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A b s t r a c t

Background: Myocardial perfusion single-photon emission computed tomography (SPECT) is one of the basic tools used for 
the purpose of diagnosis of coronary artery disease (CAD), prognosis of its unfavourable consequences, and evaluation of 
therapy effectiveness. However, its efficacy is compromised by a relatively low specificity of detection of perfusion defects, 
which is attributed to attenuation of gamma rays inside the patient’s body, causing artefacts erroneously taken for perfusion 
defects. It is expected that attenuation correction (AC) could eliminate such artefacts.

Aim: To evaluate whether visual, semi-quantitative analysis of attenuation-corrected myocardial perfusion imaging provides 
an advantage over a non-corrected study.

Methods: A retrospective study applying AC was performed in 107 patients who had coronary angiography within three 
months. Patients underwent a stress/rest Tc-99m methoxyisobutylisonitrile (MIBI, POLATOM) double day SPECT/CT myocardial 
perfusion imaging. Images were analysed by two experienced nuclear medicine specialists (a consensus) applying a visual 
semiquantitative method. Coronary angiography findings were used as a reference for the analysis of diagnostic performance 
of myocardial perfusion study protocols.

Results: AC increased the specificity of detection of CAD in the whole group of patients from 63% to 86% (p = 0.0005), 
with a slight reduction in sensitivity (from 83% to 79%). The improved specificity was also noted in subgroups of male and 
female patients. Accuracy in the whole group of patients increased from 71% to 83% (p = 0.01). AC improved the specificity 
and accuracy of the method in the detection of perfusion defects in the right coronary artery (RCA) area from 73% to 88% 
(p = 0.005) and from 74% to 83% (p = 0.04), respectively, and the accuracy of the method in the left anterior descending 
(LAD) artery area from 79% to 87% (p = 0.043). It also reduced the number of ambiguous results of the study.

Conclusions: AC improved the diagnostic performance of myocardial perfusion study in the detection of CAD and identifica-
tion of critically stenosed LAD and RCA vessels, with enhanced comfort of study interpretation.

Key words: myocardial perfusion imaging, attenuation correction, diagnostic efficacy, 99mTc-MIBI SPECT

Kardiol Pol 2016; 74, 1: 32–39

Address for correspondence:  
Anna Płachcińska, MD, PhD, Department of Quality Control and Radiological Protection, Central Teaching Hospital, ul. Czechosłowacka 8/10, 92–216 Łódź, Poland, 
tel: +48 42 678 36 84, fax: +48 42 675 72 85; e-mail: anna.plachcinska@umed.lodz.pl 
Received: 24.01.2015 Accepted: 23.04.2015 Available as AoP: 14.05.2015

Kardiologia Polska Copyright © Polskie Towarzystwo Kardiologiczne 2016

INTRODUCTION
Myocardial perfusion single-photon emission computed 
tomography (SPECT) is one of the basic tools used for the 

diagnosis of coronary artery disease (CAD), prognosis of its 
unfavourable consequences, and evaluation of therapy effec-
tiveness. However, its efficacy is compromised by a relatively 
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low specificity of detection of perfusion defects, which is 
attributed to attenuation of gamma rays inside the patient’s 
body, causing artefacts erroneously taken for perfusion de-
fects. These artefacts can be partly corrected for by gated study 
acquisition, which, by visualisation of regional myocardial 
contractility, differentiates between post-infarction scars and 
real artefacts. However, it is expected that a direct attenuation 
correction (AC) method, using a map of attenuation coef-
ficients of the patient’s thorax, acquired from a transmission 
study, should be more efficient in elimination of attenuation 
artefacts. Initially, those transmission images were acquired 
with the use of radionuclide sources; nowadays, X-ray tomog-
raphy, a modality available in hybrid SPECT/CT cameras, is ap-
plied for this purpose. Nevertheless, although several decades 
have already passed since the first trials using AC methods 
in clinical applications of myocardial perfusion imaging have 
been performed, the usefulness of AC in routine imaging is 
still debated. This results mostly from diverse results of stud-
ies applying this correction. As well as studies demonstrating 
a significant improvement in diagnostic efficacy after AC [1–5], 
communications on its proper effects only in parts of patients 
with lack of improvement or even deterioration of diagnostic 
efficacy in the remaining ones can also be found [6–10]. The 
present publication is intended to add a point to this debate 
by determining whether visual, semi-quantitative analysis of 
AC myocardial perfusion imaging provides an advantage over 
a non-corrected study. 

