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Abstract

Objective Elevated troponin levels are a common
occurrence after ischemic stroke and subarachnoid hem-
orrhage (SAH), and have been described as a neurogenic
form of myocardial injury. The prognostic significance of
this event is controversial with numerous studies citing
conflicting results. The importance of cardiac stress is of
particular relevance in the operative management of
intracerebral hemorrhage (ICH). To this end, we investi-
gated whether troponin levels were an independent
predictor of in-hospital mortality from all causes in surgi-
cally treated ICH patients.

Methods We performed a retrospective analysis of 110
patients admitted to Columbia Presbyterian hospital
between 1999 and 2007 for ICH and subsequent clot
evacuation. Those with angina or recent myocardial
infarction were excluded. CT scans were reviewed to
determine hematoma size, location, presence of intraven-
tricular hemorrhage (IVH) or SAH, hydrocephalus, and
midline shift. Hospital records were examined for known
demographic and clinical predictors of mortality. Univari-
ate analysis was used to screen for predictive factors
(P < 0.20) and these variables were entered into the final
multivariable logistic regression model along with gender
and age.

Results  Of 110 patients, 10 were excluded due to insuf-
ficient records or pre-existing cardiovascular disease.
Ninety-five patients had at least one troponin level and 83
had multiple levels. Univariate analysis revealed nine
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factors that predicted in-hospital mortality (P < 0.20):
smoking, volume of hemorrhage, midline shift, IVH, neu-
rological status on admission, admission troponin, post-
surgical troponin, warfarin use, and international normal-
ized ratio. Only two factors were significant in the final
multi-variate model: admission troponin and volume of
hemorrhage. Admission troponin levels were a significant
risk factor for in-hospital mortality even after controlling
for hemorrhage volume, gender, and age.

Conclusions Elevated cardiac troponin levels are predic-
tive of mortality in surgically treated ICH patients and
should be considered in management decisions. Imple-
mentation of cardio-protective strategies may improve
outcomes in this patient population.

Keywords Troponin elevation - Cardiac stunning -
Intra-cerebral hemorrhage - Clot evacuation

Introduction

Intracerebral hemorrhage (ICH) accounts for approxi-
mately 10-20% of stroke [3]. Despite best available
therapy, ICH continues to cause considerable morbidity
and mortality, with estimates of 30-day mortality ranging
from 30 to 52%. Those patients who do survive typically
have some degree of neurologic disability with only 20%
regaining independence by 6 months [7]. Although the
majority of the morbidity and mortality is attributed to
neurological causes, other evidence has suggested that
cardiac damage may also be a contributing factor [4, 5].
Although electrocardiographic abnormalities and myo-
cardial enzyme release is common after ICH, the clinical
significance of this finding is unclear [1]. In contrast to true
coronary artery disease, angiographic evidence of vascular
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obstruction is typically not found, and the extent of myo-
cardial enzyme release is below the diagnostic thresholds
used at many institutions [8, 13].

This has prompted further efforts to determine the eti-
ology of cardiac damage in neurologic patients and
investigate the clinical importance of this finding. At
present, the best evidence from histological studies sug-
gests the etiology may be catecholamine-mediated
myocardium damage [4, 5, 15, 16].

In subarachnoid hemorrhage (SAH) patients, electro-
cardiogram (ECG) changes such as QTc prolongation and
repolarization abnormalities can be found in 50-100% of
patients, but are generally not considered to have prog-
nostic significance [6, 11, 17]. In contrast, small cardiac
troponin I elevations are found in 20-40% of SAH patients
with some studies showing an associated increased mor-
tality [5, 9, 13]. This relationship is less clearly defined in
ICH patients. To this end, we investigated whether tropo-
nin (cTI) release could be used as a clinical predictor of
mortality in surgically treated ICH patients.

Materials and Methods
Study Subjects

The study was conducted at a large tertiary academic medical
center with a dedicated neurologic and neurosurgical inten-
sive care unit (NICU). Patients were admitted to the NICU
either from our emergency department or at the discretion of
the admitting neurologist or neurosurgeon as transfers from
outside hospitals. The NICU team included full-time cov-
erage by neurointensivists; neurologists, neurosurgeons, and
nurses with specialty training in neurocritical care.

