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NOMENCLATURE

The committee has recommended the following
names, abbreviations, and myocardial segment designa-
tions as standard nomenclature: first-pass radionuclide
angiography (FPRNA); equilibrium radionuclide angiog-
raphy (ERNA); single photon emission computed tomo-
graphic myocardia perfusion imaging (SPECT MPI); and
planar myocardial perfusion imaging (planar MPI).
Standardization is important for severa reasons. Each of
the studies described in these guidelines has been and till
is called by several different names in different laborato-
riesand in different locales. Variability in the names of the
studies results in confusion among the physicians and non
physicians trying to appropriately order and understand
these radionuclide examinations. Variability in the method
of myocardia segmentation and in segment designations
creates additional confusion about the location of wall
motion and perfusion abnormalities. Standardization of
segment classification will, it is hoped, extend to other
imaging modalities such as echocardiography, computed
tomography (CT), and magnetic resonance imaging (MRI)
so that any myocardia segment is similarly designated in
any cardiac imaging method. The names and abbreviations
have been selected for their simplicity and lack of ambi-
guity. Many clinicians and investigators have their own
preferences, but ASNC recommends adoption of the pro-
posed nomenclature for the sake of uniformity in thefield.

Many authors have proposed models for myocardial
segmentation. No data are available to statistically prove
the superiority of one model over another. The commit-
tee has recommended the number of segments that seem
most appropriate to the resolution of the particular study
and has named the segments with anatomically correct
and unambiguous designations.

The committee recognizes that aternative models for
segmentation exist in the literature. The reader should not
infer thet the committee considers such modd sincorrect. The
recommendations represent the opinions of many expertsin
the field whose objective was to provide a straightforward,
anatomicaly correct, and easy-to-understand nomenclature.

FIRST-PASS RADIONUCLIDE ANGIOGRAPHY
GUIDELINES FOR INTERPRETATION AND
REPORTING

General Comments

The interpretation of first-pass data should be per-
formed in a consistent, methodical manner, with particu-

Reprint requests: American Society of Nuclear Cardiology, 9111 Old
Georgetown Rd, Bethesda, MD, 20814-1699.
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lar attention to the quality of the data. Unlike equilibrium
radionuclide angiography, in which a quick inspection of
the cinematic display of the cardiac cycle is sufficient to
reassure the interpreting physician of the adequacy of the
data, the first-pass study requires considerably more
attention to the details of data acquisition and processing
to provide consistently accurate interpretations. The final
representative cardiac cycle that is used to generate both
the quantitative results and the qualitative wall motion
assessment can be affected by many factors, including
the adequacy of the injection bolus, the count rate, the
number and type of beats chosen for inclusion, the man-
ner in which background activity is determined, and
occasionally patient motion. Even in laboratories with
extensive experience and well-defined and well-executed
acquisition and processing techniques, unavoidable
patient-to-patient variability, different cardiac and pul-
monary physiology, as well as some degree of interob-
server variability in processing, lead to variability in the
end product. The physician must therefore exercise due
diligence during interpretation of the results.

Certain data must be routinely available so that the
interpreting physician may quickly assess the technical
adequacy of the data and the accuracy of the processing.
Most commercial software routines automatically save
enough of theintermediate steps of processing to enablethe
physician to quickly review the processing either directly
on the computer display or by reference to hard copy.

Display. 1. The final representative cycle should be
displayed in a cinematic, endless loop format. Most
authorities use a color display in contrast to the recom-
mended display for equilibrium images. The lower pixel
count density and the subtler change from cardiac cavities
to background make a color display useful. The cine dis-
play istypically time-smoothed during data processing and
should not need additional smoothing for display. Spatial
smoothing may be used after processing if the dataare par-
ticularly count poor, but it should not be necessary for the
average study. It is preferable to normalize theimageto the
peak activity in the ventricle because aortic or left atrial
activity may be higher, thus making it more difficult to
appreciate the count changes in the ventricles. Cinematic
displays of the bolus transit through the heart and great
vessels are helpful in analyzing aberrations of tracer tran-
sit that may occur in patients with congenital anomalies.

2. Hard copy displays are essential to study inter-
pretation. Time-activity curves representing the bolus,
the right ventricular (RV) and left ventricular (LV)
phases of the bolus transit and a final representative
cycle time-activity (volume) curve must be available for
proper interpretation. Color hard copy displays of para-
metric images may be valuable aides in study interpre-
tation. Such displays should not be used to the exclu-
sion of the cinematic display of the representative cycle.
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Quality Control

3. The bolus. The adequacy of a bolus may be
defined quantitatively by generating atime-activity curve
from aregion-of-interest (ROI) that includes the superior
vena cava. The FWHM of such a curve should ideally be
<1 second. As a routine quality check, it is helpful to
inspect the time-activity curve of the bolus. Alternatively,
one may inspect a sequence of images from the early por-
tion of the study to qualitatively assess the bolus. Serial
1-second images are useful for that purpose. The bolus
may be assessed as good (FWHM<1 second), adequate
(1to 1.5 seconds), delayed (>1.5 seconds), or split (more
than one discrete peak in the time-activity curve). The
split bolus is particularly problematic and may preclude
accurate data processing. Identification of a delayed or
split bolus aerts the physician to the possibility of over-
subtraction of background and the resultant spurious
increase in left ventricular gjection fraction (LVEF),
decreasein left ventricular volume, and overestimation of
regiona wall motion.

4. Count statistics. The adequacy of the count rate
may be assessed by use of either the unprocessed data
or the representative cycle. When examining the
unprocessed data, the count rate in the whole field-of-
view during the right ventricular phase of the study
should optimally be >200,000 cps with a multicrystal
system and =150,000 cps on a single-crystal system.
When count rates drop below 100,000 cps, it is highly
unlikely that adequate studies will be obtained.
Alternatively, and more accurately, the count rate of the
representative cycle can be checked. This approach is
more accurate because it isthe representative cyclethat is
used to generate all quantitative results, and countsin the
representative cycle may be inadequate even when the
count rate on the raw data is adequate if there are insuffi-
cient beats for analysis or background oversubtraction. In
general, left ventricular end-diastolic countsin the repre-
sentative cycle should not be less than 2000 cps and
should preferably exceed 4000 cps. High resolution wall
motion images will require >5000 cps.

5. Tracer transit. The transit of the radionuclide
should be inspected in every case. Alterations or anom-
alies of tracer transit may be detected visually by exam-
ining serial static images (Figure 1,B) or by a cinematic
display of the bolus transiting the central circulation. A
cine display may be particularly helpful when the transit
seems anomal ous. The most common disturbance of trac-
er transit is prolongation of the transit time through either
or both ventricles. Recognition of a prolonged transit
time is important because of the potential diagnostic
implications and because of the impact on background
correction, which in turn affects ejection fraction, vol-
umes, and wall motion. Physiological causes of pro-
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longed tracer transit include valvular insufficiency,
severely depressed ventricular function, atrial fibrillation,
and a left-to-right shunt. Combining image information
such as an enlarged left atrial appendage (see below) and
a prolonged tracer transit through the left ventricle sug-
gests mitral valve disease, whereas prolonged left ven-
tricular tracer transit and an enlarged ascending aorta
suggest aortic valve disease.

6. Beat selection. A hard copy of the time-activity
curve should be generated by the technologist during pro-
cessing so one may confirm that the appropriate beats
have been selected for inclusion in the representative
cycle. Unless the number of beats is very limited, one
should preferably select beats whose end-diastolic counts
are 270% of the peak end-diastolic counts.

7. Background selection. The same curve used to
confirm appropriate beat selection may be used to con-
firm that an appropriate frame was chosen for back-
ground correction. A frame as close to the beginning of
the LV phase but not including LV activity is desired.
Viewing the background frame image is helpful in deter-
mining that LV activity is not included and in visualizing
any residua activity in theright ventricle that could result
in oversubtraction of background. On occasion, the lung
frame method of background correction may not be accu-
rate because of poor RV-LV temporal separation. In that
case, the physician should demand that a representative
cycle be created that has not been subjected to back-
ground correction. The uncorrected representative cycle
is aways generated during the processing but may not be
stored. Viewing thisimage in cineloop format after man-
ually subtracting the background will alow an adequate
assessment of regional wall motion.

8. Patient motion. Motion of the patient is rarely, if
ever, a problem on a resting study. However, motion of
the chest during acquisition of an exercise study is seen
frequently during treadmill exercise and occasionally
during bicycle exercise. Motion should be suspected
when typical distortions of the LV time-activity curve are
noted and should be confirmed by viewing a cine display
of the bolus traveling through the chambers. During
treadmill exercise, chest wall motion may be corrected
with the use of an external point source. The integrity of
the point source and especially its appearance in each
frame of the study should be confirmed.

Results

9. Cardiac rhythm and conduction. Interpretation of
the data may be influenced by the rhythm during the
acquisition. For example, frequent premature ventricular
contractions (PV C), ventricular bigeminy or very irregu-
lar atria fibrillation may affect the ejection fraction or
regional wall motion. In the setting of ventricular
bigeminy, for example, no true sinus beat gection frac-
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tion can be determined. The diagnostic and prognostic
significance of post-PV C beats are not completely under-
stood. With atrial fibrillation, the representative cycle
may consist of beats with widely varying R-R intervals
and, hence, with different volumes and gjection fractions.
Pacemaker rhythm confers its own unique contraction
sequence, which starts at the apex and proceeds to the
base. Thelatter can be recognized from the cinematic dis-
play of the representative cycle. A phase image may be
helpful in recognition of this pattern.

Both regional wall motion and LVEF are typically
altered by left bundle branch block (LBBB). Because
most first-pass studies are acquired in the right anterior
oblique (RAOQ) or anterior projections, paradoxical septal
motion cannot be detected; however, one may see what
appears to be inferoapical or anteroapical wall motion
abnormalities. A phaseimage may aid in recognizing this
phenomenon, although it is usually apparent on the cine-
matic display of the representative cycle. Right bundle
branch block does not affect the left ventricular contrac-
tion pattern.

10. Chamber sizes. Because the overwhelming major-
ity of first-pass studies are performed to evaluate the left
ventricle, the final representative cycle will show the LV,
the left atrium (in particular its appendage), and the
ascending aorta. Most of the left atrium is overlapped with
the ascending aorta, and its size is difficult to assess.
However, when the left atrium is very dilated, its
appendage is quite prominent in the anterior view, and the
aortic root will appear to be dilated. Judging the size of the
LV qualitatively is more difficult on afirst-pass study than
on an equilibrium study because one does not have all the
surrounding chambers and great vesselsin the sameimage
as references. With enough experience, moderate to severe
degrees of LV chamber enlargement can be appreciated.
Right atrial, right ventricular, and pulmonary arterial sizes
can be evaluated on cinematic display or on serial static
0.5- to 1.0-second images from the raw data but are not
particularly reliable.

Actual measurement of LV volume may be per-
formed with either geometric or count-based approaches
and offers a more consistent and accurate assessment of
chamber size. Normal values for the LV should be estab-
lished for each laboratory because they will vary depend-
ing on the type of processing used, especially the type of
background correction and the patient’s position during
the acquisition, that is, supine, semisupine, or upright.

11. Regional wall motion. The cinematic display of
the representative cycle should be viewed and regional
wall motion assessed qualitatively by use of the conven-
tional terms of hypokinesis, akinesis, and dyskinesis. For
hypokinesis, the qualifiers of mild, moderate, and severe
are useful for communicating the severity of the abnor-
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Figure 1. FPRNA segmentation.

mality. In addition, the extent and location of the abnor-
mality should also be reported, such as the basal (proxi-
mal) half, or the apical (distal) quarter of the anterior
wall. An aneurysm should be identified when an akinetic
or dyskinetic segment can be clearly and discretely dis-
tinguished from the adjacent contractile myocardium.
When available, previous studies should be compared by
use of side-by-side cine analysis. Standardized nomen-
clature for the myocardial segments visualized in the typ-
ical FPRNA study (ie, acquired in the anterior view), is
shown in Figure 1. It is recommended that the visualized
segments be designated as the basal anterolateral, mid
anterolateral, apical, mid inferoseptal, and basal infer-
oseptal segments. For a left anterior oblique acquisition,
the visualized segments include the septal, inferoseptal,
inferoapical, inferolateral, and lateral.

Even though thefinal representative cycleis corrected
for background, it may be necessary to display the cine
with the lower level raised to 10% to 20% depending on
the signal-to-noise ratio in the study. Any one of a number
of color schemes may be used to view the cine. Whether
one is more representative of actual wall motion than
another is speculative. The operator should choose the
scheme that works best clinically, but one should avoid
color tables that condense all the 3-dimensional informa-
tion into afew colors that make the image appear 2 dimen-
sional, asif al the information were in the moving edges.

Many parametric images are available to the inter-
preting physician that may be used to reinforce one’s sub-
jective opinion. Occasionally, an abnormality will be evi-
dent on a parametric image that is not obvious on the cin-
ematic display, especialy when the regional dysfunction
is occurring in a plane that is perpendicular to the detec-
tor. The parametric images may be thought of as an inde-
pendent, unbiased observer similar to the way in which
quantitative displays of perfusion images are used. They
are also useful as quantitative measures of regiona dys-
function. For example one physician’s moderate hypoki-
nesis may be different than another physician’s, but a
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regional ejection fraction of 28% is clear to anyone
receiving the information. The most commonly used
images are the regional ejection fraction image, the
stroke volume image, and the amplitude and phase
images. The latter three may be used in processing, as
well asin interpretation. One must keep in mind that the
accuracy of the parametric image is highly dependent on
the statistics in the image and may be influenced by
tranglational movement of the heart; therefore the para-
metric image should not be used to the exclusion of the
representative cycle cine because the latter gives the
operator the best visual feedback on the statistical quali-
ty of the data. Very little literature is available to docu-
ment the accuracy of parametric images for diagnosis.

