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Abstract. There are some specifics in the presentation of coronary artery
disease (CAD) in women compared with men that may cause diagnostic pitfalls. The
accuracy of noninvasive diagnostic testing in women tends to be lower than that in men.
Stress myocardial perfusion imaging with *™-Tc sestamibi gated SPECT is an accurate
technique for detecting CAD. Only a few studies have compared dipyridamole stress
imaging according to gender.

The aim of the study was to compare the diagnostic value of dipyridamole
myocardial perfusion imaging with *™Tc sestamibi gated SPECT in detecting CAD
among patients of both sexes.

We studied 62 consecutive patients (38 men, 24 women) using **™-Tc sesta-
mibi gated SPECT and dipyridamole stress to detect CAD. All the patients also under-
went coronary angiography. Overall regional sensitivity was significantly lower in
women compared with men (71.4% vs. 92.7%, p = 0.039). There were no significant
differences for detecting CAD in individual coronary arteries, although regional
sensitivity in all three vascular territories was higher in men compared to women. The
lowest sensitivity in women was found in the LAD territory (66.6%). Overall regional
specificity in men and women was similar and did not reach statistical significance
(88.7% vs. 94.7%). Significantly lower specificity in men was found only in the RCA
territory (79.1%), compared with that in women (100%).
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Our results confirmed that there are certain gender differences in the diagnostic
performance of dipyridamole stress myocardial perfusion imaging with *™Tc sestamibi
gated SPECT which are assigned to the characteristics of the female population. However,
the diagnostic accuracy is also quite high in women, which makes this technique efficient
enough in detecting CAD among this population.
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Introduction

Coronary artery disease (CAD) continues to be a leading cause of death
among women [1]. It is well known that there are age differences at the time of
detection of the disease in women as opposed to men, also the clinical presen-
tation is different. Women have a higher frequency of angina/chest pain than
men; however, they have a lower prevalence of obstructive CAD compared with
men with similar symptoms [2].

Women with acute coronary syndromes are less likely to receive an
effective acute diagnostic approach and treatment than men [3]. They experi-
ence a significantly worse outcome compared with men with regard to progno-
sis after myocardial infarction or myocardial revascularization [4].

Bearing in mind all these facts and characteristics of CAD in women, it
is clear that choosing an appropriate, accurate and noninvasive diagnostic test
would be of great importance. The most widely used test today, the exercise
treadmill test (ETT), has limited diagnostic accuracy in detecting CAD in wo-
men. According to the CASS Study data, its sensitivity was 76%, and spe-
cificity only 64% [5].

Stress myocardial perfusion imaging (MPI) with radionuclides is an accu-
rate technique for detecting CAD. However, some authors have reported a lower
efficacy of the testing in women, compared with men [6]. Others have obtained
comparable results for both women and men [7]. Only a few studies have compared
the results of pharmacological stress with dipyridamole in these two groups [8].

Therefore, the aim of our study was to compare the diagnostic power of

m

myocardial perfusion imaging with “™Tc sestamibi in identifying coronary
artery stenosis in women, compared with men.

Methods
Study population

This prospective study involved 62 consecutive patients (38 men, 24
women) suspected of having CAD or with previously confirmed CAD, who
were referred for dipyridamole stress myocardial perfusion imaging between
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September 2000 and October 2002 at the Institute of Pathophysiology and
Nuclear Medicine, Medical Faculty, Skopje.

Dipyridamole as a pharmacological stressor was used in all patients
because they were unable to exercise for various reasons (e.g. poor condition,
older age, comorbidity).

A detailed questionnaire which included clinical, historical and vasodi-
lator stress data was filled in, with particular attention to the risk factors for CAD,
previous myocardial infarction (MI) and results of other relevant examinations.

At the end of the study all the patients underwent coronary angiography
within 3 months of myocardial perfusion imaging.

Dipyridamole myocardial perfusion protocol

A one day rest-stress protocol with **™-Tc sestamibi was performed in
all patients. They were instructed not to consume caffeine-containing products
for 24 hours before testing and nitrates and beta-blockers were discontinued 24 and
48 hours before testing, respectively. For the rest study 10—12mCi of the tracer was
injected intra-venously, in fasting conditions. Imaging started at least 1 hour later.