METHODS
A retrospective analysis was performed on 107 patients with 
known or suspected CAD, without clinical history, electro-
cardiographic or echocardiographic signs of a previous myo-
cardial infarction, or any other factors affecting myocardial 
perfusion, such as cardiomyopathy, severe aortic valve disease, 
or left bundle branch block, referred for stress-rest myocardial 
perfusion SPECT in the years 2010–2014. All patients under-
went coronary angiography less than three months before or 
after myocardial perfusion SPECT. The study group consisted 
of 107 patients (mean age: 62 years, body mass index: 29, 
echocardiographic ejection fraction: 61%), 65 males and 
42 females. The whole studied group was divided into sub-
groups of males and females. The clinical and demographic 
characteristics of patients are presented in Table 1. The study 
was approved by the Medical University Bioethics Committee.

Study protocol
Patients underwent stress/rest double day myocardial perfu-
sion imaging. In 82 (77%) patients an exercise stress test ac-
cording to Bruce protocol was performed, and the remaining 
patients had a dipyridamole infusion (0.56–0.84 mg/kg in 
4 min). Beta-blockers, nitrates, calcium channel blockers, and 
trimetazidine were discontinued 48 h before the stress study. 
Radiopharmaceutical — Tc-99m methoxyisobutylisonitryle 

(MIBI), at an activity of 11 MBq per kilogram of body mass, 
was administered intravenously at peak stress or 3–6 min 
after dipyridamole infusion. After administration of radi-
opharmaceutical the patients ate a fatty meal to accelerate 
hepatobiliary clearance of the tracer. Stress study acquisition 
was started 45 min, and rest study 1 h, after administration of 
radiopharmaceutical. Studies were performed with a hybrid 
Infinia Hawkeye (GE) camera equipped with high-resolution 
collimators. The study protocol consisted of the acquisition of 
60 projections in a 64 × 64 matrix (zoom 1.28×). After com-
pletion of the emission study a low-dose CT study of the thorax 
was conducted (140 KV, 2.5 mA) in order to obtain a map of 
attenuation coefficients. SPECT studies were reconstructed 
twice, using an iterative OSEM reconstruction method (two 
iterations, ten subsets), with and without AC. Every time an 
OSEM reconstruction with AC was applied, the alignment of 
emission and transmission slices was visually checked. In case 
of misalignment CT slices were manually shifted making use 
of an ACQC tool, and after a proper alignment was achieved 
a repeat reconstruction was performed. 

Image analysis
Reconstructed slices were analysed by two experienced 
nuclear medicine specialists (a consensus) applying a visual 
semiquantitative method. The method was based on a stand-
ard assignment of myocardium to three coronary arteries (left 
anterior descending [LAD], circumflex [Cx], and right coronary 
arteries [RCA]) in a way recommended by the American Heart 
Association [11]. Additionally, all slices in two perpendicular 
planes (sagittal and coronal) were also inspected according 
to the areas of coronary blood supply. Perfusion of three 
arteries was scored with the use of a 0 to 4 numerical scale, 
as follows: 0 — definitely normal, 1 — probably normal, 
2 — equivocal, 3 — probably abnormal, and 4 — definitely 

Table 1. Characteristics of patients

Parameter Number

Number of patients 107

Males 65

Females 42

Mean age

Mean BMI 

62 ± 8

29 ± 4

Hypertension 85

Diabetes mellitus 32

Smokers (past and present) 62

Stress study:

Exercise 82

Pharmacological 25

Number of patients after PCI 29

BMI — body mass index; PCI — percutaneous coronary intervention
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abnormal. When the data were dichotomised to the presence 
or absence of CAD, an evaluation of either definitely normal 
or probably normal was used to reflect scintigraphic absence 
of the disease. In case of presence of the disease patients 
were assigned the score of the most abnormal uptake in one 
of three coronary arteries. 

The method was applied to AC as well as non-corrected 
images. Interpreters were informed only of the patient’s sex 
and whether AC was applied during study reconstruction. 

