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intrOductiOn

Cardiac abnormalities as a result of sub-
arachnoid intracranial hemorrhage (SAH) 
have been well described (1-4). A variety 
of electrocardiogram (ECG) abnormalities 
have been documented in this patient pop-

ulation with prevalence up to 90% in some 
studies (3, 5-7). Cardiac manifestations of 
SAH can range from mild ECG variabil-
ity, reversible left ventricular dysfunction 
(Takotsubo), non-ST elevation myocardial 
infarction (NSTMI), ST-elevation myocar-
dial infarction (MI) or even cardiac arrest 
(8-14). Studies also suggest that severity of 
SAH is associated with likelihood of car-
diac changes with concomitant poorer neu-
rological outcomes (15, 16). Investigators 
have studied the clinical course and out-
comes in SAH patient as it relates to ECG 
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aBStract

introduction: Cardiac manifestations of intracranial subarachnoid hemorrhage patients include mild elec-
trocardiogram variability, reversible left ventricular dysfunction (Takotsubo), non-ST elevation myocardial 
infarction, ST-elevation myocardial infarction and cardiac arrest, but their clinical relevance is unclear. The 
aim of the present study was to categorize the relative frequency of different cardiac abnormalities in patients 
with subarachnoid hemorrhage and determine the influence of each abnormality on outcome. 
Methods: A retrospective review of 617 consecutive patients who presented with non-traumatic aneurysmal 
subarachnoid hemorrhage at our institution was performed. A cohort of 87 (14.1%) patients who required 
concomitantly cardiological evaluation was selected for subgroup univariate and multi-variable analysis of 
radiographic, clinical and cardiac data. 
results: Cardiac complications included myocardial infarction arrhythmia and congestive heart failure in 
47%, 63% and 31% of the patients respectively. The overall mortality of our cohort (23%) was similar to that 
of national inpatient databases. In our cohort a high World Federation of Neurosurgical Surgeons grading scale 
and a troponin level >1.0 mcg/L were associated with a 33 times and 10 times higher risk of death respectively.
conclusions: Among patients suffering from cardiac events at the time of aneurysmal subarachnoid hemor-
rhage, those with myocardial infarction and in particular those with a troponin level greater than 1.0 mcg/L 
had a 10 times increased risk of death.

Keywords: subarachnoid hemorrhage, SAH, myocardial infarction, MI, arrhythmia, cardiac outcomes, intracra-
nial aneurysm, Takotsubo stress cardiomyopathy.
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findings, troponin levels and cardiac stun-
ning (2, 17). 
Management of patients with aneurysmal 
SAH continues to be a challenge for neu-
rosurgeons and neuro-intensivists. SAH 
has both local intracranial effects (hydro-
cephalus and vasospams) and global sys-
temic effect that can affect pulmonary and 
cardiovascular system (18, 19). The cardiac 
manifestations of SAH are of particular in-
terest because manipulation of blood pres-
sure parameters is routinely used to treat 
these patients. Initial strict blood pressure 
control is imperative until the aneurysm 
can be secured. However, in the setting of 
vasospam, “triple H” (Hypervolaemia, hy-
pertension, and haemodilution) is used and 
blood pressure artificially increased. Com-
prehensive understanding of the cardiovas-
cular complications of SAH is necessary to 
be able to adequately manage the patient’s 
medical and neurological needs throughout 
the hospital stay.
The aim of the present study was to classify 
the relative frequency of different cardiac 
abnormalities associated with SAH and to 
determine the influence of each abnormal-
ity on the overall outcome of this subset of 
patients. In doing so, we established the 
natural history of these cardiac manifesta-
tions in patients with SAH. 

MetHOdS

A retrospective chart review of 617 consecu-
tive patients who presented with non-trau-
matic aneurysmal SAH at our institution 
in the period 2002-2006 was performed. 
Patients identified as having both non-trau-
matic SAH and cardiology evaluation with 
diagnostic ECG within 48 hrs of admission 
were included in this study. Institutional 
review board approval was obtained prior 
to chart review (University of South Flori-
da IRB #1561). Demographic data, clinical 