For the stress study dipyridamole infusion in doses of 0.56mg/kg per
body weight was given for 4 minutes. At peak vasodilator effect (3 minutes
after the end of the infusion), 25mCi of the tracer was injected. Two to three
minutes later patients were given aminophyllin as an antidote (125 to 250mg).
Readings of blood pressure and 12-lead electrocardiograms were recorded at 2-
minute intervals. Stress imaging started at least 1 hour after the application of
the radiopharmaceutical.

Single photon emission computerised tomography
(SPECT) acquisition protocol

Both studies, rest and stress, were acquired as tomographic ECG-synch-
ronised — gated SPECT studies with a rotating single-detector gamma camera
(SMV Vision DS-7). A low energy all-purpose (LEAP) collimator was used
with a step-and-shoot approach for 32 projections over a 180° noncircular orbit
around the patient’s body, beginning at 45° right anterior oblique projection and
ending at 45° left posterior oblique. Each projection lasted 25 seconds and
gating was done with 8 frames per cycle.

Image interpretation

Stress and rest images from the short-axis, horizontal long-axis and
vertical long-axis slices were compared by four experienced readers. Perfusion
defects were classified as fixed (defect in both studies), reversible (defect only
on stress images) and reverse (defect only on rest images).
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The left ventricle was divided into 17 segments (9). Each segment was
scored using a 5-point scoring system as following: 0-normal (80—100% tracer
uptake), 1-slightly reduced (65-80%), 2-moderate (50-65%), 3-severe (30—
50%) and 4-absent (0—30%). A summed stress score (SSS) was obtained by
means of adding the scores for the 17 segments of the stress images. A summed
rest score (SRS) was similarly obtained by means of adding the scores for the
17 segments of the rest images. The sum of the difference between the stress
and rest scores was defined as the summed difference score (SDS) or reversi-
bility score, an index of jeopardized myocardium.

The ejection fraction of the left ventricle was measured in both stress
and resting conditions with the MultiDim software package.

Correlation with coronary angiography

The severity of the stenosis was determined visually from the coronary
angiographic films by an experienced observer, blind to nuclear data. A luminal
narrowing of 70% or greater was considered significant. Abnormal vascular ter-
ritories identified by perfusion defects (reversible or fixed) were correlated with
stenosed coronary arteries.

Results

Patients characteristics

Characteristics of the 38 men and 24 women studied are shown in Table
1. The two groups did not differ significantly in age, presence of previous
myocardial infarction, number of risk factors, presence of left bundle-branch
block (LBBB) or in the sum difference score. The ejection fraction of the left
ventricle in resting conditions measured by gated SPECT tended to be lower in
men (47.3 % vs. 56.4%, p =0.053).

Compared with women, men had significantly more frequent coronary
artery disease detected by coronary angiography (68.4% vs. 37.5%), those who
had the disease were significantly younger (53.8 for men vs. 61.7 years for
women) and in men summed stress and rest scores were significantly higher
(all p < 0.05). Compared with men, women had significantly more frequent
atypical angina (67% vs. 37%, p <0.01).

Diagnostic power of the myocardial perfusion imaging

The results of detecting coronary artery disease in men and women with
dipyridamole stress myocardial perfusion imaging using **™-Tc sestamibi gated
SPECT are shown in Table 2 and Figure 1.
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Table 1-Tab6emna 1

Patients’ characteristics

Kapakitepuciuuku na tiayuenitiuitie

Variables men (n=38) women (n=24) p value
Age (y) 52,76 = 8,87 56,04 + 8,43 0.15
Atypical angina 14/38 (37%) 16/24 (67%) 0.004*
Previous MI 14/38 (37%) 6/24 (25%) 0.33
Risk factors 2+1,11 2,5+1,14 0.09
LBBB 9/38 (23,6%) 6/24 (25%) 0.906
CAD 26/38 (68,4%) 9/24 (37,5%) 0.016*
Age (in CAD+) 53,8+ 6,8 61,7+9 0.03*
EF% 47,32 £ 14,97 56,4 + 14,54 0.053
SSS 11,45+ 11,35 5,04+ 7,40 0.017*
SRS 7,6 £10,33 2,70 £5,89 0.039*
SDS 3,84+ 5,57 2,33 +£5,31 0.294

