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ABSTRACT 

Objective: To identify electrocardiographic parameters that predict extent of early improvement in ejection fraction 
(EF) in patients with stress cardiomyopathy. Methods: We collected baseline clinical, ECG and imaging data and fol-
low up echocardiography data on 30 consecutive patients with stress cardiomyopathy. The relationship between base-
line ECG parameters and Delta EF was evaluated by univariate and multivariable analysis. Results: Median EF im-
proved from 35% to 55% (p < 0.0001). Delta EF showed negative correlation with number of leads with T inversion (p 
= 0.01) and QT interval (p = 0.02). The number of leads with T inversion was independently associated with Delta EF 
(coefficient −4.878, p = 0.04). Conclusion: The number of leads with T wave inversion is negatively correlated with 
and is an independent predictor of the extent of early improvement of EF in patients with stress cardiomyopathy. Hence 
the ECG at initial presentation can be used as a simple tool to predict LV function recovery. 
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1. Introduction 

Stress cardiomyopathy is a reversible cause of left ven-
tricular (LV) dysfunction [1]. However, baseline predic-
tors of LV function recovery have not been specifically 
addressed by previous studies. The purpose of this study 
was to identify baseline parameters that predict extent of 
improvement in ejection fraction (EF) early after presen-
tation. 

2. Method 

We conducted a combined retrospective and prospective 
study of 30 consecutive patients who met Mayo Clinic 
criteria for stress cardiomyopathy [1] from 2005 to 2008 
at our institution. Cases were carefully reviewed and se-
lected based on a consensus between two of the authors 
(KBP, OS). 

Inclusion criteria were: 1) transient hypokinesis, aki-
nesis or dyskinesis of the left ventricular mid segments 
with or without apical involvement and regional wall- 
motion abnormalities not conforming to a single epicar-
dial vascular distribution 2) new electrocardiographic 
abnormalities including ST-segment elevation, ST seg-
ment depression or T-wave inversion or elevation of car-

diac biomarkers.  
Exclusion criteria were: 1) significant obstructive 

coronary disease or angiographic evidence of acute pla- 
que rupture; 2) myocarditis; 3) pheochromocytoma; 4) 
intracranial process.  

Baseline data collection included clinical history, 
physical examination, laboratory and ECG findings, 
echocardiography and cardiac catheterization data. Pa-
tients were followed up with repeat echocardiography. 
The study was approved by the Institutional Review 
Board.  

ECG data: pertinent ECG data collected included: 
presence of ST depression, number of leads with ST de-
pression, and maximum amplitude of ST depression in 
millimeters (mm). Similar data was recorded for ST ele-
vation and T wave inversion. The diagnostic criteria for 
ST depression were: J-point depression of 0.5 mm in 
leads V2 and V3 and 1 mm in all other leads. The diag-
nostic criteria for ST elevation were as follows - for men, 
J-point elevation in 2 contiguous leads measuring 2 mm 
in leads V2 and V3 and 1 mm in all other leads and for 
women, J-point elevation in 2 contiguous leads of 1.5 
mm in leads V2 and V3 and 1 mm in all other leads [2]. 
The number of leads with T wave inversion were counted 
regardless of ST changes in those leads. QT and cor-
rected QT interval (by Bazett’s formula [3] were re-*Corresponding author. 
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corded. Cut-off values for QTc prolongation were 450 
milliseconds for men and 460 milliseconds for women 
[4]. 

Biomarker data: Peak values of cTroponin I, CK-MB, 
NTpro-BNP are recorded. The upper reference limit for 
cTroponin I in our laboratory is 0.07 ng/ml. 

Echocardiographic parameters studied on the initial 
and follow-up examinations included chamber size, left 
ventricular wall thickness, global ejection fraction, seg-
mental wall motion abnormality, estimated left atrial and 
pulmonary artery systolic pressure and valve morphology 
and function. A single observer, blinded to clinical data, 
read all echocardiograms. Delta EF was defined as fol-
low-up EF minus initial EF. Measurements were per-
formed according to the American Society of Echocar-
diography Guidelines [5,6]. 

