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Abstract
Background Neurogenic pulmonary edema (NPE) is a clini-
cal syndrome characterized by the acute onset of pulmonary
edema after a significant central nervous system (CNS) insult.
NPE occurs as a result of release of catecholamines into the
blood immediately after aneurysm rupture. The aim of this
study is to investigate the connection between the value of
cardiac biomarkers on admission and incidence of NPE in
patients with aneurysmal subarachnoid hemorrhage (SAH).
Methods A total of 262 SAH patients (162 women, 100 men)
were prospectively included in the study. Clinical characteris-
tics, electrocardiographic (ECG) changes, serum cardiac and
inflammatory biomarkers weremeasured on admission and on
the day of development of NPE. These data were analyzed in
order to predict the development NPE.
Results Nineteen patients (7.25%) developed NPE.
Comparison revealed that patients who subsequently devel-
oped NPE, sustained more severe SAH. Cardiac damage
was more severe in these patients, as represented by signifi-
cantly higher mean values of all examined cardiac biomarkers
(P = 0.000), except for troponin I value that was significantly
lower (P = 0.000). Multivariate regression analysis revealed
that elevated troponin I (OR, 4.980; 95% CI, 1.27-19.49;
P = 0.021) and white blood cell count (OR, 22.195; 95% CI,
3.99-123.50; P = 0.000) are predictors of NPE.

Conclusions Significantly higher values of cardiac bio-
markers were observed in SAH patients complicated with
NPE. Elevated values of cardiac biomarkers appear to play
an active role in prediction of NPE, although white blood cell
count may be involved in the prediction of NPE. There is an
influence of SAH therapy on predictors of NPE.

Keywords Subarachnoid hemorrhage . Neurogenic
pulmonary edema . Cardiac biomarkers . ECG changes

Introduction

Neurogenic pulmonary edema (NPE) is a clinical syndrome
characterized by the acute onset of pulmonary edema after a
significant central nervous system (CNS) insult [7]. In patients
with subarachnoid hemorrhage (SAH), reports of NPE inci-
dence range from 2 to 42.9% [2, 7, 11, 12, 15–17, 20, 23, 26,
28].

NPE occurs as a consequence of releasing of catechol-
amines into the systemic circulation immediately after aneu-
rysmal rupture [2, 20, 23, 28].

It is the prevailing view that the autonomic response to
elevated intracranial pressure (ICP) plays an important role
in the pathogenesis of NPE. Neurological conditions that
cause abrupt, rapid and extreme elevation in ICP appear to
be at greatest risk of being associated with NPE [9, 19].

Clinically, the likelihood of developing NPE following
SAH correlates with increasing age, delay to surgery, vertebral
artery origin and the severity of clinical and radiographic pre-
sentation (e.g., Hunt-Hess and Fisher grades) [7, 25, 26].

NPE can be associated with cardiac dysfunction although
the pathophysiology is considered to be more complex [1, 6,
8, 21, 32].
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Since the catecholamines have direct effect on the myocar-
dium, the aim of this study was to investigate the connection
between the value of cardiac biomarkers on admission and
incidence of NPE in patients with aneurysmal SAH.

Materials and methods

From August 2009 to January 2014, the study enrolled 262
consecutive patients admitted to the Neurosurgery Clinic.
Inclusion criteria for the study were patients ≥18 years of
age and the diagnosis of aneurysmal SAH confirmed by cere-
bral computed tomography (CT) scanning and CT angiogra-
phy [22]. If the CT angiogram was negative and the suspicion
of aneurysm existence was high, the CT angiography was
repeated 2 days later. The time interval between SAH onset
and hospital admission was under 96 h. Chest X-rays were
obtained immediately for those suspected of having SAH.

Patients with a history of myocardial infarction, cardiomy-
opathy or congestive heart failure were excluded from the
study.

The study protocol was approved by the Ethics Committee
of the School of Medicine, University of Belgrade (No. 440/
VI-11), and informed consent was obtained from each patient
or an appropriate designee. The identity of the enrolled pa-
tients was protected. The followed procedures were in accor-
dance with institutional guidelines.