The neurosurgical service maintains a database in which
all admissions are recorded along with the diagnoses, pro-
cedures, treatments, and demographic information. Eligible
patients were identified by searching the NICU database for
those patients who received clot evacuation for ICH
between February 1998 and June 2007. The diagnosis of
ICH was established by CT scan.

Cardiac Testing

All patients had an ECG on admission, 95% had at least one
¢TI level (revised Dimension RxL c¢Tnl method, Dade
Behring, Chicago, IL) and 83% had >1 cTI measurement. In
addition, ECGs obtained from transferring hospitals were
reviewed. According to our management protocol, cTI was
measured in all patients with an abnormal ECG (Q waves,
QTc prolongation, ST-segment abnormalities, or T-wave
inversion) or clinical signs/symptoms of potential cardio-
vascular dysfunction [pulmonary edema, hypertension,
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or hypotension (systolic blood pressure >160 or <100
mmHg, respectively), cardiac dysrhythmia or chest pain].
When the first ¢TI level was abnormal (>0.3 pg/l in our
laboratory), daily serial measurements were obtained as
clinically indicated. In our laboratory, cTI levels >2.0 pg/l
are considered diagnostic of myocardial ischemia. The first
troponin level drawn before surgery was considered the
“admission troponin level.” When >1 ¢TI measurement
was obtained in the 1-2 days following surgery, the highest
level was recorded as “post-surgery troponin level.”

Admission Clinical and Radiographic Variables

Demographic data, past medical and social histories, and
clinical features on admission were obtained through
patient and surrogate interviews, as well as medical chart
review. Prior cardiac disease was defined as a history of
angina, myocardial infarction, arrhythmia, heart failure, or
valvular heart disease. Initial cranial CT scans were eval-
uvated in order to determine hemorrhage location and
volume; extension into the ventricles, subdural, or sub-
arachnoid space; presence and extent of hydrocephalus;
and degree of midline shift. Hemorrhage volume was
estimated using the ABC/2 rule where A, B, and C repre-
sent the respective diameters [2]. Neurological status was
determined from the admission neurological exam, and was
coded using a 4-tiered system following the Glasgow
outcome scale: intact, focal neurological deficit, lethargic,
or unresponsive.

Statistical Analysis

Statistical analysis of the data was performed using com-
mercially available software (JMP 7.0, SAS Institute Inc.,
Cary, NC). A univariate analysis was performed to screen
for those variables with P < 0.20 to be entered into the
full model. This full model was then successively reduced
by removing the least significant covariate from the model,
until all covariates had a P-value of <0.10. These vari-
ables then constituted the final multivariate model. In the
final model, covariates were considered to have a signifi-
cant effect at a value of P < 0.05. Covariates with
P-values between 0.05 and 0.10 were considered not to have
a significant effect on the outcome but being of sufficient
importance for the model fit to be kept in the final model.

Results

The baseline clinical and radiographic characteristics as
well as discharge location of patients are summarized in
Tables 1 and 2. In total, there were ten patients in whom
past medical history was incomplete, there was a history of
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Table 1 Clinical and demographic factors
Death n = 20 SNF n = 26 Acute rehab n = 33 Home n = 21 Totals

Age + SE 58.1 + 3.1 572 +£22 52.1 £ 3.1 50.8 + 3.6 545+ 1.5
Male 11 (55%) 12 (46.2%) 17 (51.5%) 17 (80%) 57
Ethnicity (%)
White 11 (55%) 15 (57.7%) 19 (57.6%) 4 (19.0%) 49
African American 2 (10%) 3 (11.6) 1 (3.0%) 1 (4.8%) 7
Asian 2 (10%) 0 (0%) 3 (9.1%) 0 (0%) 5
Hispanic 4 (20%) 8 (30.7%) 10 (30.3%) 15 (71.4%) 37
Status at admission (%)
Asymptomatic 0 (0%) 1 (4.0%) 2 (6.1%) 5 (23.8%) 8
Neurological deficit 0 (0%) 7 (29.2%) 5 (15.2%) 5 (23.8%) 17
Lethargic 5 (25%) 7 (29.2%) 13 (39.4%) 5 (23.8%) 30
Unresponsive 15 (75%) 9 (37.5%) 13 (39.4%) 6 (28.6%) 43
Seizure (%)
Any 9 (45%) 12 (46.2%) 14 (46.7%) 7 (33.3%) 42
Clinical 4 (20%) 8 (30.8%) 11 (36.7%) 7 (33.3%) 30
Radiographic 4 (20%) 4 (15.4%) 6 (20%) 3 (14.3%) 17
SNF subacute nursing facility, Acute rehab acute rehabilitation facility
Table 2 Radiographic factors

