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Introduction

Pheochromocytoma is a rare catecholamine-producing tumor 
with a highly variable clinical presentation.1) Pheochromocytoma 
presentation may include numerous cardiovascular manifestations 
and is usually identified with prevalent cardiac manifestations or 
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paroxysmal hypertension associated with other signs and symp-
toms of catecholamine excess.2)3) Although sinus tachycardia with 
palpitations is the most prevalent cardiac rhythm abnormality, 
pheochromocytoma can induce more serious arrhythmias or con-
duction disturbances, such as prolongation of the QTc interval and 
ventricular tachycardia followed by cardiac arrest.4)

Although QTc interval prolongation in pheochromocytoma is 
rare, it has been reported in several cases, and it has been proposed 
that catecholamine excess may contribute to its development.5-7) 
Recently, more attention has been given to the increasing number 
of cases of Takotsubo cardiomyopathy (TC).8)9) The relationship be-
tween TC and abnormal repolarization has been well-documented, 
which is probably because systolic dysfunction is associated with 
both TC and QT-interval prolongation.10) QT interval prolongation 
and ST-T changes occur during the acute or subacute phase of ill-
ness, and these electrocardiography (ECG) changes typically normal-
ize within several weeks of left ventricular (LV) wall motion improve-
ment.10) However, the systolic function and wall motion abnormality 
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are usually normal in pheochromocytoma; therefore, the difference 
in QTc interval prolongation between pheochromocytoma and TC 
is not evaluated. 

We hypothesized that there would be a difference in left ventricular 
hypertrophy (LVH) or QTc interval induced by pheochromocytoma, 
chronic catecholamine excess, TC, and acute transient catecholamine 
excess. To explore this hypothesis, we reviewed the initial cardiac 
manifestations of pheochromocytoma prior to diagnosis and com-
pared the results to patients with TC without pheochromocytoma. 

 

Subjects and Methods

Study design	
We enrolled 20 consecutive patients with pheochromocytoma, 

who exhibited cardiovascular events prior to the diagnosis at Kosin 
University Gospel Hospital between January 2002 and July 2013, 
and 20 consecutive patients diagnosed as TC without pheochromo-
cytoma during the same period for the comparison. Patients with 
the following conditions were excluded from the study: another 
cause of secondary hypertension, diabetes mellitus, angina pectoris, 
prior myocardial infarction, chronic obstructive lung disorder, severe 
renal failure, significant ST-T changes, and coronary artery disease. 
We reviewed the medical records for the clinical history, biochemical 
test values, ECG, and echocardiographic findings to identify initial 

manifestations. 

Diagnostic criteria 
Pheochromocytoma was diagnosed based on a high concentra-

tion of metanephrine or normetanephrine in a 24-hour urine sam-
ple. Enhanced computed tomography was used to identify adrenal 
and extra-adrenal tumors, and an I-131 metaiodobenzylguanidine 
tumor single-photon emission computed tomography was used to 
visualize mass uptake. The histopathology of the mass was used to 
create a final confirmation after surgical resection of the tumor. TC 
was diagnosed if the patient presented with an acute coronary syn-
drome after intense psychological stress. This diagnosis was also 
used in clinical manifestations and for regional wall motion and ECG 
abnormalities that were disproportionate to the degree of cardiac 
biomarker elevation with normal coronary angiography. 

Echocardiographic and electrocardiographic findings
The LV mass was calculated using the corrected American Society 

of Echocardiography cube formula,11) and the value was indexed for 
body surface area to obtain the LV mass index (LVMI). The relative 
wall thickness (RWT) was measured as the ratio between double pos-
terior wall thicknesses to the LV diastolic cavity diameter at end di-
astole. LVH was defined as increased LVMI (>104 g/m2 in women 
and >116 g/m2 in men).12) Concentric hypertrophy was defined as 

Table 1. Clinical variables of pheochromocytoma in 20 cases focusing on electrocardiogram and left ventricular hypertrophy

Gender Age Cardiac manifestation ECG QTc prolongation LVH pattern
M 59 Chest pain, syncope STE on V 2–4 Yes Concentric hypertrophy