Demographic and clinical data were collected from patient
and family interviews, and by the review of medical records
after enrolment. These data included age, sex and risk factors
for coronary artery disease (CAD). Heart rate (HR) and sys-
tolic blood pressure (SBP) on admission were recorded. The
severity of neurological injury was graded using each sub-
ject’s admission Hunt and Hess [14] and Fisher grade [10].

Patients with Hunt and Hess grades I and II were admitted
to the neurosurgery ward while those with Hunt and Hess
grades III-V to the neurosurgical intensive care unit (NICU).

Clinical management

Every patient was examined daily for the occurrence of NPE.
Clinical criteria for NPE included the presence of crackles that
suggested fluid in the lungs and presence of frothy pink tra-
cheal fluid. Radiographic criteria for NPE included sharply
defined pulmonary markings accompanied by blurring or haz-
iness of the perivascular outlines and loss of demarcation of
hilar shadows [23]. All chest X-rays were interpreted by
board-certified radiologists blinded to the clinical symptoms
of the patient. Patients who fulfilled both clinical and radio-
graphic criteria were diagnosed with NPE. Among the 262
SAH patients, 19 (7.25%) developed NPE. In patients with
NPE, arterial blood gas analysis was done and the type of

respiratory support was determined. The time of occurrence
of NPE from SAH attack was noted.

The need for inotropic or vasopressor support and time of
initiation were documented.

All NICU patients had continuous electrocardiographic
(ECG) monitoring and noninvasive blood pressure monitor-
ing (NIBP), as a part of the standard clinical practice.

Although central venous catheters were placed routinely,
pulmonary artery catheters were not placed [11].

In all patients, intravenous nimodipine infusion was started
with 5 μg/kg/h and was progressively increased during the
following 5 h to a maximum dose of 25 μg/kg/h. This dose
was maintained for 21 days if there were no side effects, such
as hypotension, which led to decrease or stop of nimodipine
intake. In patients with Hunt and Hess grade ≥3, intravenous
infusion of 20% solution of mannitol was initiated with first
dose of 0.7 g/kg and then 0.35 g/kg every 6–8 h, for 4 days.

Triple-H therapy was initiated in patients with symptomatic
vasospasm. However, for patients with NPE, efforts were
made to keep them normovolemic instead of hypervolemic
to avoid exacerbation.

In case a patient needed continuous sedation in NICU,
midazolam (0.1-0.2 mg/kg/h) in combination with
remifentanil (0.05-0.2 μg/kg/min) was used. Endotracheal in-
tubation and mechanical ventilation were started when it was
clinically indicated.

ECG, serum cardiac and inflammatory biomarkers

Each subject was assessed on the day of enrollment. The sub-
jects with NPE were assessed also on the day they developed
NPE.

On each study day, 12-channel ECG was done to every
subject in search of ST-Tchanges (ST depression or elevation,
negative, biphasic or flattened Twaves), prolonged QTc inter-
val, rhythm disturbances and ventricular premature com-
plexes. All ECGs were interpreted by board-certified
cardiologists.

On each study day, the following biomarkers of cardiac
injury and inflammatory biomarkers were measured: creatine
phosphokinase (CPK), creatine phosphokinase MB isoen-
zyme (CPK-MB), creatine phosphokinase MB mass concen-
tration (CPK-MB mass), myoglobin, and cardiac troponin I,
C-reactive protein (CRP), white blood cell (WBC) count and
blood glucose level.

Total serum CPK activity was measured by standard spec-
trophotometry, as well as the CPK-MB isoenzyme activity.
Serum level of troponin I was measured with a chemilumines-
cence enzyme immunoassay, as well as CPK-MBmass serum
level. Serum myoglobin level was measured by chemilumi-
nescence microparticle assay and CRP was measured by tur-
bidimetry. WBC count and glucose levels were measured on
standard way.
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Troponin I levels, as well as the levels of others biomarkers,
were then dichotomized as elevated for levels exceeding next
referent values: CPK >150 IU/L in women and 200 IU/L in
men was determined as elevated, CPK-MB >24 IU/L was
determined as elevated, and CPK-MB mass >5 ng/mL.
Troponin I >0.04 ng/mLwas determined as elevated and myo-
globin >110 ng/mL. CRP >5 mg/L was determined as elevat-
ed and WBC count >9.7 × 109/L, as well as blood glucose
level >6.1 mmol/L.

