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Myocardial perfusion SPECT as a potential mediator 

on circulating chromogranin A in patients with old 

myocardial infarction

Abstract
Objective: Chromogranin A (CgA) is a soluble polypeptide stored within and released from secretory gra-
nules of endocrine and other cell types (including cardiomyocytes); CgA appears to be a marker of the over-
all neuroendocrine activity. Increased levels of serum CgA have been found not only in patients with neuro-
endocrine neoplasms but also with other malignancies, hypertension, myocardial infarction, heart, or renal 
failure. Subjects and Methods: A population of 307 patients (202 males, 105 females) was enrolled. The 
study group consisted of 118 individuals (38.4%) with myocardial infarction more than one year old (MI 
group); the remaining 189 (61.6%) had no known heart disease (control group). All patients underwent 
myocardial perfusion scintigraphy (MPS) after blood withdrawal for serum CgA measurement. To test 
whether a possible e�ect of old infarction on serum CgA is mediated by MPS �ndings, we employed analy-
sis of co-variance for three distinct categories of left ventricular (LV) perfusion de�cits as dichotomous pre-
dictors: (1) any-type de�cits (abnormal MPS); (2) reversible de�cits (ischemia); and (3) �xed de�cits (scar). 
Results: In all three MPS conditions, the e�ect of age, gender, and LV ejection fraction (EFLV) on serum CgA 
was statistically signi�cant: women exhibited higher CgA levels than men (P=0.008-0.023), whereas incre-
asing age and decreasing EFLV were associated with increasing CgA (all P<0.001). Conversely, no statisti-
cally signi�cant di�erences in mean CgA levels were found between MI patients and normal controls with 
either abnormal MPS, scar, or ischemia, or their degree and extent. Conclusions: Although serum CgA is 
signi�cantly associated with age, gender, and EFLV in patients with an old MI, no association was found 
between CgA levels and either old MI history or MPS �ndings. The veri�ed involvement of circulating CgA 
in the acute/subacute phase of infarction appears to be blunted in infarctions older than a year.
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Introduction

Chromogranin A (CgA), the major member of the granin family, is a soluble hyd-
rophilic polypeptide of 439 aminoacids, with a molecular weight of 48 kDa. It was 
discovered in the 1960s in chroma�n granules in the core of the adrenal medulla 

[1, 2]. Nowadays, CgA is the most extensively studied of all granins and our understanding 
of its structure and function has considerably increased. Chromogranin A is present all 
over the neuroendocrine system, in endocrine secretory cells, in central and peripheral 
neurons, and also in the di�use endocrine system (DES) [3-5]. The pituitary gland and the 
parathyroid glands are CgA-rich, though CgA is also present in endocrine cells in the thy-
roid gland, the pancreas, and the placenta [6]. Chromogranin-A is coexpressed with hor-
mones and neurotransmitters and it is stored within secretion granules among catecho-
lamines or other hormones [7]. There is evidence of an intracellular and extracellular CgA 
function as a prohormone with autocrine, paracrine, and endocrine activities [8].

The �rst measurement of human serum CgA by radioimmunoassay was performed fo-
ur decades ago in patients with pheochromocytoma; CgA levels were found elevated in 
80-90% of the cases [9]. Radioimmunoassay is a reliable method of serum CgA measure-
ment that has proven useful for the diagnosis and prognosis of neuroendocrine neo-
plasms (NEN) but it is also considered a diagnostic and prognostic marker for several di-
seases including tumors (e.g. prostate cancer), or failure of various organs (kidney, liver, 
and heart) [10,11].

Increased serum CgA is also observed in patients with acute or subacute myocardial in-
farction (MI); it correlates with cardiac dysfunction and is considered predictive of incre-
ased mortality in patients with chronic heart failure, possibly because it re�ects on neuro-
endocrine activation [12,13]. In this study, we investigated serum CgA in patients with an
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old MI, examining for a possible association between this bi-
omarker and the �ndings of myocardial perfusion scintigra-
phy (MPS).

