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Abstract

Background: We aimed to prospectively investigate the changes in 
the electrocardiography (ECG) and the echocardiography of the pa-
tients with subarachnoid hemorrhage (SAH) before and after treat-
ment, and to evaluate the overall role of the findings on early patients’ 
outcome.

Methods: All consecutive patients with SAH were evaluated with on-
admission ECG and echocardiography. For those with an abnormal 
result, a second evaluation was performed after the therapeutic in-
terventions. All of the participants were followed until discharged or 
possibly expired in the hospital. Proper statistical methods were used 
to compare the changes between the two groups of the patients: the 
“expired” group, and the “discharged” group.

Results: Of the total of 60 subjects, 25 (41.6%) and three (5%) had 
an abnormal ECG and echocardiography that were dropped to four 
(6.7%) and one (1.7%) after treatment, respectively. The most fre-
quent ECG finding was T-wave inversion. Six subjects (10%) were 
expired in the hospital. Abnormal primary ECG was found in five out 
of the six dead subjects (83.3%) and 20 out of the 54 discharged ones 
(37%) (P = 0.029). None of the three patients with abnormal primary 
echocardiograms were expired during the hospitalization.

Conclusion: Most SAH-induced changes in the ECG and the echo-
cardiography are transient and reversible. Abnormal ECG is a good 

predictor of inpatient mortality, but abnormal echocardiography is 
not.
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Introduction

Subarachnoid hemorrhage (SAH), as a catastrophic neurologic 
event, usually affects middle-aged population with a rather 
greater incidence in women [1]. The most common causes of 
SAH include head trauma and rupture of a saccular aneurysm. 
Bleeding from an arteriovenous malformation, extension of a 
primary intracerebral hemorrhage into the subarachnoid space, 
and idiopathic SAH are among other etiologies. After the pri-
mary brain damage, the early post-SAH mortality rate has 
been reported ranging from 30% to 45% in different studies 
[2-4]. In addition, some other injuries may also occur from 
minutes to weeks after the initial event [4] that influence the 
patients’ outcome.

Neurological complications including cerebral vasospasm 
and rebleeding are frequently considered as the main causes 
of SAH-related mortality. Nevertheless, non-neurological 
complications of SAH such as hematologic alterations [5, 6], 
electrolyte disturbances [7, 8], and cardiac abnormalities are 
both common and potentially life-threatening [9]. Among all, 
cardiac manifestations after SAH have been well described for 
many years [10, 11]; different types of abnormalities on elec-
trocardiogram (ECG) and also some echocardiographic chang-
es in the function of left ventricule (LV) have been reported. 
The final impact of cardiac findings on prognosis, however, 
has not been well understood. Moreover, prospective studies 
on the LV function before and after SAH treatment have been 
less described.

We designed this study, therefore, to prospectively inves-
tigate the ECG patterns of cardiac injury along with the echo-
cardiographic patterns of segmental LV dysfunction in patients 
with SAH before and after therapeutic interventions, and to 
evaluate the overall role of the findings on early patients’ out-
come.
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Materials and Methods

Patient selection

Study subjects were recruited from SAH patients admitted to 
the Rasoul-e-Akram General Hospital, Tehran, Iran. During 
1-year course of the study, all consecutive patients aged > 20 
years with confirmed diagnosis of SAH by computed tomog-
raphy (CT) scan of the brain were recruited. Excluded were 
patients with any sign of intracerebral hemorrhage, subdural 
hemorrhage or epidural hemorrhage on the brain CT scan as 
well as those with any history of myocardial infarction, cardio-
myopathy, congestive heart failure or valvular heart disease.

Study protocol

After enrollment, demographic and clinical data were collect-
ed from the patients, their family members and the available 
medical records. Before therapeutic interventions, a standard 
12-lead ECG and a transthoracic echocardiography were per-
formed for all patients and any abnormalities were recorded. 
All ECG abnormalities were confirmed by a senior cardiolo-
gist among the authors (SH) who performed all echocardio-
graphic evaluations as well. For those patients with an abnor-
mal initial ECG or echocardiography, a second evaluation was 
planned after the medical and/or surgical interventions. All of 
the subjects were followed until discharged or possibly expired 
in the hospital.

