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1 | BACKGROUND

Abstract

Purpose: To analyze the correlation between catecholamines and echocardiographic
parameters in patients with pheochromocytoma and paraganglioma (PPGL).
Methods: Sixty-six patients who underwent surgical resection of pathologically
proven PPGL from January 2016 to June 2019 were examined. Echocardiographic
parameters were compared between patients with elevated catecholamine concen-
trations and those with normal concentrations.

Results: The percentage of patients with elevation of any catecholamine (NE, DA,
or E, and their metabolites) did not significantly differ between patients with normal
and abnormal left ventricular ejection function (LVEF) or diastolic function (LVDF). E
wave deceleration time (EDT) was significantly lower in patients with elevation of
any catecholamine than in those with normal concentrations (p = 0.024). EDT was
significantly lower in patients with elevated NE and its metabolites than in patients
with normal NE concentration (p = 0.004). After adjusting for gender and age, EDT
was significantly negatively correlated with elevated NE and its metabolites in regres-
sion analysis (B-value, —39.853; p = 0.023) and correlation analysis (r = —0.349;
p = 0.004).

Conclusion: NE and its metabolites may have an impact on left ventricular diastolic
function, which can be reflected by EDT. EDT was negatively correlated with ele-

vated NE and its metabolites.
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Catecholamine release may cause a sudden increase in blood pressure

resulting in organ damage or even death. An autopsy study reported

Pheochromocytoma and paraganglioma (PPGL) are neuroendocrine myocardial damage in 58% of PPGL patients. In addition, hypercate-
tumors that arise from cells derived from the embryonic neural crest cholaminemia can directly cause myocardial damage, fibrosis, ische-
and can synthesize and secrete large amounts of catecholamines. mia, and arrhythmia. Elevated concentrations of catecholamines are
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2 | WILEY

an important cause of cardiac hypertrophy in patients with PPGL,
independent of hypertension.? This study aimed to examine the corre-
lation between catecholamines and echocardiographic parameters
that indicate cardiac damage in patients with PPGL.

2 | METHODS

A total of 147 patients who underwent surgical resection of presumed
PPGL from January 2016 to June 2019 were eligible for study inclu-
sion. The following data were recorded: gender, age, height, weight,
medical history, medication, tumor volume, tumor malignancy, and
preoperative catecholamine concentrations. Echocardiographic imag-
ing acquisition and assessment were performed by experienced physi-
cians according to standardized guidelines. Interventricular septum
(IVS) thickness, left ventricular posterior wall (LVPW) thickness, left
ventricular internal dimension in diastole (LVIDd), left ventricular
internal dimension in systole (LVIDs) and left ventricular mass index
(LMI) were recorded as parameters reflecting left ventricular morphol-
ogy. Left ventricular ejection fraction (LVEF) was recorded as a mea-
sure of overall left ventricular systolic function, and s' of the mitral
valve septum annulus as a reflection of left ventricular long axis
motion ability. As parameters related to left ventricular diastolic func-
tion (LVDF), left atrial volume index (LAVI), mitral valve E peak flow
rate, E/A ratio, E wave deceleration time (EDT), interventricular sep-
tum €/, E/€’ ratio, and tricuspid regurgitation maximum flow rate
(TRmax) were recorded. Figure 1 shows the measurement of EDT.
Based on the 2016 American Society of Echocardiography/European
Association of Cardiovascular Imaging guidelines,® LVDF was consid-
ered abnormal when more than two of the following were present:
LAVI >34 ml/m?, septum e’ <7 cm/s, E/€ ratio > 14, and TRmax
>280 cm/s. LVEF <50% was considered abnormal. Catecholamine
concentration elevation was defined according to reference ranges
used by local testing laboratory (the patients came from all over the
country): a measured concentration that exceeded the normal refer-

ence range was considered elevated.

1 MV E Vel
MV DecT
MV Dec Slope 5.1 m/s.
MV A Vel 0.59 m/:
MV E/A Ratio 1.28

FIGURE 1 Measurement of EDT. (A) E-wave velocity.
(B) Deceleration slope. and (C) E wave deceleration time (EDT)

Maximum SBP recorded (mmHg)
Maximum DBP recorded (mmHg)
Minimum SBP recorded (mmHg)
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TABLE 1 Patient characteristics
Basic data
Gender (M/F) 30/36
Age 47.02 £ 16.03
BMI (kg/m?) 22.92 + 3.02
History of hypertension (months) 21.38 + 31.06

191.98 £ 30.79
110.72 + 22.09
127.82 £ 13.56

Minimum DBP recorded (mmHg) 78.95 + 11.27
SBP at admission (mmHg) 125.97 £ 15.66
DBP at admission (mmHg) 76.92 +9.80
Taking antihypertensive drugs 51(77.27)

before admission n (%)