Subjects and Methods

Study population
The enrolled population consisted of 307 individuals (202 
males [65.8%] and 105 females [34.2%]) that were submit-
ted to myocardial perfusion imaging by single-photon 
emission computed tomography (SPECT) in the nuclear 
medicine department of a tertiary hospital over 39 months. 
All referred patients ful�lled the o�cial indications to un-
dergo the examination for the diagnosis of coronary artery 
disease (CAD) and left ventricular (LV) ischemia and were 
classi�ed into two groups: those with a previous type I infar-
ction with or without electrocardiographic ST-segment ele-
vation (STEMI and non-STEMI [NSTEMI], respectively, accor-
ding to the fourth universal de�nition of MI [14]), dating at 
least one year earlier (MI group, n=118); and those with no 
known previous history of cardiovascular disease (control 
group, n=189). Patients with diagnoses or clinical conditi-
ons known to interfere with serum CgA (e.g. malignancy, 
liver or renal failure, in�ammatory bowel disease, proton 
pump inhibitor medication) were excluded from the study 
[10,11]. A complete transthoracic echocardiography study 
was performed in every patient shortly before MPS, with the 
calculation of the ejection fraction (EF) of the LV (EFLV) by 
the biplane Simpson's method and reporting of regional 
wall motion abnormalities.

The study protocol and MPS SPECT procedure were ex-
plained in detail to the enrolled patients and they granted 
their informed consent to participate. The study followed 
the ethical principles of the Declaration of Helsinki and was 
approved by the Ethical Committee of the hospital.

Myocardial perfusion scintigraphy
The patients were submitted to MPS SPECT according to the 
imaging guidelines of the European Association of Nuclear 
Medicine and Molecular Imaging (EANMMI) and the Ame-
rican Society of Nuclear Cardiology (ASNC) [15,16]. Stress 
and rest images were acquired on the same day (one-day 
protocol). Any medications containing nitrates, beta-bloc-
kers, calcium channel antagonists, and methyl-xanthines 
were discontinued for 24 hours. Patients were fasting for at 
least 4 hours before the exam and abstained from ca�eine 
and other methyl-xanthine-containing beverages for 24 ho-
urs.

All studies were performed with the technetium-99m 
99m 99m( Tc)-labeled radiopharmaceutical tetrofosmin ( Tc-TF) 

(Myoview, GE Healthcare AS, Oslo, Norway) that was radio-
labelled in-house according to the manufacturer's instruc-
tions. The stress test protocol was selected according to the 
patient's characteristics (age, exercise tolerance, admi-
nistered medications, etc.). Maximal or symptom-limited 
treadmill exercise (Bruce protocol) was performed in sui-

table patients. In those individuals that maximal treadmill 
exercise was not feasible or was contraindicated, pharma-
cological stress was carried out instead, mostly by intrave-
nous (IV) administration of the vasodilative agent dipyrida-
mole (0.56 mg/kg body weight, alone or in combination 
with a single-stage Bruce treadmill walk), or by the IV inotro-
pic dobutamine in a small proportion of patients. The time 
interval between stress and rest imaging was 2 hours on 
average.

Two experienced board-certi�ed nuclear medicine phy-
sicians performed in-consensus assessment of each MPS 
scan, blinded to clinical or other information (except echo-
cardiography) and sought for an agreement, resolving pos-
sible discrepancies by discussion. Image reading involved 
the visual assessment of the presence and extent of LV per-
fusion abnormalities. The results were categorized as nor-
mal (including MPS with borderline or equivocal �ndings) 
and abnormal. Further categorization of abnormal �ndings 
included fully reversible de�cits (indicating ischemia), irre-
versible (or �xed) de�cits, and partially reversible (or mixed) 
de�cits. An irreversible de�cit on MPS could represent a my-
ocardial scar or an artifact (photon attenuation by the bre-
ast or the diaphragm, left bundle branch block [LBBB], apical 
thinning, etc). The reporting physicians characterized every 
�xed de�cit as a scar or an artifact, taking also into conside-
ration the motion �ndings of the corresponding wall in the 
preceding recent echocardiography; the MPS studies that 
exhibited only �ndings deemed as artifacts were classi�ed 
as normal. Depending on the number of segments with ab-
normal perfusion, the extent of every MPS abnormality (is-
chemia, �xed de�cit, etc.) was characterized as small (1-2 
segments, or <10% of the LV myocardium), medium (3-4 
segments, or 10-20%), or large (�5 segments, or >20%), res-
pectively [17,18].