parameters, radiographic findings and labo-
ratory results (troponin I, Creatine Kinas-
eMB) were analyzed. These included age, 
sex, aneurysm location, World Federation 
of Neurosurgical Surgeons grading scale 
(WFNS), distribution of intracranial blood, 
history of hypertension, diabetes mellitus 
and history of cardiac events/interventions 
(coronary stenting/angioplasty, arrhyth-
mias, myocardial infarction and history of 
heart failure). 
Inclusion and exclusion criteria. Inclusion 
criteria included age >18, radiographic ev-
idence of non-traumatic SAH and cardiol-
ogy evaluation with diagnostic ECG within 
48 hrs of admission. Conversely, patients 
with age <18, history of trauma associ-
ated with hospital admission, admission 
diagnosis of arteriovenous malformation/
dural arteriovenous fistula or radiographic 
evidence of subdural/epidural hematoma 
were excluded. 
Radiographic evaluation. SAH was deter-
mined with conventional non-contrasted 
computed tomography (CT). In patients 
with confirmed SAH, further secondary 
diagnostic vascular imaging was performed 
which included CT-angiography and/or 
cerebral angiography. Secondary vascular 
imaging was performed within 24 hrs of 
admission. 
Cardiac evaluation. An independent cardi-
ology group evaluated all patients in whom 
cardiac evaluation was warranted within 
48 hrs of admission. Criteria for cardiol-
ogy evaluation included chest pain, unex-
plained tachy/bradycardia or arrhythmia 
on telemetry. Initial diagnostic test includ-
ed chest x-ray, serial troponin I/Creatine 
KinaseMB and 12-lead ECG. A cardiolo-
gist determined the need for echocardiog-
raphy based on abnormality of initial diag-
nostic test and/or high clinical suspicion. 
The diagnosis of MI was determined by 
the cardiologist according to international 
guidelines and defined as a rise of troponin 
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I levels over 0.3 mcg/L, together with evi-
dence of myocardial ischemia (symptoms 
of ischemia, ECG changes indicative of new 
ischemia, pathological Q waves, imaging 
evidence of new loss of viable myocardium 
or new regional wall motion abnormality). 
Outcome measures. The primary outcome 
measures included survival, destination 
of the patients at time of discharge (home, 
skilled nursing facility/rehabilitation-SNF/
Rehab-, death) and general status of the pa-
tients (Glasgow Outcome Scale).
Comparison to national inpatient sam-
ple. The Healthcare Cost and Utilization 
(HCUP) Nationwide Inpatient Sample 
(NIS) was queried using the HCUPnet sys-
tem (http://hcupnet.ahrq.gov) to generate 
in-hospital death and discharge statistics 
for patients with a subarachnoid intracra-
nial hemorrhage (International Classifica-
tion of Diseases ICD-9 code 430) during 
the study time period (20). Comparisons 
between the national statistics and the 
study sample were conducted to describe 
similarities/dissimilarities between SAH 
patients in general and those with co-occur-
ring cardiac abnormalities.
Statistics. Univariate analysis was per-
formed using Mann-Whitney U (continu-
ous variables), Chi-Square and Fisher Ex-
act test (categorical variables).

Comparisons between national statistics 
and the study sample were conducted using 
an exact binomial test. Exploratory multiple 
variable analyses were performed utilizing 
step-wise logistic regression to identify po-
tential risk factors for mortality and unfa-
vorable discharge status. A p-value <0.05 
was considered statistically significant.

reSultS

Patient demographics (Table 1). A total of 
87/617 (14.1%) of the non-traumatic SAH 
patients were identified as also having con-
comitantly required cardiac evaluation. 
The median age was 65 (range 27-89) and 
the majority of the patients were female 
(87.4%).
The prevalence of hypertension, diabe-
tes and hyperlipidemia was 73%, 8% and 
11.5%, respectively. History of atrial fibril-
lation was the most common cardiac ar-
rhythmia, 11.5%.
Twelve patients had history of percutane-
ous coronary intervention (PCI). One pa-
tient had a history of myocardial infarction 
and one a history of pacemaker implanta-
tion secondary to bradycardia. Two pa-
tients (2.3%) had a history of coronary ar-
tery bypass grafting (CABG). 

table 1 - Patient demographics and cardiac history.