Cardiac catheterization findings studied were coro-
nary anatomy, left ventricular end-diastolic pressure, left 
ventricular size, global ejection fraction, segmental wall 
motion abnormality and mitral regurgitation. 

Statistical analysis: Data were expressed as percent-
ages for categorical variables, mean ± SD for normally 
distributed continuous variables, and median (interquar-
tile range-IQR), for non-normally distributed continuous 
variables. Initial and follow up EF were compared using 
the paired t-test. The relationship between baseline pa-
rameters and Delta EF was analyzed using ANOVA and 
Spearman’s correlation. Multivariable linear regression 
was used to identify independent predictors of Delta EF.  

3. Results 

Demographics and clinical presentation: Patients had 
an average age of 73.2 (SD 15.1) years and 67% were 
women. Hypertension was present in 53%, hyperlipide-
mia in 63%, diabetes in 27% and smoking in 30%. Pre-
senting clinical parameters were chest pain in 67%, 
dyspnea in 20%, palpitation in 37% and syncope in 7%. 
A precipitating factor was identified in 84% of patients 
(Table 1). 

Electrocardiographic data: The mean heart rate was 
95 (SD 24). ST depression was noted in 43%, ST eleva-
tion in 30%, T wave inversion in 70% and QT prolonga-
tion in 60%. Data on number of leads with ST depression, 
ST elevation and T wave inversion is presented in Table 
2 and Figure 1.  

Biomarkers: Troponin I was elevated in 60% of pa-
tients, CK-MB in 40% and NTpro-BNP in 37%. At least 
one biomarker was elevated in 67% of patients. The me-
dian (IQR) peak values for troponin I, CPK, CK-MB and 
NT pro-BNP are presented in Table 2. 

Cardiac catheterization (Figure 2): There was no sig-
nificant obstructive lesion on coronary angiogram. The  

Table 1. Demographics and clinical presentation. 

Age, mean (SD) years 73.2 (15.1) 

Females, % 69 

Hypertension, % 55 

Hyperlipidemia, % 65 

Diabetes, % 7 

Smoking, % 31 

Chest pain, % 69 

Dyspnea,% 40 

Palpitation,% 38 

Syncope, % 7 

Heart failure, % 38 

 
Table 2. Electrocardiographic and biomarker data. 

Heart rate, mean (SD) bpm 95 (24) 

ST depression, % 45 

ST elevation, % 31 

T wave inversion, % 73 

QT prolongation, % 62 

Number of leads with ST depression,  
median (IQR) 

3 (3, 6) 

Number of leads with ST elevation,  
median (IQR) 

4 (3, 6) 

Number of leads with T wave inversion, 
median (IQR) 

5 (4, 6) 

QT interval, mean (SD) milliseconds 404 (SD 80) 

Corrected QT interval, mean (SD)  
milliseconds 

487 (SD 72) 

Troponin I, median (IQR) 2.4 (IQR 0.4, 5.8) 

CPK, median (IQR) 173 (IQR 119, 330) 

CK-MB, median (IQR) 7.7 (IQR 3.1, 11.7) 

NTpro-BNP, median (IQR) 8463 (IQR1, 578, 14, 501)

 
mean left ventricular end-diastolic pressure was 14 (SD 
10) mmHg. The median EF by left ventricular angiogra-
phy was 40% (IQR 25, 45). 

Initial echocardiography (Table 3, Figure 3): The 
median ejection fraction was 35% (IQR 25, 40). Left 
ventricular hypertrophy was noted in 50%. Diastolic 
dysfunction was present in 70%—Grade 1 in 60% and 
Grade 2 in 10%. Estimated left atrial pressure was 14 (SD 
5) mmHg and estimated pulmonary artery systolic pres- 
sure was 38 (SD 10). Mitral regurgitation was present   

Copyright © 2012 SciRes.                                                                                 IJCM 



A Simple Electrocardiographic Predictor of Early Recovery of Left  
Ventricular Function in Stress Cardiomyopathy 

Copyright © 2012 SciRes.                                                                                 IJCM 

675

  

 

Figure 1. Initial electrocardiogram. 
 