MI — myocardial infarction; LBBB — left bundle-branch block; CAD — coronary artery
disease verified with coronary angiography; EF — resting ejection fraction of the left
ventricle with gated SPECT; SSS — summed stress score; SRS — summed rest score;
SDS — summed difference score

Table 2 — Tabena 2

Regional diagnostic power of dipyridamole stress myocardial perfusion imaging (MPI)

with *"-Tc sestamibi gated SPECT according to the gender

Pezuonanna oujazrocitiuuka Mok Ha OUAUPUOAMOACKATIA CIUPEC MUOKAPOHA
depgysuja (MIT) co *"-Tec sestamibi gated SPECT ciioped iion06ailia ApuiiadHoC

| MPI || Gender |
| || male || female |
| [ LAD || LCx || RCA || an || LAD || LCx || RCA || an |
| 1P || 16717 || 8/10 || 14/14 || 38/41 || 4/6 || 3/4 || 3/4 || 10/14 |
| T~ || 16/19 || 2828 || 1924 || 63/71 || 15/17 || 19/20 || 20/20 || 54/57 |
| Fp || 3/19 || 028 || 524 || 871 || 2/17 || 120 || 020 || 3/57 |
I PN | a7 | 210 | o4 || 341 || 26 || 14 || 1/4 || 414 |
I

SN |1 94.1% || 80% || 100% |]92,7% || 66.6% || 75% || 75% || 71.4% |
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| sP  [[84.2% || 100% [] 79.1% || 88,7% || 88.2% || 94,7% || 100% || 94,7% |
| Accuracy || 88,9% || 94,7% |] 86,8% || 90,1% || 82,6% || 91.6% || 96% || 90% |
| ppv  |]84,2% || 100% || 73.7% || 82.6% || 66.6% || 75% || 100% || 77% |
| NPV |[94,1% |193.3% || 100% || 95.4% || 88.2% || 95% []95.2% || 93% |

TP — true positive; TN — true negative; FP — false positive; FN — false negative; SN —
sensitivity; SP — specificity; PPV — positive predictive value; NPV — negative predictive
value; LAD — left anterior descending coronary artery; LCx — left circumflex; RCA —
right coronary artery

Sensitivity Specificity

Omen
Ewomen

ot ¥
\,?‘ v Qg’
Sensitivity Specificity
LAD p=n.s. (0,08) LAD p=ns.
LCx p=ns. LCx p=ns.
RCA p=n.s. (0,053) RCA p=0,03*
All p=0,039*% All p=ns.

Figure 1 — Gender differences in detecting CAD with dipyridamole stress myocardial
perfusion imaging using **"-Tc sestamibi gated SPECT
in individual vascular territories

Cmuka 1 — Ioaosu pasauku o Oeitiexiiuparveitio Ha KAbB
CO OUNUPUOAMOACKATIA CHIpec MUOKapOHa tlepghy3uja kopuciiejiu
9m_Te sestamibi gated SPECT 3a fioeduneunuitie
B8ACKYAAPHU LepUuiiopuu
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Overall regional sensitivity was significantly lower in women compared
with men (71.4% vs. 92.7%, p = 0.039). There were no significant differences
in detecting CAD in individual coronary arteries, although regional sensitivity
in all three vascular territories was higher in men compared to women,
especially in the LAD and the RCA territory (p = 0.08 and 0.053 respectively).
However, the number of coronary arteries with stenosis in women was rather
small (6 for LAD, and 4 for LCx and RCA). The lowest sensitivity in women
was found in LAD territory (66.6%).

Overall regional specificity in men and women was similar and did not
reach statistical significance (88.7% for men vs. 94.7% for women). The lowest
specificity in men was found in the RCA territory (79.1%), and it was signifi-
cantly lower than that in women (100%). There were no significant differences
in specificity for the other two vascular territories (LAD and LCx). Women had
the lowest specificity in the LAD territory (88.2%).