Age, yr (median, range) 65 (27-89)

Male sex, n (%) 11/87 (12.6%)

Hypertension, n (%) 64/87 (73.6%)

Diabetes, n (%) 7/87(8%)

Hyperlipidemia, n (%) 10/87 (11.5%)

Congestive Heart Failure, n (%) 2/87 (2.3%)

Previous Coronary Artery Bypass Graft, n (%) 2/87 (2.3%)

Previous Percutaneous Coronary Intervention, n (%) 12/87 (13.8%)

Atrial Fibrillation, n (%) 10/87 (11.5%)

History of myocardial infarction (prior to admission) 1/87 (1.1%)
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Radiographic and clinical data (Table 2). 
All patients had radiographic evidence of 
SAH, with an intracranial aneurysm iden-
tified in 83 patients (95.5%). In four pa-
tients a causative vascular culprit could not 
be determined with conventional cerebral 
angiography hence they were classified as 
“angiographic negative” SAH (AN-SAH). 
Radiographically, the distribution of intra-
cranial blood was perimesencephalic which 
was consistent with diagnosis of AN-SAH. 
On admission, 62 patients (71.3%) pre-
sented with a good clinical grade (WFNS 
I-III) and 25 patients presented with a poor 
clinical grade (WFNS IV and V).
The location of the aneurysm was evenly 
distributed with 28.9% right hemisphere, 
33.7% left hemisphere and 37.3% mid-
line aneurysms (anterior communicating 
artery, pericallosal artery, basilar tip). Clip 
ligation or endovascular coiling of the an-
eurysm was undertaken in 77 patients. The 
aneurysm was not secured in the remain-

table 2 - Radiographic data.

WFNS grade
1, n (%)
2, n (%)
3, n (%)
4, n (%)
5, n (%)

30/87 (34.5%)
23/87 (26.4%)

9/87 (10.3%)
17/87 (19.5%)

8/87 (9.2%)

Aneurysm location‡
Anterior circulation, n (%)
Posterior circulation, n (%)
Multiple aneurysms, n (%)

26/83 (31.3%)
20/83 (24.1%)
22/83 (26.5%)

Intracerebral hemorrhage, n (%)
Intraventricular hemorrhage, n (%)
Vasospasm, n (%)
Treatment

Coiling, n (%)
Clipping, n (%)
No treatment, n (%)

6/87(6.9%)
32/87 (36.8%)
16/87 (18.4%)

14/87 (16.1%)
63/87 (72.4%)
10/87 (11.5%)

External Ventricular Drainage, n (%)
Ventrículo-Peritoneal Shunt, n (%)

37/87 (42.5%)
10/87 (11.5%)

‡In 4 patients no aneurysms were found at cerebral angiography, 
therefore the total number is 83. WFNS = World Federation of Neu-
rological Surgeons grade scale.

ing 10 patients as they remained in WFNS 
grade V despite aggressive resuscitation and 
placement of external ventricular drainage. 
Cardiac events (Table 3). Cardiac complica-
tions included MI, arrhythmia and new on-
set congestive heart failure (CHF) in 47%, 
63% and 31% of patients respectively. 
Among the 41 patients with a new diagno-
sis of MI, 37 (90.2%) had non-ST elevation 
infarctions. Tachyarrhythmia occurred in 
roughly half (50.6%) of the sample with 
atrial fibrillation as the most common form 
(28.7%). 
ECG changes were observed in 44.8% of 
the sample. The most frequent ECG chang-
es were T wave inversion (15/87; 17.2%) 
followed by ST depression (12/87; 13.8%), 
prolonged QT (9/87; 10.3%) and ST eleva-
tion (7/87; 8.0%). Bundle Branch Block 
was only observed in 4/87 (4.6%) of the 
group. Patients with concomitant intraven-
tricular hemorrhage (IVH) were more like-
ly to have ECG changes compared to those 
without intraventricular hemorrhage (59% 
vs 36%, p=0.037).
Cardiac troponin I levels were measured in 
67 patients, with elevation noted in 48 pa-
tients (71,6%). Seven patients had increas-
es in troponin without clinical evidence of 
infarction. CK-MB was measured in 64 pa-
tients with elevation noted in 43.8% of pa-
tients. Six patients underwent a coronary 
angiogram, with results that included: no 
coronary disease (3 patients, 50%), mild 
disease (one patient, 17%) and triple ves-
sels disease (2 patients, 33%; both with his-
tory of coronary artery disease with previ-
ous PCI). 
Finally, echocardiography was performed 
in 61 patients of which 6.6% exhibited 
severe depression in myocardial contrac-
tility (defined as an ejection fraction [EF] 
<40%) and 37.7% had an EF>60%. The 
cardiac outcomes in the 4 patients with 
AN-SAH were delineated to show that 
2 patients (50%) had significant cardiac 
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table 3 - Cardiovascular data.