Coronary angiography
Invasive contrast coronary angiography was performed ac-
cording to standard percutaneous techniques, with each 
arterial segment visualised in at least two perpendicular 
planes. Angiograms were analysed by experienced angiogra-
phers unaware of SPECT imaging findings. Significant CAD 
was defined as > 70% luminal diameter narrowing by visual 
inspection in at least one of the three coronary arteries (LAD, 
Cx, and RCA) and > 50% in the left main coronary artery. 
Coronary angiography findings were subsequently used as 
a reference for the analysis of diagnostic performance of 
myocardial perfusion study protocols.

Statistical analysis
Statistical analysis was performed with the statistical package 
Statistica 10.0. The significance of differences between scores 
obtained without AC and after its application was assessed 
with a paired Wilcoxon signed rank test. Receiver operating 
characteristic (ROC) curves were generated by shifting dis-

crimination thresholds over the entire range of scores. Areas 
under ROC curves (AUC) were accepted as measures of ability 
of the method to discriminate between patients with negative 
and positive results of coronary angiography. Significance of 
differences between indices of diagnostic efficacy (sensitivity, 
specificity, and accuracy) obtained without and with AC was 
assessed with McNemar’s test for paired proportions. Depend-
ency of scores obtained without and with AC and differences 
in proportions of scores were tested with c2 independence test 
(with Yate’s correction for continuity). Statistical significance 
was achieved when p ≤ 0.05.

RESULTS
Coronary angiography

Coronary angiography revealed no critical stenosis in 
65 patients and in the remaining 42: critical stenosis of one 
(28 patients), two (11 patients), and three (3 patients) coro-
nary arteries. 

Myocardial perfusion imaging
An example of myocardial perfusion study reconstructed 
without and with AC is presented in Figure 1. 

Scores assigned to artery areas after application of AC 
were lower than without its application (median value fell 
from 2 to 1, p = 0.00002). 

An increase, although non-significant, of AUC calculated 
for AC images in comparison with non-corrected ones in the 
whole group of patients was noted (0.81 vs. 0.85). This effect 
can be seen in Figure 2. 

Figure 1. A study of a patient with normal coronary vessels, reconstructed without (A) and with (B) attenuation correction (AC). 
Arrows show inferior wall artefacts caused by attenuation of gamma radiation. AC resolved those artefacts

A

B
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Figures 3 and 4 present the effect of AC of images on 
the diagnostic efficacy of myocardial perfusion imaging in 
detection of CAD. This correction statistically significantly 
(p = 0.0005) increased the suboptimal specificity of the 
method in the whole group of patients, from 63% to 86%, 
with slight, non-significant reduction of sensitivity of the 
method (from 83% to 79%). The improvement of specificity 
was also noted in subgroups of male (p = 0.007) and female 
(p = 0.041) patients. The accuracy of the method was also 
improved in the analysis of the entire group of patients, from 
71% to 83% (p = 0.01). 

In Table 2 the effect of AC on the detection of critically 
stenosed coronary arteries is presented. In case of LAD ter-
ritory the sensitivity and specificity were improved, although 
both non-significantly, the former in the subgroup of males 
(p = 0.13) from 50% to 75%, and the latter in the subgroup 
of females (p = 0.07) from 76% to 91%. In effect, the accu-
racy of the method in detection of perfusion defects in LAD 
blood supply area was improved statistically significantly from 
79% to 87% (p = 0.043). In the case of Cx artery without 
AC, three out of six stenosed vessels were detected, whereas 
after application of AC this number was reduced to one. As 
for RCA territory, specificity was considerably improved in the 
subgroup of males, from 58% to 83% (p = 0.0006), resulting 
in an increase of this index of diagnostic efficacy in the whole 
group of patients, from 73% to 88% (p = 0.005). In effect, the 
accuracy of the method was also improved in the subgroup 
of males, from 66% to 80% (p = 0.045), and in all studied 
patients from 74% to 83% (p = 0.04).

In summary, the effect of application of AC was that the 
number of all correctly detected stenosed vessels was slightly 
reduced from 35/57 (61%) to 33/57 (58%), but significant 

Figure 2. Receiver operating characteristic (ROC) curves 
obtained for the whole group of patients without (non-AC) 
and with (AC) attenuation correction. Areas under ROC curves 
(AUC) increased from 0.81 (confidence interval 0.72–0.90) to 
0.85 (0.77–0.93)

Figure 3. Diagnostic indices of myocardial perfusion study (as 
percentage) without (non-AC) and with (AC) attenuation cor-
rection in the whole study group (n = 107). Significance levels 
are specified below graphs; NS — non-significant

Figure 4. Diagnostic indices of myocardial perfusion study 
(as percentage) without (non-AC) and with (AC) attenuation 
correction in male and female patients. Significance levels 
are specified below graphs; NS — non-significant; A. Males 
(n = 65); B. Females (n = 42) 

B

A
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improvement of specificity and accuracy in detection of 
critical stenoses in RCA area of blood supply and also an 
improvement of accuracy in detection of critically stenosed 
LAD arteries were achieved. 