Table 3. Initial and follow-up echocardiography. 

 

 
Initial  

echocardiography 
Follow-up  

echocardiography
p value

Ejection fraction, 
median (IQR), % 

35 (25, 40) 55 (52.5, 60) <0.0001

Diastolic  
dysfunction, % 

72 27  

Estimated left atrial 
pressure, mean (SD), 

mmHg 
14 (5) 12 (4)  

Estimated pulmonary 
artery systolic  

pressure, mean (SD), 
mmHg 

38 (10) 30 (10)  

Mitral  
regurgitation, % 

83 47  

Figure 2. Coronary and left ventricular angiograms show-
ing normal coronaries and apical ballooning. 

 

 

 

 

Figure 3. Initial and follow-up echocardiograms showing 
transient apical ballooning.  
 
in 80%—mild in 60%, moderate in 13% and severe in 
7%.  

Clinical course was complicated by heart failure in 
37% of patients, hypotension requiring presser support in 
4 patients, atrial fibrillation in 2 patients and ventricular 
tachycardia and ventricular fibrillation in 1 patient.    

Repeat echocardiography (Table 3) was performed at 
9 (IQR 5, 23) days (range 4, 26 days). There was a sig-
nificant improvement in EF from 35% (IQR 25, 40) on 
the initial study to 55% (IQR 52.5, 60) at follow-up (p < 
0.0001, Figure 4). Diastolic dysfunction was present in 
27% - Grade 1 in 20% and Grade 2 in 7%. Estimated left 
atrial pressure was 12 (SD 4) mmHg and estimated pul-
monary artery systolic pressure was 30 (SD 10). Mitral 
regurgitation was present in 47% - mild in 44%, moder-  

Figure 4. Change from initial to follow-up ejection fraction. 
 
ate in 3%, while none had severe MR on follow-up. 

Correlates of Delta EF (Table 4, Figure 5): Delta EF 
showed negative correlation with number of leads with T 
wave inversion (Spearman’s rho −0.64, p = 0.01) and 
with QT interval (Spearman’s rho −0.51, p = 0.02). Ad-
ditional analyses were performed to evaluate the robust-
ness of the relationship between the number of leads with  



A Simple Electrocardiographic Predictor of Early Recovery of Left  
Ventricular Function in Stress Cardiomyopathy 

676 

Table 4. Correlates of delta EF. 

 Spearman’s rho p value 

T wave inversion, mm −0.25 0.4 

Number of leads with T wave inversion −0.65 0.01 

QT interval −0.51 0.02 

Age −0.03 0.9 

NT-Pro BNP 0.29 0.4 

Peak CPK 0.29 0.3 

Peak Troponin I 0.09 0.7 

Peak CK-MB 0.28 0.3 

Heart rate 0.30 0.2 

ST depression, mm 0.26 0.5 

Number of leads with ST depression −0.24 0.5 

ST elevation, mm 0.58 0.3 

Number of leads with ST elevation 0.22 0.7 

Initial EF −0.32 0.17 

 

 

Figure 5. Correlation between delta EF and number of 
leads with T wave inversion. 
 
T wave inversion and Delta EF. Importantly, there was 
no correlation between the number of leads with T wave 
inversion and the initial EF (Spearman’s Rho 0.29, p = 
0.25). Moreover, there was no correlation between Delta 
EF and the duration from initial to follow-up echocardi-
ography (Spearman’s Rho −0.1, p = 0.6). On multivari-
able analysis (Table 5), the number of leads with T wave 
inversion was the only variable which was associated 
with Delta EF (coefficient −4.878, p = 0.04). 