Myocardial infarction
Non-ST elevation myocardial infarction
ST-elevation myocardial infarction

 41/87 (47.1%)
 37/41 (90.2%)

4/41 (9.8%)

tachyarrhythmias 
Sinus Tachycardia
Atrial Fibrillation
Supraventricular Tach 
Ventricular Tach

44/87 (50.6%)
 9/87 (10.3%)

25/87 (28.7%)
6/87 (6.9%)

11/87 (12.6%)

Bradyarrhythmias
Sinus Bradycardia
Junctional Rhythm
Atrioventricular Block 
Asystole

11/87 (12.6%)
6/87 (6.9%)
2/87 (2.3%)
1/87 (1.1%)
2/87 (2.3%)

Congestive Heart Failure  27/87(31.0%)

ECG changes 39/87 (44.8%)

Cardiac troponin I* peak value, mcg/L
(median, range)
>0.3 mcg/L

1.1, 0.3-83.1

48/67 (71.6%)

CKMB† peak value, ng/ml (median, range)
>5.3 ng/ml

4.7, 0.7-79.1
28/64 (43.8%)

coronary angiography‡ 
Triple vessel disease
Mild Coronary Artery Disease
No Coronary Artery Disease

2/6 (33.3%)
1/6 (16.7%)
3/6 (50.0%)

ejection Fraction 
EF <40% 
EF 40-60% 
EF 61+% 

4/61 (6.6%)
34/61 (55.7%)
23/61 (37.7%)

Left Ventricular Hypertrophy 35/61 (57.4%)

Wall motion abnormalities 22/61 (36.1%)

Valvular abnormalities 10/61 (16.4%)

Diastolic Dysfunction 5/61 (5.7%)

*Cardiac troponin I values were available for 67 patients. †CKMB values were available for 64 patientsa; ‡Six patients only un-
derwent a coronarography. A cardiac ECHO was performed in 61 patients; CKMB = Creatin Kinase MB; EF= Ejection Fraction; 
ECG= electrocardiogram.

events (asystole/ STEMI) with associated 
tachyarrythmia noted in all 4 patients. 
Survival (Table 4). The overall mortality 
rate in our cohort was 23% (20/87). The 
univariate examination of potential risk 
factors for mortality revealed that higher 
age (p=0.007), higher CKMB (p=0.029) 
and higher troponin (p=0.031) were all sig-
nificantly associated with mortality. It also 
revealed that patients experiencing an MI 
during their episode had a 3.5 times greater 
risk of death (p=0.02; OR 3.46 CI: 1.18-
10.12) compared to those without an MI. 

Lastly, results indicated that a WFNS of 4-5 
posed a 12-fold increase in risk compared 
to those with a WFNS of 1-3 (p<0.001; 
OR 11.88 CI: 3.75- 37.68). Ejection fraction 
(EF) was excluded from statistical analysis 
since there were only 4 patients with EF 
<40. 
The variables found to be significant on the 
univariate analysis were selected for the 
exploratory multivariable step-wise logis-
tic regression analysis. The findings of this 
analysis suggested that WFNS (4, 5) and 
increased troponin levels were predictive 
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of mortality in this sample. However, the 
traditionally used troponin cut-off (>0.3 
mcg/L) was not found to be a significant 
predictor. The dataset was therefore di-
vided into two groups around the median 
troponin, the lowest 50% and highest 50%, 
and the troponin level at that cut-point (1.0 
mcg/L) was entered into the regression 
model to determine whether it more strong-
ly predicted the mortality in this dataset. 
The final results indicated that patients 
with a WFNS of 4-5 had a nearly 33 times 
greater risk of death compared to those 
with WFNS of 1-3 (Exp(b) = 33.08; 95% 
CI: 5.85- 187.02) and that a troponin level 
>1.0 mcg/L resulted in roughly 10 times 
greater risk of death compared to those 
with a level <1.0 mcg/L (Exp(b)=9.70; 
95% CI: 1.61-58.52). The overall mortal-
ity of our cohort was comparable to that 
of the national database inpatient sample 
(24.4% nationally vs. 23% in this sample, 
p=0.436).

table 4 - Univariate mortality risk factors.