In addition to visual reading, semiquantitative analysis was 
also performed in all scans. Regarding their degree, myocar-
dial perfusion de�cits were graded on a 5-point scale of tra-
cer uptake, ranging from 0 (normal uptake) to 4 (absence of 
uptake) and the 17-segment LV model was used to calculate 
the summed stress score (SSS) and the summed rest score 
(SRS). The summed di�erence score (SDS) was calculated by 
subtraction of SRS from SSS, representing the degree of re-
versible de�cits, while SRS was used as an indicator of the ir-
reversible (�xed) ones. An SDS>3 was considered abnormal, 
with a further categorization of the perfusion abnormality 
degree as mild (SDS=3-4), moderate (SDS=5-6), or signi�-
cant (SDS>6)[18,19].

Serum CgA measurement
On the day of the exam, before SPECT, all patients had a blood 
sample drawn by a peripheral antecubital vein for serum CgA 
measurement. This was centrifuged at 3000 rpm for 10 min 

oand the serum was separated and refrigerated at -20 C until 
analyzed. Chromogranin A was measured using a solid-pha-
se, two-site radioimmunometric assay according to the ma-
nufacturer's instructions (CgA-RIA CT, CIS Bio International, 
Saclay, France), with a sensitivity of 1.5 ng/mL. All measure-
ments were performed in duplicate and their average was 
used for the analysis. The radioactivity was counted in a scin-

9
93Hellenic Journal of Nuclear Medicine     May-August 2021•   www.nuclmed.gr 115

Original Article



tillator gamma-counter (Wizard2, Perkin Elmer Inc., Shelton, 
CT, USA). Serum CgA levels <98 ng/mL were considered as 
normal.

Statistical analysis
The 2-sample Student's t-test for continuous variables and 

2the chi-square (� ) test for categorical variables were used to 
examine for di�erences between the MI and the control 
group. Multivariate logistic regression was performed to 
assess the association between CgA (as the dependent va-
riable) and several predictors: age, gender, smoking, hyper-
tension, diabetes, hypercholesterolemia, EFLV, medica-
tions, and MI.

To test whether the e�ect of infarction on serum CgA co-
uld be mediated by the �ndings of MPS, we employed ana-
lysis of covariance (ANCOVA) �after adjusting for di�erences 
in age, gender, and EFLV� for the following three distinct ca-
tegories of LV perfusion de�cits as dichotomous predictors: 
(1) presence of de�cits of any type (abnormal MPS); (2) pre-
sence of reversible de�cits (ischemia); and (3) presence of 
�xed de�cits (scar). The analyses were performed with CgA 
as the dependent variable that was log-transformed to 
100*ln(CgA) to approximate the normal distribution. The 
gender and MI were also introduced as dichotomous predic-
tors, whilst the covariates age and EFLV were standardized 
to 1 standard deviation (SD) (Z-age, Z-EFLV).

Continuous quantitative variables are expressed as mean 
± SD, or percentages for categorical variables. All data ana-
lyses were performed using the software SPSS v.23 (IBM, 
Armonk, NY, USA). For the analysis of covariance, the MIXED 
procedure in SPSS was used, whereas custom SPSS syntax 
was used to estimate model-implied e�ects (along with 
their standard errors and levels of signi�cance) not directly 
provided by the software output. Levels of P-values lower 
than 0.05 were considered signi�cant.

