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Abstract

Objective To determine the clinical characteristics and

outcomes of patients with neurogenic stress cardiomyopa-

thy (NSC) among patients admitted to our neuroscience

intensive care unit (NICU).

Methods Following institutional review board approval, con-

secutive adult patients admitted to theNICUbetween 2009 and

2013 with definite and possible NSC were included. Data on

patient demographics, baseline clinical information, cardiac

function, and laboratory values were collected. Outcomes

included length of stay, modified Rankin Scale (mRS) at dis-

charge and long-term follow-up. Continuous variables were

comparedusing a student’s t test, and categorical variableswere

compared using a Chi-square test.

Results Among 34 patients included in the study, the most

common presenting symptom was dyspnea (17 patients,

50%). Subarachnoid hemorrhage (SAH) was the most

common neurological inciting event (11 patients, 32.4%),

but two-thirds of this cohort had other neurological triggers.

The most common electrocardiogram changes were QT-in-

terval prolongation (30 patients, 88.2%) and T-wave

inversion (22 patients, 64.7%). The most common echocar-

diographic pattern was the apical variant (14 patients,

41.2%), and 26% of patients had right ventricular

involvement (P = 0.03) which was a predictor of poor out-

come along with inotropic support (P = 0.006). Functional

outcome was poor (mRS > 3) in 53% of patients at dis-

charge, but function improved over time in most survivors.

Conclusions NSC is most common after SAH, but can

result from a wide spectrum of acute brain insults.

Requirement of inotropic support was the strongest indi-

cator of prognosis at last follow-up. Patients with NSC

often have poor function at discharge but many improve

over time.
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Introduction

Stress cardiomyopathy is defined by theMayo Clinic criteria

as transient ventricular dysfunction, typically in a

multivascular distribution, associated with either electro-

cardiogram (ECG) changes and/or cardiac biomarker

evidence of myocardial injury/ischemia in the absence of

significant obstructive coronary artery disease (CAD) [1].

There is no uniformly accepted terminology for this complex

disease entity, which has also been described in the literature

as apical ballooning syndrome (ABS), takotsubo cardiomy-

opathy (TC)/syndrome, and broken heart syndrome [2–4].

Stress cardiomyopathy can be secondary to a wide variety of

physiologic, pathologic, and psychological events. Over the

past several years, there has been increased awareness of the

neurological causes of stress cardiomyopathy.

The most commonly recognized cause of neurogenic

stress cardiomyopathy (NSC) is subarachnoid hemorrhage

(SAH). However, relatively little is known regarding which
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other neurological conditions can induce the syndrome.

Thus, the purpose of our study is to describe the range of

neurological events that can incite the disorder, as well as

to describe long-term clinical outcomes of a consecutive

series of patients admitted to a neuroscience intensive care

unit (NICU).

Methods

Patient Population

Institutional review board approval was obtained for con-

ducting this retrospective study. Inclusion criteria were

patients >18 years of age, admitted to the NICU between

2009 and 2013 with a primary neurological illnesses who

developed one or more of the following according to ret-

rospective review of physician notes and nursing flow

sheets: cardiac symptoms (i.e., chest pain, dyspnea),

hypotension requiring pressor or inotropic support, or ECG

abnormalities (i.e., ST-segment elevation, inverted T-waves,

QTc prolongation defined as >450 ms in males, and

>470 ms in females). Patients with ‘‘definite’’ and ‘‘possi-

ble’’ NSC were included. Following identification of

patients based on these criteria, troponin values and

echocardiographic findings were used to identify NSC.

Those who met a modified version of the Mayo Clinic cri-

teria for stress cardiomyopathy were defined as ‘‘definite’’

(Table 1) [1], and those who had a similar presentation but

did not have echocardiographic confirmation of reversal of

the cardiomyopathy were defined as ‘‘possible.’’

Data Collection

Baseline demographic data were collected from the medi-

cal records. Comorbidities studied included body mass

index (BMI), hypertension, diabetes mellitus, current or

prior tobacco use, CAD, baseline APACHE III score, and

nadir Glasgow Coma Scale (GCS). Underlying neurologi-

cal diagnoses were categorized as acute ischemic stroke,

SAH, intraparenchymal hemorrhage (IPH), meningitis,

seizure/epilepsy, tumor, posterior reversible leukoen-

cephalopathy (PRES), and traumatic brain injury. We also

reported the location of the lesion (left, right, bilateral) and

the number of days from the neurological event to onset of

stress cardiomyopathy.

