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Abstract: Coronary artery disease (CAD) is the leading cause of death followed by cancer, in men and
women. With risk factors being endemic and the increasing costs of healthcare for management and
treatment, myocardial perfusion imaging (MPI) finds a central role in risk stratification and prognosis
for CAD patients, but it comes with its limitations in that the referring clinician and managing
team must be aware of and use at their advantage. This narrative review examines the utility of
myocardial perfusion scans in the diagnosis and management of patients with ECG alterations
such as atrioventricular block (AVB), and medications including calcium channel blockers (CCB),
beta blockers (BB), and nitroglycerin which may impact the interpretation of the exam. The review
analyzes the current evidence and provides insights into the limitations, delving into the reasons
behind some of the contraindications to MPI.
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1. Introduction

Coronary artery disease (CAD) remains the leading cause of mortality in the United
States (US), a trend that has persisted since 1990. CAD is responsible for a greater number of
years of life lost due to premature mortality compared to the combined sum of lung, colon,
breast, and prostate cancer. It is estimated that 10.9% of adults aged 45 or older and 17.0%
of adults aged 65 or older in the US have CAD, respectively, with approximately 800,000
Americans experiencing a myocardial infarction (MI) each year. The economic burden of
CAD is substantial, with estimated healthcare costs of $126.2 billion in 2010, which has
been projected to increase to over $177 billion by 2040 [1–3]. Although there has been a
decline in age-standardized mortality and years lived with disability (YLD) rates of CAD
in the Middle East/North African region by 35% and 9%, respectively, over the past three
decades, this region continues to bear a substantial burden of cardiovascular disease [4–6].
Age, uncontrolled blood pressure, high levels of cholesterol, diabetes, and tobacco use are
all well-known risk factors for CAD. At present, hypertension is recognized as a significant,
independent risk factor for coronary artery disease (CAD). Multiple studies have shown a
consistent, progressive association between blood pressure and age-specific mortality from
CAD, with higher blood pressure levels correlating with an increased risk of death from
CAD, especially in individuals aged from 40 to 69 years old. In fact, a large meta-analysis
found that a 20 mm Hg increase in systolic blood pressure, or a 10 mm Hg increase in
diastolic blood pressure approximately doubles the risk of CAD-related mortality in this
age group. Another study based on Framingham data revealed that blood pressure has the
strongest association with cardiovascular disease (CVD) events in women and is the second
most significant risk factor for men, surpassed only by age. Therefore, blood pressure is a
crucial factor in the American College of Cardiology (ACC)/American Heart Association
(AHA) Heart Risk Calculator, and blood pressure control is a fundamental component
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of the current AHA guidelines for the primary prevention of CVD. It is estimated that
around 32.4% of US adults, equivalent to approximately 82 million individuals, have
hypertension [7–11]. An economic analysis published by Bedetti et al. in 2008 on the
costs of cardiovascular disease compared the relative cost-effectiveness of different cardiac
imaging modalities. Stress echo imaging turned out to be 1.5 times more cost-effective
than ex-ECG, while stress single-photon emission computed tomography (SPECT-Tc) was
3.1 times more costly, ex-ECG was 3.5 times more costly, cardiac troponin I (cTnI) was
3.8 times more costly, cardiac troponin T (cTnT) was 3.9 times more costly, and CA was
found to be a staggering 56.3 times more expensive [12].

Myocardial perfusion scanning is crucial in both diagnosing and treating cardiac
disease. These tests, which are non-invasive, help physicians to evaluate the blood flow to
the heart muscle and obtain important information regarding the perfusion and metabolite
uptake. This information is used to determine the most appropriate medical treatment
or intervention to optimize cardiac health. Myocardial perfusion scans are valuable for
diagnostic and prognostic purposes in various clinical settings, including evaluating angina
symptoms, ruling out acute coronary syndrome as a cause of chest pain, assessing thera-
peutic outcomes after interventions, and determining viable or scarred myocardium [13].
Functional imaging with 99mTechnetium-Sestamibi has been found to encompass a similar
prognostic value compared to other methods. 99mTechnetium-Sestamibi offers clear advan-
tages over 201Thallium-SPECT, particularly when gated. Functional perfusion imaging has a
clear advantage in predicting cardiac events [14]. In a study of 473 chest pain patients, those
with normal scans had an extremely low annual mortality rate. Another review of 14 trials
and over 12,000 patients with stable chest pain found that normal 99mTechnetium-Sestamibi
SPECT was associated with a hard cardiac event rate of 0.6% per year [15,16].