Results

Patient characteristics
The 307 enrolled patients (aged 65.5±10.0 years) were clas-
si�ed in the MI group (n=118, or 38.4%) and the control gro-
up (n=189, or 61.6%). Their respective demographic, clinical 
and imaging data are displayed in Table1. In the former gro-
up, the elapsed time since infarction was 6.4±6.3 years (ran-
ge, 1-23). Speci�cally, it was 1-2 years in 43 (36.4%), 2-5 in 23 
(19.5%), 5-10 in 22 (18.7%), and over 10 years in 30 (25.4%). 
The majority of patients with prior MI had been managed 
with coronary revascularization (percutaneous coronary in-
tervention [PCI] and/or coronary artery bypass grafting [CA-
BG], n=95, or 80.5%), while 23 (19.5%) had received optimal 
medical therapy alone. Pharmacologic vasodilation by dipy-
ridamole was the cardiac stress protocol performed in the 
majority of cases (n=224, or 72.9%), either alone, or in com-
bination with mild treadmill exercise. The Bruce treadmill 
exercise protocol was performed in 80 patients (26.1%) and 
only 3 (1.0%) received the dobutamine stress test.

MPS imaging �ndings
Expectedly, the rate of normal MPS scans was signi�cantly 
higher in the control group than in the MI group (77.8 vs. 
31.4%, P<0.001). From the semiquantitative LV perfusion 
analysis, the vast majority (93.1%) of individuals in the con-
trol group had no or only minor abnormal �ndings on rest 
SPECT (SRS<4), while this percentage was 52.6% in the MI 
group. No patients in the control group had a signi�cantly 
abnormal rest scan (SRS>14), with only one exhibiting a 
mildly abnormal scan (SRS=9); on the other hand, 37 patients 
(28.8%) in the MI group had moderate or signi�cant perfu-
sion �ndings on rest imaging. As regards the degree of ische-
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Table 1. Patient characteristics.

Parameter
MI group
 (n=118)

Control group
(n=189)

P-value

Gender (Male/Female) 105/13 97/92 <0.001

Age (years) 66.0±9.8 65.2±9.8 0.45

Active smoker 30 (25.4%) 39 (20.6%) 0.33

Hypertension 106 (89.8%) 136 (71.9%) <0.001

Hypercholesterolemia 105 (89.0%) 108 (57.1%) <0.001

Diabetes 37 (31.3%) 43 (22.7%) 0.09

EFLV (%) 53.7±10.3 66.2±5.6 <0.001

Serum CgA (ng/ml) 172.4±176.1 103.8±120.3 <0.001

Normal MPS 37 (31.4%) 147 (77.8%) <0.001



mia, the proportion of patients with mild (SDS<3), moderate 
(SDS=3-4), or signi�cant (SDS>6) abnormality in the MI gro-
up was signi�cantly higher than that in the control group 
(34.7%, 14.4%, and 19.5% vs. 14.3%, 4.7%, and 3.2%, respecti-
vely; P<0.001).

Association of serum CgA with demographic, clini-
cal, and imaging parameters
Multivariate logistic regression analysis revealed that age, 
gender, and EFLV had signi�cant association with serum CgA 
(P= 0.025, P= 0.001 and P<0.001, respectively). On the contrary, 
smoking, hypertension, diabetes, medications, and hyper-
cholesterolemia were not found to have any e�ect, hence they 
were not included as predictors in the covariance models.

The parameter estimates for each of the three log-transfor-
med models are provided in Tables 2-4. In all three models, 
the e�ect of gender was unconditional and statistically signi-
�cant, with females exhibiting higher mean CgA levels than 
males (P=0.008 to 0.023); the e�ects of age and EFLV were 
also unconditional and statistically signi�cant, with 1 SD in-

crease in age associated with increased CgA and 1 SD incre-
ase in EFLV associated with decreased CgA (all P<0.001).