M 39 Palpitation Sinus tachycardia Yes Concentric hypertrophy

M 39 Dizziness Sinus bradycardia No Concentric hypertrophy

M 56 Hypertension, headache LVH No Concentric hypertrophy

M 46 Chest pain, dyspnea Q wave on V 1–3 Yes Concentric hypertrophy

M 82 Hypertension, flank pain NSR No Concentric hypertrophy

M 52 Hypertension LVH Yes Concentric hypertrophy

M 58 Hypertension, headache NSR No Concentric hypertrophy

M 45 Hypertension, headache LVH Yes Concentric hypertrophy

M 50 Hypertension NSR Yes Concentric hypertrophy

F 22 Headache, palpitation Freqeunt PVC Yes Concentric hypertrophy

F 61 Chest pain T inversion on V 2–6 No Normal

F 48 Palpitation, syncope NSR Yes Normal

F 31 Dyspnea, hemoptysis NSR Yes Concentric remodeling

F 69 Chest pain STE on V 1–2 No Normal

F 45 Hypertension Sinus bradycardia No Concentric remodeling

F 44 Hypertension NSR, LVH No Concentric remodeling

F 44 Dizziness NSR No Concentric remodeling

F 55 Hypertension, headache LVH No Eccentric hypertrophy

F 33 Hypertension Low voltage No Normal

ECG: electrocardiography, STE: ST elevation, LVH: left ventricular hypertrophy, NSR: normal sinus rhythm
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LVH with increased RWT (>0.43). Concentric LV remodeling was de-
fined as increased RWT with a normal LVMI. Eccentric hypertrophy 
was defined as increased LVMI with a normal RWT. Bazett’s formula 
was used to calculate the QTc values, and an abnormal QTc in males 
was defined as a QTc above 450 ms and above 470 ms in females.13) 

Statistical analyses
Statistical analyses were performed with the statistical program 

Statistical Package for the Social Sciences for Windows version 12.0 
(SPSS Inc., Chicago, IL, USA). Results are presented as the mean± 
standard deviation or percentage. The difference between the cat-
egorical variables was determined using the χ2-test. The indepen-
dent Student’s t-test was used to determine the difference in nor-
mally distributed data, and the Mann-Whitney U test was used for 
comparison of median for the non-parametrically distributed vari-
ables. A linear association was examined using the Pearson’s corre-
lation test for parametric data and the Spearman correlation test for 
the non-parametric data. Multivariate linear regression analysis was 
used to determine the predictors for QTc prolongation in catechol-
amine excess stress, using age, heart rate, gender, LVH, and LV ejec-

tion faction (EF) as covariates. Statistical significance was set as 
p<0.05.

Results

The initial cardiac manifestations of pheochromocytoma were la-
bile hypertension (50%), chest pain (20%), syncope (10%), dizziness 
(10%), and palpitations (10%) (Table 1). The tumor size, serum, and 
24-hour urine catecholamine levels of pheochromocytoma are 
shown in Table 2. All patients had elevated 24-hour urine metaneph-
rine and normetanephrine levels, variable levels of serum epineph-
rine and urine norepinephrine, and tumor size was correlated with 
24-hour urine metanephrine (r=0.792, p<0.001). The precedent 
stressors for TC patients were surgery, emotional stress, and infec-
tion; the stressors were usually accompanied with symptoms, such 
as chest pain and dyspnea. The majority (90%) of the TC patients 
showed ST-segment changes (Table 3). Two male patients (10%) with 
pheochromocytoma showed apical ballooning with LVH, and 15 
patients (75%) from the pheochromocytoma group and 19 TC pa-
tients (95%) underwent coronary angiography, which revealed that 

Table 2. Tumor size, characterization and serum and 24-hour-urine catecholamine levels of 20 pheochromocytoma cases