Among the used stressors, we commonly find adenosine and dobutamine with
diagnostic and therapeutic applications in cardiac care. Adenosine is utilized in my-
ocardial perfusion stress imaging studies due to its vasodilatory effects, while dobu-
tamine, a sympathomimetic agent, affects the heart rate, blood pressure, and contrac-
tility. Adenosine’s pharmacological effects are mediated through purinergic adenosine
receptors, while dobutamine selectively activates beta-1 receptors, enhancing contractility.
Understanding the administration, effects, and indications of these agents is crucial for
optimizing both cardiac assessment and treatment [17,18].

The purpose of this narrative review is to provide an opportunity to summarize
the available evidence and provide a comprehensive overview of the current state of
knowledge on the topic. By examining the utility of myocardial perfusion scans in relation
to ECG alterations and medications, such as calcium channel blockers, beta-blockers, and
nitroglycerin, as well as other conditions, this review can provide valuable insights into the
clinical implications of these findings and the potential implications for patient care, while
at the same time gaining insights on the procedural guidelines as for the reason of some of
the contraindications [19].

2. ECG Alterations
2.1. Left Bundle Branch Block (LBBB)

LBBB, a frequent abnormality observed on electrocardiograms (ECGs), occurs when
the normal conduction along the anterior and posterior left fascicles of the His–Purkinje
system is disrupted. While LBBB is commonly linked to underlying heart conditions, and
may arise from myocardial injury, strain, or hypertrophy, it can also manifest in patients
presenting without specific clinical ailments [20]. LBBB is defined as a QRS duration equal to
or greater than 0.12 s, and characterized by a broad-notched or slurred R wave in leads I,
aVL, V5, and V6, an absence of Q waves in leads I, V5, and V6, and an R peak time exceeding
60 milliseconds in leads V5 and V6 but within the normal range in leads V1 to V3 [21].

The ability of the noninvasive methods that are commonly employed, such as single-
photon emission computed tomography (SPECT), to identify CAD in such patients is
complicated by the diverse impacts of LBBB on the structure, function, and blood supply to
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the heart muscle. As a result, there is a considerable occurrence of anteroseptal and septal
perfusion defects even in the absence of CAD (See Figure 1) [22,23]. A study by Larcos et al.
involved 63 symptomatic patients with LBBB, 10 control subjects without LBBB and no
CAD, and 10 normal control subjects. The participants underwent resting echocardiography
and MCE (myocardial contrast echocardiography) and SPECT procedures. The study found
that the septal wall/posterior wall (SW/PW) thickness and percentage thickening ratios
were lower in the LBBB group compared to both control groups, but the resting SW/PW
MBF (myocardial blood flow) and MBF reserve ratios were found to be similar across all
three groups. MBF reserve was reduced in both the LBBB and control groups compared to
the normal control group. SW thickness was a predictor of SPECT perfusion defects in LBBB
patients without CAD. MCE was found to have a higher specificity for CAD detection
compared to SPECT [24]. Another study was conducted to determine the diagnostic
usefulness of myocardial perfusion imaging during exercise and pharmacological stress
in patients with left bundle branch block. The study included 383 patients with left
bundle branch block who underwent perfusion scintigraphy over five years. The study
found that exercise, adenosine, and dobutamine tomography had a similar sensitivity and
specificity for detecting >50% stenosis in the left circumflex and right coronary arteries.
However, exercise tomography was found to have a higher false-positive rate for septal
defects compared to the pharmacologic methods. The specificity and predictive value of
a positive test response for left anterior descending coronary artery stenosis was higher
for adenosine and dobutamine tomography compared to exercise tomography. Therefore,
pharmacologic stress using adenosine or dobutamine tomography is more specific than
exercise tomography in diagnosing left anterior descending coronary artery stenosis in
patients with left bundle branch block. There was no significant difference observed
between adenosine and dobutamine tomography in these patients [25] (see Table 1).
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(B) Patient’s ECG reveals presence of LBBB. (C) Patient’s coronary angiogram reveals normal vessels 
supplying the septum, including left anterior descending artery (arrows) and septal perforators (ar-
rowheads), indicating that septal defect was secondary to LBBB [26]. 
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(AV) conduction can be evaluated by assessing the relationship between the P waves and 
the QRS complexes. An AV block represents a delay or disturbance in the transmission of 
an impulse from the atria to the ventricles. This can be due to an anatomical or functional 
impairment in the heart’s conduction system. In general, there are three degrees of AV 
nodal blocks: first-degree, second-degree (Mobitz type 1 or 2), and third-degree [29–31]. 
Mobitz type I (Wenckebach) AV block is characterized by a progressive prolongation of 
the PR interval until an atrial impulse is completely blocked, resulting in a dropped beat 
on the ECG. Mobitz type II, on the other hand, has a constant PR interval for conducted 
beats, but also displays the occasional non-conduction of these atrial impulses without PR 
prolongation [32]. In third-degree, or complete, heart block, there is a complete absence of 
atrioventricular (AV) nodal conduction, resulting in no relationship between the P waves 
and the QRS complexes on the electrocardiogram (ECG). This means that the supra-
ventricular impulses generated in the atria do not conduct to the ventricles [33]. A meta-
analysis by Andrikopoulou et al. was the first to compare the rates of de novo atrioven-
tricular block (AVB) and sinoatrial (SA) node dysfunction in patients undergoing pharma-
cologic single-photon emission computed tomography myocardial perfusion imaging 
(SPECT-MPI) with adenosine or regadenoson. The study found that the overall AVB inci-
dence rate in patients using vasodilator stress SPECT-MPI was about 4%, and the high-
grade AVB incidence rate was around 2%, respectively. Moreover, the incidence rates of 
overall and high-grade AVB were found to be significantly higher with adenosine than 
with regadenoson. None of the studies using regadenoson reported SA node dysfunction. 