12. Left and right ventricular ejection fractions. The
LVEF is calculated from the background-corrected end-
diastolic and end-systolic counts in either ventricle.
Published ranges from a normal ejection fraction vary,
but most laboratories accept arange of 0.5 to 0.8 for the
left ventricle. The variability of the LVEF has been
reported to be £0.04 at rest for the same individual stud-
ied on different days. It is very important when interpret-
ing the LVEF and most especially when interpreting
changes in LVEF from one study to another to keep in
mind that the LVEF is not afixed number for any patient.
It will vary with the heart rate, the blood pressure, the
level of circulating catecholamines, position (upright vs
supine), and medications. When there are an adequate
number of beats to choose for the g ection fraction calcu-
lation, it is preferable to select those beats whose end-
diastolic counts are =70% of the peak end-diastolic
counts. The normal values for the right ventricular ejec-
tion fraction (RVEF) vary with the type of processing
used. With the use of separate end-diastolic and end-sys-
tolic ROIs, the lower limit of normal can be expected to
be 0.40, with arange to 0.65.

13. Diastolic filling of the left ventricle may be
assessed by qualitative inspection of the time-activity
curve (volume curve) of the LV representative cycle.
Obviously decreased early rapid filling, a prolonged time
to peak filling, and an increase in the atrial contribution
to filling may be recognized by visua inspection of the
LV volume curve. The quantitative values for peak early
filling and the time to peak filling should be expressed in
end-diastolic volumes (EDV)/sec and in milliseconds,
respectively. The atrial contribution to filling may be
expressed as a ratio of the atrial to early peak filling or
vice versa. The atrium typically contributes 15% to 25%
of total LV filling. The interpreting physician should not
accept any diastolic values without confirmation by visu-
al inspection of the LV volume curve.

It is difficult to evaluate diastolic filling during exer-
cise because the increase in heart rate usually resultsin a
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loss of the transition between early peak filling and atri-
al filling. At best, one can measure peak diastolic filling
but without the requisite temporal sampling necessary for
high heart rates (ie, 10 to 20 msec/frame), any measured
values may not be reliable. Some investigators have used
filling fractions, that is the fraction of filling achieved
during the first third or first half of diastole. It isnot clear
that such values offer any advantage over the convention-
a values and are certainly a departure from the values
typically measured in gated equilibrium studies.

Exercise/Intervention Studies. 14. The represen-
tative cycles of both resting and exercise or pharmaco-
logic intervention studies should be viewed in a split-
screen cinematic display. Each study should be normal-
ized to itself.

15. Regional wall motion of an exercise or interven-
tion study should be visually compared with the regional
wall motion of the resting study by use of standard quali-
tative or semiquantitative terms (see paragraph 11).
During exercise or during administration of inotropic or
afterload-reducing agents, regional wall motion is expect-
ed to increase. Regional wall motion may decrease during
ischemia, during protocols that result in abrupt increasein
afterload such as isometric or sudden strenuous aerobic
exercise, or during administration of drugs that acutely
increase afterload. A semiquantitative scoring system or
guantitative regiona ejection fractions may be useful for
comparison of rest to exercise or interventional studies.

16. The size of the left ventricle may be qualitatively
evaluated on the cine displays. During exercise in the
upright position, left ventricular volume usually increases.
The magnitude of the increase is typically in the 10% to
20% range, athough larger increases do occur in control
subjects. When the volume increases by =50% above
baseline, coronary artery disease (CAD) should be sus-
pected even in the absence of a regional wall motion
abnormality, especialy if there is a concomitant, signifi-
cant drop in LVEF. Left ventricular volume may fail to
increase or may actually decrease even in the upright posi-
tion in patients with pericardial or valvular heart disease.

17. During exercise in the upright position, one can
anticipate that the gjection fractions of both ventricles
will increase. At one point in time, failure to increase the
LVEF during exercise was invariably considered patho-
logic. However, it is quite clear that some individuals
may show a flat response to exercise and, occasionaly,
even a decrease in gjection fraction (especially elderly
subjects) in the absence of coronary or valvular heart dis-
ease. The higher the resting gjection fraction, the less of
an increase one tends to see during exercise. For diag-
nostic purposes, an absolute value of exercise gection
fraction may be more useful than the change from rest to
exercise. Most normal individuals will have a peak exer-
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cise LVEF of 20.56. A decreasein LVEF to lessthan 0.56
should be considered abnormal in individuals younger
than 70, but, in the absence of regiona dysfunction, the
finding is not specific for coronary artery disease. The
change in gection fraction during exercise may aso be
influenced by the type of exercise protocol used. A stan-
dard graded exercise protocol should always be used.

RVEF typically increases during exercise but may
decrease in patients with pulmonary hypertension, includ-
ing patients in whom pulmonary hypertension develops
during exercise, such as those with mitral stenosis or
severe exercise-induced left ventricular dysfunction. In
particular, patients with proximal right coronary artery
lesions may show decreases in RVEF during exercise.

18. Left ventricular tracer transit may be prolonged dur-
ing exercise because of the gppearance of mitral insufficiency
resulting from LV ischemia. Thisfinding may be recognized
most readily on a time-activity curve of the bolus transit
through the LV. Occasionally thisfinding isaccompanied by
exercise-induced enlargement of the left atrium.

Conclusion. 19. The radionuclide and doses used
for the study should be permanently archived in the
report, as well as the injection site. These are more
important for future reference in case a patient returns to
the laboratory for seria studies. Having the data is par-
ticularly useful in avoiding pitfalls if the previous study
was technically suboptimal.

20. The report should include the most important vari-
ablesfrom a stress or intervention that will help the receiv-
ing physician to assess the clinica significance of the find-
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ings. These variables are a so important because they have
independent diagnostic and prognostic information.

21. Overall study quality should be mentioned in
the report. This serves to appropriately increase or
decrease the confidence of the physicians using the
report for clinical decision making. It is aso useful for
subsequent screening of studies for inclusion in
research databases.

22. The initial interpretation of the study should be
made without reference to clinical datato avoid bias. The
physician should then correlate the findings and interpre-
tation with the clinical information to avoid an obvious
misinterpretation and to guarantee that the clinical ques-
tion has been addressed. Including the indication for the
study in the report serves to focus the interpreting physi-
cian's attention to the clinical question and is also useful
for subsequent coding issues related to reimbursement.
Studies should be classified as normal or abnormal.
Categories of probably normal, equivocal, and probably
abnormal may be added. Both the diagnostic and prog-
nostic contents of the data should be addressed. If perfu-
sion scan data are available, then a statement about the
significance of the two data sets is appropriate.

23. Whenever previous studies are available, the cine
displays of the representative cycles should be displayed
side-by-side. When rest and exercise/intervention data
are available, a quad screen display is optimal.
Interpretation of serial changes in gjection fractions
should always take into account differences in the heart
rates, blood pressures, and medications.

First-pass radionuclide angiography: Guideline for interpretation

Paragraph for

explanation
A. Display
1. Cinematic display of representative cycle Standard 1
a. Time smoothing Standard 1
b. Spatial smoothing Optional 1
c. Normalization Standard 1
2. Hard copy 2
a. Intermediate processing steps Standard 2
b. Functional images Optional 2
c. Time-activity curves Standard 2
B. Quality Control
1. Bolus Standard 3
2. Count statistics Standard 4
3. Tracer transit Standard 5
4. Beat selection Standard 6
5. Background selection Standard 7
6. Patient motion Standard 8
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Paragraph for

explanation

C. Results

1. Cardiac rhythm and conduction Standard 9

2. Chamber sizes

a. Qualitative Standard 10

b. Quantitative Preferred 10

3. Regional wall motion

a. Qualitative Standard 11

b. Quantitative Optional 11

4. LV Ejection fraction Standard 12

5. RV Ejection fraction Optional 12

6. LV Diastolic filling

a. Qualitative Standard 13

b. Quantitative Optional 13
D. Exercise/intervention studies

1. Display Standard 14

2. Regional wall motion: comparison to rest Standard 15

3. Chamber sizes: comparison to rest Standard 16

4. Ejection fractions: comparison to rest Standard 17
E. Conclusion

1. Comparison to previous studies Standard 18

2. Correlation with clinical findings Standard 19
First-pass radionuclide angiography: Guideline for reporting

For information
see paragraph

A. Demographics

1. Name Standard

2. Gender Standard

3. Age Standard

4. Date(s) of acquisition(s) Standard

5. Medical record identifier (inpatient) Standard

6. Height/weight a/o BSA Standard
B. Acquisition parameters

1. Type(s) of acquisition(s) rest/exercise/intervention Standard

2. Radionuclide and doses Standard 19

3. Injection site Standard 19

4. Indication for study Standard 22

5. Study quality Standard 21
C. Results: hemodynamic and exercise/intervention variables

1. Rest HR and BP, cardiac rhythm Standard 20

2. Exercise HR and BP, %MPHR, METS Standard 20

3. Exercise symptoms, reason for stopping Standard 20

4. Exercise ECG changes/arrhythmia Standard 20
D. Results: Resting RNA Data

1. Chamber sizes

a. Qualitative Optional 10
b. Quantitative Standard 10
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First-pass radionuclide angiography: Guideline for reporting—con’t

For information
see paragraph

2. Regional wall motion
a. Qualitative
b. Quantitative
3. Ejection fractions
4. Abnormalities of tracer transit
E. Results: Exercise/intervention RNA data
1. LV Size: change from rest
a. Qualitative
b. Quantitative
. LV regional wall motion: change from rest
. LVEF: change from rest
. RVEF: change from rest
5. Abnormalities of tracer transit
F. Conclusion
1. Normal/abnormal
(Definite, probable, equivocal)
2. Assessment of severity of findings
(Diagnostic/prognostic)
3. Relationship to perfusion data if acquired
4. Comparison to previous studies

A WN

Standard 11
Optional 11
Standard 12
Standard 5
Standard 16
Preferred 16
Standard 15
Standard 17
Optional 17
Standard 18
Standard 22
Optional 22
Standard 22

22
Optional 22
Standard 23

BSA, Body surface area; HR, heart rate; BP, blood pressure; %MPHR, maximum predicted heart rate.

EQUILIBRIUM RADIONUCLIDE
ANGIOCARDIOGRAPHY (ERNA)

Purpose. To assess regional and global right and left ven-
tricular function at rest during stress or during a pharmacologic
intervention.

1. Display.Multiple-view ERNA (left anterior oblique
[LAQ], anterior, and left lateral or posterior oblique pro-
jections) are usually displayed simultaneously as end-
less-loop movies in quadrants of the computer screen.
The display should visualize the entire heart and its sur-
roundings.

ERNA images are best viewed by use of a linear
gray scale. Color display is strongly discouraged.
Occasionally, intense extracardiac activity may cause a
problem with image display. Computer images are usual-
ly normalized to the hottest pixel within the image over
al time points. In the presence of intense extracardiac
activity, radioactivity in the heart is at the darker end of
the gray scale and may be almost invisible. Rather than
using lead shielding, normalization of the cardiac image
to the hottest pixel within the heart usually deals ade-
quately with this display problem. Alternatively, the
extracardiac activity may be subtracted or “masked out.”

2. Smoothing. The smoothing process is designed
to remove statistical fluctuations from image data by
modifying individual data points within the image.
Multiframe digitized ERNA data are often temporally and
spatially smoothed. For tempora smoothing, pixels are
modified by averaging data from preceding and following
frames in time, usually 5, and replacing the center pixel
with this average value. For spatial smoothing, pixels are
modified by averaging counts from a group of neighbor-
ing pixels within the same image, usually 9, and replacing
the center pixel in the group with this average value. This
is referred to as gaussian nine-point weighted smoothing.
The exact number of temporal or spatia points used for
the smoothing will depend on the number of time points
acquired and the acquisition resolution. Images contain-
ing adequate counts rarely require spatial smoothing.

Quality Control

3. Quality Control: Count Statistics. The most
important determinant of the quality of ERNA imagesis
the count statisticsin each frame and in the entire study.
Low count rate studies have poor signal-to-noise ratio
and are difficult to interpret reliably and reproducibly.
Count density within the image does not always reflect
count density within the left ventricle. Relative count
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Table 1. Causes of poor red blood cell labeling
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Cause Mechanism
Hydralazine Oxidation of stannous ion
Prazosin Decreases labeling rate
Propranolol Increases dissociation
Digoxin Decreases labeling rate
Doxorubicin ?
lodinated contrast ?
Heparin Complexes with Tc-99m
Oxidation of stannous ion
Dextrose Complexes with Tc-99m
Methyldopa Induces RBC antibodies
Oxidation of stannous ion
Penicillin Induces RBC antibodies
Quinidine Induces RBC antibodies

Immune disorders

Prolonged generator ingrowth
Decreased hematocrit

Excess stannous ion
Insufficient stannous ion

Induces RBC antibodies

Increased carrier

Relative increase in plasma, which oxidizes stannous ion (?)
Tc-99m reduced outside the RBC

Incomplete reduction with free Tc-99m pertechnetate

RBC, Red blood cell.

From Herson S. Cardiac nuclear medicine (3rd edition). 1997. New York: McGraw-Hill Companies. Reproduced with permission of the

McGraw-Hill Companies.

distribution within the image should be inspected before
defining acquisition parameters. Occasionally excessive
extracardiac activity may be present, for example in the
spleen. Count requirements are extensively discussed in
Part 1 of the Guidelines: Acquisition and Processing (J
Nucl Cardiol 1996;3:G1-G46). Appropriate counting
statistics are important, not only for adequate visual
quality, but also for reliable calculation of LVEF. A sim-
ple and practical way to assess whether counts are ade-
quate is to verify the number of counts in the end-dias-
tolic (ED) background-corrected left ventricular ROI. In
atypical 16-frame study with normal LVEF (>0.50) the
ED ROI should contain at least 5000 counts; in a study
with abnormal LVEF counts in the ED ROI should be
substantially higher, at least 20,000 counts.