alive dead p-value Or# for death

age (median, range) 63, 27-89 71.5, 50-89 0.007 –

gender 
Male (n=11) 9/11 (81.8%) 2/11 (18.2%) 1.00 0.72 (0.14- 3.62) (NS)

Female (n=76) 58/76 (76.3%) 18/76(23.7%) – –

WFnS
(4-5) (n=25) 11/25 (44%) 14/25 (56%) <0.001 11.88 (3.75-37.68)

(1-3) (n=62) 56/62 (90.3%) 6/62 (9.7%) – –

Myocardial infarction
Yes (n=41) 27/41 (65.9%) 14/41 (34.1%) 0.020 3.46 (1.18- 10.12)

No (n=46) 40/46 (87%) 6/46 (13%) – –

arrhythmia 
Yes (n=51) 36/51 (70.6%) 15/51 (29.4%) 0.090 2.58 (0.84- 7.92) (NS)

No (n=36) 31/36 (86.1%) 5/36 (13.9%) – –

ecg changes
Yes (n=39) 31/39 (79.5%) 8/39 (20.5%) 0.621 0.77 (0.28 -2.14) (NS)

No (n=48) 36/48 (75%) 12/48 (25%) – –

troponin peak *(median, range) 0.69, 0.03-24.6 1.3, 0.03-83.1 0.031

troponin >1.0 (n=34) 20/35 (57.1%) 15/35 (42.9%) 0.006 5.25 (1.51- 18.20)

troponin <1.0 (n=33) 28/32 (87.5%) 4/32 (12.5%) – –

CKMB peak 3.5, 0.7-39.8 6.0, 1.2-79.1 0.029 –

*troponin levels are in mcg/L; WFNS = World Federation of Neurological Surgeons grade scale; CKMB = Creatin Kinase MB; OR = 
Odds Ratio; NS = non-significant; ECG = electrocardiogram.

Discharge status (Table 5). As previous-
ly stated, 20/87 (23%) were in-hospital 
deaths. Thirty-six (41.4%) patients were 
discharged to SNF/Rehab and 28 (32.2%) 
were discharged to home. Three patients 
(3.4%) were discharged to hospice and 
were excluded from the remaining analysis 
due to the small sample size. The univari-
ate examination of discharge status (SNF/
Rehab vs home), suggested that older age 
(p=0.027), WFNS 4-5 (p=0.017) and de-
velopment of an arrhythmia (p=0.029) 
were associated with an increased tendency 
toward discharge to SNF/Rehab compared 
to those discharged to home. 
The variables found to be significant on 
the univariate analysis were selected for 
the exploratory multivariable step-wise lo-
gistic regression analysis. The findings of 
this analysis suggested that older age with 
an Exp(b) =1.06 (95% CI: 1.01-1.12), 
WFNS (4-5) with an Exp(b) =17.65 (95% 
CI: 1.77-176.3) and development of ar-
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table 5 - Univariate analysis of discharge status in 67 surviving patients.

SnF/rehab Home P-value

age 65.0 (43-89) 57.6 (27-77) 0.027

gender 
 

Male (n=9) 5/9 (55.6%) 4/9 (44.4%) 1.00

Female (n=55) 31/55 (56.4%) 24/55 (43.6%) –

WFnS 
 

<4 (n=53) 26/53 (49.1%) 27/53 (50.9%) 0.017

4+ (n=11) 10/11 (90.9%) 1/11 (9.1%) –

Myocardial infarction
 

Yes (n= 25) 17/25 (68%) 8/25 (32%) 0.129

No (n=39) 19/39 (48.7%) 20/39 (51.3%) –

arrhythmia 
 

Yes (n=35) 24/35 (68.6%) 11/35 (31.4%) 0.029

No (n=29) 12/29 (41.4%) 17/29 (58.6%) –

ecg changes
 

Yes (n=29) 19/29 (65.5%) 10/29 (34.5%) 0.174

No (n=35) 17/35 (48.6%) 18/35 (51.4%) –

troponin peak* (median, range) 0.80 (0.03-24.6) 0.33 (0.03-14) 0.393

troponin >1.0 (n=19) 13/19 (68.4%) 6/19 (31.6%) 0.901

troponin <1.0 (n=27) 18/27 (66.7%) 9/27 (33.3%) –

CKMB (median, range) 4.0 (0.7-39.8) 2.7 (1.1-23.9) 0.422

*troponin levels are in mcg/L; WFNS = World Federation of Neurological Surgeons grade scale; CKMB = Creatin Kinase MB;
ECG = electrocardiogram; SNF = skilled nursing facility.