Due to its interaction with all three potential MPS medi-
ators (abnormal MPS, ischemia, or scar), no statistically signi-
�cant di�erences in the mean CgA levels were found bet-
ween MI patients and normal controls in either of the three 
MPS categories. Speci�cally, among patients with infarction, 
those with normal MPS scans tended to exhibit higher CgA 
levels compared to those with abnormal MPS but the di�e-
rence did not reach signi�cance levels (P=0.086; Table 2 & Fi-
gure 1). Likewise, neither MI patients with ischemia vs. those 
without, nor MI patients with scar vs. those without scar 
exhibited signi�cant di�erences in serum CgA (Tables 3, 4 & 
Figures 2, 3). Non-signi�cant di�erences were found also in 
the control group (Tables 2-4 & Figures 1-3). Since none of the 
analysis of covariance models proved any of the three 
studied MPS factors to be a signi�cant mediator of the e�ect 
of old MI on circulating CgA, further covariance analysis on 
the same e�ect for other MPS-related factors (namely the 
extent and degree of perfusion de�cits) was waived.

Table 2. Analysis of covariance for the e�ect of abnormal MPS (any-type perfusion de�cits) on serum CgA in patients with an old infarction.

95% Confidence Interval

Parameter Estimate Std. Error df t Sig. Lower Bound Upper Bound

Intercept 465.14 13.09 300 35.529 <0.001 439.37 490,90

[gender=male] -25.01 10.97 300 -2.279 0.023 -46.60 -3.42

 [gender=female] a0 0 . . . . .

[MI=no] -18.30 16.26 300 -1.126 0.261 -50.30 13.69

[MI=yes] a0 0 . . . . .

[MPS=normal] 32.09 18.65 300 1.720 0.086 -4.62 68.80

[MPS=abnormal] a0 0 . . . . .

Z‒age 17.18 4.55 300 3.774 <0.001 8.22 26.14

Z‒EFLV -27.39 5.74 300 -4.771 <0.001 -38.69 -16.09

[MI= no] * [MPS=normal] -24.59 23.55 300 -1.044 0.297 -70.94 21.76

[MI= no] * [MPS=abnormal] 0 0 . . . . .

[MI=yes] * [MPS=normal] 0 0 . . . . .

[MI=yes] * [MPS=abnormal] 0 0 . . . . .

a refers to the reference group. The e�ect of MI is conditional speci�cally on its interacting predictor set to 0 (MPS=abnormal).
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Table 3. Analysis of covariance for the e�ect of ischemia on serum CgA in patients with an old infarction. 

95% Confidence Interval

Parameter Estimate Std. Error df t Sig. Lower Bound Upper Bound

Intercept 470.32 13.26 300 35.479 <0.001 444.23 496.41

[gender=male] -25.88 11.01 300 -2.352 0.019 -47.54 -4.22

[gender=female] a0 0 . . . . .

[MI=no] -23.29 16.40 300 -1.420 0.157 -55.56 8.99

[MI=yes] a0 0 . . . . .

[ischemia=no] 8.37 15.29 300 0.547 0.585 -21.72 38.45

[ischemia=yes]
a0 0 . . . . .

Z‒age 17.67 4.56 300 3.873 <0.001 8.69 26.65

Z‒EFLV -25.76 5.69 300 -4.528 <0.001 -36.94 -14.56

[MI= no] * [ischemia=no] -1.53 21.32 300 -0.072 0.943 -43.48 40.42

[MI= no] * [ischemia=yes] 0 0 . . . . .

[MI=yes] * [ischemia=no] 0 0 . . . . .

[MI=yes] * [ischemia=yes] 0 0 . . . . .

a refers to the reference group.  The e�ect of MI is conditional speci�cally on its interacting predictor set to 0 (ischemia=yes).

Table 4. Analysis of covariance for the e�ect of scar on serum CgA in patients with an old infarction.

95% Confidence Interval

Parameter Estimate Std. Error df t Sig. Lower Bound Upper Bound

Intercept 478.14 14.91 300 32.073 <0.001 448.81 507.48

[gender=male] -27.70 10.32 300 -2.683 0.008 -48.02 -7.38

[gender=female] a0 0 . . . . .

[MI=no] -19.04 12.78 300 -1.490 0.137 -44.19 6.11

[MI=yes] a0 0 . . . . .

[scar=no] -6.14 15.47 300 -0.397 0.692 -36.58 24.29

[scar=yes] a0 0 . . . . .