The time from SAH symptoms onset to measurement of
biomarkers was recorded for every patient and it was less than
96 h.

Neurological assessment

Every patient was neurologically examined in search for signs
of hydrocephalus, delayed cerebral ischemia (DCI) or
rerupture. In case of neurological deterioration, the CT scan
would be done.

Statistical analysis

Two hundred sixty-two patients were dichotomized based on
the development of NPE. Data were described by frequency
and percentage in case of categorical variables, while mean
and standard deviation (SD) were run for continuous vari-
ables. The normal distribution of the latter was assessed by
Kolmogorov-Smirnov test. For the comparison between
NPE+ and NPE– groups, chi-squared or Fisher’s exact test
was used for categorical variables, while the unpaired t-test
or Mann-Whitney U test was used for continuous variables,
where appropriate. Univariate and multivariate logistic regres-
sion analysis were used to identify variables predictive of
NPE+ outcome. Pearson’s correlation between all potential
predictors was examined. SPSS 22 (IBM, Chicago, IL,
USA) was used for statistical analysis and P < 0.05 was con-
sidered statistically significant.

To minimize the effect of SAH therapy on the results, we
have done additional statistical analysis and considered only
the patients admitted within the first 24 h of SAH onset for
univariate and multivariate logistic regression analysis.

Results

The study included 262 subjects, of which 7.25% (19 sub-
jects) developed NPE. The total number of examined SAH
patients was 368. The number of excluded patients was 106
(28.8%). The reasons for exclusion were: 54 patients were
admitted at the hospital more than 96 h after SAH onset, 21
patients had a history of myocardial infarction, 16 patients had
a history of cardiomyopathy and 15 had a history of conges-
tive heart failure.

As shown in Table 1, the mean age of the 19 study subjects
who developed NPE was 52.4 and the 243 who did not devel-
op NPE was 52.2. There were 84.2% of women in patients
with NPE and 60.1% in patients without NPE (P = 0.037).
History of hypertension (HTA) was more common in patients
with NPE (P = 0.02). There were significantly more patients
with Hunt and Hess grade >2 (P = 0.005) in patients with
NPE, compared to patients without NPE. Comparison of ra-
diological characteristics revealed a lack of any significant
difference in occurrence of NPE in patients with Fisher grade
>2 (P = 0.067). However, patients with NPE had significantly
higher mean Fisher grade than the group without NPE (3.36 ±
0.76 vs 2.86 ± 0.84, P = 0.11). Neither the mean peak SBP on
admission nor the heart rate were significantly different in
patients with and without NPE. Of those without NPE,
5.35% had atrial fibrillation, while none of those with NPE
had this heart rhythm disturbance.

ECG ST-T changes were more common in patients who
developed NPE (P = 0.016). Regarding separately, ST depres-
sion was more common in subjects with NPE (P = 0.028), as
well as negative T waves (P = 0.001) and prolonged QTc in-
terval (P = 0.008).

Cardiac damage was more severe in patients with NPE, as
represented by significantly higher mean of all examined car-
diac biomarkers (P = 0.000), except troponin I which was sig-
nificantly lower (P = 0.000). Also, the occurrence of NPE was
significantly higher in patients with elevated values of all car-
diac biomarkers (P ranged from 0.000 to 0.032). Mean WBC
count and elevated WBC count were significantly higher in
patients who developed NPE (P = 0.000).

Among neurological characteristics, none of them were
statistically significant in patients with NPE comparing to pa-
tients without NPE.

The univariate relationships between the predictor vari-
ables and NPE, as determined by logistic regression, are
shown in Table 2. A Hunt-Hess grade of ≥3, females, history
of HTA, hydrocephalus, ST-T changes, prolonged QTc inter-
val were all significant predictors of NPE. Cardiac biomarkers
predictive for NPE were: higher values of myoglobin, CPK,
CPK-MB fraction and MB mass, WBC count and CRP.
Elevated values of cardiac biomarkers were significantly more
frequent in patients with NPE (P ranged from 0.000 to 0.017).