4. Discussion 

The main finding of this study is that ECG findings at  

Table 5. Multivariable correlates of delta EF. 

 Coefficients p value 

Peak Troponin I 0.420 0.176 

Heart rate 0.020 0.811 

ST depression, mm 0.815 0.838 

Number of leads with ST depression 1.876 0.373 

ST elevation, mm 4.616 0.241 

Number of leads with ST elevation −6.462 0.147 

T wave inversion, mm 0.797 0.605 

Number of leads with T wave inversion −4.892 0.036 

Initial EF −0.352 0.121 

 
initial presentation correlate with the extent of LV func-
tion recovery early after presentation in patients with 
stress cardiomyopathy. 

Stress cardiomyopathy is a reversible cause of LV 
systolic dysfunction that mimics acute coronary syn-
drome and is often precipitated by a stressful event. The 
clinical profile of our series of patients with stress car-
diomyopathy is similar to that reported in a systematic 
review of 14 studies [7]. The mean age of patients in our 
study was 73.2 years compared to 58 to 77 reported pre-
viously [7]. Females accounted for 67% of patients in our 
series compared to 88%. A recent study found that pre-
cipitating factors in males were more often physical 
stressors including medical conditions, procedures and 
treatments, whereas emotional stress was more often 
noted in females [8]. The greater proportion of physical 
stressors and the concordant greater proportion of males 
in our patients likely reflect the demographics of the pa-
tient population at our institution. Our institution is a 
tertiary care multi-specialty hospital located in Miami 
Beach, which has a higher proportion of persons aged 65 
years or older (19.2%), compared to the national average 
of 12.9% (US Census data, accessed at  
http://www.census.gov/). Our patient cohort was not only 
older but also sicker, with a higher representation of 
physical stressors (medical conditions and interventions). 
While stress cardiomyopathy has been classically de-
scribed in female patients with emotional stressors, with 
increasing awareness of this condition and a higher index 
of suspicion, it is being increasingly recognized in males 
with physical stressors [8,9]. 

Hypertension and diabetes were present in 53% and 
27% respectively in our series compared to 43% and 
11%. Chest pain and dyspnea were present in 67% and 
20% respectively in our series compared to 67.8% and 
17.8%. T wave changes were present in 70% of our pa-
tients compared to 64.3%. The pattern of mild cardiac 
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biomarker elevation was also similar to that reported 
previously. The median ejection fraction in our study was 
40% compared to a range of mean ejection fraction of 
20% to 49% reported previously.  

We found a significant improvement in ejection frac-
tion to median of 55% (IQR 52.5, 60) on follow-up 
echocardiography at 9 (IQR 5, 23) days. Previous studies 
have reported improvement in ejection fraction over a 
period of days to weeks and the mean ejection fraction 
on follow-up was reported to range between 60% to 76% 
[7,10]. In a series of 22 patients, LV function recovery 
was noted within 5 days in 7 patients and at 24 ± 29 days 
in the overall group [11]. In a series of 6 patients, com-
plete recovery of LV function was seen at 4.5 ± 1.5 days 
[12].  

We found that the number of leads with T wave inver-
sion and the QT interval were inversely correlated with 
the extent of recovery of ejection fraction. On multivari-
able analysis, only the number of leads with T wave in-
version was a significant predictor of improvement in EF. 
Baseline predictors of LV function recovery have not 
been specifically addressed by previous studies. The 
present study does not address potential mechanisms 
underlying the relationship between ECG changes at 
presentation and LV function recovery. The pathophysi-
ology of stress cardiomyopathy is not completely under-
stood and has been attributed to catecholamine-induced 
myocardial dysfunction possibly mediated by metabolic 
abnormalities and intracellular calcium overload [13-15]. 
Histological changes consistent with catecholamine-in- 
duced myocardial injury have been found in patients with 
stress cardiomyopathy [14]. Impaired microvascular per-
fusion has also been implicated in the pathogenesis 
[15-17]. Despite the finding of elevated cardiac markers 
and impaired microvascular perfusion, there is no evi-
dence of myocardial necrosis. Recovery of histological 
changes as well as of perfusion defects and metabolic 
abnormalities has been demonstrated [14-16].  