Clinical symptoms at presentation of stress cardiomyopa-

thy were categorized as dyspnea, chest pain, syncope, and

shock. Left ventricularwallmotion patternwas categorized as

apical, non-apical (mid-ventricular, basal or global). The

presence of right ventricular dysfunction on echocardiogra-

phy was documented. Data were collected regarding the

primary imaging modality used to document ventricular

regional wall motion abnormality (i.e., transthoracic

echocardiography, transesophageal echocardiography or

angiography). Data were collected on ECG findings, cardiac

troponin levels, complications, pharmacological agents used

(antithrombotic agents, anti-hypertensives, and inotropes),

and intubation and duration of ventilator support. Significant

change in troponins was defined as an increase of C0.03 ng/

mL at 3 and 6 h time points from initial value of <0.02 ng/

mL, or increase of C20% between time points if initial value

was C0.20 ng/mL. These are thresholds set by our local lab-

oratory when a cardiac biomarker is ordered. Delta gap in

troponin was calculated at 6 h.

Outcomes studied included NICU length of stay, hos-

pital length of stay, outcome at discharge, and outcome at

long-term follow-up. Discharge and long-term neurological

outcomes were evaluated using the modified Rankin Score

(mRS) with a good outcome being defined as a mRS B 3.

Outcomes were adjudicated by a vascular neurologist. The

association between neurological outcome at last follow-up

and several clinical characteristics at admission (age,

gender, BMI, smoking history, CAD, diabetes mellitus,

hypertension, baseline APACHE III, nadir GCS, renal

impairment (based on RIFLE criteria [5]), sepsis [6],

Table 1 Modified Mayo Clinic criteria for stress cardiomyopathy revised from Table 2 of Reference [1]

A Transient hypokinesis, akinesis, or dyskinesis of the left ventricular mid segments with or without apical involvement; the regional wall

motion abnormalities extend beyond a single coronary vascular distribution; a stressful trigger is often, but not always presenta

B Absence of angiographic evidence of obstructive coronary disease or reversibility of wall motion abnormalities on subsequent

echocardiogramb

C New electrocardiographic abnormalities (either ST-segment elevation and/or T-wave inversion) or modest elevation in cardiac troponin

D Absence of pheochromocytoma or myocarditisc

All four criteria must be present
a There are rare exceptions to these criteria, i.e., when the regional wall motion abnormality is limited to a one coronary territory
b Patients with obstructive coronary atherosclerosis may also develop apical ballooning syndrome. However, this is very rare but, perhaps

because such cases are misdiagnosed as an acute coronary syndrome
c Myocarditis excluded based on echocardiogram and electrocardiogram findings. Pheochromocytoma excluded by testing of serum cate-

cholamine levels when the diagnosis was suspected
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neurological state in intensive care unit at time of NSC

presentation, length of hospital stay, lesion location, pres-

ence of seizure, SAH, type of stress cardiomyopathy, right

ventricular involvement, troponin level, presence of

arrhythmia, lowest ejection fraction (EF), and need for

intubation and inotropic support) was investigated.

Statistical Analysis

Continuous variables are reported as mean ± SD or med-

ian with interquartile range in cases of non-normal

distribution. Categorical variables are reported as N (%).

Continuous variables were compared using a student’s

t test, and categorical variables were compared using a Chi-

square test. For the purposes of statistical analysis, the

definite and possible groups were combined as one group

as there were no significant differences in baseline char-

acteristics, clinical characteristics, and outcomes between

the two groups. All analyses were performed using

JMP10.0 (www.jmp.com, Cary, NC).

Results

Patient Population

Thirty-four patients were included in this study. Eighteen

patients had definite and 16 patients had possible NSC. The

mean age was 61.8 ± 17.6 years. Twelve patients (35.3%)

weremale, and 22 patients (64.7%)were female. All patients

were Caucasian with the exception of one for whom the race

was not documented. These data are summarized in Table 2.

