
ÖZET
Amaç: Bu çalışmada Miyokard perfüzyon sintigrafisinde (MPS) iskemi saptanması sonucu Koroner anjiografi 
(KAG) yapılan hastalarda;  KAG sonucuna göre invaziv müdahale gerektiren lezyon saptanan hastalarla invaziv 
müdahale gerektiren lezyon saptanmayan hastaların özelliklerinin karşılaştırılması ve MPS de anlamlı iskemisi 
olan hastalarda;  KAG sonucuna gore müdahale gerektiren lezyon saptanmasını öngördüren (predikte eden) 
faktörlerin belirlenmesi amaçlandı. 
Gereç ve Yöntemler: Çalışmaya Ocak 2013-Ocak 2015 tarihleri arasında MPS çekilen ve MPS de iskemi saptanıp  
KAG yapılan 616 hasta dahil edildi. Hastalar KAG sonuçlarına invaziv müdahale gerektiren koroner arter lezyonu 
saptananlar (Grup I) ve saptanmayanlar (Grup II) olarak iki gruba ayrıldı.  
Bulgular: Hastaların ortalama yaşı 66±10 olup %33 ü kadın , % 67 si erkekti. Tüm parametreler;  KAG’da müda-
hale gerektiren lezyon saptanması ile ilişkili olan parametrelerin belirlenmesi amaçlı tek değişkenli regresyon 
analizine dahil edildi. Tek değişkenli analizde;  erkek cinsiyet, yaş, EF, orta-ciddi mitral regurjitasyon bulunması, 
Hemoglobin, keratin değerleri ve platelet sayısı KAG da müdahale gerektiren lezyon saptanması ile ilişkili bulu-
nurken çok değişkenli analizde ise sadece erkek cinsiyet,  yaş,  EF ve hemoglobin  ilişkili kaldı.  
Sonuç: Çalışmamızda MPS de iskemisi olan hastalarda ; erkek cinsiyet, daha genç yaş, daha yüksek EF ve he-
moglobinin diğer faktörlerden bağımsız olarak KAG da müdahale gerektiren lezyon saptanması ile ilişkili olduğu 
gösterildi.
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ABSTRACT
Aim: This study aimed to compare the characteristics of patients with lesions requiring invasive intervention 
and patients with lesions that did not require invasive intervention according to the results of coronary angi-
ography (CAG), which was conducted on these patients due to detected ischemia in the myocardial perfusion 
scintigraphy (MPS),and todetermine the predictive factors to detect lesions that require intervention according 
to the CAG results in patients who had significant ischemia in MPS. 
Materials and methods: This study included 616 patients who received CAG after detecting ischemia in MPS 
between January 2013 and January 2015. The patients were divided into two groups according to CAG results 
as patients with coronary artery lesions that require invasive intervention (Group I) and patients with coronary 
artery lesions that did not require invasive intervention (Group II). 
Results: The average age of patients was 66±10 and 33% of patients were female and 67% were male. All 
parameters were included into univariate regression analysis in order to determine the parameters related 
to detecting lesions requiring intervention in CAG. In the univariate analysis, male gender, age, EF, moderate-
to-severe MR, hemoglobin, creatinine levels, and platelet counts were related to detecting lesions requiring 
intervention in CAG. On the other hand, in the multivariate analysis, only male gender, age, EF,and hemoglobin 
level were found to be related.  
Conclusion: This study showed that male gender, younger age, higher EF, and hemoglobin values are related 
with detecting lesions requiring intervention in CAG independent from other factors in patients with ischemia 
in MPS.
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INTRODUCTION

Cardiovascular diseases are among the most common 
causes of death worldwide, and coronary artery dise-
ase (CAD) prevalence is increasing around the world 
(1). As angina in CAD, due toan imbalance of oxygen 
need-presentation in the myocardium is a subjective 
symptom that is described differently between pati-
ents, the clinical diagnosis becomes difficult. Although 
the gold standard diagnostic method in this patient gro-
up is coronary angiography (CAG), the support of pre-
diagnosis based on clinical findings with non-invasive 
objectivecoronary ischemia tests is becoming increa-
singly important (2).

Myocardial perfusion scintigraphy (MPS) is used with 
increasing frequency by clinicians, which contributes to 
diagnosis and risk classification by evaluating myocardi-
al perfusion in CAD and facilitates clinical management 
(3). Furthermore, theratio of MPS application before 
CAG , which is an invasive method, increases in pati-
ents with CAD suspicion due toan increasing number of 
studies about the necessity of proving ischemia before 
revascularization in CAD andthe increased number of 
recommendations about this subject in updated cardi-
ology treatment guidelines.