Gender Age
Tumor size

(cm)
Necrosis or

cystic change
sEP

(<0.3 ng/mL)
sNEP

(<0.8 ng/mL)
uEP

(<20 μg/day)
uNEP

(<18 μg/day)
uMET

(<300 μg/day)
uNME

(<600 μg/day)
M 59 7×6.5×8 None 0.98 4.87 1428 4284 2155 2690

M 39 5.0×3.5×2.1 None 0.72 0.81 242 151.3 859 238

M 39 4.0×3.8×4.4 None 0.04 2.41 29.9 20.1 318 640

M 56 7×7×8
3×2×1.7

Necrosis 0.21 1.17 99.4 432.2 2930 5593

M 46 6.5×3.3×0.2 None 0.28 0.80 93.5 212 394 670

M 82 1.5×1.1×1.1 None NA NA 91.5 NA 356 620

M 52 2×1.5 None NA NA 32.9 32.1 386 640

M 58 3.5×3.5×2.5 None NA NA 30 245.5 327 780

M 45 16×9.0×7.5
7×5.5×3.5

Necrosis 0.04 0.10 45 110.4 8063 4823

M 50 1.6×1.7×1.1 None 0.06 0.48 20.1 90.3 228 494

F 22 7×6×4.6 None 0.25 0.43 267.9 241.1 3985 1025

F 61 4.4×3.5×3.2 None 0.06 0.40 8.3 171.3 473 1408

F 48 4×4×4 Necrosis 0.08 0.40 16.2 1027.8 324 14112

F 31 5×4×1.5 None 7.02 0.50 33.7 76.4 161 1072

F 69 3.5×2.5×3.0 Cystic change 0.03 0.09 11.5 58.4 670 827

F 45 6×5×4.0
2.3×2.5×2.0

None 0.31 1.70 6.2 181 15 3872

F 44 1.7×0.7×0.5 None 0.06 6.82 0.9 512.8 4840 4620

F 44 2.5×2.2×2.0 None 0.03 0.2 NA NA 310 610

F 55 4.7×3.4×1.8 None 0.02 0.1 NA NA 320 2272

F 33 2.5×2.0×1.1 None NA NA 3.5 26.4 100 179

sEP: serum epinephrine, sNEP: serum norepinephrine, uEP: 24-hour urine epinephrine, uNEP: 24-hour urine norepiniphrine, uMET: 24-hour urine meta-
nephrine, uNME: 24-hour urine normetanephrine, NA: not assessed
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none of the patients had significant stenotic lesions in their coro-
nary arteries. The analysis indicated that the pheochromocytoma 
group was younger than the TC group, and there were more female 
TC patients (Table 4). The mean creatinine kinase (CK)-MB elevation, 

reduced LV EF and ST-segment changes were more prominent in the 
TC group compared to the pheochromocytoma groups (all p<0.05) 
(Table 4). The prevalence of QTc prolongation was high in both pheo-
chromocytoma (45%) and TC (55%), and the prevalence was high-

Table 3. Clinical variables of stress induced cardiomyopathy in 20 cases focusing on cardiac manifestations

Gender Age Cardiac manifestation ECG LVH pattern QTc prolongation
M 70 Chest pain, dyspnea T wave inversion on V 1–6, AF CH Yes

M 73 Chest pain Q wave in V 1–3 Normal Yes

M 74 Chest pain T wave inversion on V 2–5 Normal Yes

M 42 Chest pain, dyspnea T wave inversion on V 3–6 Normal Yes

M 53 Chest pain, dyspnea STE on V 1–3 Normal Yes

M 69 Chest pain STE on V 4–6 EH Yes

M 86 Chest pain, dyspnea STE on V 2–6 EH Yes

F 40 Chest pain STE on V 1–4 Normal No

F 65 Chest pain, dyspnea T wave inversion on V 3–4 EH Yes

F 78 Chest pain, dyspnea STE on V 1–4 CH No

F 67 Chest pain, dyspnea T wave inversion on II, III, aVF CR Yes

F 41 Chest pain T wave inversion on V 1–6 CH Yes

F 63 Chest pain, dyspnea STE on V 1–4 EH No

F 80 Chest pain, dyspnea T wave inversion on V 1–3 CH No

F 57 Chest pain, dyspnea T wave inversion on V 1–3 Normal No

F 72 Chest pain, dyspnea Q wave in V 1–3 Normal No

F 75 Chest pain T wave inversion on V 1–4 Normal No

F 91 Chest pain, dyspnea T wave inversion on V 1–6 Normal No

F 76 Chest pain STE on V 2–3 Normal No

F 86 Chest pain, dyspnea STE on V 4–6 Normal Yes

ECG: electrocardiography, STE: ST elevation, LVH: left ventricular hypertrophy, NSR: normal sinus rhythm, CH: concentric hypertrophy, CR: concentric re-
modeling, EH: eccentric hypertrophy

