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Abstract

Introduction There are few predictors of acute lung

injury (ALI) or the acute respiratory distress syndrome

(ARDS) after subarachnoid hemorrhage (SAH). We

hypothesized that cardiac troponin I, which is associated

with cardiovascular morbidity, would also predict ALI.

Methods We prospectively enrolled 171 consecutive

patients with SAH. Troponin was routinely measured on

admission and the next day and subsequently if abnormal.

We prospectively recorded the maximum troponin, in-

hospital events, and clinical endpoints. ALI and ARDS

were defined by standard criteria.

Results Acute lung injury was found in 10 patients (6%),

ARDS in an additional 14 (8%), and pulmonary edema

without lung injury in 9 (5%). Maximum troponin was dif-

ferent in patients without lung injury or pulmonary edema

(0.03 [0.02–0.12] mcg/l), ALI (0.17 [0.04–1.4]), or ARDS

(0.31 [0.9–1.8], P < 0.001). In ROC analysis, a cutoff of

0.04 mcg/l had 91% sensitivity and 42% specificity for ALI

or ARDS (AUC = 0.75, P < 0.001). Troponin was asso-

ciated with ALI or ARDS after accounting for neurologic

grade in multivariate models without further contribution

from pneumonia, packed red cell transfusion, gender,

tobacco use, coronary artery disease, vasospasm, depressed

ejection fraction on echocardiography, or CT grade. Lung

injury was associated with worse functional outcome at

14 days, but not at 28 days or 3 months.

Conclusion Troponin I is associated with the develop-

ment of ALI after SAH.
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Introduction

Subarachnoid hemorrhage (SAH) is a neurologic emer-

gency with high morbidity and mortality. While the most
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important predictor of outcome is neurologic grade on

admission, medical complications are associated with

worse outcomes in patients with SAH [1]. Detectable lung

dysfunction has been reported in a majority of patients with

SAH [2]. Lung injury may occur with equal plasma and

endobronchial fluid protein content, implying increased

pulmonary capillary permeability as the culprit [3]. Some

have implicated neurogenic pulmonary edema (PED) [4] as

a common cause of lung injury after SAH, while others

have disputed a neurally mediated cause [5] or found a

hemodynamic explanation [6].

Cardiac troponin I is often elevated in the first few days

after SAH, and is probably related to a catecholamine and

inflammatory surge that accompanies aneurysm rupture.

Mild elevations in troponin (between 0.04 and 2 mcg/l)

have been associated with hypotension requiring vaso-

pressors [7], a depressed ejection fraction on echo-

cardiography [8], regional wall motion abnormalities [9],

and cardiovascular mortality after SAH [10]. This syn-

drome is generally termed neurogenic stunned myocardium

or myocardial stress cardiomyopathy [8]. A similar process

may underlie neurogenic PED [11–13], so we hypothesized

that troponin would predict acute lung injury (ALI) and the

acute respiratory distress syndrome (ARDS) after SAH.

Materials and Methods

Study Population. We prospectively enrolled consecutive

patients with SAH, diagnosed by the admission computed

tomography (CT) scan or by xanthochromia of the cere-

brospinal fluid if the CT was non-diagnostic. Patients

admitted within 14 days of spontaneous aneurysmal and

cryptogenic SAH were included; patients with trauma or

other structural lesions (e.g., vascular malformations) were

excluded. All data were prospectively recorded. Admission

CT scans were graded with the Columbia CT scale, which

accounts for thick subarachnoid clot and intraventricular

hemorrhage [14] from grade 1 (thin clot without intra-

ventricular hemorrhage) to 4 (thick clot with bilateral

intraventricular hemorrhage).

Clinical Management. Diagnostic catheter or CT angi-

ography and aneurysm obliteration with surgical clipping

or endovascular coiling were performed as soon as possi-

ble. Enteral nimodipine [15] was given unless the systolic

blood pressure was <120 mmHg. We maintained central

venous pressure C5 mmHg [16] as measured with a central

venous catheter. Transcranial Doppler sonography was

performed daily. Vasospasm was defined as any mean

transcranial Doppler velocity >120 cm/s or clinical

vasospasm. (We consider both definitions because coma-

tose patients may not have a change in the neurologic

exam.) Clinical vasospasm was treated with hyperdynamic

therapy and a goal systolic blood pressure of 180–

200 mmHg or resolution of clinical symptoms, and intra-

arterial vasodilators and angioplasty if clinically appro-

priate. We transfused leukoreduced packed red blood cells

(PRBCs) for hemoglobin <10 g/dl [17, 18]. When a

PRBC transfusion was given, we prospectively recorded

the acute onset of dyspnea, hypoxemia, respiratory failure,

or new infiltrates on chest radiography.

