
various studies also varies between 10% and 65%.*>!

Regarding prediction of outcomes in this study, though
several variables were associated with odds ratio of >1 for
poor outcome by univariate analysis, only four variables,
namely, presence of tall T waves in anterolateral leads,
T inversion in anterolateral leads, sinus bradycardia,
and WENS grade >1 were independently associated
with GCS <15 at discharge based on multiple regression
analysis. This is consistent with the results of Brouwers
et al.,"™ who found that ECG changes were related to
the initial level of consciousness, subsequent events
and outcome after 3 months, though cardiac disease
did not contribute directly to morbidity or mortality. By
multivariate analysis, the only independent predictors
of mortality were GCS at admission less than 15 and
WENS grade of more than I. ECG changes may simply be
a marker of more severe disease already reflected by the
other variables.!"”! In contrast in a retrospective study by
Kawasaki et al.,!""! ECG changes were powerful predictor

of death.

Echocardiographic or cardiac enzyme evidence of
neurogenic myocardial damage may be more likely than
ECG changes to show a relationship with outcome,
although studies provide conflicting data. In this study,
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the time course of alterations in the ECG changes was
not studied due to its retrospective nature.

This study is limited by its retrospective nature and
the introduction of selection bias by the exclusion of
71 (18.1%) patients with SAH with no interpretable
ECGs. In addition, assessment of arrhythmias based on
a 12-lead ECG is likely to be less sensitive than Holter
monitoring, and the results may thus have underestimated
the true incidence of arrhythmias. Also, neurogenic ECG
changes may evolve over time. Cardiac enzyme release
which occurs with myocardial damage may be more likely
to show a relationship with outcome than ECG changes
and was not evaluated in this study.

In conclusion, ECG changes are noticed in about 60%
of patients with SAH. Repolarization abnormalities are
the most common ECG alterations with T inversion
in anterolateral leads being the most frequent. Sinus
bradycardia is the most common rhythm abnormality and
right bundle branch block the most common conduction
abnormality. By univariate analysis, ECG alterations are
associated with death and poor discharge neurological
status, whereas by multivariate analysis, none of the
ECG alterations independently predict death but they
independently predict poor discharge neurological status.
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