Table 4. Comparison of clinical, echocardiographic and electrocardiographic parameters between pheochromocytoma and Takotsubo cardiomyopathy (TC)

Pheochromocytoma (n=20) TC (n=20) p
Age (years) 48.9±13.6 67.9±14.8 <0.001

Female (%) 10 (50) 13 (65) <0.001

Systolic BP (mm Hg) 167.3±28.6 120.8±16.8 <0.001

Diastolic BP (mm Hg) 100.5±16.1 74.8±11.2 <0.001

LVEDD (mm) 45.1±6.8 43.4±5.4 0.504

LVESD (mm) 30.7±7.4 35.2±5.9 0.041

IVSd (mm) 13.4±4.2 12.7±3.3 0.068

PWTd (mm) 10.6±2.5 10.7±2.0 0.955

RWT 0.54±0.15 0.47±0.07 0.032

LVMI (g/m2) 133.3±37.8 113.1±17.3 0.031

LVH (%) 16 (80) 9 (45) 0.024

EF (%) 62.5±11.5 42.0±8.2 <0.001

QTc 462.4±58.6 483.4±42.5 0.207

QTc prolongation (%) 9 (45) 11 (55) 0.264

CK-MB 8.1±7.0 13.8±8.6 0.002

All values are mean±SD. BP: blood pressure, LVEDD: left ventricular end diastolic dimension, LVESD: left ventricular end systolic dimension, IVSd: interven-
tricular dimension at diastole, PWTd: posterior thickness at diastole, RWT: relative wall thickness, LVMI: left ventricular mass index, LVD: left ventricular hy-
pertrophy, EF: ejection fraction, CK-MB: creatine kinase-MB
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er in men (pheochromocytoma: male 50%, female 40%; TC: male 
100%, female; 31%). There were no correlations between QTc inter-
val and the serum and urine catecholamine levels. However, the TC 
male patients appeared to have a more prolonged QTc interval (TC: 
male 499.3±33.3 msec, female 474.5±45.5 msec; pheochromocy-
toma: male 463.0±45.7, female 461.±71.8 msec).

Left ventricular mass index (133.3±37.8 vs. 113.3±17.3; p=0.031), 
RWT (0.55±0.15 vs. 0.47±0.07; p=032), and blood pressure (BP) el-
evation were more prominent in pheochromocytoma compared to 
those of TC group. All male with pheochromocytoma exhibited a 
concentric LVH pattern, whereas female pheochromocytoma pa-
tients showed various LVH patterns (normal 40%, concentric remod-
eling 40%, eccentric hypertrophy 10%, and concentric hypertrophy 
10%) (Table 1). The LV geometry was relatively normal in TC patients 
(males: normal 57%, eccentric hypertrophy 29%, concentric hyper-
trophy 14%; females: normal 54%, concentric hypertrophy 31%, ec-
centric hypertrophy 15%) (Table 3).

Although serum epinephrine and norepinephrine levels were not 
correlated with LVMI, urine epinephrine (r=0.844, p=0.004) and nor-
epinephrine level (r=0.782, p=0.013) were significantly correlated 
with LVMI. The results indicated that serum epinephrine level was 
only significantly correlated with RWT (r=0.862, p=0.003) (Table 5). 

We estimated the predictors for the QTc prolongation in multi-
variable linear regression analyses using age, heart rate, gender, LVH, 
and LV EF as covariates. Male gender {odds ratio (OR); 4.50, 95% 
confidence interval (CI), 1.17–17.37, p=0.029} and the presence of 
LVH (OR; 4.89, 95% CI, 1.20–19.94, p=0.027) showed significant 
associations with the presence of QT prolongation in catecholamine 
excess state. 