The study protocol was approved by the ethics committee 
of the Iran University of Medical Sciences and a signed con-
sent form was obtained from all of the participants.

Study variables

Baseline characteristics included patients’ age and sex, and 
history of risk factors such as hypertension and smoking. The 
etiology of SAH was classified as traumatic SAH, SAH due to 
a ruptured aneurysm (assessed by cerebral angiography), and 
SAH of unknown origin (despite assessment by cerebral angi-
ography).

For echocardiographic evaluation, the following images 
were obtained: parasternal long axis, parasternal short axis 
(at the level of the mitral valve, papillary muscles and apex), 
apical two-, three-, and four-chamber views, subcostal long 
axis and subcostal short axis (at the level of the mitral valve, 
papillary muscles and apex). LV ejection fraction (LVEF), LV 
size (end-diastolic and end-systolic diameters), and ventricular 
wall motion abnormalities (WMAs) were also measured (in-
cluding the septum and the LV posterior wall).

Statistical analyses

Statistical analyses were performed using the software SPSS 
version 20.0. Descriptive statistics were performed, and results 

were expressed as proportions and mean ± standard deviation 
(SD). The Student’s t-test, the Mann-Whitney U test, the Fish-
er’s exact test, or the Chi-square test (and/or the correlation 
coefficient) were used for between-group comparisons where 
appropriate. All tests were two-tailed and P < 0.05 was consid-
ered as statistically significant.

Results

Baseline characteristics

A total number of 60 subjects were recruited to this study, 32 
(53%) of whom were females. The mean ± SD of age of the 
participants was 52 ± 15 years. In 18 subjects (30%) the etiol-
ogy of SAH was unknown, 36 (60%) had ruptured aneurysm, 
and six (10%) had traumatic SAH.

The mean duration of hospitalization was 23 days (SD 
16), and six subjects (10%) were expired in the hospital. Table 
1 summarizes the baseline characteristics of the study partici-
pants.

Results of the cardiac evaluations

The result of primary ECG was normal for 35 subjects (58.4%). 
Of the other 25 subjects, 14 (23.3% of total SAH samples) had 
T inversion, five (8.3%) had T inversion and ST depression, 
two (3.3%) had T inversion and ST elevation, two (3.3%) had 
QT prolongation and ST depression, one (1.7%) had ST eleva-
tion, and one (1.7%) had QT prolongation (Table 2). The sec-
ond ECG, after therapeutic interventions, demonstrated persis-

Table 1.  Demographic and Clinical Characteristics of the Study 
Patients

Age (years)* 52 ± 15
Sex**
  Male 28 (47)
  Female 32 (53)
Risk factors**
  Hypertension 15 (25)
  Smoking 11 (18.3)
Etiology of subarachnoid hemorrhage**
  Aneurysm 36 (60)
  Trauma 6 (10)
  Idiopathic 18 (30)
Duration of hospitalization (days)* 23 ± 16
Outcome**
  Discharged 54 (90)
  Expired 6 (10)

*Values are the mean ± standard deviation. **Values are the number 
(percentage).
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tent T inversion in three (5% of total SAH samples), persistent 
ST elevation in one (1.7%), and normal results in the other 21 
(35%).

On the primary echocardiography, the mean ± SD of 
LVEF was 62±6% for all participants, and three (5%) of the 
subjects had WMA in the initial evaluation. Other results are 
shown in the Table 2.