Z‒age 17.50 4.54 300 3.859 <0.001 8.58 26.43

Z‒EFLV -24.74 6.21 300 -3.985 <0.001 -36.96 -12.52

[MI= no] * [scar=no] 0 0 . . . . .

[MI=yes] * [scar=no] 0 0 . . . . .

[MI=yes] * [scar=yes] 0 0 . . . . .

a refers to the reference group. The e�ect of MI is conditional speci�cally on its interacting predictor set to 0 (scar=yes).



Figure 1. Log-transformed serum CgA in patients with normal or abnormal MPS in the two study groups. Ln(CgA) levels are provided as mean ± SD (*P<0.05 for males vs. 
females).

Figure 2. Log-transformed serum CgA in patients with or without presence of reversible perfusion de�cit (ischemia) in the two study groups. Ln(CgA) levels are provided as 
mean ± SD (*P<0.05 for males vs. females).

Figure 3. Log-transformed serum CgA in patients with or without presence of �xed perfusion de�cit (scar) in the two study groups. No patient in the control group had scan 
�ndings consistent with a scar. Ln(CgA) levels are provided as mean ± SD (*P<0.05 for males vs. females).
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Discussion

Serum CgA is an established tumor marker for the diagnosis, 
prognosis, and evaluation of response to treatment in NEN 
[10]. However, elevated CgA levels have been reported also 
in patients with neoplasia of mixed cell types, such as pros-
tate or breast cancer [11]. It is considered a diagnostic and 
prognostic marker in several clinical conditions, including tu-
mors and other non-neoplastic diseases [20]. In normal sub-
jects, there are contradictory �ndings for the association of 
serum CgA with factors such as age, gender, fasting, or diur-
nal variation [21]. In our study, we observed a signi�cant as-
sociation of CgA with both age and gender in patients with 
an old MI and in the control group as well: older individuals 
and women were more likely to exhibit increased CgA.

Earlier studies reported that essential hypertension is asso-
ciated with elevated serum CgA [8,11]. The role of CgA as a 
biomarker in cardiovascular disease has been addressed pre-
viously. Increased levels of CgA have been detected in the cir-
culation of patients with hypertrophic cardiomyopathy, in-
farction, acute coronary syndromes, and heart failure, with 
important prognostic implications in several cases [12,13,22-
26]. Serum CgA in patients who su�ered an infarction was 
�rst reported in 2003, where increased levels were found to 
correlate with long-term mortality [13]. It has also been fo-
und that CgA �among other indicators� is a strong, indepen-
dent prognostic factor for adverse outcomes such as heart 
failure or death, in patients with MI [24]. In this study, altho-
ugh multivariate analysis did not reveal a signi�cant associ-
ation between either systemic hypertension or infarction 
and serum CgA, we did observe that patients with an old MI 
exhibited signi�cantly higher mean CgA levels compared to 
those without. However, the con�dence intervals of CgA va-
lues in these two groups were similar and overlapping, while 
no signi�cant e�ect of infarction on serum CgA was found in 
any of our statistical models. These �ndings suggest that, at 
least in patients with an old MI, any possible e�ects of hyper-
tension or infarction on circulating CgA are hindered and mi-
nimized to non-signi�cant levels by the unambiguously 
stronger in�uence of other factors such as age, gender, and 
EFLV.

The pathophysiologic mechanisms that drive CgA eleva-
tion after MI are not clearly de�ned. In the acute phase, a 
complex neurohormonal and immune activation occurs, 
whose duration and degree seem to correlate with the ex-
tent of myocardial injury [24]. Additionally, CgA levels in the 
acute and subacute phase of infarction may also be a�ected 
by sympathetic activation due to various coexisting actu-
ators (e.g., pain, hemodynamic instability, anxiety, etc.). We 
avoided such interferences by implementing the study at a 
time point su�ciently remote from the acute and subacute 
phase, to ensure patient stability and avoid factors that could 
interfere with serum CgA and potentially confound our re-
sults. Nevertheless, we cannot disregard the fact that a range 
of other MI-associated factors was not included in the ana-
lysis. To name a few, the time elapsed since the infarction, its 
type (STEMI or NSTEMI), time, and method of revascula-

rization (PCI or CABG) could potentially impact circulating 
CgA levels and need to be accounted for in future study 
designs, to clarify their potential interfering.