Figure 1. Patient with chest pain shows septal perfusion defect. (A) Myocardial perfusion scan
obtained after injection of 99mTc-sestamibi during episode of pain shows septal defect (arrowheads).
(B) Patient’s ECG reveals presence of LBBB. (C) Patient’s coronary angiogram reveals normal vessels
supplying the septum, including left anterior descending artery (arrows) and septal perforators
(arrowheads), indicating that septal defect was secondary to LBBB [26].
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Table 1. Summary table for the discussed ECG patterns, medications, and other condition that may affect SPECT imaging.

EC
G
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Left bundle branch block LBBB, a common abnormality on electrocardiograms (ECGs), can complicate the interpretation of SPECT images due to its diverse effects on the structure, function, and blood supply to the heart muscle.
This can result in the presence of anteroseptal and septal perfusion defects even in the absence of coronary artery disease (CAD).

Atrio-ventricular block
SPECT-MPI and AV block: A meta-analysis showed that the incidence of de novo AV block during pharmacologic stress single-photon emission computed tomography myocardial perfusion imaging
(SPECT-MPI) with vasodilators including adenosine or regadenoson was around 4%, with a high-grade AV block incidence rate of approximately 2%. Adenosine was associated with a significantly higher
incidence of AV block compared to regadenoson. Age and diabetes history were not associated with the rates of de novo AV block.

Balanced ischemia Balanced ischemia refers to a condition where there is an equal reduction in blood flow across all regions of the myocardium during stress. It is typically caused by factors including coronary artery disease,
resulting in narrowed or blocked coronary arteries. SPECT imaging revealed a uniform decrease in radiotracer uptake throughout the myocardium, indicating impaired perfusion to the entire heart.

M
ed

ic
at

io
n

Calcium channel blockers CCBs exhibit vasodilatory effects on larger arterioles, reducing myocardial oxygen demand indirectly through decreased heart rate and contractility. They also directly decrease myocardial energy
requirements and promote the utilization of free fatty acids in the ischemic myocardium, resulting in a reduced defect extent, severity, and ST-segment depression.

Beta-blockers

By exerting negative effects on heart rate, contractility, and renin release, beta-blockers improve angina symptoms and exhibit antiarrhythmic effects. Different types and doses of beta-blockers have been
studied in exercise or dobutamine myocardial perfusion imaging (MPI), showing improvements in tracer activity and reductions in perfusion defect size and severity. Acute administration of
beta-blockers before MPI has also been shown to decrease defect size and severity, while the chronic use of beta-blockers may not always result in significant differences in perfusion defect size and
severity compared to the placebo.