Figure 1 - Glascow Outcome Scale (GOS)
GOS 1: Dead, GOS 2: Vegetative State, GOS 3: Severe Disability (able to follow commands/ unable to 
live independently), GOS 4: Moderate Disability (able to live independently; unable to return to work or 
school), GOS 5: Good Recovery (able to return to work or school).
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rhythmias with an Exp(b) =3.60 (95% CI: 
1.10-11.74) were all associated with an in-
creased chance of being discharged to SNF/
Rehab compared to discharge to home. 
Compared to the national discharge statis-
tics, routine discharge home was similar 
(34.1% nationally vs 32.2% study sample, 
p=0.40). However, discharge to SNF/Re-
hab was significantly higher in our cohort 
(25.3% nationally vs 41.4% in study sam-
ple, p<0.001).
Glasgow outcome scale (GOS) was avail-
able for 52/87 (59.8%) of the study sample 
(Figure 1). Among those, 5/52(9.6%) were 
found to be GOS 3 (Severe Disability), 
15/52 (28.8%) were GOS 4 (Moderate Dis-
ability) and 12/52 (23.1%) were GOS 5 
(Good Recovery). 

diScuSSiOn

Cardiac manifestations of intracranial non-
traumatic SAH are an accepted phenom-
enon that affect in-patient outcomes and 
poses a challenge for neuro-intensivists. In 
our cohort, significant cardiac abnormali-
ties were found in 14.1% of patients pre-
senting with non-traumatic subarachnoid 
hemorrhage. The most frequent cardiac 
complication was arrhythmia, followed by 
myocardial infarction and new onset CHF. 
The location of the aneurysm did not in-
fluence the type of cardiac complication 
but the presence of intraventricular hem-
orrhage was significantly associated with 
ECG changes (p=0.037). The most com-
mon ECG finding consisted of T-wave in-
version and ST depression suggesting sub-
endocardial ischemia. However, having an 
ECG change did not correlate with having 
a MI or a poorer outcome. Among all of the 
cardiac complications, myocardial infarc-
tion and a troponin level greater than 1.0 
mcg/L were associated with increased mor-
tality and poorer outcomes. 

Patients with diagnosed myocardial infarc-
tion had significant tendency for non-ST el-
evation infarctions. Tachyarrhythmias were 
significantly associated with NSTEMI. In-
cidence of bradyarrythmia, however, was 
comparable between the MI versus non-MI 
subgroups. Tachycardia increases the myo-
cardial muscle oxygen demand therefore 
infarction associated with tachyarrythmias 
may suggest oxygen demand-flow mis-
match. Coghlen et al. report increased mor-
tality in association with relative tachycar-
dia in patients with SAH (21). 
In the present study we have determined 
the relative frequency of different cardiac 
manifestations in SAH and the influence of 
each abnormality to the overall outcome. 
Cardiac outcomes. In patients with diag-
nosed MI (troponin >0.3 mcg/L) the inpa-
tient mortality is 3.5 times more likely (OR 
3.46, CI 1.18-10.12). Myocardial infarction 
was associated with a worsening of the out-
come when considered in a univariate anal-
ysis, hence suggesting that MI is the most 
dangerous cardiac complication in patients 
with a SAH. Nevertheless, when entered 
in a multiple regression model, MI was not 
confirmed as an independent predictor of 
outcome. This was most likely explained 
by the interaction of age as a confounding 
variable and the lack of power of our study 
to accurately separate the two variables. 
For this reason, we were not able to firm-
ly establish MI (traditional diagnosis with 
troponin >0.3 mcg/L) as an independent 
prognostic factor. Concomitantly, mortal-
ity was 5 times more likely in patients with 
troponin elevation greater than 1.0 mcg/L 
(OR 5.25, CI 1.51- 18.2). It must be stat-
ed that a “large” MI (i.e. troponin >1.0 
mcg/L) reflects a larger quantity of necrotic 
myocardium and hence does serve as an 
independent predictor of overall outcome 
(22, 23). 
Finally, when compared to the entire SAH 
patient population, the cohort with cardiac 
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complications did not have a significant 
difference in outcome. Thereby suggesting 
that the neurological complications of SAH 
may out weigh the cardiac complications in 
regards to survivability. 
Neurological outcome and discharge status. 
In our cohort, mortality in patients that 
present with WFNS grade >4 is almost 
12 times more likely (OR 11.88, CI 3.75-
37.58). The WFNS grade on admission is 
a well-established parameter to be signifi-
cantly associated with outcome as well as 
the only independent predictor of survival, 
in neurosurgical literature. Multivariable 
subgroup analysis confirms the significance 
of the admission WNFS grade as a predic-
tor of outcome in SAH patients even if they 
have associated cardiac complications. 
Patient destination correlated with admis-
sion WFNS grade, older age and cardiac 
arrhythmias. Morbidity was determined 
with the Glasgow outcome scale (GOS) at 
1 year follow-up. Of the 36 patients (41% 
of original cohort) followed, 75% (27 pa-
tients) were determined to have moderate 
disability or good recovery (GOS 4 or 5) 
at the time of discharge from the hospital. 
Approximately 25% of patients either suc-
cumbed to their injury or were sent to hos-
pice care. 
Angiographically negative SAH (perimesen-
cephalic-SAH). As indicated above, not all 
of the patients with SAH and cardiac com-
plications had an aneurysm as the cause. 
Four patients within the cohort were di-
agnosed with “angio-negative” SAH (AN-
SAH), where a causative agent was not 
identified. Two complete cerebral angio-
grams where performed 10 days apart to 
confirm lack of vascular anomalies. AN-
SAH is believed to be a benign entity with 
minimal neurological complications (24, 
25), however systemic or cardiac manifes-
tations have, in these patients, not been 
fully investigated. Though this subgroup is 
too small to be able to extrapolate outcome 

