‘QHGiRal

Diagnostic etficacy of optimised
evaluation of planar MIBI myocardium
perfusion scintigraphy: a probabilistic

approach
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Abstract

BACKGROUND: The Bayesian (probabilistic) approach to the
resuils of a diagnostic test appears lo ba mora Informative than
an intarpretation of results in binary terms (having diseasa or
not). The aim of our study was the analysis,of the effect of an
oplimised evaluation of myoacardium perfusidn scintigrams on
the probability of CAD in individual patients, ~

METHODS: 197 patients {132 males and 65 females) suspect-
ed of CAD, with no history of myocardial infarction were exam-
ined., Scintigraphic images wera avaluated applying two meth-
ods of analysis: visual (semiquantitative) and quantitative, and
the combination of both. The sensilivity and spacificity of both
methods (and their combination) in the detection of CAD were
determined and optimal methods of scintigram evaluation, sep-
arately for males and females, were selecled, Alf patients ware
subjected 1o coronary angiography.

The pre-test probability of CAD was assessed according to Dia-
maond (1) and the post-test probability was evaluated In accor-
dance with Bayes's theorsm. Patients were divided, according
to a pre-tast probability of CAD, into 3 groups: with low, medi-
um and high probability of the diseasa. The same subdivision
was made in relation to past-test probability of CAD. The num-
bers of patients in respective subgroups, belore and after the
test, wera compared. Moreover, in order to test the rellability of
posl-test probability, its values were compared with real per-
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centages of CAD occurrence among the patients under study,
as demonstratsd by the angiography.

RESULTS: The combination of visual and quantitative methods
was accepted as the optimal method of male scintigram evalu-
ation {with sensilivity and specificity equalling 95% and 82%,
reapectively) and a sole quantitative analysis as the optimal
method of female scintigram evaluation (sensitivity and speci-
ficity amounted to 81% and 84%, respectively). In the subgroup
of males the percentage of individuals with medium pre-test
CAD probability equalled 52 and after the scintigraphic study it
decreased to 21 (p < 0.0001). In the subgroup of females it
changed from €0 to 43 {p = 0.05). The verification of the values
of post-test probability revealed its high concordance with the
real frequencies of CAD, with correlation coefficient being 0.98
and the regression line differing only slightly from the line of
identity.

CONCLUSIONS: The results confirm the high reliability of the
values of post-scintigraphic probability of CAD obtained in this
way, and support the Bayesian, probabillstic interpretation of the
study outcome and its applicalion in the diagnastic process.
Key words: coronary arlery diseass, probabliity of CAD,
Bayes's theoram, probabilistic approach, ™ Tc-MIBI, planar
myocardium perfusion scintigraphy, sex differences

introduction

The sensitivity and specificity of a diagnostic test are consid-
ered the most imponant incfices of its efficacy. Knowledge of these
indices. however, does not secwe a proper evaluation of the di-
agnostic uselulness of a test. According to Bayes's thearem, the
efficacy of a test, whose sensitivity and specificily are below 100%.,
depends also on the probability of disease in the population be-
ing studied. A direct epplication of Bayes's theorem to individual
patients is also possible, provided one can assess the pre-lest
probability of a disease and the sensilivity and specificity of a test
are also known.
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The pre-test probability of cororary artery disease (CAD) is
refated to multiple clinical variables such as sex, age, chest pain
characterislics and the result of an electrocardiographic test (po-
sition of the ST wave). These probabilities were desclibed by Dia-
mand and Foresterin a series of 60 000 patianis and their results
may be appiied to patients suspected of having CAD (1, 2).

The aim of our study was the practical application of Bayes's
theorem lo individual patients, especially the analysis of the effect
of an oplimised evaluation of myocardial perfusion scintigram on
the probability of CAD.,

Material and Methods

One hundred and ninety seven palients {132 males and 65
females} suspecied of having CAD, with no history of myocardial
infarction, were examined. All palients were subjected to coro-
nary angiography. no later than 3 months after scintigraphic study.
The degree of coranary artery stenosis was expressed as a per-
centage of the normal cross-section of the coranary artery. Steno-
sis exceeding 70% was accepted as critical, In 85 patients (84
males and 21 females) CAD was diagnosed, based on the detec-
lion of crilical stenosis of at teast ane of the three main coronary
arleriesin angiography. In 112 palients (68 males and 44 females)
critical stenoses of coronary arteries were not detected.

In &t patients planar *nTc-MiIBI slress and rest myocardial
perfusion scinfigraphies were performed, the studies being sepa-
rated by at least 24 h. The siress test was performed in a standard
way, a Iracer being injected during a strass test on an ergometric
bicycle. An aciivity of 740 MBq was applied to both studies. An
acquisition was performed with a DD camera by Picker coupled
lo a Siemens MaxDelta processing system, in 3 typical projec-
tions: anterior, LAO 452 and LAQ 70°. .