Adenosine

Adenosine causes vasodilation in the coronary system through A2a receptors, leading to increased perfusion. However, this effect is observed primarily in the non-stenotic vessel segments.
Adenosine also induces a reflex increase in the heart rate and a slight decrease in the blood pressure. Importantly, adenosine stress testing rarely induces ischemia, except in cases of the coronary steal
phenomenon. The duration of action of adenosine is short, and its side effects are reversible within minutes. Adenosine infusion should be administered slowly to prevent side effects such as transient AV
block and bradycardias.

Dobutamine
Dobutamine is a sympathomimetic agent that stimulates beta-1 adrenergic receptors, resulting in an increased heart rate, blood pressure, and contractility. It is commonly used in myocardial stress testing
to evaluate myocardial viability and detect coronary artery disease (CAD). Dobutamine has a relatively short half-life, and its effects can be reversed with beta blockers if necessary. In addition to its
diagnostic application, dobutamine is also used therapeutically in decompensated congestive heart failure to improve cardiac contractility and overall heart function

Nitroglycerin
Nitroglycerin also reduces coronary vascular resistance and increases the diameter of large conduit vessels. The anti-ischemic effects of nitroglycerin may also be attributed to the dilation of the collateral
vessels, redistributing the coronary flow from the normal to ischemic myocardium. Both the acute and chronic administration of nitrates have been shown to decrease the severity or size of ischemic
perfusion in the culprit zone compared to the placebo or baseline without nitrates.

O
th

er
co

nd
it

io
ns

Hypertrophic cardiomyopathy
Hypertrophic cardiomyopathy is an inherited condition characterized by the unexplained thickening of the left ventricle, particularly in the basal interventricular septum. Around one-third of patients
experience obstruction of the left ventricular outflow tract at rest or under induced conditions. In SEPCT imaging, HCM can disrupt normal wall uptake, resulting in reduced perfusion in most areas of the
left ventricle except for the septum.

Dextrocardia
Patients with dextrocardia show unique electrocardiogram (ECG) patterns, including right-axis deviation, inverted waves, and reversed QRS complexes. Reorienting precordial leads to a right-sided
approach that allows for observing characteristic septal depolarization. Various imaging methods, such as changing rotation arc and prone positioning, have been suggested for SPECT acquisition to
maintain heart visibility and reduce tissue attenuation.

Implantable devices
The presence of pacemaker and LV leads in SPECT imaging may cause slight overestimation when using CT attenuation correction (CTAC). However, a study revealed minimal impact on SPECT findings,
with only a 4% overestimation for the ICD leads. Lead diameter and material composition influence the level of overestimation. Overall, CTAC remained useful, and leads did not significantly affect the
SPECT results, as clarified by the study.
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2.2. Atrioventricular Block (AVB)

The electrical impulse generated by the sinoatrial node must pass through the atria,
the atrioventricular node, and the His–Purkinje system to reach the ventricles and trigger
ventricular contraction, which is reflected as the PR interval and QRS complex on an ECG.
If there is a delay in conduction within this system, this can result in an atrioventricular
conduction block, leading to a prolonged PR interval on the ECG [27–29]. Atrioventricular
(AV) conduction can be evaluated by assessing the relationship between the P waves and
the QRS complexes. An AV block represents a delay or disturbance in the transmission of
an impulse from the atria to the ventricles. This can be due to an anatomical or functional
impairment in the heart’s conduction system. In general, there are three degrees of AV
nodal blocks: first-degree, second-degree (Mobitz type 1 or 2), and third-degree [29–31].
Mobitz type I (Wenckebach) AV block is characterized by a progressive prolongation of
the PR interval until an atrial impulse is completely blocked, resulting in a dropped beat
on the ECG. Mobitz type II, on the other hand, has a constant PR interval for conducted
beats, but also displays the occasional non-conduction of these atrial impulses without PR
prolongation [32]. In third-degree, or complete, heart block, there is a complete absence of
atrioventricular (AV) nodal conduction, resulting in no relationship between the P waves
and the QRS complexes on the electrocardiogram (ECG). This means that the supraventric-
ular impulses generated in the atria do not conduct to the ventricles [33]. A meta-analysis
by Andrikopoulou et al. was the first to compare the rates of de novo atrioventricular block
(AVB) and sinoatrial (SA) node dysfunction in patients undergoing pharmacologic single-
photon emission computed tomography myocardial perfusion imaging (SPECT-MPI) with
adenosine or regadenoson. The study found that the overall AVB incidence rate in patients
using vasodilator stress SPECT-MPI was about 4%, and the high-grade AVB incidence rate
was around 2%, respectively. Moreover, the incidence rates of overall and high-grade AVB
were found to be significantly higher with adenosine than with regadenoson. None of the
studies using regadenoson reported SA node dysfunction. Age and diabetes history were
found to not be associated with the rates of de novo AVB [34]. Another paper evaluated
the occurrence of AV block during adenosine stress testing in patients with first-degree AV
block, with and without AV blocking medications. Of the 600 patients, 43 had a baseline
PR interval >200 msec, and 557 had a baseline PR interval <200 msec. The study found
that the frequency of second- and third-degree AV block during adenosine stress testing
was significantly higher in patients with a baseline PR interval >200 msec than in patients
with a normal baseline PR interval. However, the use of AV blocking medications did not
increase the incidence of AV block during adenosine infusion. The study concluded that
adenosine stress testing is safe for patients with baseline PR prolongation [35].