After treatment, on the second echocardiographic evalu-
ation, one subject had persistent WMA, whereas results were 
normal for the two others. The first case had LVEF of 46% 
with apical dyskinesia and anterior wall akinesia on admission 
that returned to the normal after the treatment (LVEF = 65% 
and normal wall motion). The primary LVEF for the second 
case was 50% along with the base of septum and anterior sep-
tal wall hypokinesis; both became normal after the treatment 
(LVEF = 63% and normal wall motion). The third case, how-
ever, had LVEF of 50% with the inferior wall akinesia and 
mild septal hypokinesis on admission which were persistent 
after the treatment. None of the three patients with abnormal 
primary echocardiograms were expired during the hospitaliza-
tion.

Role of the findings on the patients’ outcome

After statistical adjustment by multivariate analysis, primary 
ECG was highly predictive of the patient’s outcome (Table 3): 
abnormal primary ECG was found in five out of the six dead 

subjects (83.3%) and 20 out of the 54 discharged ones (37%) 
(P = 0.029). The mean ± SD for the duration of hospitalization 
of the subjects with normal ECG (21 ± 11 days) was lesser than 
those with abnormal ECG (25 ± 12 days), but this difference 
was not statistically significant (P = 0.601).

The mean LVEF was 62% in the discharged group (SD 
6.4%) and 60% in the expired group (SD 2.9%) which showed 
no significant statistical difference (P = 0.527).

There was no correlation between the duration of hospi-
talization, the in-patient mortality rate, the LV size (LV end 
systole and LV end diastole) or the abnormal echocardiogra-
phy (WMA).

Discussion

In the present study, 25 out of 60 enrolled patients (41.6%) 
with SAH had an abnormal on-admission ECG, among whom 
21 returned to normal after treatment. T-wave inversion was 
the most frequent ECG finding both at presentation (35%) and 
post-treatment (5%). There was a good correlation between 
having an abnormal ECG and poor outcome (P = 0.029). We 
also found three cases (5%) with WMA on echocardiography, 
two of whom became normal after SAH treatment. The echo-
cardiographic findings, however, had no correlation with out-
come.

Cardiac manifestations of SAH, including abnormalities 
on ECG and echocardiography, are a well-accepted phenom-
enon today. After the first description by Byer et al [12] in 
1947, ECG changes in patients with SAH have been frequently 
investigated. The reported prevalence of ECG abnormalities 
varies from 27% to 100% among SAH patients [13-15], with 
rate of reversion to normal ranging from 40% to 100% in dif-
ferent studies [16, 17]. Such factors as differences in the base-
line ECG of the patients before SAH, methods of ECG evalu-
ation, or the study designation (especially in terms of timing 
and frequency of ECG recordings) might have been involved 
in creating these varying results. According to Harries et al 
[18], ECG abnormalities may occur as late as 2 weeks after the 
onset of SAH, and may persist up to 6 weeks or even, as noted 
elsewhere [17], up to some months. Keeping those points in 
mind, our findings next to the others’ are best described when 
considering SAH-related ECG changes as a continuum, with 
early-initiating and/or early-reverting changes at one end and 
delayed-initiating or delayed-reverting ones at the other end of 
the continuum.

Although some investigators, similar to us, found T-wave 
inversion as the most common post-SAH ECG abnormality 
[17, 19], others reported something else [11, 13, 18, 20]. Near-

Table 2.  Results of Cardiac Evaluations of the Study Subjects 
Before Therapeutic Interventions 

Electrocardiography (ECG)
  Normal ECG* 35 (58.4)
  T inversion* 21 (35)
  ST depression* 7 (11.7)
  ST elevation* 3 (5)
  QT prolongation* 3 (5)
Echocardiography
  Normal* 57 (95)
  Wall motion abnormality* 3 (5)
  Left ventricular (LV) ejection fraction (%)** 62 ± 6
  LV-end systolic dimension (cm)** 3.2 ± 1.2
  LV-end diastolic dimension (cm)** 4.6 ± 0.5

*Values are the number (percentage of the total sample). **Values are 
the mean ± standard deviation.