Discussion

This comparative retrospective study demonstrates the promi-

nence of QTc prolongation in patients with catecholamine excess, 
pheochromocytoma, and TC, regardless of BP and systolic LV func-
tion. LVH was more prominent in pheochromocytoma with chronic 
catecholamine excess; however, acute catecholamine surge might 
have a role in the electrical remodeling. The independent associations 
for the QTc prolongation were male gender and the presence of LVH. 

Pheochromocytoma is a rare tumor that produces catecholamines 
and has manifestations that can vary from no significant symptoms 
to sudden cardiac death (SCD).14) Previous studies showed various 
initial pheochromocytoma manifestations prior to greater numbers 
of hypertension diagnoses,15)16) and reported cardiac complications 
of pheochromocytoma include hypertrophic cardiomyopathy, dilat-
ed cardiomyopathy, arrhythmia, myocardial ischemia, and SCD.17)18) 
Acute complications may contribute to additional cardiac prob-
lems, such as LV dysfunction and TC, and several reports have dem-
onstrated that coronary angiography usually reveals no stenosis or 
obstruction, mimicking TC, in pheochromocytoma patients.8)9)19)

Chronic myocardial hypoxia and metabolic myocarditis of hyper-
catecholaminemia are known causes of pheochromocytoma car-
diomyopathy.20) Chronic elevated levels of circulating plasma nor-
epinephrine in pheochromocytoma patients can produce structural 
and functional LV remodeling, including LVH. Although some au-
thors have shown a positive association between plasma norepi-
nephrine level and LVH,21)22) other observational studies have dem-
onstrated that the majority of patients with pheochromocytoma 
have a normal LV mass.23)24) However, our results showed that there 
was a predominantly increased LVMI with RWT in male patients with 
pheochromocytoma, and some patients with TC also exhibited LVH. 
Systolic and diastolic BP were also higher in male patients with 
pheochromocytoma with an abnormal LVH pattern, which implies 
that chronic catecholamine excess produced by an underlying tumor 
may affect men more than women. Our results, although limited by 
a small sample size, might suggest that norepinephrine serves as a 

Table 5. Correlations among the serum and 24-hour-urine catecholamine levels, blood pressure and left ventricular hypertrophy and QTc interval of 20 
pheochromocytoma cases

Left ventricular mass index Relative wall thickness QTc interval
r p r p r p

Age 0.496 0.121 -0.201 0.554 -0.279 0.277

Systolic blood pressure 0.305 0.018 0.114 0.384 -0.150 0.252

Diastolic blood pressure 0.306 0.017 0.230 0.077 -0.221 0.090

Serum epinephrine -0.009 0.982 0.862 0.003 0.055 0.852

Serum norepinephrine 0.630 0.069 0.447 0.228 0.064 0.827

Tumor volume 0.325 0.330 0.412 0.208 0.275 0.285

24-hour urine epinephrine 0.844 0.004 0.453 0.221 0.458 0.100

24-hour urine norepiniphrine 0.782 0.013 0.392 0.296 0.257 0.375

24-hour urine metanephrine 0.247 0.491 0.022 0.953 0.368 0.161

24-hour urine normetanephrine -0.224 0.534 -0.103 0.777 -0.053 0.846
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synergistic partner with arterial hypertension in the pathogenesis 
of cardiac hypertrophy, even with a transient surge, which might be 
attenuated by estrogen. Although our results showed no significant 

association between plasma norepinephrine level and LVMI, the 
significant positive correlation of urine epinephrine and norepineph-
rine levels with LVMI suggests that the local delivery of catechol-

A  

B  
Fig. 1. Electrocardiography (ECG) of a patient with prominent QTc prolongation. The patient complained of intermittent palpitation and diaphoresis with 
syncope for 4 years. A: her ECG on admission showed normal sinus rhythm with a prolonged QTc interval (596 msec). B: two days after admission, a sud-
den onset of chest pain and syncope with loss of consciousness occurred abruptly, and ECG monitoring indicated torsades de pointes.
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amines to receptors may be more important than their passage 
through the circulation to induce LVH.