Between all the potential predictors examined in univariate
logistic regression analysis, we did Pearson’s correlation and
found that there was statistically significant correlation be-
tween cardiac biomarkers (troponin I, myoglobin, CPK,
CPK-MB and CPK-MB mass) and their categorical equiva-
lents (elevated values) (r ranged from 0.158 to 0.836, P from
0.000 to 0.010). Also, we found statistically significant corre-
lation between WBC count, elevated WBC count and CRP (r
ranged from 0.316 to 0.816, P = 0.000) and statistically sig-
nificant correlation between ST-Tchanges and prolonged QTc
(r = 0.611, P = 0.000).
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Table 1 Comparison of variables
between SAH patients with and
without NPE on admission

Patients with
NPE
n = 19

Patients without
NPE
n = 243

Pb

Age (mean ± SD), years 52.4 ± 9.5 52.2 ± 11.1 0.943
Female sex, n (%) 16 (84.2) 146 (60.1) 0.037a

Clinical characteristics
Hunt and Hess ≥3, n (%) 18 (94.7) 153 (63.0) 0.005a

SBP (mean ± SD), mmHg 155 ± 19.4 148 ± 24.7 0.251
HR (mean ± SD), min-1 79.7 ± 18.5 82.3 ± 15.8 0.512
Admission on day of SAH attack, n (%) 13 (68.4) 116 (47.7) 0.082
Risk factors for CAD, n (%)
History of hypertension 12 (63.2) 88 (36.2) 0.020a

History of diabetes 2 (10.5) 44 (18.1) 0.403
History of hyperlipidemia 6 (31.6) 71 (29.2) 0.828
History of smoking 2 (10.5) 60 (24.7) 0.505
Family history of CAD 6 (31.6) 62 (25.5) 0.561
Radiological characteristics
Fisher >2, n (%) 16 (84.2) 154 (63.4) 0.067
Anterior circulation aneurysm location, n (%) 17 (89.5) 216 (88.9) 0.938
Multiple aneurysms, n (%) 2 (10.5) 26 (10.7) 0.981
ECG characteristics
ST-T changes, n (%) 9 (47.4) 55 (22.6) 0.016a

ST depression, n (%) 5 (26.3) 24 (9.9) 0.028a

ST elevation, n (%) 2 (10.5) 28 (11.5) 0.895
Negative T waves, n (%) 7 (36.8) 17 (7) 0.001a

Prolonged QTc interval, n (%) 7 (36.8) 34 (14) 0.008a

Ventricular premature complexes, n (%) 0 (0.0) 24 (9.9) 0.151
Neurosurgical characteristics
Secured aneurysm, n (%) 13 (68.4) 201 (82.7) 0.121
Hydrocephalus, n (%) 9 (47.4) 66 (27.2) 0.061
Rerupture, n (%) 5 (26.3) 43 (17.7) 0.350
Seizures, n (%) 5 (26.3) 48 (19.8) 0.493
Secured aneurysm, n (%) 13 (68.4) 201 (82.7) 0.121
Biohumoral characteristics
Troponin I, (mean ± SD), ng/mL, median (IQR) 0.123 ± 0.187 0.244 ± 0.88 0.000a

0.064 (0.03-0.12) 0.02 (0.01-0.05)
Elevated troponin I, n (%) 14 (73.7) 68 (28.0) 0.000a

Myoglobin (mean ± SD), ng/mL median (IQR) 220.4 ± 96.4 153.6 ± 114.6 0.000a

213 (146-268) 124.5 (86-179)
Elevated myoglobin, n (%) 18 (94.7) 151 (63.2) 0.004a

CPK (mean ± SD), IU/L, median (IQR) 262.7 ± 115 129.5 ± 91.3 0.000a

236 (194-310) 98 (69-164)
Elevated CPK, n (%) 17 (89.5) 57 (23.5) 0.000a

CPK-MB (mean ± SD), IU/L, median (IQR) 22.8 ± 7.8 13.9 ± 6.6 0.000a

22 (17-27) 12 (9-18)
High CPK-MB, n (%) 7 (36.8) 20 (8.2) 0.000a

CPK-MB mass (mean ± SD), ng/mL median (IQR) 4.3 ± 1.5 2.8 ± 1.4 0.000a

4 (3-5) 3 (2-4)
Elevated CPK-MB mass, n (%) 3 (15.8) 9 (3.7) 0.000a

White blood cell count (mean ± SD), 109/L, median (IQR) 13.4 ± 2.7 9.5 ± 4.3 0.000a