Since CAD is one of the most common causes of disability 
and death in Europe, MPS �among other diagnostic tests� is 
widely used based on the guidelines for appropriate use cri-
teria, not only for diagnosing CAD but also for risk strati�-
cation in patients with already diagnosed CAD [27,28]. Ex-
pectedly, there was a signi�cant di�erence in the type of MPS 
�ndings between the MI group and the control group. From 
the semiquantitative analysis, the majority of MI patients had 
abnormal MPS and only about one-third had a normal scan. 
In the control group, the great majority had a normal scan 
and less than one-fourth exhibited MPS abnormalities, mos-
tly involving mild �ndings. Although our observed propor-
tion of normal or near-normal MPS in patients with MI might 
seem relatively large, it could be explained by early and e�-
cient reperfusion intervention that can minimize the myo-
cardial ischemic injury [29]. Of note, a normal MPS study in 
patients with previous MI is not that uncommon and has 
been shown to correlate with a favorable long-term prog-
nosis [30].

This study has certain limitations. We chose to rely prima-
rily on the reporting physicians' appraisal to characterize �-
xed de�cits as scars or artifacts, after taking into considera-
tion the wall motion information obtained by echocardiog-
raphy. A more suitable approach for distinguishing scars 
from attenuation artifacts might involve gated-SPECT, prone 
position imaging, or computed tomography (CT)-based 
attenuation correction [31-36]; however, several of these 
techniques were either unavailable or di�cult to implement 
in the entirety of our cohort. Even so, our approach could be 
deemed acceptable, because most of the MPS artifacts can 
be recognized by experienced readers and this can further 
improve with the addition of echocardiographic information 
[37]. Another limitation pertains to the inclusion of patients 
with heart failure in the MI group. Various studies have consi-
dered heart failure as a factor likely to a�ect serum CgA, hen-
ce the possibility of these patients impacting the measured 
CgA levels in the MI group cannot be ruled out [23,26,38]. A 
similar possible interference of hypertension with serum 
CgA was alleviated by including hypertensive patients in 
both study groups. The postulation that the dissimilar pres-
cription rates of beta-blockers, angiotensin-converting en-
zyme (ACE) inhibitors, and calcium-channel blockers bet-
ween the two groups might have accounted for their obser-
ved di�erences in serum CgA was not substantiated by the 
regression analysis; moreover, other studies have demonstr-
ated that antihypertensive regimens involving ACE inhibi-
tion, �-adrenergic blockade, diuretics, or dietary sodium res-
triction have no signi�cant e�ect on serum CgA concentra-
tion [39,40]. Lastly, although minimal, we cannot entirely rule 
out the likelihood of undiagnosed malignancies or other 
underlying clinical conditions interfering with our measured 
CgA levels. This situation could have been accounted for if a 
long-term follow-up was available for all patients, but still, 
such cases are likely scarce.

In conclusion, although it is already known that increased
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serum CgA is observed in patients during the acute and su-
bacute phase of MI, this study involving patients with an in-
farction dating a year or older did not replicate this outcome, 
nor did it demonstrate any statistically signi�cant association 
between circulating CgA and myocardial perfusion abnor-
malities (ischemia and/or scar) depicted by myocardial per-
fusion SPECT. The neuroendocrine activation observed du-
ring the early phases of MI appears to be blunted in the chro-
nic phase, where it is overshadowed by the unequivocally 
stronger in�uence of other factors such as age, gender, and 
EFLV on serum CgA. Future research on the �eld could focus 
speci�cally on the role of other MI-related factors such as 
time elapsed since the insult, infarction type, method, and ti-
me of revascularization, which could potentially exert an im-
pact on serum CgA that extends beyond the early phases of 
infarction.
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