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Abstract

This article discusses the protocol for myocardial perfusion
scintigraphy performed with single-photon emission comput-
ed tomography (SPECT). Indications for SPECT are listed with
consideration given to the results of the increasingly more
common angio-CT examinations of the coronary arteries (mul-
tislice computed tomography). The paper also presents basic
information about interpreting the results, including the scores
of left ventricle myocardial perfusion using the 17-segment po-
lar map, and explains the concept of total perfusion deficit.
Key words: myocardial perfusion scintigraphy, coronary artery
disease, bool eye imaging.

Introduction

Single-photon emission computed tomography (SPECT)
is an imaging method that enables, among other things,
the evaluation of myocardial perfusion. The source emit-
ting the radiation is the patient, who is administered a ra-
dioactive tracer. The name tomography stems from Greek
tomos, meaning “section” or “cut”. Isotopic tomographic
examination enables the determination of radiotracer ac-
cumulation in many sections. After the image is recon-
structed, radiotracer activity is evaluated in sections along
the short and long axis: the sagittal and frontal section.

Streszczenie

W pracy omdwiono protokét scyntygrafii perfuzyjnej miesnia
sercowego wykonywanej za pomocg emisyjnej tomografii
komputerowej pojedynczego fotonu (SPECT). Wymieniono
wskazania z uwzglednieniem wynikéw coraz czesciej wyko-
nywanych badan angio-CT tetnic wiencowych. Przedstawio-
no podstawowe informacje dotyczace interpretacji badania,
w tym wskaznika punktowej oceny perfuzji miesnia sercowe-
go lewej komory z uwzglednieniem podziatu mapy polarnej na
17 segmentéw, oraz wyjasniono koncepcje wskaznika catkowi-
tego ubytku perfuzji.

Stowa kluczowe: scyntygrafia perfuzyjna serca, choroba wien-
cowa, mapa polarna.

The main element of the gamma camera is the scintilla-
tor crystal, which, under the influence of gamma radiation,
emits photons visible as flashes of light (i.e., scintillations;
hence the phrase “single-photon” in the name of the ex-
amination). The registered light impulses are multiplied by
photomultipliers and converted into electric current of vari-
ous intensity. In this manner, the radiotracer’s activity in
the examined organ is visualized as a projection on a plane.
The gamma camera, turning around the patient’s chest and
imaging the isotope’s activity in many angular projections,
enables the reconstruction of the 3D geometry of isotope
activity within the heart.
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A SPECT-CT device is additionally equipped with a to-
mograph integrated with the gamma camera. CT enables
reconstruction with attenuation correction, facilitating the
elimination of false perfusion deficits resulting from the at-
tenuation of emission by extracardiac tissues. This type of
examination involves both transmission and emission as it
consists in both a tomographic examination (exposition to
X-ray radiation) and a second, main tomographic exami-
nation, superimposed over the first one, for imaging left
ventricular perfusion (emission scintigraphy).

The imaging of cardiac perfusion involves the use of ra-
diopharmaceuticals; their uptake by muscle cells is directly
proportional to blood flow. The most frequently used radio-
active tracer is methoxy-isobutyl-isonitrile (MIBI) labeled
with technetium 99m (°°™Tc-MIBI). Other radiotracers in-
clude tetrofosmin or thallium (2°1Tl). The latter, hardly used
in Poland, differs from the compounds labeled with techne-
tium in that it undergoes redistribution in the myocardium.
A one-time administration of 20Tl at peak stress enables
the performance of a one-day examination that will visual-
ize radiotracer uptake during stress as well as rest because
the radiotracer is redistributed after a while. However, the
use of 29T is not widespread for two main reasons. Firstly,
it is obtained with the use of a cyclotron; secondly, its long

Day 1
Resting examination

Injection of 9°™Tc¢

Injection of 9°™Tc
IL

half-life requires the use of appropriately smaller activities,
which in turn translates into worse image quality. Some
laboratories use mixed protocols using both 291Tl and 2°™Tc¢
[1]. Notwithstanding, most current perfusion investigations
are performed with the use of non-redistributable com-
pounds labeled with ?*™Tc. At the Silesian Center for Heart
Diseases, the only radiopharmaceutical used for myocardi-
al perfusion imaging is °*MTc-MIBI, and the most frequently
employed acquisition protocol is the two-day protocol.