Although findings consistent with ischemia leading 
to myocardial perfusion abnormalities were found in 
some patients using MPS in daily practice, no detectab-
le lesions that require intervention were found in the 
coronary artery of these patients when CAG was appli-
ed after scintigraphy. This study aimed to compare the 
characteristics of patients with lesions requiring invasi-
ve intervention and patients with lesions that did not 
require invasive intervention according to the results 
of CAG, which was conducted in these patients due to 
detected ischemia in MPS, which was conducted with 
stable angina pectoris diagnosis, and to determine the 
predictive factors to detect lesions that require inter-
vention according to CAG results in patients who had 
significant ischemia in MPS.

MATERIALS AND METHODS

This study was a retrospective cohort study, including 

616 patients, who did not have previous known CAD 
and applied to the Sivas Numune Hospital Cardiology 
Clinic with chest pain between January 2013 and Janu-
ary 2015; they received CAG after ischemia was detec-
ted in MPS, which was done with a stable angina pecto-
ris diagnosis. Patients in whom ischemia was detected 
in MPS, but CAG was not applied after MPS, and pati-
ents whose MPS or CAG results could not be accessed, 
were excluded.Information about patients’ age, gender, 
hypertension (HT), diabetes mellitus (DM), smoking 
history, drug use before MPS, echocardiography results 
within a month before MPS, and laboratory parameters 
were collected from the hospital automation system.
The required permissions related to the study were ob-
tained from the hospital ethics committee.
 
CAG was conducted within ten days after detecting isc-
hemia in MPS. Patients were divided into two groups 
according to CAG results as patients with coronary ar-
tery lesions that require invasive intervention (Group I, 
n=402) and patients with coronary artery lesions that 
did not require invasive intervention (Group II, n=214). 
All clinical features, scintigraphy, echocardiography, la-
boratory parameters, and medication histories of Gro-
up I and Group II were compared.
 
Stable angina pectoris was identified as temporary 
discomfort in the chest due to reversible imbalance at-
tacks of myocardial needs/presentation,which could be 
recurrent and triggered by exercise, and emotional or 
other types of stress, and was related to ischemia and 
hypoxia (4). Intervention in the coronary artery lesion 
was defined as a lesion for which percutaneous coro-
nary intervention or bypass surgery were planned by a 
cardiologist. HT was defined as at least two blood pres-
sure measurements over 140/90 mmHg orreceiving an-
ti-hypertensive treatment. DM was defined as fasting 
blood sugar over or equal to 126 mg/dl orreceiving an-
tidiabetic treatment.
 
In accordance with the recommendations of the Turkey 
Working Group on Nuclear Association, one day of rest 
and exercise or dipyridamole stress Tc-99m MIBI pro-
tocol was given to MPS patients. Before stress studies, 
the patients fasted for at least four hours.If there were 
no medical contraindications, calcium channel blockers 
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and beta-blocker drugs were stopped 48 hours before 
diagnostic studies,because they can affect heart rate 
and blood pressure in response to exercise.Tc-99m 
sestamibi was injected intravenously to patients for 
imaging during stress at a dose of 8-10 mCi and ima-
ging during rest at a dose of 22-25 mCi. The exercise 
test was performed according to the modified Bruce 
protocol. Target heart rate was (220 – Age) x 0.85. The 
exercise test was stopped and the patient was consi-
dered to reachmaximum effort when dyspnea, faint-
ness, syncope, chest pain, ventricular tachycardia, at-
rial tachycardia or fibrillation, second or third degree 
AV block development, ST-segment depression or ST 
segment elevation more than 2mm, or a decrease in 
systolic blood pressure (10 mmHg and more decrea-
se compared to baseline) were observed, with systo-
lic blood pressure measurement over 240 mmHg and 
diastolic blood pressure over 120 mmHg. When the 
patient reached at least 85% of maximum heart rate, 
i.v. Tc-99m sestamibi injection was administered, and 
the exercise test continued for one minute. For the 
patients who were not suitable for effort test with a 
treadmill, dipyridamole i.v. was injected at a dose of 
0.14 mg/kg/minute x 4 minutes, and then the Tc-99m 
sestamibi injection was made. Patients were taken to 
imaging 30 minutes after the end of the exercise test/
dipyridamole injection. After three hours, three more 
doses of Tc-99m sestamibi were administered during 
the resting phase, when compared with stress phase, 
and imaging was made after 45–60 minutes. A Siemens 
Symbia S gama camera was used for imaging in the su-
pine position with LEHR (low energy high resolution) 
collimator,64 frame, 64*64 matrix, with 25 second/
frame in the stress images and 20 second/frame in the 
resting images (5).