Death n = 20 Alive: SNF n = 26 Alive: rehab n = 33 Home n = 21 Total
Etiology (%)
Hypertensive 6 (30%) 8 (23.1%) 11 (33.3%) 6 (28.6%) 31
Amyloid 2 (10%) 1 (3.9%) 1 (3.0%) 1 (4.8%) 5
Trauma 1 (5%) 0 (0%) 5 (15.2%) 1 (4.8%) 7
Stroke/Conv 4 (20%) 1 (3.9%) 2 (6.1%) 2 (9.6%) 9
Vasc/Malf 2 (10%) 4 (15.4%) 7 (21.2%) 3 (14.4%) 16
Location (%)
Cortical 14 (70%) 17 (65.4%) 14 (70.0%) 14 (66.7%) 59
Basal Ganglia 2 (10%) 4 (12.4%) 3(9.1%) 0 (0%) 9
Cerebellum 4 (20%) 5 (19.2%) 7 (21.2%) 7 (33.3%) 25
CT findings (%)
IVH 13 (65%) 13 (50%) 14 (42.4%) 7 (33.3%) 47
Midline shift 15 (75%) 11 (42.3%) 17 (51.5%) 9 (42.8%) 42
SAH 4 (20%) 6 (23.1%) 9 (27.3%) 3 (14.4%) 22
Hydrocephalus 9 (45%) 8 (30.7%) 12 (36.4%) 8 (38.1%) 37

SNF subacute nursing facility, Acute Rehab acute rehabilitation facility

cardiac disease, or the patient had already undergone prior
evacuation.

Troponin levels were >0.01 pg/l in 38 patients on
admission and 37 patients post-surgery. Troponin levels
were not related to the side of hemorrhage. Overall, 15
patients (15%) had admission troponin levels >0.40 pg/l of
which 47% died compared to a 14% mortality rate among
those with an admission troponin level <0.40 pg/l

(P = 0.004). Twenty-one patients (21%) had a post-sur-
gery troponin level >0.40 pg/l of which 33% died
compared to a 14% mortality rate of those with post-sur-
gery troponin levels <0.40 pg/l (P = 0.04).

The univariate analysis identified nine factors that were
predictive of in-hospital mortality: smoking, volume of
hemorrhage, midline shift, intraventricular hemorrhage
(IVH), neurological status on admission, admission
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Table 3 Univariate analysis of predictive factors of in-hospital
mortality

Variable P-value
Demographics
Gender 0.86
Age 0.23
Race 0.24
Smoking 0.05
Alcohol use 0.28
Stimulant use 0.96
Admission exam
SBP 0.23
DBP 0.49
Heart rate 0.66
Temp 0.28
WBC count 0.69
Neurological status 0.002
Coagulation
Heparin 0.81
Warfarin 0.13
Anti-platelet 0.33
INR 0.11
Radiographic
Location 0.97
Volume 0.02
Etiology 0.48
Midline shift 0.02
IVH 0.17
SAH 0.64
Subdural 0.97
Hydrocephalus 0.59
Cardiac
EKG
ST-elevations 0.39
Bradycardia 0.83
Repolarization Ab 0.23
Troponin
Admission 0.01
Post-surgical 0.007
Seizure
Any seizure 0.46
Clinical 0.21
Radiographic 0.72

P < 0.20 variable added to the final model

Italic values indicate significance P < 0.2 for inclusion in final model

troponin, post-surgical troponin, history of warfarin use,
and international normalized ratio (INR) on admission
(Table 3).