data, the cardiac complications were clini-
cally significant. Two of the four patients 
succumbed to their cardiac complications 
secondary to asystole and STEMI, respec-
tively. All four patients had tachyarrythmia 
associated ECG changes. AH-SAH though 
neurologically relatively benign can be as-
sociated with clinically significant systemic 
complications. Further investigation into 
the subgroup needs to be done in regards to 
systemic manifestations since they tend to 
usually present with a good WNFS score.
The descriptive statistical analysis present-
ed in our study depicts the clinical evolu-
tion of cardiac manifestations in SAH as 
it relates to outcome, destination and mor-
bidity. SAH is intrinsically associated with 
high morbidity and mortality. Concomitant 
cardiac complications have been linked to 
the severity of SAH and hence multiple 
mechanisms proposed. Some of these mani-
festations have been shown to be revers-
ible (26, 27) and permanent; however their 
overall influence on outcome has been con-
troversial (28, 29). Coronary angiography, 
a gold standard for assessing coronary flow, 
may not be so helpful in this patient popu-
lation (30, 31), though coronary vasospasm 
has been reported (32, 33). The alternative 
theory of cardiac stunning secondary to 
catecholamine release is supported in lit-
erature (34-37).
In our cohort, we have established a variety 
of cardiac manifestations in SAH, suggest-
ing that tachyarrhythmias are detrimental 
and long-term destination is primarily de-
termined by the patient’s neurological sta-
tus on admission and inpatient mortality of 
patients with cardiac abnormality is com-
parable to the national database.

Limitations
Our study has several limitations; first, se-
lecting clinically evident cardiac manifes-
tation overlooks the subgroup of patients 
with clinically silent troponin release, 
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change in EF or even MI. Hence there is 
potential for under-estimation of the actual 
prevalence of cardiac abnormalities. 
Second, female predominance in the ana-
lyzed cohort may affect cross gender ex-
trapolation of short-term outcomes. 
Third, the sample size is relatively limited 
in order to produce robust results when 
examining multiple factors. Finally, lack of 
adequate long-term cardiac follow up lim-
its our understanding of outcomes in SAH 
survivors.

cOncluSiOn

Clinically evident cardiac complications oc-
curred in 14.1% of patients with aneurys-
mal subarachnoid hemorrhage. Among this 
subset of patients, increased mortality was 
demonstrated in patients suffering from 
myocardial infarction and troponin levels 
greater than 1 mcg/L. The presence of in-
traventricular blood was associated with 
an increased frequency of arrhythmias. 
Overall, the WFNS score on admission re-
mained the single most important predictor 
of mortality in SAH patients, even in the 
presence of cardiac complications.
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