Echocardiographic examinations were performed by 
experienced echocardiographers via Vivid 7 system (GE 
Medical System) with 2.5–5 MHz probes. Digital re-
cords of echocardiographic examinations were evalua-
ted offline. LVEF was calculated by the Modified Simp-
son method. Valvular regurgitations were graded into 
two categories (moderate to severe or not moderate 
to severe) via a combination of color flow jet Doppler 
signal intensity, vena contracta width according to gui-
deline recommendations (6).

Statistical analysis
The variables were investigated using the one-sample 
Kolmogorov-Smirnov test to determine whether or not 
they were normally distributed. Continuous variables 
were expressed as mean ± SD or median (min-max) in 
the presence of non-normal distribution, and catego-
rical variables as percentages. Comparisons between 
the patient groups were made using a χ2 test for ca-
tegorical variables, an independent-samples student’s 
t-test for normally distributed continuous variables, 
and the Mann-Whitney U-test when the distribution 
was skewed.  A p value of 0.05 was considered statisti-
cally significant.   
 
A univariate logistic regression analysis was applied in 
order to determine the factors related to the detection 
oflesions that require intervention in CAG in patients 
who had ischemia in MPS. In order to determine in-
dependent predictors for detecting lesions that require 
intervention in CAG, parameters with a p value under 
0.100 in the univariate analysis were included in the 
multivariate logistic regression analysis. All statistical 
procedures were performed using SPSS software ver-
sion 17.0 (SPSS Inc., Chicago, IL).
 
RESULTS

The average age of patients was 66±10 years; 33% of 
patients were female and 67% were male. The male 
patient ratio in Group I was higher  and patient with 
moderate to severe mitral regurgitation (MR) ratio in 
Group I lower than in Group II (71% vs 58%, p=0.002; 
5% vs 11%, 0.043,respectively). The average age and 
median creatinine values of patients in Group Iwere 
lower than that of Group II (65±15 vs 68±10, p<0.001; 
0.9 vs 1.0, p=0.041, respectively). On the other hand, 
average EF and hemoglobin values were higher in Gro-
up I when compared with Group II (56±8 vs 51±10, 
p<0.001; 14.0±1.8 vs 13.4±2.0, p<0.001, respectively). 
All other clinical, echocardiographic, scintigraphic fea-
tures, laboratory results, and medication histories of 
Group I and Group II were similar and they were given 
in Table 1.
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Patients in whom lesions were 
detected that require interven-

tion in CAG (n=402)

Patients in whom lesions were 
not detected that require 

intervention in CAG (n=214)
p

Baseline Characteristics

Age (year) 65±10 68±10 <0.001

Male gender (%) 285 (71%) 125 (58%) 0.002

Hypertension (%) (n=610) 220 (55%) 121 (58%) 0.536

DiabetesMellitus (%) (n=611) 98 (25%) 52 (25%) 0.993

Smoking (%) (n=602) 376 (95%) 193 (94%) 0.921

Scintigraphic Findings

Localization of ischemia on 
scintigraphy (%)