Clinical Presentation

Data on baseline clinical presentation are summarized in

Supplementary Table 1. Of the 34 patients, 10 (29.4%)

were awake at the time of NSC diagnosis, 14 (41.2%) were

sedated, and 10 (29.4%) were comatose. The most common

(32.4%) inciting neurological event was aneurysmal SAH.

Additional triggers included ischemic stroke (11.8%), IPH

(11.8%), and PRES (14.7%). Thirteen patients (38.2%) had

seizures during hospitalization. A total of 8 patients

(23.5%) had status epilepticus. The most common clinical

presentation of NSC was dyspnea (50.0%), and the least

common was chest pain (3 patients, 8.8%).

Cardiac Function

The most common pattern of NSC was the typical apical

variant (14 patients, 41.2%). Right ventricular (RV)

involvement occurred in 9 patients (26.5%) (Supplemen-

tary Table 2). The mean lowest EF was 40.9%. Nine

(26.5%) patients had EF <30%. Pulmonary edema was

evident on chest X-ray in 16 (47.1%) patients. The most

common ECG changes were QTc interval prolongation

(30, 88.2%). ST-segment elevation was present in 15

patients (44.1%). Twelve (35.3%) patients had cardiac

arrhythmias. Elevated troponin T levels were present in the

majority of patients (31 patients, 93.9%). Seventeen

(54.8%) patients had a significant change in troponin levels

on serial measurements. The median percent change in

delta gap in troponin was -18.5% at 6 h. Of the 31 patients

with elevated troponins, 21 patients had significant

decreasing levels by 6 h, 6 patients had increasing tro-

ponins and 2 patients were not changed significantly over

6 h, and two did not have serial measurements. These data

are summarized in Supplementary Table 2.

Cardiac and Respiratory Support

These data are summarized in Supplementary Table 2.

Twenty-four (66.7%) patients required intubation. Sixteen

(47.1%) patients required inotropic/vasopressor support.

No patients required an intra-aortic balloon pump or

extracorporeal membrane oxygenation. Twenty patients

(58.8%) were placed on antithrombotic agents.

Outcomes

Three patients died in hospital. Three patients were lost to

follow-up. At discharge, 18 patients (52.9%) had poor neu-

rological outcome (mRS > 3), and 16 patients (47.1%)with

good outcome. At median follow up of 4.9 months, 12

(38.7%) patients had poor outcome leaving 19 patients with

good outcome (61.3%), 13 (42%) of which regained either

full function or had minimal residual symptoms. No patients

died purely of cardiac complications. Mean hospital length

of stay was 20.5 days, and mean NICU length of stay was

10 days. These data are summarized in Table 3.

Univariate predictors of poor neurological functional

outcome at last follow-up were the need for inotropic

support (OR 7.00, 95% CI 1.69–30.85, P = 0.006) and RV

involvement (OR 6.08, 95% CI 1.19–31.75, P = 0.03)

(Table 4). The association with higher APACHE III score

(P = 0.09) and a lower GCS (P = 0.11) was of borderline

significance.

Discussion

Our study of consecutive patients with stress cardiomy-

opathy from an acute neurological cause demonstrated a

number of interesting findings. First, we report that a wide

range of neurogenic etiologies can trigger stress
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cardiomyopathy, including SAH and IPH, acute ischemic

stroke, and PRES. Second, patients with NSC frequently

have a poor early recovery, with half of patients having poor

neurological function at discharge; however, meaningful

functional recovery was commonly seen at follow-up.

Predictors of poor neurological outcome in our study

included the need for inotropic support and RV involvement.

Our study is unique in that we demonstrate that a wide

variety of neurological disease triggers encountered in our

center could result in NSC. The literature on NSC has

focused on its association with aneurysmal SAH [7–11]

and intracranial hemorrhage [12, 13]. While a number of

case reports and a few small case series have suggested that

other neurological insults can result in NSC, our series

found that over two-thirds of NSC cases presenting to a

NICU setting result from etiologies other than aneurysmal

SAH [14–17].