4. Quality Control: Labeling Efficiency. Poor
labeling of red blood cells can be easily recognized on
ERNA images. Free technetium-99m-pertechnetate
accumulates in the mucosa of the stomach and in the
thyroid gland. A number of frequently used drugs and
solutions are known to interfere with red blood cell
labeling (Table 1). Heparin unfavorably affects labeling
efficiency. Thus, if at all possible, Tc-99m—pertechne-
tate should not be injected in heparinized intravenous
lines, or they should be flushed thoroughly. Similarly,
intravenous lines containing dextrose solution may alter
labeling efficiency. In addition, antibodies against red

blood cells may inhibit labeling. Antibodies may devel-
op as a result of drugs such as methyldopa and peni-
cillin. Antibodies may also be present in patients with
chronic lymphocytic anemia, non-Hodgkin's lym-
phoma, and systemic lupus erythematosus.

Labeling efficiency is aso diminished when “old”
Tc-99m-pertechnetate of low specific activity is used.
Tc-99m decays to Tc-99, which is no longer useful for
imaging but nevertheless competes with the radioactive
form for stannous ions. To prevent the presence of carri-
er Tc-99, the Tc-99m dose should be taken from rela-
tively fresh (<24 hours after elution) eluate from the
generator.

5. Appropriate Imaging Angles

Left anterior oblique view. The left anterior oblique
view is the projection that best separates right and left
ventricular blood pools. The angle of optimal ventricular
separation may vary in each individua patient. Often this
is not the standard 45-degree angulation but has to be
searched for by the technologist. On a correctly angulat-
ed left anterior oblique projection, the photopenic area of
the septum is more or less vertical. To the left is the fore-
shortened right ventricle. The right atrium is partially
hidden behind and superior to the right ventricle. At the
viewer’'s right, the left ventricular blood pool iswell iso-
lated from the surrounding structures by the myocardium
as a photopenic halo. The appendage of the left atrium
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can occasionally be seen superior to the left ventricle,
usually separated from the left ventricular blood pool by
the photopenic area of myocardium. As a rule, left ven-
tricular blood pool is projected as nearly a “short-axis”
view. In other words, one looks “down the barrel” of the
left ventricle. In some patients, the heart is vertically ori-
ented. This anatomic variant can be recognized because
of the elongated shape of both ventricles and visualiza-
tion of both the right atrium and left atrium superior to
the ventricles. The pulmonary artery and ascending aorta
can aso be evaluated in the left anterior oblique view.
The myocardial segments typically visualized in the left
anterior oblique view are displayed in Figure 2 and
include the septal, inferoseptal, inferoapical, inferolater-
al, and lateral.

Anterior view. On the anterior view, the border-form-
ing contour on the right side of the heart (left side of
image) is the right atrium. To the viewer’s right, the bor-
der-forming contour of the heart on this view is the left
ventricle. Because of the overlying activity of the right
ventricle, only the anterolateral wall and apex can be eval-
uated. Theinferior wall is frequently completely obscured
by the right ventricular blood pool. Further structures that
can be evaluated on the anterior view are the pulmonary
artery and the ascending aorta. The myocardial segments
typicaly visualized in the anterior view are displayed in
Figure 2 and include the basal anterolateral, mid antero-
lateral, apical, mid inferoseptal, and basal inferoseptal.

Left lateral view or posterior oblique view. These
views are best acquired with the patient lying on his’her
right side. An optimal left lateral view showsthe long axis
of the left ventricle. “Long axis’ is defined as the longest
dimension from valve plane to apex. Because there is
individual variation among patients, either the straight left
lateral or the left posterior oblique view may show the
long axis of the left ventricle best. In the left latera pro-
jection, the left ventricle is superimposed on activity of
theright ventricle. Anterior and superior to the left ventri-
cle, the right ventricular outflow tract and the pulmonary
artery can be noted. The mitral valve plane is often well
demarcated by a linear photopenic area caused by atten-
uation by fatty tissue in the atrioventricular groove.
Posterior to the left ventricle are the left atrium and the
descending aorta. The spleen is usually visualized in the
right lower corner of the image. The myocardia seg-
ments typically visualized in the lateral or left posterior
oblique view are displayed in Figure 2 and include the
basal anterior, mid anterior, apical, mid inferior, and
basal inferior.

6. Appropriate zoom. ERNA is best acquired by
use of a small field-of-view gamma camera. A typical
small field-of-view cardiac camera has an approximately
25-cm diameter crystal. This conveniently allows for
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Equilibrium Radionuclide Angiography

1

8
Left Anterior Oblique  Left Lateral

Anterior

1. basal anterolateral 6. septal 11. basal anterior
2. mid anterolateral 7. inferoseptal 12. mid anterior
3. apical 8. inferoapical 13. apex

4. mid inferoseptal 9. inferolateral 14. mid inferior
5. basal inferoseptal 10. lateral 15. basal inferior

Figure 2. ERNA segmentation.

imaging of the heart and its surroundings without the
need for zoom. Use of a large field-of-view camera,
occupying relatively few pixels in the computer matrix,
reguires the use of magnification or zoom. Usually a 1.2-
zoom factor is usually sufficient. On optimal quality
ERNA images the heart occupies approximately one
third of the field of view.

7. Attenuation. Asisthe case for myocardial per-
fusion imaging, breast attenuation may also affect
ERNA imaging. On the LAO view the entire heart may
be in the “shadow” of the left breast. At times this may
give the illusion of a halo around the heart and suggest
pericardial fluid. Lack of “swinging” of the heart and the
typical configuration of the shadow may provide clues
for the artifact.

8. Processing accuracy. Regardless of the soft-
ware used, the following quality assurance checks should
be performed before reporting LVEF: (1) Are the auto-
matically or semi-automatically generated left ventricu-
lar edges correct? Do left ventricul ar edges agree with the
visua impression of left ventricular borders? The most
important quality control isto assess whether the | eft atri-
um is appropriately excluded from the left ventricular
systolic frames. (2) Is the background region correctly
chosen? The background region usualy is a 2- to 3-
pixel-wide crescent-shaped region positioned 1 to 3 pix-
els away from the posterolateral wall. Does the back-
ground region incorporate excessive extracardiac activity
that could cause an artifactually high ejection fraction?
(3) Is the shape of time-activity curve appropriate? Is
there a well-defined systolic trough with appropriate
increase in counts during diastole? Are the counts in end
diastole at the beginning of the volume curve similar to
those at the end of the curve? Is there a “drop-off” in
counts in the last diastolic frames that could affect the
calculation of diastolic filling parameters?
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Image Analysis

9. Cardiac Rhythm and Conduction. Becausethe
ERNA isformatted and displayed as an endless loop cine
of asingle representative beat, the “rhythm” always looks
regular. Abnormalities of rhythm can only be discerned
by the relationship of atrial to ventricular contraction.
The most common sustained disturbance of rhythm is
atrial fibrillation. Atrial fibrillation or flutter can be
assumed to be present when no atrial contraction is
detected. Occasionally, one may diagnose flutter or atrial
tachycardia by a difference between the atrial and ven-
tricular contraction rates, that is, 2 or 3 atrial contractions
to each ventricular contraction. Pacemaker rhythm is usu-
aly fairly apparent because the left ventricular activation
starts at the apex, and the wave front of contractions pro-
ceeds to the base. LBBB can be diagnosed by the typical
paradoxical pattern of septal motion.

10. Left Ventricular Size. One can qualitatively
assess the relative size of various cardiac chambers. This
assumes that the same camera and magnification are used
routinely. Because in many patients the right ventricle is
normal in size and function, right ventricular end-dias-
tolic size may serve as a benchmark for qualitative
assessment of the relative size of other cardiac structures.
On a normal study, the right ventricle is usualy some-
what larger than the left ventricle and the RV inferior wall
and apex extends below the LV. A normally sized left ven-
tricle“fits” within the crescent of the right ventricle on the
LAO view. The presence or absence of marked left ven-
tricular hypertrophy can be estimated by qualitative
assessment of the thickness of the septum. The septum is
well delineated by right and left ventricular blood pool,
and thus the thickness of the myocardium can be assessed.
In severe left ventricular hypertrophy, a thick photopenic
halo typically surrounds the left ventricular blood pool.

11. Left Ventricular Volume. A number of meth-
ods have been proposed to determine left ventricular vol-
umes from ERNA studies. Several methods involve the
drawing of a measured volume of radiolabeled blood.
With the counts derived from this blood volume used as
areference, cardiac volumes are then computed from left
ventricular counts in the ERNA image. Although these
methods provide reasonably accurate measurements of
left ventricular volume, for routine usein clinical practice
the method is too cumbersome and tedious. A more prac-
tical method for routine estimation of volumes, without
the need for drawing reference blood, involves the mea-
surement of image pixel size as a reference volume for
calculating left ventricular volumes. An equation is used
that relates total left ventricular volume to the area of a
pixel and the ratio of total counts within the left ventricle
to the counts within the hottest pixel in the left ventricle.
This equation can be incorporated in computer software
to derive routinely left ventricular volumes.
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12. Left Ventricular Regional Wall Motion.
Evaluation of left ventricular regional wall motion abnor-
malities requires acquisition of multiple good-quality
views, thereby allowing detailed analysis of each myocar-
dial segment. Regional wall motion is usually qualitative-
ly graded as normal, mildly hypokinetic, severely hypoki-
netic, akinetic, or dyskinetic. Because this assessment is
subjective, reproducibility is suboptimal. For systematic
evauation of regional wall motion, the left ventricle may
be subdivided into multiple segments. Regional wall
motion can then be characterized by the anatomic seg-
ments involved, as well as the total number of segments
involved. For a more rigorous approach to evaluating
regional motion, one may apply a semiquantitative score
to each segment where normal = 4, mildly hypokinetic =
3, moderately hypokinetic = 2, severely hypokinetic = 1,
akinetic = 0, and dyskinetic = —1.

13. Regional LVEF. Regiona LVEF can be cacu-
lated by determination of the geometric center of the left
ventricle and dividing the left ventricle into 5 zones cor-
responding to the septal, inferoseptal, inferoapical, infer-
olateral, and lateral regions. The areas involving the aor-
tic and mitral valve planes are usually excluded. Regional
LVEF is computed from count density changes during
the cardiac cycle. Because changes in count density
reflect 3-dimensiona volume changes, these measure-
ments are more meaningful than 1-dimensional methods,
such as regional chord shortening.

14. LVEF. The most important quantitative parameter
derived from ERNA studiesis global LVEF. LVEF can be
calculated from the LAO view, because in this projection
the left ventricular cavity is projected without significant
overlap by other cardiac structures. On the LAO view, the
thickness of the myocardium provides anatural “shielding”
from radioactivity in the right ventricle and the Ieft atrium.

Many versions of computer software exist on differ-
ent commercialy available systems to determine LVEF.
Some software packages are completely automated; most
are semi-automated and allow operator interaction. In
spite of differencesin software details, the basic comput-
erized approach to derive LVEF from ERNA studies is
the same. Changes in count density (that are proportion-
al to left ventricular volume changes) are assessed from
varying regions of interest that define the edges of left
ventricular endocardial borders throughout the cardiac
cycle. Left ventricular counts are then corrected for
extracardiac background activity. From the background-
corrected counts, a left ventricular time-activity curve is
generated. LVEF is calculated as follows:

End-diastolic counts — End-systolic counts
End-diastolic counts

With most commercially available computer soft-
ware, the lower limit of normal for the LVEF is 0.50.
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Because background activity is subtracted from both the
ED and end-systolic (ES) counts, any spurious increase
in background activity (eg, background ROI too close to
the LV or inclusive of aortic or splenic activity) will arti-
ficially raise the calculated LVEF.

15. Left Ventricular Diastolic Function

Qualitative. Visual analysis of the shape of the LV
time-activity curve is frequently sufficient to detect gross
abnormalities of diastolic filling. Prolongation of isovo-
lumic relaxation, a delay in the onset of rapid filling, a
decrease in the slope of therapid filling phase or an exag-
gerated contribution of atrial contraction to LV filling
may be readily apparent and should be noted. Such find-
ings are typica of hypertrophic ventricles. Aging, peri-
cardial disease, and restrictive myocardial disease are
also associated with changes in the pattern of filling.

Quantitative. Peak diastalic filling rate can be quan-
tified from the first derivative of the diastolic portion of
the left ventricular time-activity curve. To obtain reliable
values for diastolic filling, the left ventricular volume
curve should have sufficient temporal resolution. Values
for normal studies vary from laboratory to laboratory, but
a generally accepted lower limit-of-normal for the peak
diastolic filling rate (PFR) is 2.50 EDV/sec. PFR tendsto
decrease with age in otherwise healthy older subjects. In
addition to the PFR, the time-to-peak-diastolic-filling
(tPFR) can aso be measured from the left ventricular
time-activity curve and is expressed in milliseconds. As
with the PFR, the tPFR also varies from laboratory to lab-
oratory but on average should be expected to be less than
180 msec. The relative contribution of atria filling to LV
filling may be quantified as the ratio of the atrial pesk to
the pesk of the rapid filling phase on the first derivative
curve. Ratios of lessthan 1:4 are normal but may increase
with aging.