Tumor volume (cm®)

76.29 £ 117.96

Malignant tumor n (%) 37 (56.06%)
Echocardiographic parameters
LVEF(%) 68.54 £ 8.26
LVEF<50% n (%) 4 (6.06%)
Abnormal LVDF n (%) 9 (13.64%)
Septum e’ (cm/s) 7.48 +2.26
Septum s’ (cm/s) 8.65+ 1.61
E/e 11.10 + 3.50
EDT (ms) 182.80 * 54.02
LAVI (ml/m?) 25.25+7.81
IVS (cm) 0.95+0.15
LVPW (cm) 0.93+0.14
LVIDd (cm) 444 +0.42
LVIDs (cm) 2.70+0.43
LVMI (g/m?) 83.71+£21.28
Any catecholamines elevation, n (%) 58 (87.88%)
NE and its metabolites elevation, n (%) 55 (83.33%)
DA and its metabolites elevation, n (%) 2 (3.03%)
E and its metabolites elevation, n (%) 22 (33.33%)

Abbreviations: BMI, body mass index; DA, dopamine; DBP, diastolic blood
pressure; E, epinephrine; EDT, E wave deceleration time; IVS,
interventricular septum thickness; LAVI, left atrial volume index; LVDF,
left ventricular diastolic function; LVEF, left ventricular ejection fraction;
LVPW, left ventricular posterior wall thickness; LVIDd, left ventricular
internal dimension diastole; LVIDs, left ventricular internal dimension
systole; LVMI, left ventricular mass index; NE, norepinephrine; SBP,
systolic blood pressure.

Statistical analyses were performed using SPSS software version
22 (IBM Corp., Armonk, NY, USA). Continuous variables with a normal
distribution are expressed as means with standard deviation; those
with a non-normal distribution are expressed as medians with inter-
quartile range. Categorical variables are expressed as numbers with
percentage. The independent samples t-test, analysis of variance,
Kruskal-Wallis rank-sum test, and chi-square test were used as appro-

priate to compare variables between groups. Relationships between
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catecholamine elevation and echocardiographic parameters were eval-
uated using linear regression and correlation analysis. Inter-observer
agreement was evaluated using the kappa statistic (poor, ¥ £ 0.40;
moderate, 0.40 <x £ 0.60; good, 0.60<x £ 0.80; and excel-
lent, ¥ > 0.80).

3 | RESULTS

3.1 | Clinical characteristics

Among the 147 eligible patients, four who had a final pathological
diagnosis other than PPGL were excluded. We also excluded 43 in
whom echocardiography testing was inadequate or not available
and 34 in whom catecholamine testing was not available. Finally,
66 patients were included for analysis. Mean age was 47.02 years
and 36 were women. Preoperative LVEF was abnormal in four and
LVDF was abnormal in nine. Three patients had both decreased
LVEF and abnormal LVDF. Catecholamines were elevated above
normal concentrations in 58 patients (some patients had elevation
of more than one catecholamine). Norepinephrine (NE) and its
metabolites were elevated in 55, dopamine (DA) and its metabo-
lites in two, and epinephrine (E) and its metabolites in 22. Fifty-
one patients were taking antihypertensive drugs; 29 were taking
an o-receptor blocker. Patient characteristics are shown in
Table 1.

3.2 | Association of catecholamine elevation with
left ventricular function

The percentage of patients with elevation of any catecholamine
(NE, DA, or E and its metabolites) did not significantly differ
between patients with normal and abnormal LVEF or LVDF
(Table 2).

3.3 | Correlation between catecholamine elevation
and echocardiographic parameters

EDT was significantly lower in patients with elevation of any cate-

cholamine concentration than in those with normal concentrations

(b = 0.024; Table 3). EDT was significantly lower in patients with
elevated NE and its metabolites concentration than in patients with
normal NE and its metabolites concentration (p = 0.004). After
adjusting for gender and age, EDT was negatively correlated with
elevated NE and its metabolites concentration (r = —0.349;

p = 0.004; Table 4).