The clinical presentation of those with stress car-

diomyopathy from acute neurological disease may differ in

some ways from traditional stress cardiomyopathy. It is

common for stress cardiomyopathy to present with chest

pain; however, as demonstrated in our case series and

others, those with neurological triggers appear to present

most commonly with dyspnea relating to signs of heart

failure as opposed to chest pain [18, 19]. This may reflect

the fact that patients with acute major neurological con-

ditions may not be able to express or verbally report

symptoms due to aphasia or altered mental status (66.7% of

our patient cohort was sedated and/or comatose). These

findings are important as they suggest that in the setting of

an acute neurological injury and dyspnea, neurologists

should have a high index of suspicion for NSC.

A recent case series by Ancona et al. [19] has compared

traditional TC to NSC. The authors report that none of the

22 patients with NSC had ST-segment elevation, and 93%

had mid-ventricular or basal variants with respect to

regional wall abnormalities with only 21% wall abnor-

malities extending to or solely affecting the apex of the left

ventricle. However, our study does not support these con-

clusions and to the contrary shows that 44% of patients had

Table 3 Outcomes

All Definite Possible

Length of stay (SD)

NICU (SD) 10.0 (10.4) 9.7 (7.9) 10.4 (12.6)

Hospital (SD) 20.5 (17.2) 20.2 (15.9) 20.9 (18.4)

Outcome at discharge (mRS)

0 0 (0.0) 0 (0.0) 0 (0.0)

1 5 (14.7) 4 (22.2) 1 (6.3)

2 3 (8.8) 1 (5.6) 2 (12.5)

3 8 (23.5) 5 (27.8) 3 (18.8)

4 8 (23.5) 5 (27.8) 3 (18.8)

5 7 (20.6) 3 (16.7) 4 (25.0)

6 3 (8.8) 0 (0.0) 3 (18.8)

Poor outcome at discharge 18 (52.9) 8 (44.4) 10 (62.5)

Outcome at long-term follow-up (mRS)a

0 9 (29.0) 7 (28.9) 2 (15.4)

1 4 (12.9) 4 (22.2) 0 (0.0)

2 3 (9.7) 1 (5.6) 2 (15.4)

3 3 (9.7) 2 (11.1) 1 (7.7)

4 6 (19.4) 2 (11.1) 4 (30.8)

5 0 (0.0) 0 (0.0) 0 (0.0)

6 6 (19.4) 2 (11.1) 4 (30.8)

Bad outcome at follow-up 12 (38.7) 4 (22.2) 8 (61.5)

mRS modified Rankin Scale, NICU neurological intensive care unit,

SD standard deviation
a Long-term follow-up = Median = 496 months, Mean = 7.57 ±

10.3 months

Table 2 Demographics and

comorbidities
All Definite Possible

Number of patients 34 18 16

Age (mean, SD) 61.8 (17.6) 59.2 (17.3) 64.8 (18.0)

Male, N (%) 12 (35.3) 4 (22.2) 8 (50.0)

White, N (%) 33 (97.2) 17 (94.4) 16 (100.0)

BMI, (Kg/m2) (mean, SD) 29.3 (7.0) 30.2 (5.9) 28.3 (8.1)

Smoking, N (%)

Never 18 (52.9) 7 (38.9) 11 (68.8)

Current 10 (29.4) 6 (33.3) 4 (25.0)

Former 6 (17.7) 5 (27.8) 1 (6.3)

Coronary artery disease, N (%) 2 (5.9) 0 (0.0) 2 (12.5)

Diabetes mellitus, N (%) 9 (26.5) 5 (27.8) 4 (25.0)

Hypertension, N (%) 25 (73.5) 13 (73.5) 12 (75.0)

BMI body mass index, SD standard deviation
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ST-segment elevation, and the vast majority had involve-

ment of the apex with only 23% having mid-ventricular

and/or basal involvement. One explanation for the dis-

crepancy between the two studies may be that in the

Ancona et al. study the majority of patients had NSC

secondary to SAH. In contrast, a consistent finding between

the studies is the higher proportion of males (35% on our

study) in NSC compared to stress cardiomyopathy in

general. This is consistent with our previous observation

that men appear to develop TC as a consequence of

physical triggers [20].

A modest elevation in troponin and QTc prolongation

was present in the majority of our patient population.