Attenuation correction, as shown in Table 3, mostly af-
fected scores assigned to images of patients without critically 
stenosed vessels (p = 0.00002), with minimal changes in 
patients with stenosed arteries. This correction statistically 
significantly increased the number of patients assigned a score 
of 0 (definitely normal) in a subgroup of patients without 
critically stenosed vessels, from 15 to 39 (p = 0.0004) and 
also statistically significantly reduced numbers of ambiguous 
results of one (probably normal) — from 25 to 17 (p = 0.02) 
and two (equivocal) — from 14 to one (p = 0.001). 

DISCUSSION
During four decades of clinical trials applying AC in myocardial 
perfusion SPECT abundant literature relating to this topic has 
been published. The results presented in those articles are 
quite diverse. Some of them report evident improvement 
of diagnostic efficacy after AC, with a statistically significant 
improvement of specificity, accuracy, and normalcy rate, as 

well as improvement of localisation of stenosed vessels [1], 
others report improvement of sensitivity and specificity with-
out differences in normalcy rate, or improvement of only 
normalcy rate without changes of sensitivity and specificity 
(those differences were attributed to individual tendencies 

Table 2. Effect of attenuation correction (AC) on detection of critically stenosed vessels

Without AC With AC P

Left anterior descending artery Sensitivity:

All

Male

Female

 

13/24 = 54%

8/16 = 50%

5/8 = 63%

17/24 = 71%

12/16 = 75%

5/8 = 63%

NS

NS

NS

Specificity:

All

Male

Female

72/83 = 87%

46/49 = 94%

26/34 = 76%

76/83 = 92%

45/49 = 92%

31/34 = 91%

NS

NS

NS

Accuracy 85/107 = 79% 93/107 = 87% 0.043

Circumflex artery Sensitivity 3/6 = 50% 1/6 = 17% NS

Specificity 97/101 = 96% 97/101 = 96% NS

Accuracy 100/107 = 93% 98/107 = 92% NS

Right coronary artery Sensitivity:

All

Male

Female

 

18/23 = 78%

15/17 = 88%

3/6 = 50%

 15/23 = 65%

12/17 = 71%

3/6 = 50%

NS

NS

NS

Specificity:

All

Male

Female

61/84 = 73%

28/48 = 58%

33/36 = 92%

74/84 = 88%

40/48 = 83%

34/36 = 94%

0.005

0.0006

NS

Accuracy:

All

Male

Female

79/107 = 74%

43/65 = 66%

36/42 = 85%

89/107 = 83%

52/65 = 80%

37/42 = 88%

0.04

0.045

NS

Table 3. Effect of attenuation correction (AC) on patient scores 
in subgroups of patients with positive and negative results of 
coronary angiography (n = 107 patients)

Score Number of patient scores

Positive result  

of coronary  

angiography

Negative result  

of coronary  

angiography

Without AC With AC Without AC With AC

0 3 3 15 39

1 4 5 25 17

2 5 4 14 1

3 7 8 6 3

4 23 22 5 5
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of interpreters using visual, semi-quantitative methods of 
image inspection) [4], improvement of normalcy rate without 
reduction of sensitivity [8], and improvement of specificity in 
detection of perfusion defects in inferior wall with reduction 
of specificity in anterior wall [9]. Several publications can also 
be found reporting improved specificity, but at the cost of 
reduced sensitivity of detection of CAD [9, 12].