12.7 (11.9-14.8) 8.4 (6.4-12.3)
Elevated white blood cells count, n (%) 17(89.5) 91(37.4) 0.000a

Blood glucose (mean ± SD), mmol/L, median (IQR) 8.3 ± 1.9 8.4 ± 2.8 0.740
8.3 (6.9-9.6) 7.8 (6.3-9.8)

Elevated blood glucose, n (%) 17(89.5) 193(79.4) 0.290
C-reactive protein (mean ± SD), mg/L median (IQR) 10.3 ± 12.4 5.8 ± 4.7 0.094

7.1 (3.6-9.6) 4.7 (10.3-21.6)
Elevated C-reactive protein, n (%) 11 (57.9) 110 (45.3) 0.288

SAH subarachnoid hemorrhage, NPE neurogenic pulmonary edema, SBP systolic blood pressure, HR heart rate,
CAD coronary artery disease, ECG electrocardiography, SD standard deviation, IQR interquartile range, CPK
creatine phosphokinase, CPK-MB creatine phosphokinase MB isoenzyme, CPK-MB mass creatine phosphoki-
nase MB mass concentration
a Statistically significant
b According to chi-squared, Student’s t-test or Mann-Whitney U test, where appropriate

708 Acta Neurochir (2017) 159:705–712



In case that we include all the variables mentioned above in
the mul t ip le regress ion model , there wi l l ex is t
multicollinearity (a phenomenon in which two or more pre-
dictor variables are highly correlated), so the coefficient esti-
mates are unstable and difficult to interpret. So we took one of
the variables from each group (elevated troponin I, elevated
WBC count and ST-T changes) and put them into the multi-
variate model together with age, female sex and variables
which in the univariate model had P < 0.100 (Hunt and Hess
grade ≥3, history of HTA and hydrocephalus).

After statistical adjustment by multivariate logistic regres-
sion (Table 3), elevated troponin I [odds ratio (OR), 4.862 per
quintile; 95% confidence interval (CI), 1.26-18.74; P = 0.022],
elevated WBC count (OR, 21.867; 95% CI, 4.02-118.75;
P = 0.000), being female (OR, 5,253; 95% CI, 1.14-24.16;

P = 0.033), Hunt and Hess grade ≥3 (OR, 12.593; 95% CI,
1.27-124.79; P = 0.030) and presence of HTA (OR, 3.922;
95% CI, 1.07-14.39; P = 0.039), independent predictors of
NPE were established.

The number of patients admitted within 24 h after SAH
onset who developed NPE is 13 (5% of included patients)
and who did not develop NPE is 116 (47.7% of included
patients).

The univariate relationships between the predictor vari-
ables and NPE, as determined by logistic regression, are
shown in Table 4. The Pearson’s correlation between all po-
tential predictors was examined. We found that correlation
between cardiac biomarkers and their categorical equivalents
(elevated values) ranged from 0.242 to 0.832 (P from 0.000 to
0.006). We also found statistically significant correlation bet-
ween WBC count and CRP (r = 0.372, P = 0.000), as well as
between ST-T changes and prolonged QTc (r = 0.301,
P = 0.001). Since the phenomenon of multicollinearity also
existed, we took one variable from every group (elevated tro-
ponin I, WBC count and ST-T changes) and put them into
multivariate model together with age, female sex, Hunt and
Hess grade ≥3 and hydrocephalus (P < 0.100).

Multivariate logistic regression analysis (Table 5) revealed
that predictors of NPE in patients who did not undergo SAH
therapy are not female gender, Hunt and Hess grade ≥3 and
history of HTA, but are presence of hydrocephalus (OR,
8.075; 95% CI, 1.55-42.06; P = 0.013), elevated troponin I
(OR, 16.182; 95% CI, 2.46-106.21; P = 0.004) and WBC
count (OR, 1.418; 95% CI, 1.12-1.79; P = 0.004).