16. Right Ventricular Size. Right ventricular size
is best evaluated in the anterior view. Assuming that
ERNA images are routinely acquired with the same
gamma camera and same zoom factor, abnormal enlarge-
ment of the right ventricle can be identified by visual
inspection and mental comparison to normal studies.
Thereisno reliable quantitative measurement method for
the right ventricular volume with ERNA.

17. RV Regional Wall Motion. RV regiona wall
motion is best assessed by use of the information from
both the anterior and LAO views. Any single view may
be inadequate. Regional wall motion is usualy qualita-
tively graded as normal, mildly hypokinetic, severely
hypokinetic, akinetic, or dyskinetic.

18. RVEF. Because of overlap with other cardiac
chambers, ERNA is not the procedure of choice for mea-
surement of RVEF. Frequently, there is overlap of right
atrial activity during right ventricular systole, which will
lead to erroneously low calculation of RVEF. Either true
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first-pass or “gated first-pass’ radionuclide angiocardio-
graphy is the preferred approach. Both of those tech-
niquesyield RVEF valuesthat are higher than those mea-
sured on a standard ERNA study. The lower limit of nor-
mal with these methods is 0.40. RVEF is frequently
reduced in patients with pulmonary hypertension.

19. Atrial Sizes. The right atrium forms the left
lower border on the anterior view of the cardiac image.
Size and contraction of the right atrium can be evaluated
in this view during ventricular systole. The left atrium is
best evaluated on the left lateral view during ventricular
systole. Because of overlying and surrounding radioac-
tivity, frequently no clear outline of the left atrium is pre-
sent. However, the general size and contractility of the
left atrium usually can be appreciated. The size of the left
atrium should be judged in comparison to the long axis of
the left ventricle. The contraction of the left atrium is
appreciated as a change in count density (changing
brightness) during ventricular diastole and is sometimes
discernible on radionuclide studies.

Atrial contraction does, however, occur at the very
end of the acquisition cycle. Atrial contraction is shorter
than the ventricular cycle. In the presence of ventricular
ectopy or irregular rhythm, the last frames have lower
count density, resulting in “flicker” of the endless-loop
cine. The technologist often “cuts off” one or two frames
at the end of the cycle for aesthetic reasons. As a result,
atrial contraction may no longer be visible.

20. Size of Pulmonary Artery and Aorta. The
pulmonary artery and the ascending and descending aorta
can also be evaluated visually on good quality ERNA
studies. Only qualitative assessments, such as dilation of
the pulmonary artery, dilation and tortuosity of the
ascending aorta, aortic arch, or descending aorta, can be
made. The three conventional views alow for visual
assessment from different angles.

21. Left Ventricular Hypertrophy. The presence
of left ventricle hypertrophy (LVH) is best assessed in the
LAO view as more than normal thickening of the septum.
This is a subjective evaluation that requires familiarity
with the normal appearance of the septum on ERNA
images acquired with a particular gamma camera. In
severe LVH the left ventricular blood pooal is surrounded
by a massive photopenic areg, that is, the hypertrophied
myocardium. During systole there can be almost com-
plete left ventricular cavity obliteration.

22. Pericardial Space. Pericardial fluid accumula-
tion can be identified on ERNA studies. When a large
amount of fluid is present, a photopenic area surrounds
the heart, extending up to the roots of the large vessels.
On the cine display a swinging motion of the heart can be
appreciated. When estimating the extent of the pho-
topenic area around the ventricular blood pool, one
should account for both the thickness of the myocardium
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and the presence of epicardial fat before deciding that
pericardial fluid is present. Consequently, small amounts
of fluid are impossible to distinguish from normal vari-
ants. The shadow of alarge overlying breast may, partic-
ularly in the LAO view, mimic pericardia fluid. Only
swinging motion of the heart is a certain sign of alarge
amount of pericardial fluid. The preferred technique to
assess pericardial fluid continuesto be echocardiography.
23. Activity Outside the Heart and Great
Vessels. Any vascular structure (tumor, etc) with suffi-
cient volume of red blood cells can be visudized by ERNA
imaging. Therefore it is important to be attentive for any
unusual radioactivity outside the heart and great vessels
and seek clinical correlation. Free Tc-99m—pertechnetate
accumulates in the thyroid gland and stomach mucosa.

D. Exercise and Interventions

24. Display Rest/Exercise/Intervention Studies.
ERNA images acquired at baseline and during exercise or
pharmacologic interventions should be displayed side-
by-side on quadrants of the computer screen for evalua-
tion of changes between the two sets of images.

25. Regional Wall Motion Changes from Rest.
One should expect an increase in regional excursion dur-
ing exercise, during inotropic stimulation, and during
administration of afterload-reducing agents such as nitro-
glycerin. The standard approach to detection of changes
in regional wall motion between two studiesisto visually
assess the change on the side-by-side display. A somewhat
more rigorous approach is the semiquantitative method in
which ventricular segments are assigned scores where
normal = 4, mildly hypokinetic = 3, moderately hypoki-
netic = 2, severely hypokinetic = 1, akinetic = 0, and dys-
kinetic = —1. A significant change in regiona wall motion
between two studiesis defined as a change in score of 22.

26. Chamber Size Changes from Rest. During
interventions, changesin chamber size may occur. A mild
increase in end-diastolic volume is normal during physi-
cal exercise, especialy with the patient in the upright
position. During dobutamine stressamild decreasein left
ventricular chamber size may be observed. These
changes are usually too mild to be appreciated by visual
analysis but can be quantified either as a relative change
(from decay-corrected count changes) or absolute vol-
ume change. Visually, only moderate to severe dilation of
the ventricles should be reported. Such marked volume
changes are amost always abnormal. If volume is mea-
sured quantitatively, one should expect increases in left
ventricular EDV of 10% to 20% during exercise and con-
comitant decreasesin ESV.

27. LVEF, RVEF Changes from Rest. Both LVEF
and RVEF typically increase during exercise. Many
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authors have suggested that the normal response is an
increase of at least 5 gjection fraction (EF) units. That cri-
terion is based on the reproducibility of the ERNA-
derived EF. Nevertheless, this criterion does not hold true
under all circumstances. For instance, with increasing
age, the ability to augment LVEF during exercise
decreases. The type of exercise protocol, the subjects
gender, acquisition during submaximal exercise, isomet-
ric exercise, markedly hypertensive responses to exercise
and coexisting non-coronary heart disease may all ater
the response of the EF to exercise. Consequently, an
increase in LVEF of at least 0.05 units is a sensitive but
very nonspecific criterion for diagnosis of coronary heart
disease. In the absence of an exercise-induced regional
wall motion abnormality, changes in LVEF alone are
nonspecific. Coupled with a large increase in EDV dur-
ing exercise, a drop in LVEF with normal regiona wall
motion during exercise should be viewed as highly sus-
picious for coronary artery disease.

A more important parameter is the absolute level of
LVEF at peak exercise. Even if angiographic coronary
artery disease is documented, a peak exercise LVEF
>0.50 indicates a favorable prognosis and vice versa. It is
important to ensure that acquisition of radionuclide data
is performed during peak exercise. In most patients, with
and without significant disease, a sharp increasein LVEF
can be noted immediately after discontinuation of exer-
cise. Abnormalities in RVEF during exercise are most
often seen in patients with chronic pulmonary diseases
and in particular in those with pulmonary hypertension.

28. Comparison to Previous Studies and
Correlation with Clinical Data. When a patient has
undergone previous radionuclide studies, the results of
this study should be compared with the previous ones.
Ideally one should display the old and new studies side-
by-side. Serial LVEF data are particularly important in
patients undergoing chemotherapy for cancer and also in
patients with heart failure, myocarditis, cardiomyopathy,
or after undergoing transplantation. For this reason it is
helpful to record and reproduce the camera angles at
which the three planar cardiac views are acquired for
each study. Interpretation of ERNA data may be per-
formed without knowledge of the clinical data; however,
once an initial interpretation is made, the interpreting
physician should always review the available clinical
information to avoid obvious misinterpretation and to
guarantee that the interpretation appropriately addresses
the clinical question that prompted the study.

29. Study Quality. Poor-quality studies cannot be
interpreted with confidence and a high degree of repro-
ducibility. Studies can be subjectively graded as (1)
excellent, (2) average, (3) suboptimal but interpretable,
and (4) uninterpretable. Placing such a designation in
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the report communicates a level of confidence in the
data that is helpful to recipients of the report. It may
also be used to screen studies from inclusion in
research data.

30. Type of Exercise or Intervention Protocol.
The type of exercise should be specified in the report:
physical exercise on treadmill or supine or upright bicy-
cle. The exercise protocol should be mentioned: standard
Bruce, modified Bruce, Naughton. For pharmacologic
intervention, the generic name of drug (eg, dobutamine)
and maximal dose (eg, 40 mg/kg/min) infused should be
stated. Furthermore whether drugs were administered to
either enhance or counteract the effect of the pharmaco-
logic stressor should be reported.

31. Symptoms, Heart Rate and Blood Pressure
Response, Electrocardiographic Changes, and End
Point of Stress. Within the report of the radionuclide
study a succinct description should be given of important
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clinical parameters. duration of exercise or stress proto-
col, baseline and peak stress heart rate, maximal work
load (in METS when applicable), baseline and peak
stress blood pressure, symptoms during test, (re)produc-
tion of symptoms and chest pain, electrocardiographic
(ECG) changes compared with baseline.

32. Conclusion. It is extremely important to sum-
marize the results of the test as either “normal” or
“abnormal.” Equivocal statements should be avoided if
at all possible. In addition, the report should reflect the
degree to which the test is abnormal: “markedly,” “mod-
erately,” or “mildly” abnormal. The report should con-
tain a statement concerning the diagnostic significance
of the findings and, most importantly, concerning the
prognostic significance of the results. Finally, a compar-
ison should be made to previous results, if applicable. A
serious attempt should be made to provide an answer to
the clinical questions and indication for study.

Equilibrium radionuclide angiocardiography: Guideline for interpretation

For information
see paragraph

A. Display
1. Quad screen cinematic display
2. Time smoothing
3. Spatial smoothing
B. Quality control
1. Image quality
Statistics-qualitative
Statistics-quantitative
Labeling efficiency-qualitative
2. Appropriate imaging angles
3. Appropriate zoom
4. Attenuation
5. Processing accuracy
Ventricular regions-of-interest
Background region-of-interest
Volume curve(s)
C. Image Analysis
1. Cardiac rhythm and conduction
2. Left ventricular (LV) size
Qualitative
Quantitative volume
3. LV regional wall motion
Qualitative
Semi-quantitative
Quantitative
4. LV ejection fraction (EF)
5. LV diastolic filling
Qualitative
Quantitative

Standard 1
Standard 2
Optional 2
Standard 3
Optional 3
Standard 4
Standard 5
Standard 6
Standard 7
Standard 8
Standard 8
Standard 8
Standard 9
Standard 10
Preferred 11
Standard 12
Optional 12
Optional 13
Standard 14
Standard 15
Preferred 15
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For information
see paragraph
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. Right ventricular (RV) size
. RV regional wall motion

. RVEF

. Atrial sizes

10.
11.
12.
13.

Aortic and pulmonary artery sizes
LV hypertrophy
Pericardial space

Activity outside heart and great vessels

D. Exercise/intervention study

1.
2. Regional wall motion: changes from rest
3.
4,

Display

Chamber size: changes from rest
LVEF, RVEF: changes from rest

E. Conclusion

1.
2.

Correlation with clinical data
Comparison to previous studies

Standard
Standard
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Standard
Standard
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Standard
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Standard
Standard
Standard
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Standard
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16
17
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Equilibrium radionuclide angiocardiography: Guideline for reporting
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see paragraph
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C. Results: Rest
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Left ventricular (LV) Size
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. Left ventricular diastolic function
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Equilibrium radionuclide angiocardiography: Guideline for reporting—cont

For information
see paragraph

8. RVEF
9. Atrial sizes
10. Aortic and pulmonary artery size
D. Results: exercise/intervention parameters
1. Type of exercise/intervention protocol
2. Symptom(s)
3. Peak heart rate and blood pressure
4. METS achieved or percent maximum heart rate
E. Results: exercise/intervention ERNA data
1. LV size: change from rest
a. Qualitative
b. Quantitative
. LV regional wall motion change from rest
. LVEF exercise
. RV size: change from rest
. RV regional wall motion: change from rest
. RVEF exercise
F. Conclusion
1. Normal or abnormal
2. Diagnostic significance of rest/exercise response
3. Prognostic significance of rest/exercise response
4. Comparison to previous results
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Optional 18
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Standard 20
Standard 31
Standard 32
Standard 32
Optional 32
Standard 26
Preferred 26
Standard 25
Standard 27
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Optional 27
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SPECT MYOCARDIAL PERFUSION IMAGING:
GUIDELINE FOR INTERPRETATION AND
REPORTING

General Comments

The interpretation of myocardial perfusion SPECT
images should be performed in a systematic fashion to
include (1) evaluation of the images to determine the
presence of technical sources of abnormalities, (2) the
acquisition of additional views when appropriate, (3)
interpretation of images with respect to the extent and
severity of perfusion abnormalities that are believed to be
present, as well as lung uptake, chamber sizes, and
extracardiac activity (4) incorporation of the results of
quantitative analysis, (5) consideration of functional data
obtained from the study, and (6) consideration of clinical
factors that may have influenced the presence of any
findings. All of those factors contribute to the production
of afina clinica report. It is assumed that the studies to
be considered were acquired and processed by use of pro-
tocols that adhere to the principles described in Part | of
these guidelines (J Nucl Cardiol 1996;3:G1-G46).

Display

1. Recommended Medium for Display. As
detailed in the previous guidelines, we reaffirm the rec-
ommendation that the reading physician use the monitor
screen rather than hard copy to interpret the study. It is
suggested that physicians use a linear gray scale rather
than color display of images resulting from lack of stan-
dardization of color displays.