Discussion

Diagnostic evaluation of women with suspected CAD continues to be a
major challenge because of many gender-specific issues. Some studies have
suggested that CAD was subdiagnosed and subtreated in women and that wo-
men with angina and chest discomfort were less often referred to diagnostic
tests and therapeutical interventions compared with men [10].

According to the data from the CASS Study women were 5-10 years
older, on average, at the time when CAD was diagnosed [5]. In our study, altho-
ugh on a smaller number of patients, this observation was confirmed. The mean
age of women with CAD was 61.7 years, and for men it was 53.8 years (p <
0.03). Women more often have atypical symptoms, a fact that many authors
have pointed out [11]. We found atypical angina in 67% of women compared
with 37% men. However, women have a lower prevalence of obstructive CAD
compared with men with similar symptoms [2]. CAD was present in 26/38 men
(68.4%) and in 9/24 women (37.5%) in our study, which was a significant
difference (p = 0.016).

Several meta-analyses have shown that the accuracy of a certain diag-
nostic test in women is lower than that found in men [12]. However, the results
from the few studies that have considered gender differences in the diagnostic
accuracy of the stress myocardial perfusion imaging are conflicting [6,7].

When we compared overall regional sensitivity in the two groups, we
found significantly lower values in women compared with men (71.4% vs.
92.7%). Generally, in all the three vascular territories (LAD, LCx and RCA),
women had lower sensitivity, but not significantly. Taillefer [13] analysed in a
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prospective study 115 women by using *’™-Tc sestamibi gated SPECT, and
found a sensitivity of 80.4% and a specificity of 92%. Santana-Boado [14]
reported a lower sensitivity of *”"Tc sestamibi SPECT in women compared with
men (85% vs. 93%, p = 0.01), whereas there was no significant difference for
specificity (91% vs. 89%). We also did not find any significant difference in
overall regional specificity (94.7% vs. 88.7%), but in the RCA territory men
had a significantly lower specificity (79.1% vs. 100%).

Several explanations for the results of our study could be proposed.
Most of the differences appear to be due to the generally smaller heart size in
women and therefore a relatively greater effect of imaging blurring, which
makes the detection of the perfusion defects difficult [6].

Particular test artifacts should also be taken into consideration. Breast
attenuation in women was suggested as one of the major limitations for correct
interpretation of the perfusion images. This could cause false-positive results in
the anterior wall, as well as false-negative results when a true perfusion defect is
misjudged as an artifact [15]. The use of gated SPECT in our study enabled
high specificity, but it is possible that some milder perfusion defects were
incorrectly classified as breast attenuation, resulting in a lower specificity in the
LAD territory in women.

The better specificity in women in the inferior wall (RCA territory)
could be explained with the lower incidence of diaphragmatic attenuation in this
group, a problem that is frequently encountered in men.

The study has certain limitations. The number of analysed coronary
arteries with significant stenosis among women was rather small. This could
have influenced the statistical data.

In conclusion, there are certain gender differences in the diagnostical
performance of dipyridamole stress myocardial perfusion imaging with *™-Tc
sestamibi gated SPECT, which are assigned to the specifities of the female po-
pulation. However, the diagnostic accuracy is high enough in women, which ma-
kes the use of this technique efficient in detecting CAD among this population.
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Peszume

MMOJOBU PA3JIUKU BO OTKPUBAILETO HA KOPOHAPHATA
APTEPMCKA BOJIECT CO TMITMPUIAMOJICKATA MUOKAPJTHA
NEP®Y3UJA KOPUCTEJKHU *™-T¢c SESTAMIBI GATED SPECT

Benjamun Majcropog', lannena ITon l'opuesa', Onusnja Backosa',
Mapuja Basaykuc %, Upena Ileogcka %, Jenena MakcumMoBHK *

! Uncituinyiu 3a daiiopusuonozuja u Hykaeaprna meouluna,
Meouyuncku garyaiueit, Crotije, P. Maxeooruja
2HHcmumyu7 3a cpyesu 3aboaysarba, Meouvyuncku garxyaitieid,
Crkoiije, P. MakeooHuja