Sequentially removing the least significant predictive
variable until every variable had a P-value of <0.10 while
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still retaining gender and age led to a final multivariate
model with only two significant predictors: volume of
hemorrhage and admission troponin level. The parameter
estimates, standard errors’ odds ratios, and P-values for
these variables are summarized in Table 4.

Discussion

Prior investigations have described an association between
neurological injury and the presence of electrographic and
biochemical markers of cardiac damage [7]. Although
studies have supported this phenomenon to be primarily
related to excess catecholamine release [16], the clinical
significance of these findings remains unclear. In this study
involving 100 ICH patients undergoing clot evacuation, we
demonstrate that admission troponin measurements carry
prognostic significance. Even after controlling for other
known predictors of mortality, troponin level on admission
was still significantly associated with in-hospital mortality
in this population. These results suggest that admission
troponin levels should be routinely measured in ICH
patients and may be used to more accurately determine
prognosis and guide management decisions.

Our univariate analysis identified nine factors that were
predictive of in-hospital mortality: smoking, volume of
hemorrhage, midline shift, IVH, neurological status on
admission, admission troponin, post-surgical troponin,
warfarin use, and INR. After controlling for volume of
hemorrhage, however, all of the factors except for admis-
sion troponin become statistically insignificant. This may
be explained by the possibility that many of the factors
(e.g., midline shift, IVH, neurological status on admission,
INR, and warfarin use) may be surrogate markers for initial
hemorrhage size. In contrast, troponin levels may be a
marker for recuperative potential and thus remain a sig-
nificant predictor even after controlling for factors that are
linked to the magnitude of initial insult. As expected,
admission and post-surgical troponin levels were highly
correlated and thus post-surgical troponins became non-
significant in the multi-variate analysis.

Our retrospective study has inherent limitations. A
future prospective trial would be useful in further validat-
ing the prognostic value of these markers as well as the role
of cardioprotective strategies, both prophylactic and inter-
ventional. Additionally, our cohort was not large enough to
stratify by individual causes of death, specifically those
cardiac in nature (n = 3). Finally, we did not obtain cTI
measurements in all ICH patients and did not perform cTI
measurements serially according to a prospective protocol.
Therefore, our dataset may be subject to selective biases.
Finally, it is possible that over the relatively long-recruit-
ment period (1999-2007), there may have been advances in
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Table 4 Multivariate analysis of predictive factors and in-hospital mortality
Predictive factor Parameter estimate SE Sig Odds ratio 95.0% CI for odds ratio

Lower Upper
Hemorrhage volume —0.023 0.009 0.01 1.009 1.006 1.041
Admission troponin —2.01 0.951 0.03 8.199 2.149 77.154
Constant 3.205 0.684 0.00 24.53 7.316 112.956
intensive care management. However, any Signiﬁcantly 5. Doshi R, Neil-Dwyer G. Hypothalamic and myocardial lesions

effective advance in management over this time period
would bias toward the null hypothesis.

Despite these limitations, the findings of this study sup-
port the clinical significance of cTI elevations following
ICH and advocate for its routine measurement upon
admission. Since publication of the STICH trial, [12]
operative management of ICH has been controversial, with
surgical therapy reserved for young patients with superficial
lesions and deteriorating neurological exams. Standard
troponin values may provide additional information to allow
peri-operative cardiac risk assessment and justify aggressive
intervention in those select patients with a favorable
prognosis.

Of particular interest is the issue of anesthetic risk during
surgical evacuation. Recent myocardial injury and conges-
tive cardiac failure have been consistently identified as risk
factors for perioperative cardiac events in patients present-
ing for noncardiac surgery [10]. Measures to minimize
intraoperative cardiac risk such as the use of a pulmonary
artery catheter, avoidance of myocardial depressant agents,
and maintenance of optimal myocardial oxygen supply and
demand may prove beneficial in patients with elevated cTI
[14].

In summary, our findings indicate that cTI elevations
after ICH are predictive of in-hospital mortality. Larger
prospective studies are needed to confirm these results and
evaluate the utility of intensive care management strategies
based on cTI risk stratification.
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