Scintigraphic images were evaluated applying two methads
of analysis: visual (semiquantitative) and gliantitative.

The visual (semiquantitative) method of analysis was based
on the visual inspection of tracer uplake in segments assigned to
3 regions of the left ventricle: septum and anterolateral wall, pos-
terolateral wall and inferior wall. The uplake was scored accord-
ing 1o a three-grade system: 0 = normal uptake, 1 = modarately
reduced and 2 = severely impaired uptake. For scintigraphic de-
teclion of CAD an oplimised, semiquantitative criterion of ragional
perfusion reduction, worked out earlier (3), was applied

A quantitative analysis of scintigrams.' presented in earlier
publications (3, 4), was based on a transformation of myocardial
uptake of the tracer inlo circumferential profiles, subjected later to
normative evaluation, i.e. compared with Ihe profiles of normal
patients with no CAD, Multivariate and discriminant analyses were
then applied 1o the obtained quantitative measures of perfusion
impairment, resulting in an optimised, quantitative criterion of CAD
detection.

In subgroups of males and females, sensitivilies ant spacific-
iies of visual and quantilative methods of scintigraphic detection
of CAD were determined, as wefl as indices of the diagnostic effi-
cacy of the combination of both methods (a resull was consid-
ered posilive in the case of a posilive outcome of at least one of
the methods of scintigram evaluation).

Probabllistic Bayes’s theorem

According to Bayes's theorem, the post-test probability of a
disease is a function of ils pre-test probability, and the sensitivity
and specificity of Ihe detection of the disease by a test. Under the
assumption of the independence of test results from the clinical
(pre-tesi} data, post-last prababiity can be calculated according
to the lollowing formuta (5):

posl odds = prior odds * Likelihcod ratio (LR)

where odds = probability/{1-probability)

LR = sensilivity/(1-specificily) in the case of a positive test result
= (1-sensitivityV/specificity in tha case of a negative les result,

Pra-test probability of CAD was determined making use of la-
bles created by Diamond and Formester (1), laking into account
the patient's age, sex, chest pain characteristics, and the result of
the electrocardiographic stress test {pasition of the ST wave). Posl-
test probabilily of CAD was calculated according to the formula
presented above.

Inthe next step, patients were divided, according to a pre-lest
probability of CAD, into 3 groups: with low [less than 10 per cent},
medium (between 10 and 80 per cant), and high {abave 80 per
cenl) probability of the disease. The same subdivision was made
in relation to post-lest probability of CAD. Numbers of patients in
respective subgroups, before and after the test, were comparad.

Moreaver, in order to test the reliability of the post-test proba-
bility, its values were compared with the real percentages of CAD
occurrenca among the patients under study. Accordingly, the whole
probability range was subdivided into 5 subranges: £ < 20%, 20%
< P 540%, 40% < P < 80%, 60% < P < 80%, and P > B0%. In
every subvange the mean probability of CAD for patients faliing
into this subdiviston was calculated and this value was compared
with the reat frequency of CAD emong these patients (percentage
of coronarographically positive patients).

Resultls

The visual method delected 56 of 64 males with CAD (sensi-
tivity — 88%) and 18 ol 21 females {sensilivity = B6%). The spec-
ificity of the method amounted lo 82% (SB/68) in the subgroup of
males and 59% {26/44) in the subgroup of females. Application of
the quaniitative method resulled in detection of CAD in 55 males
{86%) and 17 females (81%). Its specificity equalled B7% (59/68)
and B4% (37/44), respectively.

Acombination of both methods resulied in a sensitivity of 95%
{61/84) and a specificity of 82% (56/68) in Ihe subgroup of males,
whereas in tha subgroup of females sensitivity of 95% (20/21) and
specificity of 54% {24/44) were attained. Taking these results inlo
consideration the authors decided to accept a combination of bath
melhods as the oplimal method of mala scintigram evaluation
and a sole quantitative analysis as the optimal method of female
scintigram evalualion. The combination of visual and quaniitative
analysis for male scintigrams secured a higher sensitivity (0 <
0.05) than the optimal (quanlitalive} method for female scintigram
analysis, with no significant differences between the specilicities
of both methods.
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Figure 1. Diagnostic efficacy of visual, quantitative, and the comibination
of both methods ol scinigram evaiuation n ihe detection ot CAD in
males and femaias.

The numbers of males and females in the three subranges
{below 10%, between 10% and 80% and above 80%) of pre-test
and post-lest probabiities are presented in Fig. 2. In the subgroup
of males the percentage of individuals with redium pre-test CAD
probability equatied 52 and after the scintigraphic §tudy it decreased
to21 (@ < 0.0001) and in the subgroup of females it changed from
€010 43 (p =0.05). Although the ditference between tha percent-
ages of male and jemale patients in pre-test medium probability
was non-significant (52% v 60%, p = 0,26}, alter lhe scintigraphic
study a significantly smaller part of males remained within this sub-
range of probability (21% vs 43%, p < 0.01).