2.3. Balanced Ischemia

Balanced ischemia is a condition characterized by a relatively equal reduction in blood
flow in all regions of the myocardium during stress. This can be due to various factors such
as coronary artery disease, which may lead to the narrowing or blockage of the coronary
arteries. Balanced ischemia is often identified by SPECT imaging as a uniform decrease in
radiotracer uptake throughout the myocardium, indicating an impaired perfusion to the
entire heart. As it is hard to tell apart from a normal heart scan, a positive stress ECG should
alert the physician conducting the examination. Prompt recognition and management
of balanced ischemia are crucial to prevent further complications and optimize cardiac
function [36,37].

3. Medication
3.1. Calcium Channel Blockers (CCB)

Calcium, when it is in its ionized form (Ca2+), is widely recognized as a crucial
second messenger in cells. The entry of Ca2+ into the cytoplasm is regulated by Ca chan-
nels, which allow Ca2+ to enter from external sources or be released from internal stores.
Plasmalemmal ion channels, such as voltage-operated channels, receptor-operated chan-
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nels, store-operated channels, and non-selective channels, are responsible for the entry of
Ca2+ into the cell. Voltage-operated channels are further classified into three subtypes
based on their conductance and voltage sensitivity, namely L (long-lasting), T (transient),
and N (neuronal) subtypes. Calcium antagonists primarily block the entry of calcium
into cells by targeting the L subtype of the voltage-operated channels, thereby altering
their opening mode to favor the short-lived channels and shifting them to a long-lived
closed state [38]. In clinical terms, calcium antagonists are categorized, based on their
chemical composition, into three primary classes that are as follows: phenylalkylamines,
which exerts a more pronounced influence on cardiac performance, resulting in negative
chronotropic, dromotropic, and inotropic effects, but only modest vasodilation, dihydropy-
ridines, which are potent vasodilators, and benzothiazepines, which fall in between in
terms of cardiovascular impact [39,40]. Calcium-channel blockers are known to enhance
myocardial perfusion by affecting myocardial microcirculation and metabolism. They have
the potential to improve coronary flow in coronary artery disease (CAD) through selectively
dilating larger arterioles. In addition to indirectly reducing myocardial oxygen demand
through a decreased heart rate and contractility, calcium-channel blockers also directly
decrease myocardial energy requirements. These drugs promote the utilization of free fatty
acids in reversibly ischemic myocardium and mitigate myocardial stunning, regardless
of hemodynamic changes [41,42]. Several studies have shown that the acute and chronic
administrations of nifedipine and nicorandil improved perfusion and decreased ischemia
in patients with CAD during exercise MPI. These CCBs were found to reduce the defect
extent and severity, as well as the extent of ST-segment depression. Furthermore, previous
research has also revealed that CCB in women presenting with chest pain and no family
history of CAD could reverse a myocardial reversable perfusion defect in acetylcholine-
positive angiograms [43,44]. Overall, the available data suggest that CCBs can improve
myocardial perfusion during exercise in patients with CAD, although the effects on va-
sodilator MPI have not been studied. Similar conclusions can be drawn regarding the
impact of CCBs on sensitivity of stress MPI as with BB [45–47].