This inconsistency of results should be attributed to 
the high complexity of the method and several sources of 
variability: the geometry, the kind of transmission source, the 
software applied for tomographic reconstruction of a study, 
the structure of the studied group of patients (percentage 
of patients with negative results of coronary angiography or 
low probability of CAD), and the methods applied for inter-
pretation of studies. Moreover, many authors use only AC  
[1, 4, 9, 10, 12] while others also apply scatter correction 
[2, 5, 13, 14] and resolution recovery [13]. In this multitude 
of factors affecting results of clinical studies it is very difficult 
to determine the real effect of AC on diagnostic efficacy of 
detection of CAD. Nonetheless, in the results of those studies 
some trends can be observed. Attenuation correction usually 
improves normalcy rate or specificity of the study (the latter 
holds true only if the percentage of patients with negative re-
sults of coronary angiography in the whole studied material is 
high enough) [2, 10, 15]. Improvement of accuracy can usually 
be observed as an effect of enhanced specificity, without [5] 
or with marked decline of sensitivity of the study [9, 12]. This 
results mostly from a reduction of number of perfusion defects 
observed in the inferior wall of the myocardium, which unfor-
tunately affects not only false positive, but also some part of 
true positive defects. In theory, a scatter correction (elimina-
tion of gamma rays originating from structures lying close to 
the myocardium but registered erroneously inside its region) 
could improve the situation, but no unquestionable results 
including this correction positively affecting study sensitivity 
have been found as yet [5, 13]. 

In the present study evaluation of myocardial perfusion 
imaging after AC improved discrimination capacity between 
patients with positive and negative results of coronary angio-
graphy (increase of areas under ROC curves), although this 
effect did not reach statistical significance. To our knowledge, 
from all of the available literature dealing with this problem 
Ficaro et al. [1] were the only authors who obtained statistically 
significant improvement of discrimination between patients 
with and without stenosed vessels after application of AC 
(statistically significant increase of area under ROC curve). In 
the present work joint use of AC with visual, semiquantita-
tive evaluation of areas of three coronary arteries improved 
statistically significantly the specificity and accuracy of the 
method, as compared with non-corrected studies, from 63% 
and 71% to 86% and 83%, respectively, with a slight reduction 
of sensitivity of the method (from 83% to 79%). Moreover, 
improvement of specificity was attained also in subgroups of 

males and females. This can be attributed to the presence of 
tissues attenuating radiation, such as diaphragm and breasts, 
causing artefacts imitating perfusion defects. 

The results of this study, unlike the findings presented 
in a publication by Wolak et al. [16], evidently indicate the 
feasibility of AC in the subgroup of female patients. Wolak et 
al. [16] demonstrated a lack of improvement of a diagnostic 
efficacy of attenuation corrected vs. non-corrected myocardial 
perfusion imaging in female patients. This disagreement may 
result from the different methods applied for evaluation of 
both studies. Wolak et al. [16] used a quantitative method 
based on an objective criterion: a precise cutoff between 
positive and negative study results, whereas in the case of 
a visual method equivocal images appear inevitably, which 
are resolved by AC leading to improvement of the diagnostic 
efficacy of the method. 

The low (71%) sensitivity of the method in the detection of 
CAD in females was probably a consequence of the low num-
ber female patients with critically stenosed vessels (13 patients). 

A strong effect of study group characteristics and sub-
jectivity factor affecting visual image interpretation can be 
observed in the study by Sharma et al. [12], who used the 
same equipment, software, and method for image interpreta-
tion as the authors of the work herein. In their publication 
a significant reduction of sensitivity with improvement of 
specificity as a result of application of AC was obtained by 
two interpreters, resulting in a drop in accuracy but increase 
in normalcy rate. This reduction of accuracy might have been 
an effect of the small percentage (below 30%) of patients with 
negative results of coronary angiography, whereas the evident 
reduction of sensitivity might have been caused by a subjective 
tendency of study interpreters toward a high specificity rather 
than sensitivity, as well as the higher percentage of patients 
with critically stenosed vessels in the studied material. 

The authors of the present work decided to eliminate 
patients who underwent myocardial infarction from the stud-
ied material to avoid ambiguities resulting from confusion of 
defects caused by postinfarction scars and critically stenosed 
vessels. To our knowledge this is the only publication on the 
effect of AC on the diagnostic efficacy of myocardial perfusion 
imaging using a relatively large material of patients without 
myocardial infarction. 