2. Conventional Slice Display of SPECT Images.
As previously recommended by the AHA/ACC/SNM
policy statement (J Am Coll Cardiol 1992;20:255-6),
three sets of images should be displayed: (1) aview gen-
erated by slicing perpendicular to the long axis of the left
ventricle (short axis), (2) aview of long-axis tomograms
generated by dicing in the vertical plane (vertical long
axis), (3) a view of long-axis tomograms generated by
dlicing in the horizontal plane (horizontal long axis). The
short-axis tomograms should be displayed with the apical
dlices to the far left with progression of dlices toward the
base in a left-to-right fashion. The vertical long axis
should be displayed with septal dlices on the left and pro-
gression through the midventricular dlices to the lateral
dlices in a left-to-right fashion. Similarly, the horizontal
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long-axis tomographic display should proceed left to
right from the inferior to the superior (anterior) surface.
It isalso recommended that for purposes of interpretation
and comparison of sequential images (eg, stress and rest,
rest and redistribution) these images be displayed aligned
and adjacent to each other serially. There are two widely
used approaches to image normalization. Each series
(vertical, horizontal, short-axis) may be normalized to the
brightest pixel in the entire series. That is considered to
provide the most intuitively easy way to evaluate the
extent and severity of perfusion defects. The drawbacks
of this approach are its sensitivity to focal hot spots, the
frequently poor visuaization of normal structures at the
base and apex of the left ventricle, and the lack of an
ideal display of each individua dlice.

The other approach is “frame normalization” in
which each image is normalized to the brightest pixel
within the frame. That method provides optimal image
quality of each dlice. The drawback of this approach is
that the brightness of each dlice is unrelated to the peak
myocardial activity in the entire series such that grada-
tions in activity between dlices of a series may be lost.
That drawback is mitigated by the display of three
orthogonal planes.

3. Three-dimensional Display. Reconstructed
data may be viewed by use of a3-dimensional display in
either static or cine mode. Such a display is a conve-
nient method for portraying the 3-dimensional location
and extent of a perfusion abnormality and may be par-
ticularly helpful for correlating the coronary anatomy
with the perfusion data, especially if one has the capa-
bility of superimposing the coronary tree on the three
dimensional perfusion display. At this point in time, the
accuracy of image interpretation with 3-dimensional
displays in lieu of conventional displays has not been
established.

Evaluation of the Images for Technical Sources of
Error

4. Patient Motion. An essential first step of the
interpretative process is the viewing of the raw projec-
tion data for each study. Images are typically first
inspected for the presence of patient motion. A cine dis-
play of the planar projection datais highly recommend-
ed because motion in both the craniocaudal and horizon-
tal axes are readily detectable. Additionally, the static
“sinogram” may be used to detect motion. Software rou-
tines are available for quantitation of the severity of
motion and typically express the extent of the motion in
pixels. That is convenient because most authorities agree
that motion of less than 1 pixel will not produce clini-
cally significant artifacts. When motion exceeds 1 pixel,
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the acquisition should preferably be repeated if Tc-99m
sestamibi or Tc-99m tetrofosmin is used. Repeat imag-
ing may be performed when TI-201 is used, but early
redistribution may complicate the interpretation. If it is
clear that the subject will not be able to remain still or
that the respiratory pattern creates excessive motion,
then either a planar study should be acquired or the sub-
ject may be placed in the prone position to reduce
motion. If available, a validated motion correction algo-
rithm may be applied before reconstruction, which may
obviate the need for repeat acquisitions or planar backup
studies. In general, however, such programs have not
been extensively validated.

5. Attenuation and Attenuation Correction.
The cine display of the planar projection images is also
recommended for the identification of sources of attenu-
ation, the most common being diaphragmatic in men and
the breast in women. Breast attenuation may be altered
by repeating the acquisition with the breast repositioned.
Diaphragmatic attenuation may be eliminated by imag-
ing with the patient in the prone position. Hardware and
software for attenuation and scatter correction are just
now becoming commercialy available and may obviate
or a least mitigate these common attenuation artifacts.
The evaluation of attenuation-corrected images is per-
formed with the same approach as that used for nonat-
tenuation-corrected images. As with the interpretation of
nonattenuation-corrected studies, it is essential that the
interpreting physician be familiar with the segment by
segment normal variation of uptake of radioactivity at
stress and rest associated with the specific attenuation
correction system that is being used. Attenuati on-correct-
ed images are displayed in the same manner as uncor-
rected images. Because the currently available correction
algorithms are imperfect, it is recommended that the
attenuation-corrected data be read simultaneously with
the uncorrected data.

6. Reconstruction Artifacts. Superimposed bowel
loops or liver activity may create artifactually intense
uptake in the overlapped myocardium. That could be
misinterpreted as reduced uptake in adjacent or contral at-
eral segments. Nonsuperimposed but adjacent extracar-
diac activity may aso affect the reconstructed myocardial
images. Intense activity in bowel loops or adjacent liver
may cause a hegative reconstruction artifact, resulting in an
apparent reduction in activity in the adjacent myocardial
segments. Thereis currently no reliable correction for such
artifacts, although they are less prominent with iterative as
opposed to filtered back-projection techniques. They can
often be eliminated by repeating the acquisition after the
activity level in the adjacent structure has decreased.

7. Myocardial Statistics. Many factors are
involved in the final count density of perfusion images
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Figure 3. SPECT myocardia perfusion imaging (17-segment model).

including body habitus, exercise level, radionuclide dose,
acquisition time, energy window, and collimation. The
interpreting physician should make note of the count den-
sity in the planar projection images because the quality of
the reconstructed data is a direct reflection of the raw
data. Perfusion defects can be artifactually created sim-
ply because of poor statistics. As a general rule, peak
pixel activity in the left ventricular myocardium in an
anterior planar projection should exceed 100 counts for a
TI-201 study and 200 counts in a T¢c-99m study.

Initial Image Analysis and Interpretation. The
initial interpretation of the perfusion study should be per-
formed without any clinical information other than the
patient’s gender, height and weight, and peak exercise
heart rate. Such an approach minimizes the bias in study
interpretation. All relevant clinical data should be
reviewed after a preliminary impression is formed.

8. Ventricular Dilation. Before segmental analysis
of myocardial perfusion, the reader should note whether
there is left ventricular enlargement at rest or during
stress. Dilation on both the stress and resting studies usu-
aly indicates left ventricular dysfunction, although it
may be seen in volume overload states with normal ven-
tricular function. Transient ischemic dilation is a marker
for multivessel disease. It is typicaly described qualita-
tively but may be quantified.

9. Lung Uptake. The presence of increased lung
uptake should also be noted, especially with TI-201
imaging. Lung-to-heart ratios should be quantified with
anterior projections of the SPECT data before recon-
struction. Both the extent of underlying coronary artery

disease and the risk of future adverse outcome are relat-
ed to increased lung uptake of TI-201.

10. RV Uptake. RV uptake may be qualitatively
assessed on the raw projection data and on the recon-
structed data. There are no established quantitative crite-
riafor RV uptake but, in genera, the intensity of the RV
is approximately 50% of peak LV intensity. RV uptake
increases in the presence of RV hypertrophy, most typi-
cally because of pulmonary hypertension. The intensity
of the RV may also appear increased when LV uptake is
globally reduced. Regional abnormalities of RV uptake
areasign of proximal right coronary artery stenosis. The
size of the RV should be noted.

11. Noncardiopulmonary Findings. The planar
projection images should be examined for uptake of the
radionuclide, especially technetium, in organs other than
the heart or pulmonary vasculature. Thyroid uptake,
breast uptake, pulmonary parenchymal (tumor) uptake,
and any other uptake in thoracic or upper abdominal
structures should be noted. Hepatic or splenic enlarge-
ment may be apparent, and failure to visualize the gall-
bladder may be of significance.

12. Perfusion Defect Location. Myocardial perfu-
sion defects should be identified by use of visual analysis
of the reconstructed slices. The perfusion defects should
be characterized by their location as they relate to specif-
ic myocardia walls, that is, apical, anterior, inferior, and
lateral. The term posterior should probably be avoided
because it has been variably assigned to either the lateral
wall (circumflex distribution) or to the basal inferior wall
(right coronary distribution), thereby leading to confusion.
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20 segment model

Figure 4. SPECT myocardia perfusion imaging (20-segment model).

Standardization of segment nomenclatureis highly recom-
mended (See the segmentation models described below).

13. Perfusion Defect Severity and Extent: Quali-
tative. Defect severity istypically expressed qualitative-
ly as mild, moderate, or severe. Severe defects may be
considered as those with markedly reduced uptake com-
pared with normal segments whereas moderate defects
are considered definitely abnormal but proportionately
less severe. Mild defects are those whose clinical signif-
icance is uncertain and are generally not considered
abnormal. Defect extent may be qualitatively described
as small, medium, or large. In semiquantitative terms,
small represents 5% to 10%, medium 15% to 20% and
large (220% of the left ventricle). Alternatively, defect
extent may also be estimated as a fraction such as the
“basal one half” or “apical one third” of aparticular wall
or as extending from base to apex. Defects whose sever-
ity and extent do not change between image sets (eg,
stress and rest) are typically categorized as “fixed” or
nonreversible. When changes do occur a qualitative
description of the degree of reversibility is required.

14. Perfusion Defect Severity and Extent: Semi-
quantitative. Rather than the qualitative evaluation of
perfusion defects, it is preferred that the physician apply a
semiquantitative method on the basis of a validated seg-
mental scoring system. This approach standardizes the
visua interpretation of scans, reduces the likelihood of
overlooking significant defects, and provides an important
semiquantitative index that is applicable to diagnostic and
prognostic assessments. It is generally considered prefer-
able to use a system with at least 16 segments.

The quality assurance committee of ASNC has con-
sidered several models for segmentation of the perfusion
images and is recommending either a 17- or 20-segment
model for semiquantitative visual analysis. The modelsuse
three short-axis dices (apical, mid, and basal) to represent
most of the ventricle and one vertical long-axis diceto bet-
ter represent the left ventricular apex. In both the 17- and
20-segment models, the basal and mid short axis dices are
divided into 6 segments. In the 17-segment model the api-
cal short-axis dice is divided into 4 segments whereas in
the 20-segment model the apica short axis diceis divided
into 6 segments. In the 17-segment model, a single apical
segment is taken from the vertical long-axis dlice whereas
in the 20-segment model, the apex is represented by two
segments. Each segment has a specific name.

Seventeen-segment Nomenclature (Figure 3).
Segments 1, 7, and 13 represent the basal (1), mid- (7),
and apical (13) anterior segments. Segments 4, 10, and
15 represent the basal (4), mid- (10), and apical (15)
inferior segments. The septum contains 5 segments, the
basal anteroseptal (2), the basal inferoseptal (3), the mid
anteroseptal (8), the mid inferoseptal (9), and the apical
septal (14). Similarly the lateral wall is divided into the
basal anterolateral (6), the basal inferolateral (5), the
mid anterolateral (12), the mid inferolateral (11), and
the apical lateral (16). The long-axis apical segment is
called the apex.

Twenty-segment Nomenclature (Figure 4). Segments
1, 7, and 13 represent the basal (1), mid- (7), and apical
(13) anterior segments. Segments 4, 10, and 16 represent
the basal (4), mid- (10), and apical (16) inferior seg-
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ments. The septum contains 6 segments, the basal (2),
mid- (8), and apical (14) anteroseptal and the basal (3),
mid- (9), and apical (15) inferoseptal. Similarly the later-
al wall contains 6 segments, the basal (6), mid- (12), and
apical (18) anterolateral and the basal (5), mid- (11), and
apical (17) inferolateral segments. The apex from the ver-
tical long-axis dlice is divided into anteroapical (19) and
inferoapical (20) segments.

The myocardial segments may be assigned to coro-
nary arterial territories as indicated in Figure 5. Caution
should be exercised because the coronary anatomy varies
considerably from subject to subject. For example, it isnot
a al uncommon to find segments 9, 10, and 15 of the 17-
segment model and segments 9, 10, and 16 of the 20-seg-
ment model involved in left anterior descending artery
disease. Similarly, segments 5 and 11 of both models may
be involved in right coronary artery disease.

Semiquantitative Scoring System: The Five-
point Model. The use of a scoring system provides a
reproduci ble semiquantitative assessment of defect severi-
ty and extent. A consistent approach to defect severity and
extent are clinically important because both of those vari-
ables contain independent prognostic power. Furthermore,
semiquantitative scoring can be used to more reproducibly
and objectively designate segmentsas normal or abnormal.
Points are assigned to each segment in direct proportion to
the perceived count density of the segment.

Category Score

Normal perfusion

Mild reduction in counts-not definitely abnormal
Moderate reduction in counts-definitely abnormal
Severe reduction in counts

Absent uptake

A WNPEFO

In addition to individual scores, it has been recom-
mended that summed scores be calculated. The summed
stress scores = the sum of the stress scores of all the seg-
ments and the summed rest score = the sum of the resting
scores or redistribution scores of al the segments. The
summed difference score = the difference between the
summed stress and the summed resting (redistribution)
scores and is a measure of reversibility. In particular, the
summed stress score appears to have significant prognos-
tic power. Before scoring it is necessary for the interpret-
ing physician to be familiar with the normal regional vari-
aionin count distribution of myocardial perfusion SPECT.