3.2. Beta-Blockers (BB)

Beta-blockers are a class of drug that is used in order to reduce ischemic effects by
lowering oxygen consumption during both rest and stress [48,49]. The catecholamines
interact with the B1 receptors, leading to increased cardiac automaticity and conduction
velocity, as well as renin release resulting in an elevated blood pressure. On the other hand,
binding to B2 receptors induces smooth muscle relaxation and metabolic effects such as
glycogenolysis. The effects of beta-blockers depend on their specificity towards different
receptors and the organ system involved. Some beta-blockers may also bind to alpha
receptors to varying degrees, resulting in different clinical outcomes under specific situations.
Beta-blockers inhibit the effects of B1 and B2 receptors, leading to decreased heart rate and
force of contraction. This in turn decreases blood pressure through reduced renin release
and cardiac output. Beta-blockers also decrease oxygen demand by exerting negative effects
on heart rate and contractility, thereby improving angina. Additionally, these medications
prolong atrial refractory periods and exhibit antiarrhythmic effects as a result. Beta-blockers
can be classified as non-selective or beta-1 selective. There are also beta-blocking drugs that
selectively affect beta-2 and/or beta-3 receptors, but their clinical purposes are not yet known.
Non-selective agents bind to both beta-1 and beta-2 receptors, resulting in antagonistic effects
on both receptors. On the other hand, beta-1 receptor-selective blockers only bind to beta-1
receptors, making them cardio-selective [50–52]. Studies have shown a decrease in sensitivity
in detecting coronary artery disease (CAD) in patients on BBs [53,54]. However, different
doses, types, and modes of administration have been used to assess the effects of BBs on
exercise or dobutamine MPI in the same patients while on or off BBs or in a cross-over
or randomized, double-blind, placebo-controlled study design. Chronic administration
of oral propranolol has been found to improve the tracer activity compared with the
placebo or baseline studies without BBs, and intravenous propranolol administration to
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patients undergoing exercise MPI was also found to decrease the perfusion defect size
compared with the placebo. Similar effects were observed in patients who underwent
exercise or dobutamine single-photon emission computed tomography (SPECT) MPI.
Acute propranolol administration before dobutamine MPI decreased the defect size and
severity compared with the study without propranolol and normalized the scans in 23% of
patients. The acute administration of metoprolol before dipyridamole MPI decreased the
sensitivity of CAD detection and reduced the extent and severity of ischemia compared
with the placebo. The effect of chronic atenolol use on dipyridamole SPECT MPI was
assessed in a randomized, double-blind, cross-over study that revealed no significant
differences in the perfusion defect size and severity between the placebo and atenolol for
the group as a whole, although one-third of patients were found to display larger defects
on atenolol than with the placebo [55,56]. BB, similar to CCB, have also found a role in
positive acetylcholine angiograms in women presenting with chest pain [43].

3.3. Adenosine

As a therapeutic agent, adenosine is employed for its antiarrhythmic properties in
supraventricular tachycardia (SVT), and it can also function as a diagnostic tool depend-
ing on the type of SVT. The pharmacological effects of adenosine are mediated through
purinergic adenosine receptors, including the A1, A2a, A2B, and A3 receptors, which are
distributed across various systems such as the immune, nervous, circulatory, respiratory,
and urinary systems. Notably, the receptors located in the cardiac atrioventricular (AV)
nodal tissue and peripheral vasculature exhibit clinical effects when adenosine is admin-
istered [57–59]. Adenosine causes vasodilation in the coronary system via A2a receptors,
resulting in increased perfusion. However, this perfusion enhancement only occurs in the
non-stenotic vessel segments. Post-stenotic vessel segments already exhibit the maximal
dilation of resistance vessels through autoregulatory mechanisms to compensate for the
pressure drop across the stenosis. As a result, vasodilators cannot further increase the
perfusion in these areas. In myocardial SPECT, post-stenotic regions show lower uptakes
of the radiopharmaceuticals compared to the normally perfused myocardial segments.
Adenosine exerts additional effects through various adenosine receptors [60]. Adenosine in-
duces a reflex increase in the heart rate by approximately 10% and a slight decrease in blood
pressure due to vasodilation. Therefore, it does not impose a significant burden on the
cardiovascular system, and myocardial oxygen consumption is only minimally increased.
Unlike in exercise stress testing or dobutamine stress, adenosine rarely induces ischemia,
except in cases of the coronary steal phenomenon. Adenosine has a short duration of action
with a plasma half-life of <2 s, making it easily controllable. Symptoms and side effects of
adenosine infusion are almost completely reversible within 1 to 2 min. Prolonged symp-
toms may indicate the possibility of vasospasm or acute coronary syndrome. Adenosine
should be administered slowly to prevent a venous bolus, which may cause side effects
such as a transient AV block and other bradycardias [61]. Adenosine is infused at a rate of
140 µg/kg/min over 6 min, and typically diluted in NaCl to a volume of 40 mL, resulting
in an infusion rate of 400 mL/h. Shorter adenosine protocols with infusion times of 4 min,
and radiopharmaceutical injection at 2 min are also possible [62]. Adenosine maximally
increases myocardial perfusion to 3 to 4 mL/min/mg, which is higher than during exer-
cise stress testing. However, SPECT radiopharmaceuticals show a plateau in uptake at
perfusion values >2 to 2.5 mL/min/g. Therefore, despite the higher perfusion enhance-
ments with adenosine, there are no fundamental differences in the uptake patterns and
accuracy between exercise stress testing and pharmacological stress testing. PET perfusion
radiopharmaceuticals have more favorable properties in this regard, allowing for absolute
quantification and differentiation in high-flow situations, which is particularly relevant in
the diagnosis of the early stages of coronary artery disease [63].
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3.4. Dobutamine