Anterior 98 (25%) 47 (22%) 0.409

Inferior 73 (18%) 48 (22%) 0.189

Lateral 11 (3%) 10 (5%) 0.296

Anterolateral 29 (7%) 9 (4%) 0.145

Anterolateral+apex 6 (1%) 1 (1%) 0.200

Anteroseptal 44 (11%) 25 (12%) 0.759

Inferobazal 3 (1%) 1 (1%) 1.000

Inferoseptal 9 (2%) 6 (3%) 0.863

Inferolateral 62 (15%) 34 (16%) 0.851

Inferior+apex 9 (2%) 7 (3%) 0.606

Anterior+inferior 49 (12%) 22 (10%) 0.499

All of themyocardialwalls 9 (2%) 4 (2%) 1.000

METS value in  scintigraphythatwasreachedduringexercise 9.2±2.0 9.3±1.9 0.651

Stresswithdipyridamole (%) 97 (24%) 57 (27%) 0.494

Echocardiographic Findings

EjectionFraction (%) 56±8 51±10 <0.001

Moderate-severe mitral regurgitation (%) (n=503) 17 (5%) 19 (11%) 0.043

Moderate-severe tricuspitregurgitation. (%) (n=495) 7 (2%) 5 (3%) 0.760

Moderate-severe aorticregurgitation. (%) (n=492) 43 (13%) 25 (15%) 0.783

Laboratory Findings

WBC (10^3/uL) 8.3±2.2 8.2±2.1 0.653

Hemoglobin (g/dl) 14.0±1.8 13.4±2.0 <0.001

Platelet  (10^3/uL) 254±87 243±67 0.093

Redcelldistrubutionwidth(%) 14.4±1.7 14.2±1.8 0.184

Meanplateletvolume(fL) 8.5±1.0 8.5±1.0 0.639

Glucose (mg/dl) 108 (52-603) 111 (59-603) 0.309

BUN (mg/dl) 16 (6-58) 16 (8-55) 0.529

Creatinine (mg/dl) 0.9 (0.4-2.6) 1.0 (0.4-2.8) 0.041

Uricacid  (mg/dl) 5.6±1.4 5.4±1.3 0.389

AST (U/L) 17 (8-203) 17 (7-183) 0.954

ALT (U/L) 17 (7-133) 17 (6-133) 0.787

Albumin (g/dl) 4.1±0.4 4.2±0.4 0.223

Calcium (mg/dl) 9.4 ±0.5 9.4±0.9 0.321

Potassium (mmol/L) 4.5±0.5 4.5±0.5 0.443

C reactive protein (mg/L) 0.35 (0-9.3) 0.42 (0-28.0) 0.157

Total  cholesterol(mg/dl) 175±46 176±50 0.922

Triglyserid  (mg/dl) 145 (14-919) 150 (38-797) 0.997

LDL   cholesterol (mg/dl) 117±38 119±44 0.675

HDL  cholesterol (mg/dl) 43±11 44±12 0.917

Medications (n=603)

Acetylsalicylicacid  (%) 116 (29%) 64 (30%) 0.818

Beta blocker (%) 123 (32%) 76 (36%) 0.274

ACEI/ARB (% 193 (49%) 103 (49%) 0.809

Statin (%) 122 (31%) 64 (30%) 0.797
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In order to determine factors related to detecting le-
sions that require intervention during CAG in patients 
to whom ischemia was detected atMPS, a univariate 
analysis was conducted for all parameters in Table 1. 
Among these parameters, only male gender, age, EF, 
moderate-to-severe MR, hemoglobin, creatinine le-
vels, and platelet count were related to detecting 
lesions that require intervention in CAG (Table 2). 
When significant parameters in the univariate analysis 
(p<0.100) were included in the multivariate regression 
analysis, male gender , age , EF  and  Hb were related 
to detecting lesions that require intervention in CAG, 
independent from all other variables (Table 2)

DISCUSSION

In the current study, thefactors that can be related to 
detecting lesions that require intervention in CAG of 
patients who had ischemia in MPS were evaluated for 
the first time in the literature. Male gender, younger 
age, higher EF,and higherhemoglobinwere shown as in-
dependent predictors for detecting lesions that require 
intervention in CAG.

Previous studies have demonstrated that MPS have di-
agnostic and prognostic importance for evaluating CAD 

(7,8). MPS sensitivity in exercise stress varies between 
73-92% and specificity between 63-87%. On the other 
hand, MPS sensitivity in vasodilator-mediated stress va-
ries between 90-91% and specificity between 75-84% 
(9-12).Althoughleft ventricular ejection fraction (EF), 
which is evaluated with echocardiography and wall 
motion defects are also valuable in the diagnostic eva-
luation of CAD, myocardial ischemia in patients might 
not always cause segmental wall motion abnormalities 
and might not reflect on EF values in echocardiograp-
hic measurements (13). Both sensitivity and specificity 
of stress echocardiography is lower than MPS (9). Ad-
ditionally, it is not preferred in our country by cardiolo-
gists due to the long duration of the procedure.

As is known,coronary arteries are displayed in CAG and 
only the stenosis rate of the coronary artery is assessed 
and it is not possible to know whatever this stenosis 
may cause ischemia in the myocardium or not. Occasi-
onally a lesion can be assessed to cause 70-75% steno-
sis in CAG and when MPS is conducted, it can be seen 
that this lesion did not cause ischemia in that region of 
the myocardium. However,the opposite can also occur, 
and significant stenosis might not be seen during CAG 
in patient with ischemia detected in MPS.  