3.4 | Inter-observer agreement

Inter-observer agreement was excellent for septum s', E/€/, IVS, LVIDd
and LVDF (k-value = 0.854, 0.847, 0.820, 0.926, and 0.842, respec-
tively; p < 0.001); good for EDT and LVIDs (k-value = 0.789 and
0.775, respectively, p < 0.001); LVPW
(k-value = 0.483, p < 0.001).

and moderate for

4 | DISCUSSION

In this study, the percentage of patients with elevated catechol-
amines has no significant difference between patients with nor-
mal and abnormal LVEF. Because of the small sample size of this
study, the number of patients with impaired left ventricular func-
tion was very small (only 4 of 66 people had reduced LVEF), which
may have introduced bias. However, theoretically, PPGL releases
catecholamines that have a direct effect on the myocardium
through mechanisms such as calcium overload, cell membrane
lipid fluidity. These
may result in abnormal cardiac structure and function.*=¢ In addi-
their
indirectly damage the myocardium by inducing coronary spasm,

permeability changes, and increased

tion, catecholamines and oxidative metabolites can

myocardial ischemia, and arrhythmia, which then can alter
cardiac structural and functional abnormalities.” Mitral ventricular
septum s', another parameter that reflects ventricular systolic per-
formance, did not significantly differ between patients
with elevation of any catecholamine and those with normal
concentrations. This indicates that the effect of catecholamines
on left ventricular systolic function is not reflected by left ventric-
ular shortening. The percentage of patients with elevation
of any catecholamine did not significantly differ between the nor-
mal and abnormal LVDF groups; however, EDT did. This suggests

that the catecholamine effect on overall left ventricular

TABLE 2 Catecholamines elevation in patients grouped according to left ventricular ejection fraction and diastolic function

Normal Reduced Normal LVDF Abnormal LVDF

LVEF (n = 62) LVEF (n = 4) p-value (n=57) (n=9) p-value
Any catecholamine elevation n (%) 54 (87.10%) 4 (100%) 0.443 51 (89.47%) 7 (77.78%) 0.318
NE and its metabolites elevation n (%) 51 (82.26%) 4 (100%) 0.356 48 (84.21%) 7 (77.78%) 0.630
DA and its metabolites elevation n (%) 2 (5.88%) 0 (0%) 0.715 2 (3.51%) 0 (0%) 0.568
E and its metabolites elevation n (%) 21 (33.87%) 1 (25%) 0.715 19 (33.33%) 3(33.33%) 1.000

Abbreviations: DA, dopamine; E, epinephrine; LVEF, left ventricular ejection fraction; LVDF, left ventricular diastolic function; NE, norepinephrine.
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Echocardiographic parameters in patients with elevated catecholamine concentrations and those with normal concentrations

TABLE 3

LVMI (g/m?)

LVIDs (cm)

LVIDd (cm)
444 +0.43
446 +0.34

0.877

LVPS (cm)

EDT (ms) IVS (cm)

E/e

LVEF (%) Septum €’ (cm/s)  Septum s'(cm/s)

LAVI (ml/m?)

Echocardiographic parameters

CAT (+) (n = 58)

83.70 + 21.80
83.75 + 18.28

0.995

2.69 £0.45
2.74 +0.33

0.771

0.93+£0.14
0.97 £0.14

0.491

0.95+0.15
0.97 £0.12

0.631

10.95 £ 3.51 177.28 + 53.95

8.71+1.54
8.23 +2.18

0.434

7.67 £ 2.309
6.16 +£1.32

0.078

68.45 + 8.64

25.03+7.75

222.79 £ 36.25
0.024

12.10 + 3.43

0.389

69.17 + 4.98
0.818

26.80 + 8.64
0.552

CAT (—) (n=18)

p-value

0.93+£0.14 443+044 2.69+045 83.64+22.17

7.73 £2.32 8.71+1.57 10.90 + 3.51 17443 +52.17 0.94+0.15

68.75 + 8.75

25.14+7.78

NE (+) (n = 55)
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84.05 + 16.99

0.955

2.72 +£0.30
0.850

447 +0.29
0.783

0.96 £0.12
0.504

0.99 £0.11
0.337

224.65 + 44.22

0.004

12.02 + 3.42
0.340

8.32+1.88

0.463

6.27 +£1.49

0.051

67.49 + 5.36
0.649

25.83+8.39
0.800

11)

NE (=) (n
p-value

280+0.14 88.81+9.65

4.55+0.21
4.44 + 0.42

0.709

1.00 + 0.00
0.93£0.14

0.500

0.98 + 0.03
0.95 £ 0.15

114.40 + 54.87
0.772

9.20 + 0.000
11.16 £ 3.54

0.440

10.65 + 0.35

66.30+226 1210+1.27

2371+ 1.84

-2

DA (+) (n

83.55 + 21.56

0.733

2.69 £0.44
0.731

184.93 + 53.01

0.069

8.59 £+ 1.60

0.075

7.33+£213

68.55 + 8.39
0.003

0.967

2529 +7.93
0.781

DA (=) (n = 64)

p-value

84.65 + 21.32
83.24 +21.49

0.802

2.65+0.48
272+041

0.549

4.37 £0.50
448 +0.37

0.350

0.96 +0.14
0.92 +0.14

0.354

0.96 +0.17
0.95+0.13

187.32 + 65.60
0.776

11.09 + 4.39
11.10 £ 2.99

0.994

8.62 +1.74

68.69 + 7.63 6.93+2.13

26.91+8.72

E(+) (h=22)