Although troponin levels and EF should not be used to

differentiate stress cardiomyopathy from acute coronary

syndrome, we note that 20 of the 27 patients with elevated

troponins had significantly down trending troponin levels

by 6 h, while only 5 patients had up trending levels. This

finding suggests that there is an inherent latency in the

process of reaching a diagnosis of NSC since troponin

levels typically peak at around 12–24 h in stress car-

diomyopathy, similar to an acute myocardial infarction [1].

A significant proportion of patients (30%) had poor

long-term outcomes at follow-up. The only predictors of

poor outcome in our study were right ventricular dys-

function and the need for inotropic support. The association

between right ventricular dysfunction and poor outcome

has been described in other series of stress cardiomyopathy

literature [21–24] but not demonstrated to date in cases

induced by acute neurological illness [25]. The fact that

poor RV function and especially the need for inotropic

support were predictors of poor functional outcome sug-

gests that either severe forms of NSC might substantially

impact patient prognosis or that the occurrence of clinically

manifest NSC is a marker of a major neurological injury.

Limitations

This study has the limitations inherent to a retrospective

design. Our patients did not uniformly undergo echocar-

diography and testing for cardiac injury biomarkers at

specific time points. This may have resulted in under-

detection of stress cardiomyopathy and a selection bias

toward more severe cases. Lack of consistent echocardio-

graphic follow-up and infrequent use of coronary

angiography resulted in the need to use a modified defini-

tion of stress cardiomyopathy. We attempted to minimize

bias selection by excluding patients with known CAD.

However, these possible cases were otherwise comparable

to those with a definite stress cardiomyopathy. The strength

of the statistical associations is tempered by the very wide

confidence intervals, which is inherent in a small study of a

rare condition such as this. Finally, our statistical analysis

may have been underpowered for the detection of more

modest associations with factors that may predict func-

tional outcome and the size of our cohort also prevented us

from being able to perform a multivariable analysis.

Conclusions

NSC is a complex entity that can result from a wide variety

of neurological insults. Clinical and laboratory clues that

can aid in the diagnosis of NSC include dyspnea, QTc

Table 4 Univariate analysis of predictors of poor outcome at last

follow-up

OR poor outcome P

Age 1.00 (0.98–1.02) 0.98

Male gender 1.41 (0.34–6.15) 0.62

BMI 1.03 (0.97–1.09) 0.69

Smoking

Never Ref Ref

Current 1.40 (0.23–7.54) 0.99

Former 0.80 (0.13–4.87) 0.99

Coronary artery disease 1.72 (0.18–32.23) 0.75

Diabetes mellitus 3.00 (0.54–16.64) 0.38

Hypertension 0.44 (0.10–2.01) 0.43

Baseline APACHE III 1.03 (0.95–1.06) 0.09

Nadir GCS 0.89 (0.75–1.03) 0.11

SAH 1.00 (0.35–4.05) 1

Neurological state in ICU

Awake Ref Ref

Sedated 3.96 (0.69–25.23) 0.26

Comatose 3.60 (0.48–27.11) 0.34

Side of anatomic lesion

Left Ref Ref

Right 0.53 (0.05–4.90) 0.99

Bilateral 0.75 (0.18–4.59) 0.96

Seizure 0.44 (0.09–2.13) 0.31

NSC variant

Apical Ref Ref

Non-apical 3.21 (0.47–21.80) 0.37

Diffuse 4.50 (0.63–32.30) 0.18

RV involvement 6.08 (1.19–31.75) 0.03

Significant change in troponin 1.20 (0.28–5.35) 0.98

Arrhythmia 1.00 (0.20–4.55) 0.97

Lowest EF 1.00 (0.96–1.03) 0.76

Need for intubation 3.85 (0.69–21.58) 0.35

Length of stay 1.09 (0.97–1.24) 0.22

Inotropic support 7.00 (1.69–30.85) 0.006

BMI body mass index, EF ejection fraction, GCS Glasgow Coma

Scale, ICU intensive care unit, NSC neurogenic stress cardiomyopa-

thy, OR odds ratio, RV right ventricle, SAH subarachnoid hemorrhage
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prolongation, and elevated troponin levels. Poor neuro-

logical outcome appears to correlate with the presence of

more severe cardiac injury. Neurocritical patients with this

cardiac complication often have impaired neurological

function upon discharge, but they have potential for

recovery.
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