Electrocardiographic abnormalities that include rhythm, conduc-
tion and repolarization may occur in patients with pheochormocy-
toma.25)26) Several cases have reported that QT interval prolongation 
could be related to pheochromocytoma,5-7) and we also experienced 
a 48-year-old pheochromocytoma woman with marked QT interval 
prolongation (Fig. 1A) that progressed to torsades de pointes (Fig. 
1B), which returned to normal (Fig. 1C) after right adrenal glandec-
tomy. Initially, she was diagnosed with long QT syndrome with tor-
sades de pointes followed by cardiac arrest. However, her 24-hour 
urinary biochemical analysis showed elevated metanephrine and 
normetanephrine, and the patient was confirmed as pheochromo-
cytoma. Paroxysmal repolarization mechanisms, such as marked 
prolongation of the QT interval, remain unclear; however, higher lev-
els of catecholamines may affect cardiac injury and induce longer 
QTc interval changes.27) QT interval prolongation is also common in 
the subacute phase of TC and other stress-induced cardiomyopa-
thies,28) and presently there were some differences that could be 
used to differentiate between these situations. QTc interval prolon-
gation in addition to deep and wide symmetrical T wave inversion, 
LV systolic dysfunction, and CK-MB elevation were more prominent 
in the TC group compared to the pheochromocytoma group, which 
indicated that acute catecholamine release impact on the heart was 
more dominant in the TC group. This result may also suggest that 
acute catecholamine surges could cause intracellular calcium over-
loading and disturb repolarization, which could prolong the QTc in-
terval. Interestingly, our results showed no significant association 
between catecholamine level and QTc interval, and in some cases of 

acute catecholamine surges in pheochromocytoma, a much longer 
QT interval with ST changes occurred independent of catecholamine 
level or tumor size. Although limited by the retrospective nature of 
the study, the other interesting finding was that the presence of LVH 
and male gender were significantly related with the QTc prolonga-
tion, indicating that the impact of catecholamine excess on ven-
tricular repolarization might be more pronounced in men. A previ-
ous study reported that during metal stress, men react with a more 
pronounced effect on ventricular electrophysiological properties.29) 
This difference might be one contributing factor explaining why 
women are less prone to certain ventricular arrhythmias and SCD 
than are men. Moreover, similar to our results, a recent study showed 
that prolonged QTc was independently associated with SCD among 
subjects with LVH, and merits further evaluation as a predictor of 
SCD in LVH.30)

The major limitations of this study were the retrospective design 
and the small sample size. Because pheochromocytoma is a rare dis-
ease and the recruited number of patients in this single-center study 
may have been insufficient, so the differences in manifestations be-
tween different sexes or between serum and urine may not repre-
sent the general result. There are also significant differences of age, 
gender proportion, BP as well EF, which could also influence LV ge-
ometry and QTc prolongation in both groups. It would be more rea-
sonable to compare the clinical and echocardiographic characteris-
tics of TC to the pheochromocytoma with reduced EF (TC-like 
cardiomyopathy) or compare the pheochromocytoma to TC with 
LVH. However, our intention was to compare the difference be-
tween chronic catecholamine excess and acute transient catechol-
amine excess. So, we believe the limitation does not attenuate the 

Fig. 1. Continued. C: after right adrenal gland removal, her electrocardiography returned to normal.

C  
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clinical meaning of the study. Because our study was a cross-sec-
tional, retrospective study, the causative nature of the LV geometric 
pattern associations, QTc interval, and catecholamine level or dura-
tion could not be established. Moreover, the serum and urine cate-
cholamine assessment was not performed with our TC group. Further 
studies with a larger patient population and prospective studies that 
compare pheochromocytoma and TC should be performed to ad-
dress the limitations of this study. 

However, in spite of these limitations, this study demonstrates 
that cardiac manifestations other than hypertension could be critical 
initial manifestations of pheochromocytoma, which is important for 
future diagnoses. Increased LVH with high BP and a prolonged QTc 
interval, especially in relatively young males with cardiac symptoms 
and without obvious lesions, could be indicative of underlying pheo-
chromocytoma. Finally, based on the results of this study, unneces-
sary interventions can be avoided, and cardiac manifestations with 
an underlying disease can be diagnosed and successfully treated. 
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