180.54 + 47.89
0.634

8.66 +1.57

0.923

7.77 £2.30
0.162

68.46 + 8.64
0.916

2445 +7.32
0.240

E(-)(n=44)

p-value

Abbreviations: CAT (+), any catecholamine elevation; CAT (—), any catecholamine not elevation; DA (+), DA and its metabolites elevation; DA (—), DA and its metabolites not elevation; DA, dopamine; E (+), E and its

metabolites elevation; E (—), E and its metabolites not elevation; EDT, E wave deceleration time; E, epinephrine; LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; IVS, interventricular septum thickness;

LVPW, left ventricular posterior wall thickness; LVIDd, left ventricular internal dimension diastole; LVIDs, left ventricular internal dimension systole; LVMI, left ventricular mass index; NE (+), NE and its metabolites elevation;

NE (—), NE and its metabolites not elevation; NE, norepinephrine.

Note: Bold values mean that these values are less than 0.05.

diastolic function may be reflected in the specific ultrasonic
parameters.

Movement in the long-axis direction of the left ventricle is
mainly completed by the inner myocardium. Abnormal function of
the inner myocardium is reflected as abnormal diastolic function.
Echocardiographic indicators of diastolic dysfunction include e’
reduction and EDT shortening. Diastolic performance (rather
than global LV function) is usually the first to decline in the
early stages of cardiac damage. EDT is mainly affected by left
ventricular relaxation, left ventricular diastolic pressure and com-
pliance and reflects LVDF to a certain extent. Its measurement
is feasible and repeatable. EDT shortening can indicate increased
left ventricular stiffness and left ventricular end diastolic
pressure. Previous studies have confirmed that EDT can
provide prognostic information, as can clinical indicators, ventric-
ular wall motion and LVEF.8-1% In patients with acute myocardial
infarction and heart failure with low EF, EDT shortening
has been associated with heart failure symptoms, mortality,
and hospitalization. In our study, mean EDT was 182.80
+54.02 ms and elevated NE and its metabolites was negatively
correlated with EDT; however, the correlation was weak. In any
case, echocardiography is important in PPGL patients as it can
provide important data to guide management and determine
prognosis.

4.1 | Limitations

This study has several limitations. All patients in this study had a
history of hypertension, but they were not analyzed according to
cause (catecholamines, other secondary factors, primary hyper-
tension, or a combination); however this is the situation in real-
world management of PPGL patients. In a previous study,? ele-
vated catecholamines were considered the cause of cardiac
hypertrophy in patients with pheochromocytoma, independent of
hypertension. Although we cannot currently distinguish the
effects of hypertension and PPGL on the myocardium, we can
conclude that catecholamines have an adverse impact on myocar-
dial diastolic function in PPGL patients. We also selected many
echocardiographic parameters that reflect left ventricular systolic
and diastolic function but did not include indicators that reflect
left ventricular strain. This was because different ultrasound
machines were used to examine our patients, and we did not have
corresponding software to process strain information. Because
there were few patients with simple primary hypertension in the
same period, it was difficult to set up a control group. Future
case-control studies are warranted.

The use of different machines and the fact that the physicians
performing echocardiography were not blinded to the clinical data
may have introduced bias; however, the physicians were experi-
enced and used standardized guidelines, and inter-observer agree-
ment was good or excellent for most echocardiographic data.

Therefore, we believed the data was accurate.



WANG ET AL WI LEY 35
TABLE 4 Regression analysis of catecholamines and echocardiographic parameters®
Regression Correlation
Echocardiographic parameters Catecholamine B-value 95%ClI p value r-value p-value
EDT NE (+) -39.853 —74.097, —5.609 0.023 —0.349 0.004
DA (+) -51.835 —127.020, 23.350 0.173 -0.226 0.069
E(+) —2.160 -30.317, 25.998 0.879 0.060 0.634
CAT (+) —35.260 —74.338,3.817 0.076 -0.277 0.024

Abbreviations: CAT (+), any catecholamine elevation; Cl, confidence interval; DA (+), DA and its metabolites elevation; EDT, E wave deceleration time; E

(+), E and its metabolites elevation; NE (+), NE and its metabolites elevation.

Note: Bold values mean that these values are less than 0.05.
2Adjusted for gender and age.

5 | CONCLUSION

NE and its metabolites may have an impact on left ventricular diastolic
function, which can be reflected by EDT. EDT was negatively corre-
lated with elevated NE and its metabolites.
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