Figure 3. presents the results of a comparison of the mean
post-scintigraphic-study probabililies of CAD, in five subranges,
in all patients {males and females pocled together), with real re-
quencies of CAD occurrence among these patients. The carrela-
tion coefficient for these two variables equalied 0.98.

in most published studies, the outcome of the test is reported
in the ‘classical’ way in terms of sensilivity, specificity and predic-
five accuracy. Although this approach provides impoxtant informa-
tion onihe diagnostic qualily of the test, one should remember that
the sensitivily and specificty of any diagnostic lest rely, among oth-
er factors, on the characteristics of the study population. It appears
mare informative: 10 express the resulls of the test in probabilistic
(Bayesian) rather than binary (6, 7 terms {(having disease or not).

in our material 41 of 107 patiens with medium pre-test prob-
ability (Fig. 2) were shiled. as a consequence of the negative
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Figure 2. Numbers ol males and femalas (percentagas in brackets) in

three ranges of probability of CAD- low, medium and high, belore and af-

for the myocardium parfusion scintigraphy.

Carreiation coefficient r=0.98 {p=0.005)
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Figure 3. Frequencies of CAD v. mean post-scintigraphic-study probabil-
ities (p) of CADin Ssubranges p £ 20%, 0% < p s 40%, 40% < p s
60%. 60% < p = 80%, p > 80%.

result of the perfusion study, to the low post-test probability range,
and 26 patients were displacad to the high probability range. How-
ever, in 16 individuals with a high pre-test probability of CAD the
negative outcoma of the lest decreased the probability and shift-
ed them ta the medium probability range. but apparently, it could
not be a sufficient reason for exclusion of CAD in these palients.
Some patients with low pre-test probability of CAD also happenad
to respond posilively to the scintigraphic test. Two patients were
disptaced from the low to the medium probability range as a re-
sult of this positive response. These examples peint to some diffi-
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Figure 4. Schematic representation of the elfect on posi-test probability of two dilferent diagnostic proceduwres (iest A and B} with difterenl diagnostic
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cullies in the interpretation of Ihe tesl oulcoms in the Bayesian
approach, but these prablems are due 1o taking inlo account more
information about a patient and reflect the more complex nature
of & proper diagnostic process than a simple interpretation of a
lest result in binary terms (having disease or not). These exam-
ples also justify the statement that a group of patients that can
benefit most from this kind of study are patients with medium prob-
ability of CAD. A positive result of lhe study causes theincrease of
CAD probability 1o high range and:a negativa resull decreases il
1o low range, provided the lest is highly discriminant, i.e. the valua
of the ‘tikefihood rafio’ is high enough in the case of a positive
response {0 the test and low enough when tha result of the test is
negative. The effect of test discriminant power on its diagnostic
efficacy (6) is presented in Fig. 4, where the changes of probabil-
ity of the disease aller two tests ere as follows: with low accuracy
(sensiiivity and specificity equal 60%) and a more accurate one
(sensilivity and specificity equal 80%). Application of the first tast
in a patient with medium pre-test probability (55%) would not
change the probability significantly (it would increase to aboul 65%
in the case of a positive 1est result and decrease to about 40% if
the result was negalive). But il, in the same palient, a more accu-
rate lest was performed, he would benefit more, both in the case
ol the posilive test result (the probability of disease would increase
to B0%) as well as when the result was negalive ( a decreasa of
probability to about 20%). However, it should b emphasised, that
to apply Bayesian analysis, the dependency of lest results on clin-

ical variables (information about the patient) must be excluded.

in the case of our test ils lower sensitivity in females than in
males resulted in a lower discriminant power of the test in female
patients (espacially, when the result of the test was negalive).
That was probably the reason for a grealer part of females than
males rematning in medium post-test probability tange. The high-
er sensilivity of the study for males was reached owing lo the
application of the combination of two methods, visual and quan-
titative for the evaluation of scintigrams. In the case of male pa-
tients, the application of the quantitative assessment of scinli-
grams made a delection of CAD possible in § more patients (an
increase of sensitivity lrom 88% to 85%) without a decreass of
specificity. In the case of iemale palients, tha reason for rejec-
tien of the visual method was its low specificity (58%} and thus
the only method that remained at our disposal was tha quantita-
tive analysis of scintigrams. The sensitivity of this method, al-
though high (81%), remained significantly iower than the sensi-
tivity of the combination of the two methods applied in male pa-
tients (4).

The Yerification of the values of post-test probabilily, in the
form of the real frequencies ol CAD occurrence in five subranges
of probability, revealed a high concordance of these variables,
with the correlation coefficient being as high as 0.98 and the re-
gression line differing only slightly from the fina of identity. These
results confirm the high reliability of the values of post-scintigraphic
probability of CAD obtained in this way, and support the Baye-
sian, probshilistic interpretation of the study oulcome and its ap-
plication in the ciagnoslic process.
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