Figure 1 presents the 2-day and the one-day protocol
using radiopharmaceuticals labeled with #°MTc. In low-risk
patients, a stress SPECT-CT examination with attenuation
correction is performed first to exclude coronary artery
disease. If the stress examination shows normal perfusion
and muscle contractility, no additional resting examination
is required, which significantly reduces the patient’s expo-
sition to radiation. In the remaining cases, the radiophar-
maceutical must be administered twice.

Indications for the examination

The evaluation of cardiac perfusion using SPECT should
be recommended to patients with an intermediate risk of
coronary artery disease when other examinations evaluat-

Day 2
Stress examination

5 oj

30-60 min Image during rest Stress 15-45 min Image after stress Evaluation
Injection of 2°™Tc Injection of 9°™Tc
:l“r_ :!"l: !
| J
_ : Image after : _ N Image during :
Stress 15-45 min . Evaluation 30-60 min e Evaluation

Fig. 1. Protocols for two-day (top) and one-day (bottom) examinations. The radiopharmaceutical labeled with °*™Tc accumulates in
cardiomyocytes proportionally to the flow of blood and is not subject to redistribution. The accumulation of the radiotracer reflects the
flow of blood (myocardial perfusion) at the time when the radiotracer is intravenously injected. In order to obtain the image of cardiac
perfusion during stress and rest, the radiotracer must be administered twice: at the peak of stress and during rest. In patients with a low
risk of coronary artery disease, the initial examination should consist in stress scintigraphy. The two-day protocol is recommended in
patients after coronary incidents or after percutaneous or surgical revascularization; in this case, the order in which the examinations
are performed has little significance as the image has to be registered both under conditions of stress (exercise or pharmacological
provocation with dobutamine or adenosine) and during rest. If the one-day protocol is employed, the first examination is usually the
stress examination, with radiotracer dosage of approximately 8-10 mCi. After 3 h, a resting examination is performed with a higher dose
of the isotope (24-30 mCi). Both the one-day and the two-day protocol can be considered to have equal diagnostic value; the choice
which one to use depends on the preferences of the laboratory performing the investigation
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Tab. I. Parameters which can be assessed with myocardial perfusion scintigraphy using non-gated and ECG-gated examinations

Location, extent, and severity of perfusion disturbances at rest (scar)

Ejection fraction, regional mobility and increased systolic thickening
of the left ventricular wall, end-systolic and end-diastolic volume

of the left ventricle, stroke volume, severity of contractility disorders
in stress tests — stunned myocardium

Location, extent, and severity of perfusion deficits during stress and
rest (reversible deficits — ischemia)

Diastolic function of the left ventricle

Other: transient left ventricular dilatation, right ventricular
hypertrophy

Phase analysis of systolic dyssynchrony, sphericity index

Anterior wall

Lateral
wall

~ Lateral
wall

Septum Septum

Inferior wall

Fig. 2. The principles of constructing a polar map

ing the coronary reserve (such as electrocardiographic exer-
cise testing or dobutamine stress echocardiography) yield
ambiguous results. The examination can also be performed
in patients with high indices of coronary artery calcification
(CAQ) revealed by CT in whom angio-CT with contrast was
abandoned, patients in whom the evaluation of ostial le-
sions (especially in bifurcations) or coronary stents yields un-
certain results, as well as in patients with borderline changes
in order to assess their hemodynamic significance [2].

It should be noted that even in the case of patients with
high CAC indices, the isotopic examination often does not
reveal any significant perfusion disturbances; therefore,
conducting invasive diagnostics in such cases is inexpe-
dient. Performing perfusion scintigraphy in patients with
high calcium scores can contribute to a significant reduc-
tion in the number of conventional coronary angiographies
not ending with revascularization.

Another indication for performing a stress perfusion
examination is myocardial bridging revealed by coronary
angiography or angio-CT. In this case, the goal of the isoto-
pic examination is to determine whether the systolic con-
striction of the vessel has any influence on left ventricular
perfusion. In many cases, it turns out that the myocardial
bridge does not cause ischemia [3].

Other uses for resting perfusion scintigraphy include
the evaluation of myocardial vitality before revasculariza-
tion procedures and differentiating ischemic cardiac in-
juries from injuries resulting from other causes. In these
cases, a resting examination is sufficient.

Comparing the indications for perfusion scintigraphy
and angio-CT examinations of the coronary arteries, it
should be noted that, in contrast to tomography (which re-
quires the administration of an iodic contrast agent), perfu-
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sion scintigraphy is not contraindicated in the presence of
kidney failure.