Dobutamine, a sympathomimetic agent, increases heart rate, blood pressure, and
contractility, leading to an increase in myocardial oxygen consumption and reflexive
enhancement of perfusion, potentially provoking ischemia in the presence of coronary
stenosis. The stress is administered in 3 min intervals, starting with an initial infusion rate
of 5 µg/kg/min and gradually increasing to 10, 20, 30, and 40 µg/kg/min, respectively.
The target heart rate to be achieved is (0.85 times (220-age of the patient)). If the target
heart rate is not reached at the highest dose, atropine can be additionally administered
(4 × 0.25 mg up to a maximum of 1 mg IV, with intervals of approximately 1 to 2 min).
The target heart rate can be achieved in over 90% of patients. The effects of dobutamine,
which has a plasma half-life of 120 s, can be countered with a beta-blocker. The criteria
for terminating the test and contraindications align with those for exercise testing [18,64].
By selectively binding and activating beta-1 receptors in the myocardium, dobutamine
increases contractility, thereby making it clinically indicated for decompensated congestive
heart failure due to its sympathomimetic effects. The ionotropic effect of dobutamine
enhances contractility, resulting in a decreased end-systolic volume and an increased stroke
volume. This augmentation of cardiac output leads to an increase in the overall function of
the heart [65–67].

3.5. Nitroglicerine

Nitroglycerin release nitric oxide, which leads to the production of cGMP which
relaxes the smooth muscle cells, thereby preventing their contraction. This results in a
marked relaxation of all components of the vascular system and a decrease in the pul-
monary vascular pressure, intraventricular pressure, chamber size, and cardiac output [68].
Nitroglycerin also decreases coronary vascular resistance and increases the diameter of
large conduit vessels, although the total coronary flow does not increase in the presence of
obstructive CAD. Nitroglycerin selectively dilates microvessels distal to coronary steno-
sis, but myocardial perfusion remains constant. The anti-ischemic effects of nitroglycerin
may also be due to the redistribution of the coronary flow from the normal to ischemic
myocardium through the dilation of the collateral vessels [69–71]. Different doses and
methods of administration of nitrates were used to evaluate their effects on myocardial
perfusion imaging (MPI) using exercise SPECT [72,73]. The acute or chronic administration
of nitrates have been found to decrease the severity or size of ischemic perfusion in the
culprit zone compared to the placebo or baseline without nitrates. The improvement in
perfusion was independent of changes in the heart rate or blood pressure and was mostly
attributable to the enhancement of MBF. Treatment with nitroglycerin patches for four
weeks was found to reduce the extent of ST-segment depression but did not influence
perfusion defect severity [45,46,74,75].