Ventilatory support management was at the discretion of

the critical care team in concert with registered respiratory

therapists. Patients with ALI or ARDS were managed with

reduced tidal volumes and minimized plateau pressures

[19]. Our practice is to start with SIMV mode and positive

end-expiratory pressure of 5 cm water. We switch to a

titrated level of pressure support when and if the patient is

able to initiate respirations, and wean the pressure support

to 5 cm H2O as tolerated. Ventilatory support is removed

when the patient meets criteria on a standardized checklist

for oxygenation, respirations, bronchial hygiene, and

alertness.

Clinical variables were prospectively collected. We

recorded baseline demographic and past medical history

data onto forms. Neurological status on admission was

assessed with the World Federation of Neurological Sur-

geons (WFNS) scale, derived from the Glasgow Coma

Scale (GCS) [20]. The WFNS is graded as 1 (GCS 15), 2

(GCS 13–14 without motor deficit), 3 (GCS 13–14 with

motor deficit), 4 (GCS 7–12), or 5 (GCS 3–6). We pro-

spectively recorded the occurrence of bacteremia (any

positive blood cultures, with the exception of one sample

that was clinically judged to be a contaminant). Pneu-

monia was diagnosed by criteria by the US Centers for

Disease Control [21] and the date of appearance was

recorded.

Diagnosis of acute lung injury. We prospectively eval-

uated chest radiographs (obtained daily in intubated

patients and with any change in respiratory status in non-

intubated patients) and the diagnostic arterial blood gas.

Lung injury was diagnosed by consensus criteria [22] of

PaO2/FiO2 <300 (ALI) or <200 (ARDS), new bilateral

pulmonary infiltrates, and clinical absence of cardiac cause.

Patients were classified as having only one type of lung

injury. We classified radiographic PED as acute bilateral

infiltrates on chest radiography with a PaO2/FiO2 ratio of

C300.

Cardiac troponin I was routinely measured on admis-

sion and at the next day, and followed if abnormal

(>0.04 mcg/l) or if the patient received vasopressors. We

defined a depressed left ventricular ejection fraction on

echocardiography as <55% on the official echocardiog-

raphy interpretation.

Outcomes. At 14 days or discharge, whichever was first,

a certified examiner recorded the NIH Stroke Scale and the
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modified Rankin Scale (mRS), a global disability and

handicap scale ranging from 0 (no deficits) to 6 (dead). We

obtained a follow-up Rankin at 28 days and 3 months with

a standardized questionnaire [23].

Statistical analysis. Non-normally distributed variables

are presented as median [inter-quartile range] and were

compared with Mann–Whitney U (2 groups) or Kruskal–

Wallis H (>2 groups) as appropriate. Continuous variables

were compared with ANOVA and multiple comparisons

were corrected with the Least Significant Differences

technique. Categorical variables were analyzed with chi-

squared. Troponin was categorized into quartiles (unde-

tectable through 0.04, 0.05–0.5, >0.5–2, and >2 mcg/l)

for logistic regression analysis because it was not normally

distributed (skewed with a tail to the right). Quartiles of

troponin, WFNS, and CT grade were classified as ordinal

variables in logistic regression. Statistical calculations were

made with standard commercial software (SPSS version

16, Chicago, IL).

The study was approved by the Institutional Review

Board. Written informed consent was obtained from the

patient or a legally authorized representative in all cases,

except when the patient died in hospital or no representa-

tive could be located for an incapacitated patient, in which

case the institutional review board approved collection of

data in a registry without consent.

Results

Demographics and univariate associations with lung injury

are in Table 1.

Troponin and lung injury. The ROC curve for troponin

and ALI or ARDS is shown in Fig. 1. Troponin

>0.04 mcg/l had a sensitivity of 0.92 and specificity of

0.42. The peak troponin occurred 1.5 [4.25–0] days before

any PED on chest radiography, and 1 [3–0] days before the

criteria for ALI or ARDS were met.