In patients with steady heart rhythm, the count registra-
tion from the myocardial area is conducted synchronously
in the individual phases of the cardiac cycle. In this mode
of acquisition, the cardiac cycle is usually divided into 8 or
16 equal segments. Using ECG-gating in the examination
enables the calculation of parameters that include the left
ventricular ejection fraction, diastolic function parameters,
as well as regional mobility and thickening of the left ven-
tricular walls (interpreting the results of SPECT examina-
tions using cardiac gating will be discussed in detail in the
second part of this article). The option of phase analysis
in gated examinations enables the quantitative evaluation
of left ventricular systolic dyssynchrony in candidates for
cardiac resynchronization therapy (Tab. I) [4].

Evaluation of myocardial perfusion

Depending on the type of myocardial perfusion dis-
turbance, the examination may indicate post-MI scarring
(when the resting examination shows reduced radiotracer
uptake) or a reversible perfusion deficit (stress ischemia)
when the radiotracer’s activity is reduced during the stress
examination, but not during the rest examination. In other
situations, the examination may reveal post-MI scarring
along with surrounding ischemia (resulting, e.g., from in-
sufficient collateral circulation) or the presence of concur-
rent post-MI scarring (permanent perfusion deficit) in an
area supplied by one vessel and ischemia (reversible defi-
cit) in another area.

In each case when a perfusion disturbance is found, its
location should be determined in relation to the segments
affected by ischemia. For this purpose, it is useful to trans-
form the 3D tomographic image of left ventricular perfusion
into a polar map (Fig. 2). It is created as a result of imaging
the distribution of radiotracer activity in two dimensions
(Fig. 3). The model established by the American Heart As-
sociation (AHA) divides the polar map into 17 segments. The
outermost segments correspond to the basal segments,
and segment 17 represents the cardiac apex (Fig. 4).

Computer software for the quantitative assessment
of perfusion disturbances enables the comparison of the
scintigraphic images obtained from the patient with a da-
tabase containing averaged data from healthy individuals.
The perfusion deficit on the polar map is evaluated with re-
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Fig. 3. Normal results of myocardial perfusion scintigraphy. Middle: a normal polar map of left ventricular perfusion with noticeably
lower radiotracer activity on the circumference of the basal segments and, to a lesser degree, in the apex. Top right: stress and rest
perfusion scores (in this case amounting to O points). Bottom right: the polar map divided into 17 segments. The examination was per-
formed in the Laboratory of Nuclear Medicine of the Silesian Center for Heart Diseases in Zabrze (Cedars-Sinai Medical Center software;

QPS - Quantified Perfusion Spect)

gard to its extent (Fig. 5). For this purpose, all areas on the
polar map that contain values below the assumed thresh-
old are blackened (blackout polar map). The extent of the
deficit is calculated in relation to the surface of the middle
layer, omitting the valve output in the left ventricular out-
flow tract, and is expressed in cm? or percentages. The sec-
ond parameter describing perfusion deficit is the severity
of radiotracer uptake reduction in relation to standard de-
viation (Fig. 6). In turn, the parameters that pertain to both
the extent and severity of perfusion deficits are the seg-
mental myocardial perfusion score (five-point scale; Tab. II)
and the Total Perfusion Deficit (TPD) described below [5, 6].

Scoring left ventricular myocardial perfusion
during rest and stress using 17 segments

Computer software for the semiquantitative evaluation
of left ventricular perfusion is used to calculate the per-
fusion score considering both the extent and severity of
ischemia in relation to the 17 segments of the polar map
(Figs. 5 and 6). Normal perfusion (as compared with aver-
aged gender-specific data from the population of healthy
individuals) is indicated on the scale as a score of 0 (hormal
perfusion in relation to the control group). Mild and moder-
ate perfusion impairment is indicated by 1 and 2 points,
respectively. A score of 3 points indicates significant perfu-

Kardiochirurgia i Torakochirurgia Polska 2017; 14 (3)

sion impairment, while a score of 4 points is used to in-
dicate total impairment, meaning practically no perfusion
(Tab. II).

An example of scoring perfusion using the 17-segment
model of the left ventricle is presented on Figure 7. It is es-
timated that a left ventricular perfusion deficit with a score
of 1 or 2 indicates that isotopic activity in this segment is
approximately 60% in comparison to the area of radiotrac-
er accumulation specified as 100%. Three points indicate
radiotracer activity between 40% and 60%, while 4 points
indicate radiotracer activity below 40% in relation to the
area with 100% activity. Scoring perfusion disturbances in
resting examinations is also useful for evaluating myocar-
dial vitality.