15. Perfusion Defect Severity and Extent:
Quantitative. Quantitative analysis can be useful to sup-
plement visual interpretation. Most quantitative analyses
require that the tomographic slices be displayed in a polar
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Figure 5. SPECT myocardia perfusion imaging (coronary artery
territories).LAD, Left anterior descending artery; RCA, right coro-
nary artery; LCX, left circumflex artery.

map format that provides an easily comprehensible repre-
sentation of the extent, severity, and reversibility of perfu-
sion abnormalities. The patient’s polar map is then com-
pared with a reference normal polar map that to date has
been gender specific. In the future, attenuation correction
programs may obviate the need for gender-specific data-
bases. Until proven otherwise, separate databases are rec-
ommended for thallium- and technetium-based radiophar-
maceuticals and for pharmacologic studies and exercise
stresstesting because there are very obvious differencesin
the distribution and amount of adjacent noncardiac activ-
ity, especially hepatic and bowel activity. An alternative to
the polar map display is the display of the actual circum-
ferential profiles themselves. The patient’s curve for each
diceistypically displayed within the curves representing
the mean and 2.5 SD below the mean as visual guides to
normal ranges. The gquantitative measurements should
appropriately sample all segments of the left ventricle.
The quantitative analysis system should be vaidated by
appropriate studies published in peer-reviewed journals.
The quantitative programs are effective in providing an
objective interpretation that is inherently more repro-
ducible than visual analysis. Quantitation is particularly
helpful in describing changes between two studies in the
same patient. Quantitative analysis aso provides a useful
teaching aide to the less experienced observer who may
be uncertain about normal variations in uptake. To date,
available quantitative programs are not sophisticated
enough to detect the sources of possible artifactual error
on a study that may well be appreciated visualy (breast
artifact, upward creep, patient motion, etc). Quantitative
analysis should therefore be used along with, not as a sub-
stitute for, visual analysis.
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Defect extent may be quantitatively expressed as a
percentage of the entire LV or as a percentage of individ-
ual vascular territories, the latter being much more unre-
liable because of the vagaries of coronary anatomy.
Defect severity may be quantitatively expressed as the
number of standard deviations by which the segment
varies from the normal range for that particular segment
or segments. Defect reversibility may also be expressed
as a percentage of the entire LV or of avascular territory.

16. Integration of Findings for Interpretation.
After the segmental scoring or quantitative analysis is
performed, the interpreting physician should take into
account the correspondence of observed defects to stan-
dard coronary artery territories, the reversibility of
observed defects, possible sources of artifact in the study,
and whether the location of the defects observed are in
locations with highly variable count statistics (eg, the
anterior or anterolateral wall in women with larger
breasts, the inferior wall in patients with possible
diaphragmatic attenuation, etc).

Because not all studies can be unequivocally desig-
nated as clearly abnormal or normal, it is recommended
that the traditional three-category system (normal-equiv-
ocal-abnormal) be replaced with a five-category system
(definitely normal, probably normal, equivocal, probably
abnormal, definitely abnormal). The 5-tiered system
actually decreases the frequency of studies judged to be
equivoca and should prove to be more effective. In gen-
eral, interpreting physicians are strongly encouraged to
avoid “equivoca” interpretations whenever possible.

16. Reversibility. Reversibility of perfusion defects
may be categorized qualitatively as partial or complete,
the latter being present when the activity in the defect
returns to a level comparable to surrounding normal
myocardium. The semiquantitative scoring system may
be used to define reversibility as a=2-grade improvement
or improvement to a score of 1. Reversibility on a quan-
titative polar or on 3-dimensional displayswill depend on
the particular software routine in use and the normal ref-
erence databases used in the program. Aress of reversibil-
ity are typically described by pixels that improve to <2.5
SD from the normal reference redistribution or resting
database. How many pixels have to improve for rever-
sibility to be deemed present is arbitrary.

So-called reverse redistribution may be seen in stress-
delayed thallium imaging sequences and has been
described in rest-delayed technetium-sestamibi sequences.
Reverse redigtribution refers to segments with decreased
or normal intensity on the initial set of images that show
even less relative intensity on the delayed images. The
interpretation of the finding remains controversia, but in
certain clinical situations it seems to represent segments
with a mixture of viable and nonviable myocardiathat are
frequently supplied by patent infarct-related arteries.
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D. Gated Myocardial Perfusion SPECT

Because of its relatively minimal expense and its
incremental information, gated studies of ventricular
function should be aroutine part of myocardial perfusion
SPECT. A systematic approach to display and interpreta-
tion of the ventricular function derived from gated
SPECT isimportant.

17. Gated SPECT Display. Multiple ventricular
slices should be evaluated. At a minimum, a quad-screen
display of apical and mid-basal short axis, a mid-ventric-
ular horizontal long-axis and a mid-ventricular vertical
long-axis slice should be viewed. Other slices may be
viewed for completeness or to resolve a discrepancy
between the clinical impression and what is seen on the
four standard cine views. ldeally, the software should
allow the user to scroll through any of the dlices in any
axisin cinemode. Each view should be normalized to the
series of end-diastolic to end-systolic slices to maintain
the count density changes that reflect wall thickening.
When available, software routines that automatically
define epicardial and endocardial borders and that subse-
quently calculate ventricular volumes and gjection frac-
tion should be applied.

Regiona wall motion should be interpreted with a
black-and-white display. When computer edge analysis
software is available, the physician may choose to analyze
wall motion by use of the assigned endocardia and epi-
cardial contours, but reference should a so be made to the
wall motion without computer-derived edges. Regional
wall thickening may be analyzed in black and white or in
a suitable color scheme, although color displays may
make it easier to see changes in count intensity.

18. Gated SPECT Quality Control. All the quality
assurance procedures for routine SPECT are applicable
to gated SPECT. In addition, one should evaluate the ade-
quacy of the ECG gate. The most common result of poor
gating isthe appearance of aflashing pattern on the rotat-
ing planar projection images that results from count fluc-
tuations from frame to frame. Ideally, a heart-rate his-
togram should also be viewed to verify beat length unifor-
mity. Inspecting atime-volume curve may be useful to ver-
ify that the gating was appropriate. The curve should have
thetypical appearance of aleft ventricular volume curvein
standard equilibrium radionuclide angiography. As yet,
there is no clear consensus on the beat length window for
gated SPECT acquisitions. As in blood pool imaging, the
narrower the window, the more physiological the data, but
the SPECT study will suffer from suboptimal stetisticsif a
narrow window is selected unless imaging time is propor-
tionately extended. Another important aspect of quality
control is a visual or quantitative determination that the
number of counts acquired in each frame of the gated
study was adequate for assessment of function.

19. Gated SPECT: Regional Wall Motion and
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Thickening. Regional wall motion should be analyzed
by use of standard nomenclature: normal, hypokinesis,
akinesis, and dyskinesis. Hypokinesis should be further
qualified as mild, moderate, or severe. A semiquantitative
scoring system is recommended where O = normal, 1 =
mild hypokinesis, 2 = moderate hypokinesis, 3 = severe
hypokinesis, 4 = akinesis, and 5 = dyskinesis.

This is comparable to the 5-point scoring system
used in both contrast and radionuclide ventriculography.
As in any assessment of regional ventricular function,
one must be cognizant of expected normal and abnormal
variations such as the reduced wall excursion at the base
compared with the apex, the greater excursion of the
basal lateral wall compared with the basal septum, and
paradoxical septal motion resulting from LBBB.

Regiona wall thickening is evaluated by use of the
count increase from end-diastole to end-systole. Visually
it isnot as easy to assign degrees of abnormality of thick-
ening as it is to wall motion. However, the radionuclide
evaluation of thickening lends itself to quantitation
because it is characterized by count changes.
Quantitative normal databases should be available for
assessment of regional wall thickening in the future.
Similarly, it is difficult to reliably detect LVH on recon-
structed SPECT dlices unlessit is severe.

The assessment of wall motion and wall thickening
generaly go hand in hand. The principle exception to
this occurs in patients who have undergone bypass
where septal dyskinesis is commonly found associated
with normal wall thickening. Rather than separately
scoring wall motion and wall thickening, it is common-
ly accepted to incorporate the two findings into asingle
score while noting the presence of discordance in wall
motion and wall thickening when it occurs. In addition
to noting left ventricular wall motion, wall thickening,
and gection fraction, the size of the left and right ven-
tricles should be observed, and the function of the right
ventricle should be noted.

20. Left Ventricular Ejection Fraction and
Volume. LVEF and LV and RV chamber sizes should
routinely be evaluated qualitatively. Ejection fraction
may be categorized as normal, mildly, moderately, or
severely reduced. Volume may be categorized as normal,
mildly, moderately, or severely increased.

Alternatively, LVEF and end-diastolic and end-sys-
tolic volumes may be calculated with geometric models
applied to the reconstructed data set. Several software
routines that correlate well with contrast and other
radionuclide measurements are commercially available.

21. Integration of Perfusion and Function
Results. The results of the perfusion and gated SPECT
data sets should be integrated to reach afinal interpreta-
tion. The wall motion is particularly helpful in distin-
guishing real nonreversible perfusion defects from atten-
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uation or motion artifacts. Fixed perfusion defectsthat do
not show a corresponding abnormality of motion or
thickening should be suspected of being artifacts, espe-
ciadly if the clinical data do not support prior infarction
and should be considered normal .

E. Myocardial Viability

22. Viability: Qualitative Assessment. The assess-
ment of myocardial viability is a complex issue. Recent
literature has suggested that different imaging modalities
provide different estimates of viability. It is, as yet, not
entirely clear which imaging method or methods repre-
sent the best clinical approach. It is, however, clear, that
the quantitative uptake of radionuclides such as TI-201
and the available technetium agents does correlate with
myocardial viability as judged by post-revascularization
improvement in both tracer uptake and regional function.
Myocardial segments with normal or mildly reduced
tracer uptake at rest or on delayed imaging almost invari-
ably prove to be viable. The mgjority of myocardial seg-
ments in which there is unequivocal improvement of
uptake on either redistribution or resting images also
prove to be viable. The more difficult challenge for the
single photon assessment of viability isin segments with
severely reduced tracer uptake. Because of the severely
reduced uptake, simple visual assessment of viability in
such regionsis difficult at best.

23. Myocardial Viability: Semiquantitative Assess-
ment. The semiquantitative scoring system described
above may be used to assess viability as follows.
Segments with rest, reinjection, or redistribution scores
of 0 (normal perfusion) or 1 (slight reduction in counts)
are considered viable. Segments with rest, redistribution,
or reinjection scores of 2 (moderately decreased perfu-
sion) are consistent with a combination of viable and
nonviable myocardium, and segments with scores of 3
and 4 are generally nonviable. Segments with final scores
of 4 are considered nonviable.

Segments with final scores of 2 or 3 should be fur-
ther characterized by use of a nitroglycerin protocol or a
different modality such as positron emission tomography
(PET) imaging or low-dose dobutamine echocardiogra-
phy. Low-dose dobutamine SPECT may also be useful.

24. Myocardial Viability: Quantitative Assess-
ment. An alternate and perhaps more rigorous approach to
the assessment of the viability of any segment is the quan-
titative determination of ischemic to normal ratios. ROI
may be placed over the segment in question and over the
most normal segment of the myocardium in that particular
series of images. The analysis should be applied to the
resting images for technetium images or to the resting,
redistribution, or reinjection images for thallium. When
this approach is used, one must take into account the nor-
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mal count variations such as the relatively reduced counts
in the norma inferior wall. Segments with ratios less than
0.30 are considered nonviable. Areas with ratios greater
than 0.50 are considered viable whereas areas with ratios
of 0.30 to 0.50 are equivocal for viability. As indicated
above for the semiquantitative approach, such regions
require additional data such as wall motion of the region,
exercise perfusion in the region, the change in perfusion or
wall motion after nitroglycerin, the response of regional
function to low-dose dobutamine, or myocardia metabol-
ic imaging with 18-fluorodeoxyglucose.

It is also important to recognize that viability of a
given segment does not necessarily equate to improve-
ment in clinical outcome after revascularization unless
enough segments that are viable are available. The criti-
cal number of segments necessary to justify revascular-
ization strategies has not been adequately studied.

F. Modification of the Interpretation by Relevant
Clinical Information

25. Although the initial scan interpretation should be
made without knowledge of the patient’s clinical charac-
teristics and the results of the stress portion of the nuclear
study, the final interpretation should be adjusted to alim-
ited degree on the basis of clinically relevant data.
Relevant clinical data include the history, indication for
the study, and the results of the exercise or intervention.
Key variables from the exercise/intervention data set
should beincluded in the final report including heart rate,
blood pressure, percent of maximum predicted heart rate,
or METS achieved, as well as symptoms and ECG
changes because those variables influence the signifi-
cance of the perfusion results and contain independent
diagnostic and prognostic information.

By convention, the modified interpretation should
not vary from the initial assessment by more than one
category of probability. For example, if the initial con-
clusion was “probably normal” (in a 5-category scale as
described above), the final interpretation could be
changed to “equivocal” or “definitely normal,” but it
should not be recategorized as “probably” or “definitely
abnormal.” The modification has the effect of improving
the overall concordance of information sent to clinicians
without substantially altering the information contained
in the scintigraphic examination. It is ana ogous to apply-
ing a smoothing filter to a curve or image.

Reporting of SPECT Myocardial Perfusion Scan
Results

26. Subject Information. The age, gender,
height, weight, and body surface area should be includ-
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ed in the report because they may directly affect the
image results and interpretation. For medical records
purposes, any identification number should be included.
Pertinent medications that may influence the results
may be included.

27. Type of Study. Theimaging protocol should be
specified, including the radiopharmaceutical and dose,
imaging technique (gated vs ungated, supine, or prone),
imaging sequence (stress/4-hour redistribution, 1-day or
2-day rest/stress or stress/rest, etc.) The date(s) of study
acquisitions should also be included.

28. Indication for Study. Placing the indication for
the study in the report helps focus the interpreting physi-
cian on the clinical question raised by the ordering physi-
cian and may be subseguently important for reimburse-
ment issues.