Discussion

The incidence of NPE after SAH in our cohort of 262 patients
is 7.25%, which is comparable with that reported in the

Table 2 Univariate logistic regression analysis to identify variables
predictive of NPE associated with SAH

Univariateb

Predictors OR 95% CI P

Age, years 1.002 0.96-1.04 0.943

Female sex 3.540 1.01-12.48 0.049a

Hunt and Hess grade ≥3 10.992 1.43-84.10 0.021a

Anterior circulation aneurysms 0.835 0.18-3.85 0.817

History of HTA 2.785 1.05-7.39 0.040a

Hydrocephalus 2.378 0.92-6.17 0.075

ST-T changes 3.444 1.31-9.07 0.012a

ST elevation 0.886 0.19-4.09 0.877

Prolonged QTc 3.880 1.39-10.77 0.009a

Troponin I (ng/mL) 0.787 0.33-1.87 0.588

Elevated troponin I 7.300 2.50-21.24 0.000a

Myoglobin (ng/mL) 1.004 1.00-1.01 0.023a

Elevated myoglobin 11.959 1.57-91.13 0.017a

CPK (IU/L) 1.009 1.005-1.013 0.000a

Elevated CPK 24.672 5.47-111.17 0.000a

CPK-MB (IU/L) 1.168 1.09-1.25 0.000a

Elevated CPK-MB 6.476 2.24-18.68 0.001a

CPK-MB mass (ng/mL) 1.885 1.36-2.61 0.000a

Elevated CPK-MB mass 4.815 1.14-20.19 0.032a

White blood cell count (109/L) 1.198 1.08-1.32 0.000a

Elevated white blood cells count 15.282 3.42-68.22 0.000a

Blood glucose (mmol/L) 0.993 0.83-1.18 0.938

Elevated blood glucose 2.508 0.55-11.31 0.232

C-reactive protein (mg/L) 1.085 1.02-1.16 0.011a

Elevated C-reactive protein 1.645 0.63-4.26 0.306

CI confidence interval, OR odds ratio, NPE neurogenic pulmonary ede-
ma, SAH subarachnoid hemorrhage, HTA hypertension, CPK creatine
phosphokinase, CPK-MB creatine phosphokinase MB isoenzyme,
CPK-MB mass creatine phosphokinase MB mass concentration
a Statistically significant
b Adjusted on sex

Table 3 Multivariate logistic regression analysis to identify variables
predictive of NPE associated with SAH

Multivariate

Predictors OR 95% CI P

Age, years 0.997 0.94-1.06 0.933

Female sex 5.253 1.14-24.16 0.033a

Hunt and Hess grade ≥3 12.593 1.27-124.79 0.030a

History of HTA 3.922 1.07-14.39 0.039a

Hydrocephalus 2.028 0.61-6.67 0.244

ST-T changes 3.172 0.77-13.08 0.110

Elevated troponin I 4.862 1.26-18.74 0.022a

Elevated white blood cell count 21.867 4.02-118.75 0.000a

CI confidence interval, OR odds ratio, NPE neurogenic pulmonary ede-
ma, SAH subarachnoid hemorrhage, HTA hypertension
a Statistically significant
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literature (2-42.9%) [2, 7, 11, 12, 15–17, 20, 23, 26, 28]. ECG
abnormalities and myocardial enzyme release after SAH are
well-known and described [3, 24, 27], but the relative contri-
bution of cardiac dysfunction in the pathogenesis of NPE has
been unclear. The pathophysiology of NPE is multifactorial.
There is evidence that in a subset of patients, neurologic insult
leads to direct myocardial injury and the development of NPE.
Although the cardiac injury after SAH is more severe in pa-
tients who developed NPE, measurement of serum cardiac
biomarkers with intention to predict occurrence of NPE has
rarely been conducted [18, 23, 31].

In our study, none of the patients on admission had NPE. In
the study of Inamasu et. al. [18], 11% of the patients were
diagnosed with NPE on admission. The finding in our study
may be a consequence of initiated diuretic therapy, which
50.8% of our patients underwent, but the important fact is that

also in patients admitted within 24 h of SAH onset we did not
find NPE on admission.