In the present work the effect of AC on the detection 
of perfusion defects in areas of coronary arteries could be 
observed mostly in the RCA area, where a statistically signifi-
cant improvement of specificity and accuracy of the method 
was attained in the subgroup of male patients, at the cost of 
a slight reduction of sensitivity of the method. In the LAD area 
both sensitivity and specificity increased insignificantly, with 
improvement of the former noted in males, and of the latter 
in females. These two factors taken together formed a statis-
tically significant increase of the accuracy of the method in 
the detection of critically stenosed LAD in the whole group 
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of patients. An improved detection rate of the left anterior 
descending CAD was also reported by Shotwell et al. [5] 
Improvement of specificity the detection of stenosed LAD 
observed in our study indicates that AC did not introduce 
additional artefacts in the anterior wall of myocardium, an 
argument that is raised by authors against application of AC 
[17]. Several authors have reported such artefacts [18, 19], 
including recently Huang et al. [10], who observed a reduc-
tion of specificity in anterior wall as an effect of AC. Such 
artefacts are thought to be the effect of overcorrection of the 
inferior wall [18, 19], causing a relative reduction of counts in 
anterior wall, leading to induction of false perfusion defects. 

Although coronary angiography is not an ideal reference 
method for myocardial perfusion imaging, it is still used by 
many authors as a gold standard [5, 9, 10, 12] because no 
better method of verification of myocardial perfusion study 
results is available. The prognostic value of this study, treated 
as a verification method, takes a long time to be determined.

A statistically significant reduction of the number of 
equivocal results of myocardial perfusion study should be 
considered an additional advantage of the AC because it 
improves the convenience of study interpretation. 

CONCLUSIONS
The AC of myocardial perfusion study applied in the present 
work significantly improved the specificity and accuracy of 
semiquantitative myocardial perfusion assessment, as com-
pared with a non-corrected study protocol, in the detection 
of CAD. Increased specificity of the method was also attained 
in subgroups of males and females. Identification of critically 
stenosed vessels was improved mostly in cases of RCA (re-
sulting from increased specificity of the method in the area 
of this artery) but also of LAD artery. Attenuation correction 
significantly reduced the number of patients with equivocal 
results, improving the convenience of study interpretation. 

Conflict of interest: none declared

References
1. Ficaro E, Fessler J, Shreve P et al. Simultaneous transmis-

sion/emission myocardial perfusion tomography: diagnostic 
accuracy of attenuation corrected Tc-99m sestamibi single-pho-
ton emission computed tomography. Circulation, 1996; 93: 
463–473. doi: 10.1161/01.CIR.93.3.463.

2. Links JM, Becker LC, Rigo P et al. Combined corrections for at-
tenuation, depth-dependent blur, and motion in cardiac SPECT: 
a multicenter trial. J Nucl Cardiol, 2000; 7: 414–425.

3. Duvernoy CS, Ficaro EP, Karabajakian MZ et al. Improved detec-
tion of left main coronary artery disease with attenuation-cor-
rected SPECT. J Nucl Cardiol, 2000; 7: 639–648.

4. Masood Y, Yi-Hwa L, DePuey G et al. Clinical validation of SPECT 
attenuation correction using x-ray computed tomography-derived 
attenuation maps: Multicenter clinical trial with angiographic 
correlation. J Nucl Cardiol, 2005; 12: 676–686.

5. Shotwell M, Singh BM, Fortman C et al. Improved coronary 
disease detection with quantitative attenuation-corrected  
Tl-201 images. J Nucl Cardiol, 2002; 9: 52–61.

6. Lee DS, So Y, Cheon GJ et al. Limited incremental values of 
attenuation-noncorrected gating and ungated attenuation cor-
rection to rest/stress myocardial perfusion SPECT in patients 
with an intermediate likelihood of coronary artery disease. J Nucl 
Med, 2000; 41: 852–859.

7. Vidal R, Buvat I, Darcourt J et al. Impact of attenuation correction 
by simultaneous transmission-emission tomography on visual 
assessment of 201Tl myocardial perfusion images. J Nucl Med, 
1999; 40: 1301–1309.

8. Slart RHJA, Que TH, van Veldhuisen DJ et al. Effect of attemua-
tion correction on interpretation of 99mTc-sestamibi myocardial 
perfusion scintigraphy: the impact of 1 year’s experience. Eur  
J Nucl Med Mol Imag, 2003; 30: 1505–1509. doi 10.1007/s00259-
003-1265-3.