29. Resting ECG Findings. Inclusion of ECG
findings that may have direct bearing on the study inter-
pretation should be included such as the presence of
LBBB or LVH.

30. Summary of Stress Data. The type of stress
(bicycle or treadmill) and the protocol should be identi-
fied (Bruce, Modified Bruce, Naughton, Manual). For
pharmacologic stress, the agent, route of administration,
and dose should be indicated. The reason for stopping the
test should be noted. All symptoms experienced by the
patient during the stress (eg, chest pain, dyspnea, claudi-
cation, dizziness) should be mentioned.

If a separate stress test report is generated, then the
stress variables that could impact on the perfusion study
quality or findings should be included in the perfusion
scan report. At a minimum that should include the total
exercise duration, maximal heart rate and percent of pre-
dicted maximum heart rate, blood pressure and maximal
workload achieved (estimated METS), and the magni-
tude (in millimeters) of any ST segment deviation.

If only one report is used for both the exercise or
pharmacol ogic study and the perfusion results, then more
detail about the stress test should be included such as
time of onset, duration and exact ECG leads with ST seg-
ment changes, the type of chest pain (typical, atypical,
non-anginal) and its severity (mild, moderate, severe),
and the presence of arrhythmia

31. Overall Study Quality. Including a statement
about the quality of the study is helpful for two reasons.
First, it alerts the physicians using the report to any short-
comings that might reduce the accuracy of the data and
their interpretation. Second, it is useful as an inclusion/
exclusion criterion for subsequent acceptance of the
study for research or other statistical analyses.

32. Diagnosis and Prognosis of CAD. The prob-
ability of CAD may be determined with available algo-
rithms that use the pre-scan likelihood of CAD as deter-
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mined by age, gender, character of chest pain, the num-
ber of coronary risk factors, and the results of the stress
ECG. The perfusion data are then added to the model to
produce a probability of CAD. A qualitative probability
may be reported on the basis of the definite presence or
absence of a perfusion defect, the severity and extent of
any perfusion defects, and the presence of other markers
of CAD such as transient LV dilation or increased lung
uptake. When CAD isknown to be present, the likelihood
of stress-induced ischemiais reported instead of the like-
lihood of significant CAD.
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Although not widely available, some large laboratories
have enough internd follow-up data to be able to Statisti-
cally predict outcomes (death and nonfatal myocardial
infarction) on the basis of perfusion image scores. If such
data are available, incorporation of the likelihood of an
adverse event in the report is highly desirable. Otherwise, a
qualitative statement about risk may be appropriate
because the likelihood of an adverse event increases with
the presence of any of the following: perfusion defects in
multiple vascular territories, transient LV dilation,
increased lung uptake, and decreased LV systolic function.

Myocardial perfusion SPECT: Guidelines for interpretation

For information
see paragraph

A. Display
1. Medium
a. Computer screen
b. Film hard copy
2. Format
a. Conventional slice display
i. Frame normalization
ii. Series normalization
b. Three-dimensional display
B. Technical sources of error
1. Motion
2. Attenuation
a. Attenuation correction
3. Reconstruction artifacts
4. Myocardial statistics
C. Initial image interpretation
1. Ventricular dilation
a. Qualitative
b. Quantitative
2. Lung uptake
a. Qualitative
b. Quantitative
. Non-cardiopulmonary findings
4. Perfusion defect assessment
a. Location
b. Extent/severity
i. Qualitative
ii. Semi-quantitative
iii. Quantitative
5. Integration of findings
D. Gated SPECT
1. Display
2. Quality control
3. Regional wall motion
4. Regional wall thickening

w

Preferred 1
Optional 1
Preferred 2
Preferred 2
Optional 2
Optional 3
Standard 4
Standard 5
Optional 5
Standard 6
Standard 7
Standard 8
Optional 8
Standard 9
Preferred 9
Standard 10
Standard 11
Standard 12
Preferred 13
Optional 14
Standard 15
Standard 16
Standard 17
Standard 18
Standard 18
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Myocardial perfusion SPECT: Guidelines for interpretation—con’t
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For information
see paragraph

5. LV Ejection fraction
a. Qualitative Standard 19
b. Quantitative Optional 19
6. LV Volume
a. Qualitative Standard 19
b. Quantitative Optional 19
E. Integration of perfusion and function results Standard 20
F. Myocardial viability
1. Qualitative Standard 21
2. Semi-quantitative Optional 22
3. Quantitative Preferred 23
G. Modification of interpretation Preferred 24
Myocardial perfusion SPECT: Guideline for reporting
For information
see paragraph
A. Demographic data
1. Name Standard 26
2. Gender Standard 26
3. Age Standard 26
4. Date(s) of acquisition(s) Standard 26
5. Medical record identification Standard 26
6. Height/weight (BSA) Standard 26
7. Relevant medications Optional 26
8. Indication for study Standard 28
B. Acquisition parameters
1. Type(s) of studies Standard 27
2. Radionuclide(s) and doses Standard 27
C. Results: exercise/intervention data
1. Resting ECG findings Standard 29
2. Exercise/intervention parameters
a. HR, BP, %MPHR, METS Standard 30
b. Symptoms Standard 30
c. Reason for terminating Standard 30
d. ECG changes with exercise Standard 30
D. Results: perfusion scan data
1. Potential sources of error
a. Motion Standard 4
b. Attenuation Standard 5
c¢. Adjacent/overlapping uptake Standard 6
2. Chamber sizes Standard 8
3. Lung uptake (thallium)
a. Qualitative Standard 9
b. Quantitative Preferred 9
4. Initial defect location Standard 12
5. Initial defect severity and extent
a. Qualitative Standard 13
b. Semiquantitative Preferred 14
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Myocardial perfusion SPECT: Guideline for reporting—con’t

For information
see paragraph

c¢. Quantitative
6. Reversibility
a. Qualitative
b. Semiquantitative
c¢. Quantitative
7. RV uptake
8. Abnormal noncardiac uptake
E. Results: gated SPECT
1. Regional wall motion
2. Regional wall thickening
3. Ejection fraction
a. Qualitative
b. Quantitative
4. LV volume
F. Overall study quality
G. Conclusion
1. Normal/abnormal
a. Three categories
b. Five categories
2. Probability of CAD
3. Estimated risk of adverse events

Optional 15
Standard 16
Preferred 17
Optional 18
Standard 10
Standard 11
Standard 19
Standard 19
Standard 20
Optional 20
Optional 20
Optional 31
Standard 16
Preferred 16
Optional 32
Optional 32

PLANAR MYOCARDIAL PERFUSION
IMAGING: GUIDELINES FOR INTERPRETATION
AND REPORTING

Comments

Although largely supplanted by advanced tomo-
graphic techniques, planar myocardial perfusion imaging
remains a practical and acceptable alternative where low
initial cost, in-hospital portability, and mobile off-site
capability are paramount. Planar imaging remains an
important option in patients who cannot tolerate SPECT
imaging or in whom SPECT imaging cannot be per-
formed for any reason.

Myocardial perfusion studies should be acquired and
interpreted in accordance with clearly defined clinica
objectives. |s the planar perfusion study being performed
for detection of CAD, assessment of the magnitude of
ischemia or infarction, detection of the “culprit” lesion,
detection of myocardial viability, or risk stratification?

Image interpretation should be rendered with a full
knowledge of theimaging protocol used. Specifically, the
interpreting physician should be aware of the perfusion
agent used (eg, TI-201, Tc-99m, sestamibi, or tetrofos-
min), and the specific myocardial kinetics of the agent.
Stress perfusion studies should be interpreted with
knowledge of the stress modality (treadmill or bicycle

exercise, adenosine, dipyridamole, or dobutamine). If
resting imaging is used, was the injection performed dur-
ing chest pain? Interpretation of the study is critically
dependent on knowledge of the specific imaging
sequence (1- or 2-day, stress-rest, rest-stress, rest-redis-
tribution), and acquisition parameters (imaging time,
projections used, collimation, count statistics). Images
should be assessed initially for technical adequacy,
including target-to-background activity, splanchnic tracer
uptake, count adequacy in the cardiac ROI, adequacy of
count normalization and masking, appropriate orienta-
tion of the planar projections, and registration of the
stress and delay (TI-201) or stress and rest (Tc-99m
agents) planar projections.

Display

1. Recommended Medium. Planar perfusion
images may be displayed by use of the computer screen,
x-ray film, or paper copy. The use of the computer screen
is strongly recommended and is the preferred medium.
Counts should preferably be represented by alinear gray
scale. If acolor table is used, the scale should be simul-
taneoudly displayed on-screen. The adequacy of the dis-
play medium should be established by inspection of a
standard test pattern, which provides testing of both res-
olution and gray scale.
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2. Conventional Format for Display. The initia
set of imagesistypically displayed together with the sub-
sequent set of images aligned adjacent to or underneath
it. The interpreting physician should confirm that the
imaging angles have not changed between image sets.
Images are typically normalized to themselves. Planar
images should be interpreted without any processing.
Background subtracted images may be generated for
quantitative analysis but should not be interpreted with-
out viewing the unsubtracted images as well.

Evaluation for Technical Sources of Artifacts

3. Attenuation. The images should then be carefully
ingpected for potential image artifacts, the most common of
which isattenuation. Suspected soft tissue attenuation should
be thoroughly evaluated and its effect on the interpretation
carefully considered. The use of breast marker images (see
Imaging Guiddinesfor Nuclear Cardiology Procedures, Part
1 [JINucl Cardiol 1996;3:G1-G46]) may be helpful in distin-
guishing true perfusion defects from breast attenuation.
Attenuation of the inferior wall by the diaphragm or an
enlarged right ventricle should also be considered. Other
sources of attenuation (eg, pleura effusionsor infiltrates, for-
eign objects, other soft tissues) should be noted.

4. Noncardiac Activity. Adjacent subdiaphragmat-
ic activity, asis frequently seen in liver and bowel, may
create overlap artifacts that spuriously increase the activ-
ity in the inferior wall, creating the appearance of arela-
tive paucity of counts in other myocardial segments.
Intense noncardiac activity may cause scaling artifactsin
the myocardial images. Techniques for masking such
noncardiac activity are available.

5. Myocardial Statistics. Count-poor studies are
subject to misinterpretation. Apparent perfusion abnor-
malities may resolve when a statistically adequate study
is available. The factors leading to suboptimal count sta-
tigtics include body habitus, radionuclide dose, collima-
tion, window, acquisition time, and the level of myocar-
dial blood flow.

6. Motion. Patient motion is rarely a problem
because of the short duration of imaging.

Initial Image Analysis and Interpretation

Theinitial interpretation of the perfusion scan should
be performed without any clinical information other than
the patient’s gender, height and weight, and presence of
LBBB. That approach minimizes the bias in study inter-
pretation. All relevant clinical information should be
reviewed after a preliminary impression is formed.

7. Ventricular Dilation. Before segmental analysis
of myocardial perfusion, the reader should note whether
there is LV cavity dilation at rest or during exercise or
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pharmacologic challenge. Dilation on both the stress and
resting studies suggests LV dysfunction but may occur in
volume overload states with normal ventricular function.
Transient ischemic dilation is a marker for multivessel
coronary artery disease. It is typically described qualita-
tively but may be quantified.

8. Lung Uptake. The presence of increased lung
uptake should be noted by comparison of the pulmonary
to myocardial counts. This is especialy important when
imaging with TI-201. Although qualitative assessment is
standard, calculation of lung-to-heart ratios is preferred.
Lung uptake may be increased on stress images if the
exercise was submaximal. Lung uptake during dipyri-
damole and adenosine imaging tends to be higher than
that seen during adequate exercise. Both the likelihood of
CAD and the risk of an adverse outcome are increased
when lung uptake is increased.

9. Right Ventricular Uptake. RV intensity is nor-
mally about 50% of the peak LV intensity. Increased
right ventricular uptake is indicative of RV overload,
most typically because of pulmonary hypertension. RV
intensity may also appear increased when LV uptake is
globally reduced.

10. Noncardiopulmonary Uptake. The images
should be examined for the presence of activity in organs
other than the heart and pulmonary vasculature. Thyroid
uptake, breast uptake, pulmonary parenchymal (tumor)
uptake, or uptake in other thoracic or upper abdominal
structures should be noted. Hepatic or splenic enlarge-
ment and the apparent absence of a gallbladder on tech-
netium studies may be of clinical significance.

Segmental Perfusion Assessment

11. Perfusion Defect Location. The detection and
localization of perfusion defectsis typically performed by
use of visual analysis of the unprocessed images.
Perfusion defects are assigned to a particular myocardial
segment or segments. Standardized nomenclature is rec-
ommended (Figure 6). In the anterior planar image, the
anterolateral and inferior walls are divided into basal (1,5),
and mid (2,4) segments, and the apex (3) separates the
inferior and anterolateral walls. In the LAO view, the sep-
tum is divided into anteroseptal (6) and inferoseptal (7)
segments, whereas the lateral wall is divided into infero-
latera (9) and anterolateral (10) segments, and the inferior
segment (8) separates the septum from the lateral wall. In
the latera view, the anterior and inferior walls are divided
into basal (11,15) and mid (12,14) segments, whereas the
apex (13) separates the anterior and inferior walls.

12. Perfusion Defect Severity and Extent:
Qualitative. Perfusion defect severity is typicaly
expressed qualitatively with terms such asmild, moderate,
or severe, Severe defects are those minimal to absent trac-
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er uptake whereas moderate and mild defects have pro-
portionately more uptake. Defect extent may be charac-
terized qualitatively as small, moderate, large, or exten-
sive. Alternatively, one may estimate the extent of a defect
asinvolving the apical onethird or basal one half of apar-
ticular wall or as extending from the base to the apex.