According to the results of demographic comparison
(Table 1), patients with NPE presented significantly more of-
ten with clinically severe hemorrhage (Hunt and Hess grades
III-V) compared with patients without NPE [17, 23, 24]. All
patients with NPE presented with radiologically severe bleed-
ing (Fisher grades III, IV), as expected [23]. Similarly, ECG
abnormalities were also more frequent in the group with NPE
(Table 1) [23, 24].

Although previous studies showed that ruptured posterior
circulation was a risk factor for NPE [17, 23], the location of
aneurysm was not associated with NPE in this study. The lack
of statistical difference in this study may also be attributable to
the pre-hospital death of those patients.

Significantly higher values of cardiac biomarkers levels on
admission (except for troponin I) was observed in our SAH
patients complicated with NPE, and the result is in concor-
dance with the cardiac role in pathogenesis of NPE [17, 18,
28, 31]. Since cardiac biomarkers were positively correlated,
most SAH patients complicated by NPE exhibited a concom-
itant increase in these cardiac biomarkers levels on admission.
Univariate logistic regression analysis revealed that higher
levels of cardiac biomarkers on admission could predict
NPE, as well as their elevated values.

The serum troponin I level on admission is unexpectedly
significantly lower in patients who will develop NPE com-
pared to those who will not, but the elevated values of tropo-
nin I were significantly more common in patients who would
develop NPE, which is in concordance with previous studies
[18, 23, 24, 28]. The important fact in our study is that none of
our patients on admission had NPE, so that is probably the
reason for such a result.

Also, the authors had serial measurements of troponin I in
similar studies [24, 29] and they have chosen the maximal.We

Table 4 Univariate logistic regression analysis to identify variables
predictive of NPE associated with SAH (for patients admitted within
24 h of SAH onset)

Univariateb

Predictors OR 95% CI P

Age, years 0.985 0.93-1.04 0.593

Female sex 3.240 0.68-15.31 0.138

Hunt and Hess grade ≥3 7.611 0.96-61.12 0.056

Anterior circulation aneurysms 1.197 0.24-6.07 0.828

History of HTA 1.774 0.55-5.69 0.335

Hydrocephalus 4.804 1.43-16.07 0.011a

ST-T changes 2.898 0.88-9.53 0.080

ST elevation 0.747 0.09-6.36 0.789

Prolonged QTc 3.193 0.84-12.14 0.089

Troponin I (ng/mL) 0.842 0.35-2.37 0.842

Elevated troponin I 7.438 1.91-28.98 0.004a

Myoglobin (ng/mL) 1.003 1.00-1.01 0.093

Elevated myoglobin 6.781 0.84-54.49 0.072

CPK (IU/L) 1.009 1.003-1.014 0.001a

Elevated CPK 28.475 3.51-231.18 0.002a

CPK-MB (IU/L) 1.152 1.06-1.26 0.001a

Elevated CPK-MB 6.373 1.71-23.70 0.006a

CPK-MB mass (ng/mL) 1.796 1.18-2.74 0.007a

Elevated CPK-MB mass 2.217 0.22-21.87 0.495

White blood cell count (109/L) 1.214 1.05-1.40 0.008a

Blood glucose (mmol/L) 0.978 0.79-1.21 0.840

Elevated blood glucose 3.325 0.40-27.30 0.263

C-reactive protein (mg/L) 1.090 1.01-1.17 0.024a

Elevated C-reactive protein 1.559 0.49-4.98 0.454

CI confidence interval, OR odds ratio, NPE neurogenic pulmonary ede-
ma, SAH subarachnoid hemorrhage, HTA hypertension, CPK creatine
phosphokinase, CPK-MB creatine phosphokinase MB isoenzyme,
CPK-MB mass creatine phosphokinase MB mass concentration
a Statistically significant
b Adjusted on sex

Table 5 Multivariate logistic regression analysis to identify variables
predictive of NPE associated with SAH (for patients admitted within 24 h
of SAH onset)