The global scoring of myocardial perfusion uses mea-
sures such as: the Summed Stress Score (SSS), the Summed
Rest Score (SRS), and the Summed Difference Score (SDS).
The SSS is the sum of the individual scores from the 17 seg-
ments of the polar map obtained during stress. When the
SSS amounts to less than 4, the perfusion is considered
normal or minimally abnormal (no significant perfusion
disturbances); a result of 4-8 points indicates mildly abnor-
mal perfusion; 9-13 — moderately abnormal perfusion; and
13 or more — the presence of significant extensive ischemia
(Tab. 11I).
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Apical anterior
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Fig. 4. Polar map division according to Cedars-Sinai Medical Center software. Top left: polar map division based on arteries; top right:
division based on coronary artery groups. In the polar map divided according to arteries, the areas which cannot be unequivocally as-
signed to the supply area of a particular coronary vessel due to variable vascularization are blackened. LAD — left anterior descending
branch, Cx — circumflex branch, RCA — right coronary artery. Bottom: left ventricular polar map division into 17 segments according to
the American Heart Association. The order in which the segments are numbered is counterclockwise. Basal segments are numbered
1-6, midle segments: 7-12, and paraapical segments: 13-16. The figure also assigns the segments to particular coronary artery groups.
The area assigned to the left anterior descending artery and its branches is marked with blue; the group of segments assigned to the
circumflex artery and its branches is marked with yellow, and the right coronary artery group is marked with red. It should be noted
that the assignment of the polar map segments to specific coronary arteries is approximate and schematic; it may vary depending on
the type of left ventricular vascularization

Mid inferoseptal

Percentage measures of left ventricular
perfusion (SS%, SR%, and SD%)

The fact that the polar map used to be divided into
20 segments, while the currently recommended division
includes 17 segments, necessitated the introduction of nor-
malized SSS, SRS, and SDS measures, i.e., respectively, SS%,
SR%, and SD%. SS% is calculated by dividing the SSS by

With regard to the number of segments with abnormal
perfusion, the ischemic area is described as small when it
involves 1 or 2 segments, moderate when it involves 3 or
4 segments, or large when it involves 5 or more segments.

SDS - the difference between the SSS and the
SRS

SDS can be calculated by subtracting the SRS from the
SSS (SDS = SSS — SRS). This measure is used to describe
the degree to which the deficit/ischemia is reversible. An
SDS score of 0-1 indicates no ischemia; 2—4 points indi-
cate mild ischemia; 5-6 points indicate moderate ischemia;
while 7 or more points indicate severe ischemia, i.e., signifi-
cant stress perfusion deficit (Tab. IlI).
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a number corresponding to the SSS value indicating a defi-
cit of 4 in every segment (80 points for 20 segments or 68
points for 17 segments) and then multiplying the result by
100%. For example, when using the 17-segment division,
the SS% for a SSS of 13 amounts to 19% (13 : 68 x 100%).
SS% values up to 4% indicate normal perfusion; 5-9% —
mild abnormality; 10-14% — moderate abnormality; 14% or

Kardiochirurgia i Torakochirurgia Polska 2017; 14 (3)
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Fig. 5. The figure presents the extent of a stress perfusion deficit. All the areas on the polar map with values below normal are blackened
(blackout polar map). The perfusion deficit involves the inferolateral wall, extending over 18 cm?, i.e., 22% of the left ventricular surface.
The ischemic area may correspond to the right coronary artery or the circumflex branch. The examination was performed in the Labora-
tory of Nuclear Medicine of the Silesian Center for Heart Diseases in Zabrze (Cedars-Sinai Medical Center software; QPS — Quantified

Perfusion Spect)

more — significant abnormality (Tab. 1ll). The SR% and SD%
values are calculated in the same manner. Patients with
SD% exceeding 10% are believed to benefit from revascu-
larization regardless of their left ventricular ejection frac-
tion [7]. In turn, optimal pharmacological therapy accom-
panied by changes in lifestyle is preferred in patients with
SD% smaller than 10% [8, 9].

Total perfusion deficit

Total perfusion deficit (TPD) is calculated based on both
the extent and severity of ischemia. As shown in Figure 8,
the area below the lower margin of the normal values of
the activity profile, but above the curve of the circular ac-
tivity profile for a given slice shows the perfusion deficit
for this slice [10]. The individual TPD values are calculated
for all circular activity profiles of the myocardium and are
added together as the total deficit of perfusion. The TPD is
equivalent with the polar map’s segmental perfusion score,
but it differs in that it is a constant value that does not
pertain to the individual segments. The established normal
values of TPD fall below 5%; TPD of 5-9% indicates slight
abnormality; 10-14% — moderate abnormality; and 15% or
more — significant abnormality (Tab. Il1).