Table 1 Demographics and clinical variables

Variable No PED, ALI, or ARDS PED only ALI ARDS P

N 138 9 10 14 N/S

Age, years 54.9 ± 13.6 59.6 ± 19.1 54.0 ± 9.2 60.1 ± 18.2 N/S

Calendar days from SAH to admit 0.7 ± 1.7 0.9 ± 1.5 0.1 ± 0.3 0.9 ± 1.9 N/S

WFNS

1, GCS 15 82 (59) 2 (22) 3 (30) 5 (36) 0.001

2, GCS 13–14, no motor deficit 22 (16) 2 (22) 0 4 (29)

3, GCS 13–14, motor deficit 5 (4) 0 0 0

4, GCS 7–12 14 (10) 5 (56) 2 (20) 3 (21)

5, GCS 3–6 15 (11) 0 (0) 5 (50) 2 (14)

Highest cardiac troponin I (mcg/l) 0.03 [0.02–0.12] 1.7 [0.04–3.9] 0.17 [0.04–1.4] 0.31 [0.9–1.8] <0.001

Days from SAH to maximum cardiac troponin I 1.5 ± 2.7 3.0 ± 4.3 3.3 ± 3.1 4.5 ± 8.1 0.01

Days from SAH to echocardiogram 3.3 ± 3.4 2.7 ± 3.0 4.5 ± 3.7 1.8 ± 1.9 N/S

Days from SAH to PED, ALI, or ARDS N/A 13.4 ± 4.5 3.7 ± 1.2 2.9 ± 0.8 N/S

Depressed ejection fraction 9 (6) 2 (22) 2 (20) 1 (7) N/S

CT Score

0, no blood 5 (4) 0 0 0 N/S

1, thin SAH, no bilateral IVH 35 (25) 0 2 (20) 3 (21)

2, thin SAH, bilateral IVH 3 (2) 1 (11) 0 0

3, thick SAH, no bilateral IVH 83 (60) 5 (56) 6 (60) 9 (64)

4, thick SAH, bilateral IVH 12 (9) 3 (33) 2 (20) 2 (14)

Women 90 (65) 5 (56) 7 (70) 11 (79) N/S

Pack-years of tobacco 0 [0-30] 5 [0-25] 5 [0-25] 0 [0-13.75] N/S

History of coronary artery disease 10 (7) 1 (11) 0 3 (21) N/S

Packed red blood cell transfusion 73 (53) 8 (89) 8 (80) 11 (79) 0.02

FiO2/PaO2 of diagnostic blood gas N/A 376 ± 52 228 ± 27 124 ± 49 <0.001

Pneumonia 8 (6) 2 (22) 3 (30) 4 (29) 0.003

Vasospasm 75 (54) 7 (78) 8 (80) 8 (57) N/S

Data are N (%), median [IQR] or mean ± SD. PED pulmonary edema with PaO2/FiO2 C300; ALI acute lung injury; ARDS acute respiratory

distress syndrome; WFNS World Federation of Neurological Surgeons; SAH subarachnoid hemorrhage
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Transfusion related acute lung injury versus circulatory

overload. Only one patient was prospectively recorded as

having acute worsening in respiratory status with PRBC

transfusion. This patient was a 77-year-old Caucasian

woman with a WFNS grade 5 SAH. She received five units

of PRBCs for a retroperitoneal hematoma 10 days after

SAH. This episode was judged to be transfusion related

circulatory overload rather than transfusion related ALI

[24]. A 14-mm right vertebral artery aneurysm could not be

obliterated endovascularly, and a balloon test occlusion of

the parent vessel led to cerebral ischemia. A surgical

occlusion and bypass were planned, but the patient was not

stable enough to undergo the procedure despite full ICU

care. She was declared dead by neurologic criteria from

aneurysm rebleeding approximately 3 weeks later.

Infection. One patient with ARDS developed bacteremia

25 days later.

Logistic regression models for lung injury. In logistic

regression WFNS grade, quartile of troponin and an

interaction were associated with the development of ALI

(Table 2). At low WFNS grade, troponin was strongly

associated with lung injury, with less effect at higher

neurologic grades. Pneumonia, PRBC transfusion,

vasospasm, hyperdynamic therapy, gender, coronary

artery disease, CT Score, a depressed ejection fraction,

age, and tobacco use did not add to the model. We

obtained similar results when we excluded patients with a

depressed ejection fraction on echocardiography from the

analysis.

Outcomes. Lung injury was associated with worse mRS

at 14 days (P = 0.001). Of the 24 patients with ALI or

ARDS, 21 were dependent, bed bound or dead (mRS 4–6).