Table 3.  Role of the Electrocardiographic and Echocardiographic Results on the Patients’ Outcome 

Discharged (N = 54) Expired (N = 6) P
Abnormal electrocardiogram* 20 (37) 5 (83.3) 0.029
Wall motion abnormality* 3 (5.6) 0 (0) 0.238
Left ventricular ejection fraction (%)** 62 ± 6 60 ± 3 0.527

*Values are the number (percentage in the group). **Values are the mean ± standard deviation.
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ly all of the commonly reported ECG changes, however, have 
been included the repolarization waveforms (ST segment, T 
and U waves), which reflects a subendocardial damage and 
reinforces the “catecholamine storm” theory [14, 17, 21] as 
the responsible mechanism for SAH-related cardiac involve-
ments: rapidly excessive catecholamine release after SAH re-
sults in subendocardial contraction band necrosis. The overall 
influence of the ECG changes on patients’ outcome has also 
been a matter of dispute, whereas the observations by many 
authors, in support of our findings, are in favor of ECG play-
ing a role in the outcome [11, 22]; others found no prognostic 
value for ECG abnormalities [14, 17, 23-25]. The same view-
point, mentioned earlier, can also explain different results on 
both the types of the ECG changes after SAH and their pre-
sumed effect on patients’ outcome. The continuum here, then, 
is theoretized to be from minimal nonspecific ST-T changes 
with no clinical significance to severe ECG abnormalities of 
high impact on prognosis, an issue which has also been ad-
dressed by Samuels in 1987 [26].

Echocardiographic evidences of LV dysfunction after 
SAH have been reported in a wide incidence range (from 3% 
to 60%) by many authors [24, 27-30]. Some also found 25-
100% reversibility of echocardiographic changes by time [25, 
31]. In some studies [31-33], similar to this investigation, LV 
dysfunction on echocardiography was considered as not hav-
ing a role to predict patients’ outcome, while it was proved as 
a predictor of poor outcome in some others [34-36]. Taking 
into account different study definitions (in terms of abnormal 
echocardiogram in the context of SAH) and designs (prospec-
tive vs. retrospective), and different times of the follow-up 
echocardiographies, those varying results could be better un-
derstood. In this study, the WMA in one of the three patients 
remained unchanged after treatment. Probably either it would 
also be corrected if a more delayed echocardiography had been 
performed, or that was a background cardiac problem before 
the onset of SAH. Zaroff et al [33] demonstrated that the re-
gional WMA seen in the SAH patients does not match the ter-
ritory of a specific coronary artery. Among all the occurred 
patterns of WMA, they found inferior wall pattern as the least 
common. Of note, the inferior wall was involved in the single 
patient with persistent WMA after treatment. That observation 
might suggest the normalization of the inferior wall involve-
ment after SAH occurs later than other patterns; more studies, 
however, are needed to address this interesting issue.

This study was conducted in a general (rather than refer-
ral) hospital, and all echocardiographies were performed by 
a single cardiologist. The former feature along with the pro-
spective designation minimized the potential sources of bias 
compared to the similar studies, and the latter one increased 
the reliability of our data set.

We enrolled SAH patients of any etiology that made our 
sample heterogenous. Additionally, the difficulties inherent in 
prospective investigations limited the number of our enrolled 
subjects to 60. Fortunately, despite those limitations, our final 
patient population had a typical demographic distribution for 
SAH. In this study the patients were evaluated during hospital-
ization; our results, therefore, cannot be applied for long term 
outcome of the SAH patients. Finally, we did not consider the 

graded severity of SAH in our evaluation. For future studies 
it is recommended to use the available classification schemes 
(such as Hunt-Hess scale) to compare the findings among pa-
tients with different SAH grades.

In summary, we prospectively investigated the ECG and 
echocardiography of 60 SAH patients before and after treat-
ment. We found 41.6% on-admission ECG changes and 5% 
echocardiographic abnormalities that were dropped to 6.7% 
and 1.7% after treatment, respectively. Abnormal ECG was a 
good predictor of inpatient mortality, but abnormal echocardi-
ography was not.
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