ITocrojar cnenuguKky BO KIMHAYKATA CIIMKA Ha KOPOHApHATa apTeprcKa
6omnect (KAB) kaj xXeHuTe CIOPENEHO CO MaKNUTE, KOU CE TOBOJIHY fia TPEU3BH-
KaaT MOTEIIKOTHM BO OTKpUBaWmeTO Ha Oojecra. Op fpyra crpaHa, MO3HATO €
JleKa HeMHBA3UBHUTE AMjarHOCTHYKY TECTOBH Kaj KCHUTE UMaaT TCHCHIUja KOH
momalia TOYHOCT cropefeHo co Maxkurte. CTpec MuokapaHaTa nepdysuja co 99™-
Tc sestamibi gated SPECT e edukacHa meTosa 3a orkpuBambe Ha KAB. Camo man
6poj Ha CTyAuM I' KOMIIapupalie pe3yNTaTUTe Kaj MaleHTH Off BaTa moja Kora
KaKO CTpecop € KOPUCTEH AUNUPUAAMOIL.

Llen Ha HammaTa cryauja Gelrre jja ce CopeNiu AUjarHoCTHIKaTa BPETHOCT Ha
MUNIPUIAMOJICKATa CTPeC MUOKapiHa nepdy3noHa TomociuaTurpadguja co 99"-Te
sestamibi gated SPECT Bo oTkuBamweTo Ha KADB nomery nanpeHTuTe Off ABaTa 1ona.

Bea ucnenmenn 62 mocnemoBaTenHn namueHTn (38 Maxu, 24 KeHN) KOpH-
crejku 99™-Tc sestamibi gated SPECT u qunupuaMoIICKH CTPEC 3a Jla ce AeTEKTHpa
KAB. Cute nanueHTH Ha KpajoT of CTy[ujaTa MMaa HalpaBeHO U KOPOHApHA aHTHO-
rpacduja. OmiraTta pernoHajgIHa CEH3UTUBHOCT Oellle CUTHI(UKAHTHO TToMasa Kaj
skenute cropeneno co maxure (71,4% unacporu 92,7%, p = 0.039). Hemarue cur-
HU(pUKaHTHU pa3iuKku BO fAeTekTupamweTo Ha KAD Ha MHAuBUAyalHUTE KOPO-
HapHU apTepuy, MaKO CEH3UTUBHOCTA BO CUTE TPU BaCKyJIapHU TEPUTOPHUH Oellle
MOBUCOKA Kaj MaxkuTe. HajHUCKa CeH3UTHBHOCT Of 66,6 % Kaj xkeHuTe ce Jo0u 3a
BacKyjlapHaTa TEepUTOpUja Ha JieBaTa aHTEpPHOpHa [EeCLEHJEHTHa apTepuja
(JTIAH). OmmraTta permoHaitHa CieqU(UYHOCT Kaj [ABaTa moyia Oelle CINJYHA W
CTaTHCTUYKY He3HauajHa (88,7% HacnpoTu 94,7% ). EqMHCTBEHO CHTHU(PUKAHTHO
momMaina crnenuuIHOCT Kaj MakuTe Oele HajjieHa 3a BacKyJlapHaTa TepuTOopHja
Ha JiecHaTa KopoHapHa aprepnja (79,1%), cnopeneHo co Taa xaj xxerute (100% ).

Hammre pe3ynraTu noTBpAMja ieKa MOCTOjaT OfpPEHEeHH IMOJIOBO YCIO-
BEHM pa3fuKd BO MAMjaTHOCTMYKUTE MOKHOCTH Ha AWIUPHAAMOJICKATa CTpPeC
MuokapgHa nepdysuja co 99™-Tc sestamibi gated SPECT, kom MOKe Aa ce mpe-
MUIIAT Ha KapaKTepUCTUKUTE Ha XeHcKaTa nomynanuja. Cenak AujarHOCTHYKaTa
TOYHOCT ¥ Kaj >KEHWUTE € BUCOKa, LITO ja IpaBu IpUMeHaTa Ha OBaa TE€XHHUKa J10-
BOJIHA e(puKacHa Bo oTKpuBaweTo Ha KADB Kkaj oBaa nmomyinanyja.

Knyunu 360poBi: KOpoHapHa GOJIECT, IUjarHOCTUIKH BU3YETN3alMOH TEXHUKH,
MOJIOBU KapaKTEePUCTHKHY.
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