ALI or ARDS was not associated with mRS at 28 days or

3 months (P > 0.1).

Discussion

We found that troponin I was associated with ALI, and the

association persisted in multivariate models. These results

may help clinicians predict ALI in patients with SAH.

The troponin elevations we found were similar in

magnitude to those previously described as having prog-

nostic importance after SAH [10]. Temporary decreases in

systolic function (consistent with neurogenic stunned

myocardium) are well described after SAH [4, 8] and it is

possible that very mild systolic dysfunction was not

detected on routine echocardiography. Troponin elevations

usually occur soon after SAH [10].

The cause of lung injury was not clear in most cases.

Pneumonia was associated with lung injury, but explained

less than half of cases. Sepsis did not occur before lung

injury in our series. PRBC transfusion was associated with

lung injury in univariate, but not multivariate analysis, and

our only case of acute respiratory symptoms associated

with transfusion was more likely to be circulatory overload

when analyzed with a proposed algorithm [24]. The uni-

variate associations we found were likely confounded by

poor neurologic grade, and did not enter multivariate

models.

Some investigators have stated that neurogenic PED is

rare [2], while others have documented it more frequently

[4]. The lack of a standardized definition of neurogenic

PED makes it more difficult to ascertain the incidence.

PED in our series was associated with modestly elevated

troponin, generally preserved systolic function, and a nor-

mal PaO2/FiO2 ratio, and this might be a reasonable

working definition of neurogenic PED. Elevated troponin

has been associated with a variety of cardio-pulmonary

complications after SAH [25].

We did not prospectively record ventilatory support

settings, so we are unable to analyze how they might affect

the development or outcome of lung injury after SAH,

although we do so now. It is possible that troponin predicts

patients at higher risk for ventilator induced lung injury

after SAH and this possibility should be studied further.

Fig. 1 ROC curve for cardiac troponin I for ALI or ARDS.

Area = 0.75 (95% CI 0.65–0.83), P < 0.001

Table 2 Multivariate model for ALI or ARDS

Variable OR 95% CI P

WFNS per grade 4.6 2.1–10.0 <0.001

Troponin I per quartilea 10.2 3.2–31.9 <0.001

WFNS by troponin I interaction 0.6 0.4–0.7 <0.001

a Quartiles are 0 through 0.04, 0.05 through 0.5, >0.5 through 2 and

>2 mcg/l

Packed red cell transfusion, pneumonia, depressed ejection fraction,

pneumonia, gender, coronary artery disease, age, tobacco use, CT

Score, vasospasm and hyperdynamic therapy did not add to this

model
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We did not perform analysis of the protein content of

endobronchial fluid [3, 26]. We had no data available on

pulmonary artery catheter measurements in this patient

population. Like most centers, our use of the pulmonary

artery catheter in lung injury has declined [27] in line with

negative clinical trial results [28], and we do not routinely

use them in SAH. We did not keep track of daily fluid

balance because the circulating blood volume in patients

with SAH is resistant to hypervolemic therapy [16].

Lung injury may co-exist with a depressed ejection

fraction that is not causally related. Results were similar

when patients with a depressed ejection fraction were

excluded, however, making stunned myocardium an

unlikely explanation for our findings. Echocardiograms

were obtained near the time of lung injury and generally

showed normal systolic function, so we are unlikely to have

missed stunned myocardium as a cause. PED is usually not

related to a temporary decrease in systolic function [29].

Hyperdynamic therapy for vasospasm might lead to

PED as a complication, although we found that neurologic

grade and cardiac troponin I precluded the addition of

vasospasm (by clinical or TCD criteria) to the statistical

model. We found lung injury typically followed SAH by

three to four days, somewhat earlier than a previously

reported series [30]. We did not find an effect of timing of

lung injury on outcome.

Lung injury was associated with more dependence at

14 days, but functional outcomes were not significantly

different at 28 days and 3 months. This may relate to

improved recognition and management through standard-

ized guidelines and intensive care. Neurologic grade, age,

and cerebral infarction remain the most important predictors

of neurologic and functional outcome. Our results contrast

with a larger, retrospective study that found lung injury in

27% of patients and an associated increase in mortality [31].

In summary, elevated troponin after SAH was associated

with ALI. Further research should examine if troponin

identifies patients at higher risk for lung injury related to

ventilatory support and if lower volume, low pressure ven-

tilatory support improves outcomes after neurologic injury.
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