9. Genovesi D, Giorgetti A, Gimalli A et al. Impact of attenuation 
correction and gated acquisition in SPECT myocardial perfusion 
imaging: results of the multicentre SPAG (SPECT Attenuation 
Correction vs Gated) study. Eur J Nucl Med Mol Imag, 2011; 38: 
1890–1898. doi 10.1007/s00259-011-1855-4.

10. Huang R, Fanglan L, Zhen Z et al. Hybrid SPECT/CT attenuation 
correction of stress myocardial perfusion imaging. Clin Nucl 
Med, 2011; 36: 344–349. doi: 10.1097/RLU.0b013e318212c525.

11. Cerqueira MD, Weissman NJ, Dilsizian V et al. Standardized 
myocardial segmentation and nomenclature for tomographic 
imaging of the heart: a statement for healthcare professionals 
from the Cardiac Imaging Committee of the Council on Clinical 
Cardiology of the American Heart Association. Circulation, 2002; 
105: 539–542. doi: 10.1161/hc0402.102975.

12. Sharma P, Chetan DP, Sellam K et al. Comparative accuracy 
of CT attenuation – corrected and non-attenuation-corrected 
SPECT myocardial perfusion imaging. Clin Nucl Med, 2012; 37: 
332–338. doi: 10.1097/RLU.0b013e31823ea16b.

13. Hendel RC, Berman DS, Cullom SJ et al. Multicenter clinical trial 
to evaluate the efficacy of correction for photon attenuation and 
scatter in SPECT myocardial perfusion imaging. Circulation, 
1999; 99: 2742–2749. doi: 10.1161/01.CIR.99.21.2742.

14. Johansen A, Grupe P, Veje A et al. Scatter and attenuation cor-
rection changes interpretation of gated myocardial perfusion 
imaging. Eur J Nucl Med Mol Imag, 2004; 31: 1152–1159. doi 
10.1007/s00259-004-1481-5.

15. Kluge R, Sattler B, Seese A, Knapp WH. Attenuation correction by 
simultaneous emission-transmission myocardial single-photon 
emission tomography using technetium-99m-labelled radio-
tracer: impact on diagnostic accuracy. Eur J Nucl Med, 1997; 
24: 1107–1114.

16. Wolak A, Slomka PJ, Fish MB et al. Quantitative diagnostic 
performance of myocardial perfusion SPECT with attenua-
tion correction in women. J Nucl Med, 2008; 49: 915–922. doi: 
10.2967/jnumed.107.049387.

17. Ficaro EP, Wackers FJT. Should SPET attenuation correction be 
more widely employed in routine clinical practice? Eur J Nucl 
Med Mol Imag, 2002; 29: 409–412.

18. Matsunari I, Boning G, Ziegler SI et al. Attenuation-corrected 
rest thallium-201/stress technetium-99m sestamibi myocardial 
SPECT in normals. J Nucl Cardiol, 1998; 5: 48–55.

19. Banzo I, Pena FJ, Allende RH et al. Prospective clinical com-
parison of non-corrected and attenuation- and scatter-corrected 
myocardial perfusion SPECT in patients with suspicion of coro-
nary artery disease. Nucl Med Commun, 2003; 24: 995–1002.

http://dx.doi.org/10.5603/KP.a2015.xxxx
http://dx.doi.org/10.1161/01.CIR.93.3.463
http://dx.doi.org/10.1007/s00259-003-1265-3
http://dx.doi.org/10.1007/s00259-003-1265-3
http://dx.doi.org/10.1007/s00259-011-1855-4
http://dx.doi.org/10.1097/RLU.0b013e318212c525
http://dx.doi.org/10.1161/hc0402.102975
http://dx.doi.org/10.1097/RLU.0b013e31823ea16b
http://dx.doi.org/10.1161/01.CIR.99.21.2742
http://dx.doi.org/10.1007/s00259-004-1481-5
http://dx.doi.org/10.2967/jnumed.107.049387


www.kardiologiapolska.pl 39

Adres do korespondencji: 
dr n. med. Anna Płachcińska, Zakład Kontroli Jakości Badań i Ochrony Radiologicznej, Uniwersytet Medyczny w Łodzi, ul. Czechosłowacka 8/10, 92–216 Łódź,  
tel: +48 42 678 36 84, faks: +48 42 675 72 85, e-mail: anna.plachcinska@umed.lodz.pl 
Praca wpłynęła: 24.01.2015 r. Zaakceptowana do druku: 23.04.2015 r. Data publikacji AoP: 14.05.2015 r.