The pathophysiology of ECG changes and left ven-
tricular function abnormality in stress cardiomyopathy 
has been explored by several approaches. In one such 
line of enquiry, ECG changes in stress cardiomyopathy 
have been contrasted with that of acute ST elevation 
myocardial infarction [18,19]. It has been suggested that 
the differences reflect subepicardial abnormality in stress 
cardiomyopathy versus transmural pathology in ST ele-
vation myocardial infarction [20]. Since, ECG changes in 
ST elevation myocardial infarction reflect myocardial 
necrosis, (which is not a feature of stress cardiomyopa-
thy), ECG changes classically associated with myocar-
dial stunning [21] are more pertinent to this condition. In 
particular, T wave inversion and QT interval prolonga-
tion have been associated with stunned myocardium and 

are thought to be mainly caused by prolongation of the 
action potential [19,22-24].  

Electrophysiological studies have suggested that the 
T-wave abnormalities seen in takotsubo cardiomyopathy 
are due to abnormal LV repolarization gradients [25]. 
Experimental studies have suggested that T wave inver-
sion reflects altered transmural repolarization sequence 
and is associated with LV diastolic dysfunction [26,27]. 
T wave inversion has been proposed to be a marker for 
reversible left ventricular systolic function [21]. Negative 
T wave with QT prolongation has shown to be related to 
reperfusion injury and stunning of left ventricle [22]. The 
number of leads with T wave inversion may possibly 
reflect the spatial extent of altered reploarization. 
Whether the spatial extent of altered transmural repolari-
zation sequence is associated with the severity of systolic 
dysfunction needs to be studied. Further studies may ad-
dress the relationship between the extent of altered 
transmural repolarization and LV systolic function re-
covery in patients with stress cardiomyopathy.  

The methodological limitations of the combined ret-
rospective and prospective design are acknowledged. The 
current findings of the relationship between ECG changes 
and LV function recovery need to be validated in a larger 
prospective series. Prospective studies with initial and 
follow-up echocardiography at pre-specified intervals 
may be required to better understand the pattern of LV 
function recovery in patients with stress cardiomyopathy. 
A limitation in view of the combined retrospective and 
prospective design of our study is that the duration from 
symptom onset to initial echocardiography and the inter-
val between initial and repeat echocardiography were not 
pre-specified. However, we believe that this is not likely 
to influence the main finding of the study for the follow-
ing reasons. There was no correlation between the num-
ber of leads with T wave inversion and initial EF. More-
over, there was no correlation between Delta EF and the 
duration from initial to follow-up echocardiography. In 
addition, multivariable analysis showed an independent 
association between the number of leads with T wave 
inversion and Delta EF.  

We do not report serial ECG data. The objective of the 
present study was to evaluate the relationship between 
ECG findings at initial presentation (typically in the 
emergency room, within a few hours of symptom onset) 
and left ventricular function recovery. The initial echo-
cardiogram was obtained at less than 24 hours from 
presentation. While it would be interesting to study the 
correlation between serial ECG data with serial changes 
in left ventricular function, this would also exponentially 
increase the complexity of the analysis without contrib-
uting significantly to the primary objective of risk strati-
fication at initial presentation.  
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The findings of this study may potentially inform risk 
stratification of patients with stress cardiomyopathy and 
may aid intensive medical management of high risk pa-
tients. 

5. Conclusion  

The number of leads with T inversion is negatively cor-
related with and is an independent predictor of the extent 
of improvement of EF in patients with stress cardio-
myopathy. Hence the ECG at initial presentation can be 
used as a simple tool to predict LV function recovery. 
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