13. Perfusion Defect Severity and Extent:
Semiquantitative. Rather than the qualitative evaluation
of perfusion defects, it is preferred that the physician
apply a semiquantitative method on the basis of a vali-
dated segmental scoring system. This approach standard-
izes the visual interpretation of scans, reduces the likeli-
hood of overlooking significant defects, and provides an
important semiquantitative index that is applicable to
diagnostic and prognostic assessments. Furthermore,
semiquantitative scoring can be used to more repro-
ducibly and objectively designate segments as normal or
abnormal. A 5-point model has been recommended for
semiquantitative scoring of segments:

Category Score

Normal perfusion

Mild reduction in counts—not definitely abnormal
Moderate reduction in counts—definitely abnormal
Severe reduction in counts

Absent uptake

A W NPFO

The summed scores may also be calculated by
adding all segment scores together to provide an inte-
grated index of severity and extent. This may be done on
the initial and resting or delayed images and a summed
difference score could then be used to represent the
amount of defect reversibility.

14. Perfusion Defect Severity and Extent:
Quantitative. Quantitative analysis can be useful to sup-
plement visua interpretation of the images. In planar per-
fusion imaging, quantitative analysis requires that a back-
ground subtraction be applied. The physician should review
the background-subtracted images for technica adequacy.
Quantitative data may be displayed as graphs of counts ver-
sus angular sampling location or as profiles that compare
countsin contralateral walls of each image. Supporting data
exist for both approaches. When counts are graphed versus
radial sampling location, the resultant curve is typicaly
compared with a gender-matched, reference database. The
2.0to 2.5 standard deviation curve is usually graphed with
the patient’s curve and segments where the patient’s curve
drops below the reference curve are considered abnormal.
The area between the patient’s curve and the reference
curve is a quantitative index of the combined extent and
severity of the perfusion abnormality.

Separate reference databases are recommended for
thallium and technetium-based perfusion agents because
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Left Ante?ior Oblique Left Lateral

Anterior

1. basal anterolateral 6. septal 11. basal anterior
2. mid anterolateral 7. inferoseptal 12. mid anterior
3. apical 8. inferoapical 13. apex

4. mid inferoseptal 9. inferolateral 14. mid inferior
5. basal inferoseptal 10. lateral 15. basal inferior

Figure 6. Planar MPI segmentation.

the myocardial distribution and, in particular, the extra-
cardiac activity are significantly different. Separate data-
bases are also preferred, when available, for pharmaco-
logic and exercise studies. Quantitative analysis of the
data should not be used as a surrogate for visual analysis
but rather as an expert opinion that may be used to mod-
ify the physician’s impression.

15. Perfusion Defect Reversibility. Reversibility
of perfusion defects may be categorized qualitatively as
partial or complete, the latter being present when the
activity in the defect returns to a level comparable to
surrounding normal myocardium. The semiquantitative
scoring system may be used to define reversibility as a
=1 grade improvement. Reversibility can be defined
quantitatively as defects in which pixels improve to
<2.5 SD from the normal reference distribution at that
location. The number of pixelsthat must show improve-
ment for reversibility to be deemed present is arbitrary.

So-called reverse redistribution may be seen in
stress-delayed thallium imaging sequences. Reverse
redistribution refers to segments with decreased or nor-
mal intensity on the initial set of images that show even
less relative intensity on the delayed images. The inter-
pretation of the finding remains controversial.

Myocardial Viability

16. Viability: Qualitative Assessment. The
assessment of myocardial viability is a complex issue.
Recent literature has suggested that different imaging
modalities provide different estimates of viability. Itis, as
yet, not entirely clear which imaging method or methods
representsthe best clinical approach. It is, however, clear,
that the quantitative uptake of radionuclides such as Tl-
201 and the available technetium agents does correlate
with myocardial viability asjudged by postrevasculariza-
tion improvement in both tracer uptake and regional
function. Myocardial segments with normal or mildly
reduced tracer uptake at rest or on delayed imaging
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amost invariably prove to be viable. The majority of
myocardial segments in which there is unequivocal
improvement of uptake on either redistribution or resting
images prove to be viable. The more difficult challenge
for the single photon assessment of viability is in seg-
ments with severely reduced tracer uptake. Because of
the severely reduced uptake, simple visual assessment of
viability in such regionsis difficult at best.

17. Myocardial Viability: Semiquantitative Assess-
ment. The semiquantitative scoring system described
above may be used to assess viability as follows.
Segments with rest, reinjection, or redistribution scores of
0 (normal perfusion) or 1 (slight reduction in counts) are
considered viable. Segments with rest, redistribution, or
reinjection scores of 2 (moderately decreased perfusion)
are consistent with a combination of viable and nonviable
myocardium, and segments with scores of 3 and 4 are
generally nonviable. Segments with final scores of 4 must
be considered nonviable. Segments with final scores of 3
should be further characterized by use of a nitroglycerin
protocol or a different modality such as PET imaging or
low-dose dobutamine echocardiography.

18. Myocardial Viability: Quantitative Assess-
ment. An alternate and perhaps more rigorous approach
to the assessment of the viability of any segment is the
quantitative determination of ischemic to normal ratios.
ROI may be placed over the segment in question and over
the most normal segment of the myocardium in that partic-
ular series of images. The analysis should be applied to the
resting images for technetium images or to the resting,
redistribution, or reinjection images for thallium. Segments
with ratios less than 0.30 are considered nonvigble. Areas
with ratios greater than 0.50 are considered viable whereas
areas with ratios of 0.30 to 0.50 are equivocal for vigbility.
Asindicated above for the semiquantitative approach, such
regions require additional data such as wal motion of the
region, exercise perfusion in the region, the change in per-
fusion, or wall motion after nitroglycerin, the response of
regional function to low-dose dobutamine or myocardial
metabolic imaging with 18-fluorodeoxyglucose.

It is aso important to recognize that viability of a
given segment does not necessarily equate to improvement
in clinical outcome after revascularization unless there are
enough segments that are viable. The critical number of
segments necessary to justify revascularization strategies
has not been adequately studied. In fact, recent literature
suggests that “thallium viability” may overestimate recov-
ery of wall motion as judged by echocardiography.

19. Integration of Findings for Interpretation.
After segmental scoring or quantitative analysis is per-
formed, the interpreting physician should take into account
the correspondence of observed defects to standard coro-
nary artery anatomy, the reversibility of observed defects,
possible sources of artifact in the study, and whether the
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location of the defects are in locations with highly variable
count statistics (eg, the anterior, anteroseptal, and anterol at-
eral segments in women or the inferior segments in men).

Because not al studies can be unequivocally judged
to be normal or abnormal, it is recommended that the tra-
ditional 3-tier system (normal, equivocal, abnormal) be
replaced with a 5-category system: definitely normal,
probably normal, equivocal, probably abnormal, and def-
initely abnormal. The 5-category system decreases the
frequency of studies judged to be equivocal. It also
alowsfor ashift in the final interpretation after review of
the clinical data and stress test resullts.

20. Final Study Interpretation. Once the physician
has reached a preliminary unbiased interpretation on the
basis of the results of the image analysis, the clinicd data,
including the reason for the study, prior cardiovascular events
such as angina, myocardia infarction, percutaneous trand u-
minal coronary angioplasty, coronary artery bypass grafting,
congestive heart failure, or LV dysfunction, the presence of
hypertension and the administration of medications that
might influence the results should be reviewed. If astress or
pharmacologic study was performed, the pertinent results
should be reviewed. The physician may then modify the pre-
liminary interpretation on the basis of that review to arrive at
afina study interpretation. It is recommended that theinitial
interpretation only be changed by one category (within the 5-
category system) so that biasis not introduced.

Reporting of Planar Myocardial Perfusion
Scanning Results

21. Subject Information. The age, gender, height,
weight, and preferably body surface area should be
included in the report because they may directly affect
the image results and interpretation. For medical records
purposes, any identification number should be included.

22. Type of Study. Theimaging protocol should be
specified, including the radiopharmaceutical and dose,
imaging technique (planar), projections used, imaging
sequence (stress/4-hour redistribution, 1- or 2-day rest/
stress or stress/rest, and use of gating.

23. Indication for Study. Placing the indication for
the study in the report helps focus the interpreting physician
ontheclinical question raised by the ordering physician and
may be subsequently important for reimbursement issues.

24. Resting ECG Findings. Inclusion of ECG find-
ings that may have direct bearing on the study interpretation
should be included, such as the presence of LBBB or LVH.

25. Summary of Stress Data. The type of stress
(bicycle or treadmill) and the protocol should be identi-
fied (Bruce, Modified Bruce, Naughton, manual). For
pharmacologic stress, the agent, route of administration,
and maximum dose should be indicated. The reason for
stopping the test should be noted. All symptoms experi-
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enced by the patient during the stress (eg, chest pain, dys-
pnea, claudication, and dizziness) should be mentioned.

If a separate stress test report is generated, then the
stress variables that could impact on the perfusion study
quality or findings should be included in the perfusion
scan report. At a minimum that should include the total
exercise duration, maximal heart rate and percent of pre-
dicted maximum heart rate, blood pressure and maximal
workload achieved (estimated METS), and the magni-
tude (in millimeters) of any ST segment deviation.

If only one report is used for both the exercise or
pharmacol ogic study and the perfusion results, then more
detail about the stress test should be included such as
time of onset, duration and exact ECG leads with ST seg-
ment changes, the type of chest pain (typical, atypica,
non-anginal) and its severity (mild, moderate, severe),
and the presence of arrhythmia

26. Overall Study Quality. Including a statement
about the quality of the study is helpful for two reasons.
First, it alerts physicians using the report to any short-
comings that might reduce the accuracy of the data and
their interpretation. Second, it is useful as an inclusion/
exclusion criterion for subsequent acceptance of the
study for research or other statistical analyses.

27. Diagnosis and prognosis of CAD. The prob-
ability of CAD may be determined by use of available
algorithms that require the pretest likelihood of CAD as
determined by age, gender character of chest pain, certain
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risk factors, and the exercise ECG results. The perfusion
data may then be added to the model to produce a statis-
tical probability of CAD. A qualitative probability may
be reported on the basis of the same variables, particular-
ly the extent and severity of any perfusion abnormalities.
Markers of high risk such as increased lung uptake, tran-
sient LV dilation, multiple perfusion abnormalities, and
decreased systolic function should be used to estimate
the probability of a subsequent adverse outcome.

Although not widely available, some laboratories
have enough interna follow-up data to statistically pre-
dict subsequent outcomes. If such data are available,
incorporation of the probability of an adverse outcome in
the final report is highly desirable.

28. Final Interpretation. Results should be suc-
cinctly summarized to first address the clinical question
being asked, such as whether there is evidence of CAD.
The potential confounding effect of any image artifacts
or other quality concerns on the interpretation of the data
should be stressed in the summary.

The results of the perfusion study should be com-
pared with available prior study results and any diagnos-
tic changesin theinterim highlighted. If possible, an esti-
mate of the likelihood of CAD or a subsequent adverse
outcome should be provided. If additional diagnostic
clarification seems to be necessary, the physician may
recommend an alternative modality.

Planar myocardial perfusion imaging: Guideline for interpretation

See paragraph
for information

A. Display
1. Medium
a. Computer screen
b. Film hard copy
c. Gray scale
d. Color
2. Normalization
B. Technical sources of error
1. Attenuation
2. Non-cardiac activity
3. Myocardial statistics
4. Motion
C. Image analysis and interpretation
1. Ventricular dilation
a. Qualitative
b. Quantitative
2. Lung uptake
a. Qualitative
b. Quantitative
3. RV uptake

Preferred 1
Optional 1
Preferred 1
Optional 1
Standard 2
Standard 3
Standard 4
Standard 5
Standard 6
Standard 7
Optional 7
Standard 8
Preferred 8
Standard 9
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See paragraph
for information

4. Non-cardiopulmonary uptake
5. Myocardial segment analysis
a. Perfusion defect location
b. Defect severity and extent
i. Qualitative
ii. Semi-quantitative
iii. Quantitative
c. Defect reversibility
D. Myocardial viability
1. Qualitative
2. Semi-quantitative
3. Quantitative
E. Integration of findings
F. Final interpretation

Standard
Standard

Standard
Preferred
Optional
Standard

Standard
Optional
Preferred
Standard
Standard

10

11

12
13
14
15

16
17
18
19
20

Planar perfusion imaging: Guideline for reporting

See paragraph
or information

A. Subject information
1. Name
. Gender
Age
. Height/weight and/or BSA
. Date(s) of acquisition
. Medical record identifier
7. Relevant medications
B. Acquisition parameters
1. Type(s) of study
2. Radionuclide(s) and doses
C. Indication for study
D. Results: Exercise/intervention data
1. Resting ECG findings
2. Exercise intervention HR, BP, %MPHR, METS
3. Symptoms
4. Reason for terminating
5. ECG changes
E. Results: Perfusion scan data
1. Potential sources of error
a. Attenuation
b. Non-cardiac activity
¢. Myocardial statistics
d. Motion
2. Chamber sizes
3. Lung uptake
a. Qualitative
b. Quantitative

oA WN

26
26
26
26
27
26
26

27
27
28

29
30
30
30
30
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See paragraph
For information

4. Initial perfusion defect location
5. Initial defect severity and extent
a. Qualitative
b. Semi-quantitative
¢. Quantitative
6. Defect reversibility
7. Myocardial viability
a. Qualitative
b. Semi-quantitative
c. Quantitative
8. RV Uptake
9. Abnormal non-cardiac activity

F. Overall study quality
G. Conclusion

1. Normal/abnormal
2. Probability of CAD
3. Probability of adverse event
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12
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15

16
17
18
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26
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