Univari-
ate

Multivari-
ate

Variable P OR (95%CI) P OR (95%CI)

Age (years) <0.001 0.969 0.952-0.986 0.032 0.976 0.955-0.998

EjectionFraction (%) <0.001 1.069 1.045-1.094 <0.001 1.069 1.044-1.095

Hemoglobin (gr/dl) <0.001 1.179 1.077-1.290 0.008 1.162 1.039-1.298

Male gender (%) 0.002 1.734 1.226-2.453 0.039 1.576 1.024-2.427

Moderate-severe 
mitral regurgitation 
(%)

0.030 0.471 0.238-0.931

Creatinine (mg/dl) 0.033 0.546 0.313-0.953

Plateletcount 0.095 1.002 1.000-1.004

Table 2: Univariate and multivariate logistic regression analyses for predicting  lesions 
that require intervention

All the variables fromTable 1 were examined and only those significant at P < 0.100 are 
shown in univarite analysis. Multivariate logistic regression including all the variables in 
univariate analysis with backward LR method.   CI:Confidence interval; OR:Odds ratio.
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In recent years, the importance of ischemic evidence 
based revascularization began to be highlighted in cur-
rent cardiology treatment guidelines. In the treatment 
guidelines of myocardial revascularization and stable 
CAD, which were published by the European Society 
of Cardiology, stress echocardiography, MPS, or stress 
MRI imaging are recommended before CAG for the 
moderate risk group (14), whose pre-test probability 
of disease was between 15% -85% (15,4). Previous stu-
dies have shown that CAD patients with normal stress 
MPS result have similar 1-year risk of cardiac death and 
MI as healthy individuals, and the ratio is under 1%. 
Additionally,these studies also showed that patients 
with more than 10% perfusion defect in MPS are clas-
sified in the high risk group (8,16,17). Based on these 
results, revascularization is also recommended in the 
treatment guideline of the European Society of Cardi-
ology for stable CAD when a> 10% area of perfusion 
defect is detected (4).

Our study revealed that patient age is an independent 
predictor for detecting lesions that require intervention 
in CAG in patients who had ischemia in MPS. In other 
words, it is more probable to detect lesions that require 
intervention in CAG when ischemia is detected in MPS 
in young patients. Hypothetically, this condition can be 
due tothe high ratio of coronary atherosclerosis, which 
can cause perfusion defects at the microvascular level 
in elderly patients compared to younger patients. Ac-
cordingly, in elderly patients, there can be no coronary 
artery lesion that can cause significant stenosis at the 
macrovascular level in CAG, although ischemia was de-
tected in MPS. Other independent predictors to detect 
lesions that require intervention in CAG were EF and 
Hb values. When ischemia was detected in MPS in pati-
ents with high EF or Hb values, it was more probable to 
detect lesions that require intervention in CAG as com-
pared to patients who had low EF or Hb values. At first 
glance, this may seem illogical; but when evaluating 
this condition, it should be kept in mind that all patients 
in our study had positive ischemia in MPS. As low EF or 
Hb contribute to perfusion defects at the microvascular 
level, similar to age, they can lead to detecting ischemia 
in scintigraphy. Our study revealed that creatinine valu-
es were lower in patients who had lesions that require 
intervention in CAG, which can be associated with the 

lower average age of this patient group. Therefore,low 
creatinine valueswere related to detecting lesions that 
require intervention in CAG in the univariate analysis. 
When corrected for age, gender, EF, and Hb in the mul-
tivariate analysis, this relationship is eliminated. It is 
not surprising that the male gender was detected as 
another independent predictor in our study to detect 
lesions that require intervention in CAG. It is known 
that false positivity ratios for MPS are higher, especially 
in obese women when compared with male patients 
due to breast attenuation (18,19).

There are some limitations resulting from the retros-
pective aspect of our work. First of all, not considering 
the parameters related to MPS results, especially STS 
(summed difference score), which is indicative of the 
degree of ischemia, is an important limitation of our 
study. As mentioned in the treatment guidelines of the 
European Society of Cardiology, intervention to a coro-
nary artery that feeds a region is necessary when more 
than 10% of the myocardial perfusion defectis detec-
ted. On the other hand, another important limitation of 
our study is that although there were data about which 
myocardial wall had ischemia, it was not known that 
ischemic regions on these walls constitute what per-
centage of myocardium.

If our study, which showed that gender, age, EF, and Hb 
values are independent predictors for detecting lesions 
that require intervention during CAG in patients with 
ischemiathat was detected in MPS, is supported with 
larger prospective studies, it can be a valuable contri-
bution for the diagnosis and treatment processes of 
patients with ischemia after MPS.
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