Kardiochirurgia i Torakochirurgia Polska 2017; 14 (3)

Transient left ventricular dilatation and right
ventricular radiotracer uptake

During the evaluation of perfusion results, one should
consider transient ischemic dilatation of the left ventricle,
a phenomenon that occurs in the course of multivessel cor-
onary artery disease with balanced and generalized suben-
docardial ischemia affecting all walls of the left ventricle.
Its occurrence should be treated as a positive result and an
indication for conventional coronary angiography even in
the absence of significant perfusion deficits.

Another abnormality that should be considered is the
accumulation of the radiotracer in the right ventricle. Nor-
mally, the right ventricle is almost invisible in a scintigraph-
ic examination; increased radiotracer uptake indicates
right ventricular hypertrophy.

Assessing the risk of myocardial infarction
or death due to cardiac causes based on the
perfusion score

The presence and intensity of stress ischemia deter-
mines the management. If significant stress ischemia is
revealed, the patient should be referred for conventional
coronary angiography with revascularization in mind (SD%
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Fig. 6. The figure presents the severity of a stress perfusion deficit (in the same patient as in Fig. 5). The most severe perfusion deficit is
present in segment 5 (the inferolateral basal segment according to AHA), and the artery responsible for the ischemia is most likely the
right coronary artery. The examination was performed in the Laboratory of Nuclear Medicine of the Silesian Center for Heart Diseases
in Zabrze (QPS software)

Tab. I1. A five-point scale for scoring myocardial perfusion > 10). If the ischemic area after exercise is sufficiently small,
conservative treatment is a reasonable alternative [8, 9].

In the context of the 17-segment model of the left ven-
tricle, when the SSS falls between 0 and 3 (normal/mini-
mally abnormal result), the risk of myocardial infarction or
cardiac death is minimal; when the SSS falls between 4 and
7 (slightly abnormal result), the risk is low; when the SSS
is between 8 and 12, the risk is considered intermediate;

Normal

Minimal, mild impairment of perfusion, ambiguous image

Moderate impairment of perfusion

Significant impairment of perfusion

AlwW|N |~ |O

No perfusion

SSS — Summed Stress Score, SRS — Summed Rest Score, SDS — Summed Difference Score, Str — stress, Rst — rest, Rev — reversibility

Fig. 7. An example of scoring myocardial perfusion. In this case, the summed score of perfusion deficits amounted to 12 during stress
(SSS) and 0 during rest (SRS). Therefore, the difference (SDS) amounted to 12 points. The perfusion deficit is located within the anterior
wall, septum, and apex (supply area of the left anterior descending branch). Due to the number of segments affected by stress perfusion
deficits, the examination result is significantly positive
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Tab. IIl. Interpreting left ventricular perfusion scores

<4 <5 <2 <5 Normal or minimally
abnormal result

4-8 5-9 2-4 5-9 Mildly abnormal result

9-13  10-14 5-6 10-14 Moderately abnormal result

> 13 > 14 >6 > 14 Significantly abnormal result

SSS — summed stress score, SS% — summed stress percentage, SDS — summed
difference score, TPD - total perfusion deficit (percentage)

severity

__W
Deficit ‘ i

'
I
|

[ I fmmm—————e
I
!

Fig. 8. Illustration of the concept of Total Perfusion Deficit for
a single cardiac segment. The light blue curve shows the circular
activity profile, the dark blue curve shows the lower margin of the
normal values of the activity profile

and when the SSS exceeds 12 points, the risk is high [11].
Other authors, using the 20-slice model of the left ventricu-
lar polar map, assess the risk as low for SSS values between
4 and 8, intermediate for SSS values between 9-13, and
high for SSS values exceeding 13 [12]. A meta-analysis en-
compassing over 12,000 patients demonstrated that the
risk of myocardial infarction or death amounted to 0.6% for
patients with normal stress scintigraphy results and 7.4%
for patients with abnormal results [13]. In another study,
the annualized mortality rate in a group of 473 patients
with normal results of stress cardiac SPECT examinations
using Tc-99m-MIBI was only 0.2% over 3 years [14].

Conclusions

The proper interpretation of cardiac perfusion scintig-
raphy using the SPECT method not only enables the di-
agnosis of significant stress ischemia, but also provides
valuable prognostic information determining the choice of
treatment (optimal pharmacological therapy vs. invasive
treatment) to be provided to patients, including those with
borderline changes revealed by angio-CT or with high indi-
ces of coronary artery calcification.
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