4. Other SPECT Affecting Conditions
4.1. Hypertrophic Cardiomiopathy

Cardiomyopathies encompass a collection of diseases wherein the heart muscle itself
is primarily affected. These conditions are categorized as ischemic or nonischemic, with
nonischemic cardiomyopathies further classified as dilated, hypertrophic, or restrictive.
Hypertrophic cardiomyopathy (HCM) is an inherited condition characterized by the pres-
ence of unexplained left ventricular hypertrophy, along with a non-dilated left ventricle
and a preserved or an increased ejection fraction. Typically, the hypertrophy is uneven,
with the basal interventricular septum showing the most pronounced thickening. Resting
left ventricular outflow tract obstruction has been observed in approximately one-third
of patients, while it was able to be induced in another one-third. In SEPCT imaging, it
was found that it can disrupt the normal walls uptake, with the hottest pixels being in the
septum, showing an apparent reduced perfusion in the rest of the left ventricle [26,76].
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4.2. Dextrocardia

Dextrocardia is a rare cardiac congenital abnormality that presents itself with a right-
sided heart mirroring normal anatomy [77]. Patients with dextrocardia exhibit distinct
electrocardiogram (ECG) patterns. The standard 12-lead ECG in these patients reveal a
significant right-axis deviation of the P wave and QRS complex. Lead I often shows a
predominantly negative QRS complex and inverted P and T waves. Furthermore, the QRS
complexes in leads aVR and aVL are reversed, resulting in a positive R wave in lead aVR.
Additionally, there is a reversal of the usual QRS complex progression observed in the
precordial leads, particularly in V4 to V6. By reorienting the precordial leads to a right-sided
approach, specifically of leads V1 to V6, a characteristic pattern of septal depolarization
and R-wave progression can be observed on the 12-lead ECG [78,79]. Various imaging
modalities have been proposed for SPECT acquisition, including changing the arc of
rotation and proning the position. The latter was deemed to potentially be the best suited
option to keep the heart in the usual spot in the field of view, as well as reduce soft tissue
attenuation [80,81].

4.3. Attenuation Correction

The presence of the pacemaker and LV leads in SPECT imaging may cause overestima-
tions when applying CT attenuation correction (CTAC). However, a study found that the
impact of these leads on SPECT findings was minimal. The overestimation was higher for
ICD leads but remained at only 4%. The diameter of the leads and the composition of the
materials used have been found to influence the levels of overestimation. Overall, CTAC
was deemed useful despite the presence of these leads, as the leads did not significantly
affect the SPECT results in both normal and high-resolution imaging. The study further
clarified the limited impact of the leads on SPECT with CTAC [82].

5. Future Perspectives

Stress MPI has been conducted so far using perfusion tracers, such as MIBI, tetrofosmin,
or 201Thallium. Functional abnormalities are yet to be studied with viability tracers such
as 18F-FDG. The use of this tracer as a direct imaging agent for detecting exercise-induced
myocardial ischemia shows great promise, as the differential glucose uptake between
the normal and ischemic myocardium enables exercise 18 FDG to be used as a hot-spot
imaging agent to detect this condition [83–85]. Other targets have also been proposed to
evaluate post-infarcted myocardium, such as the extracellular matrix (ECM), particularly
the metalloproteinases (MMP), which are involved in the degradation and remodeling
of the heart. Angiogenesis has also been proposed as a target, with the development of
tracer that binds αvβ3, which is involved in endothelial cell survival and propagation and
is present in response to angiogenic growth factors. Apoptosis has also been assessed using
imaging, by labelling 99mTechnetium to annexin V, a protein expressed on the cell surface
of apoptotic cells (See

ECG baseline abnormalities and ongoing medication will certainly play a role in
imaging this tracer, and further studies will need to be conducted, as perfusion imaging
will be challenged by ischemia imaging.

Figure 2) [86].
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6. Conclusions

In conclusion, myocardial perfusion imaging is a useful diagnostic tool for patients with
atrioventricular block (AV block) and left bundle branch block (LBBB) when pharmacologic
stress is conducted, to evaluate the presence and extent of myocardial ischemia. It can also
help clinicians in assessing the efficacy of medical therapies, such as calcium channel blockers,
beta-blockers, and nitroglycerin, in reducing myocardial ischemia. While there is still ongoing
research on the clinical significance of perfusion defects in these patient populations, the
information obtained from myocardial perfusion scans can aid in guiding clinical decision-
making and optimizing patient care, knowing when to evaluate a patient undergoing therapy,
and when to stop therapy to assess their baseline heart condition. This procedure still presents
a limitation put forward in a recent trial, where there was no indication that an initial invasive
approach compared to a conservative one could lead to lower event rates or a lower overall
mortality [87]. Therefore, it is important for clinicians to be familiar with the utility and
limitations of myocardial perfusion imaging in the management of patients with these ECG
alterations.
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