Multivariate

Predictors OR 95% CI P

Age, years 1.011 0.94-1.09 0.783

Female sex 4.248 0.56-32.27 0.162

Hunt and Hess grade ≥3 6.494 0.63-66.80 0.116

Hydrocephalus 8.075 1.55-42.06 0.013a

ST-T changes 1.428 0.28-7.35 0.662

Elevated troponin I 16.182 2.46-106.21 0.004a

White blood cell count (109/L) 1.418 1.12-1.79 0.004a

CI confidence interval, OR odds ratio, NPE neurogenic pulmonary ede-
ma, SAH subarachnoid hemorrhage
a Statistically significant

710 Acta Neurochir (2017) 159:705–712



had only one measurement, so we believe this may be the
source of our different results.

The possibility of prediction of NPE by the elevated WBC
is in concordance with studies in which NPE is prevented by
attenuating inflammation [4, 5, 13].

Multivariate logistic regression analysis revealed that ele-
vated troponin I and WBC count are predictors of NPE.

For patients admitted within 24 h of SAH onset, cardiac
and inflammatory biomarkers with their absolute and elevated
values had also the role in prediction of NPE.

According to the ECG changes, the occurrence of NPE is
more frequently in patients with these changes, but they are
not predictors of NPE.

The influence of SAH therapy on predictors of NPE is
obvious. We have found different results in patients admitted
within 96 h of SAH onset (female gender, Hunt and Hess
grade ≥3, history of HTA) to those admitted within 24 h of
SAH onset (presence of hydrocephalus) and in which SAH
treatment was not initiated.

There are several limitations of this study. First, we had no
possibility to use transthoracic echocardiography (TTE) ex-
amination of the heart structure and function. This could en-
able assessment of the role of the heart dysfunction in patho-
physiology of NPE. Zaroff et al. [31] found that the great
majority of patients with NPE were complicated by concom-
itant wall motion abnormality. In another study, Inamasu et al.
[17] also found that 88% of the patients with NPE had also
Takotsubo cardiomyopathy. Tung et al. [30] revealed that 23%
of patients with regional wall motion abnormalities had pul-
monary edema.

Secondly, a different time from SAH onset to admission at
the hospital could also have influenced the results. Third and
finally, we had only one measurement for the examined vari-
ables which are measured within 96 h of SAH onset. Of these
values, 50.8% were obtained after initiation of SAH therapy
and the influence of this therapy on the results is excluded by
additional statistical analysis.

Despite these limitations, this study is unique because car-
diac biomarkers on admission in prediction of SAH-induced
NPE were evaluated for the first time, and we believe that it
will provide a new insight into the pathogenesis. The possi-
bility of prediction of NPE occurrence in patients with SAH
which may improve outcomes of NPE patients also needs to
be further evaluated, as well as the influence of SAH treatment
on the results. Since the number of SAH patients complicated
by NPE is relatively small, a multi-center study may be re-
quired to clarify the issue.

Conclusions

Markedly higher values of serum cardiac biomarkers were
observed in SAH patients complicated by NPE. The elevated

values of cardiac biomarkers on admission appear to play an
active role in prediction of NPE, although absolute and ele-
vated values of WBC count may be involved in prediction of
NPE.

Based on results of this study, we recommend taking blood
samples for cardiac biomarkers analysis every day in the first
days after admission and then according to clinical status and
trend of the values of the biomarkers. Although we did not use
TTE examination in our study, we recommend it to confirm or
exclude global or regional left ventricular systolic dysfunction
and to ensure that therapeutic decisions are based on the car-
diac status of each patient.
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Comments

Nastasovic and co-workers analyze if cardiac biomarkers could predict
neurogenic pulmonary edema (NPE) in aneurysmal subarachnoid hem-
orrhage (SAH). They prospectively included 262 SAH patients and found
19 patients with NPE.

In my opinion, this is an interesting study about an important problem
in neurosurgical intensive care. The weaknesses of the study have been
seen and adequately discussed by the authors. For me, the most important
limitations are that no ultrasound examination of heart function was
available and that the influence of SAH therapy, especially triple-H ther-
apy, on the results described remains unclear. These points should be
addressed in future studies about this topic.

Marcus Reinges

Giessen, Germany
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