Skuteczność diagnostyczna scyntygrafii  
perfuzyjnej mięśnia sercowego z zastosowaniem 
korekty osłabiania promieniowania

Anna Płachcińska1, Michał Włodarczyk2, Katarzyna Kovacevic-Kuśmierek1, Małgorzata Bieńkiewicz1, 
Jarosław Drożdż3, Krzysztof Chiżyński4, Jarosław D. Kasprzak5, Jan Z. Peruga5, Jacek Kuśmierek2

1Zakład Kontroli Jakości Badań i Ochrony Radiologicznej, Międzywydziałowa Katedra Badań Obrazowych i Radiologii,  
Uniwersytet Medyczny w Łodzi, Łódź
2Zakład Medycyny Nuklearnej, Międzywydziałowa Katedra Badań Obrazowych i Radiologii, Uniwersytet Medyczny w Łodzi, Łódź
3Klinika Kardiologii, Katedra Kardiologii i Kardiochirurgii, Uniwersytet Medyczny w Łodzi, Łódź
4Klinika Intensywnej Terapii Kardiologicznej, Katedra Kardiologii i Kardiochirurgii, Uniwersytet Medyczny w Łodzi, Łódź
5Klinika Kardiologii, Katedra Kardiologii, Uniwersytet Medyczny w Łodzi, Łódź

S t r e s z c z e n i e

Wstęp: Scyntygrafia perfuzyjna mięśnia sercowego techniką SPECT stanowi cenne narządzie diagnostyczne służące przede 
wszystkim wykrywaniu choroby wieńcowej (CAD), prognozowaniu jej niekorzystnych następstw oraz ocenie skuteczności 
terapii. Jednak skuteczność diagnostyczna tej metody wykazuje ograniczenia w postaci suboptymalnej swoistości, wynikającej 
z osłabiania promieniowania gamma w ciele pacjenta, co skutkuje powstawaniem artefaktów, omyłkowo branych za ubytki 
perfuzji. Uważa się, że zastosowanie korekty osłabiania powinno poprawić skuteczność diagnostyczną tej metody.

Cel: Celem pracy było zbadanie, czy wizualna, półilościowa metoda oceny zastosowana do scyntygramów z korekcją osła-
biania promieniowania poprawia skuteczność diagnostyczną metody w wykrywaniu CAD. 

Metody: Badaniem retrospektywnym objęto pacjentów, u których scyntygrafie przeprowadzono w sposób umożliwiający 
zastosowanie korekty osłabiania promieniowania. Badana grupa składała się ze 107 pacjentów (65 mężczyzn i 42 kobiet), 
u których w odstępie czasu nie dłuższym niż 3 miesiące wykonano koronarografię. Badanie perfuzji mięśnia sercowego 
(wysiłkowe i spoczynkowe) przeprowadzono techniką SPECT/CT, wg protokołu 2-dniowego, po podaniu radiofarmaceutyku 
Tc-99m-metoksyizobutylizonitrylu (MIBI, POLATOM). Obrazy oceniało dwóch doświadczonych specjalistów medycyny nu-
klearnej, metodą konsensusu. Wyniki koronarografii traktowano jako weryfikację wyników scyntygrafii perfuzyjnej. 

Wyniki: Korekta osłabiania promieniowania poprawiła swoistość wykrywania CAD w całej grupie pacjentów, z 63% do 86% 
(p = 0,0005), przy nieznacznym obniżeniu czułości metody (z 83% do 79%), także w badanych podgrupach mężczyzn i ko-
biet. Dokładność metody wzrosła w całej grupie pacjentów z 71% do 83% (p = 0,01). Korekta osłabiania poprawiła swoistość 
i dokładność metody w wykrywaniu ubytków ukrwienia zlokalizowanych w prawej tętnicy wieńcowej, odpowiednio z 73% 
do 88% (p = 0,005) oraz z 74% do 83% (p = 0,04), a także w gałęzi przedniej zstępującej lewej tętnicy wieńcowej — z 79% 
do 87% (p = 0,043). Korekta ta zmniejszyła także liczbę wyników wątpliwych. 

Wnioski: Zastosowanie korekty osłabiania promieniowania poprawiło skuteczność diagnostyczną scyntygrafii perfuzyjnej 
mięśnia sercowego techniką SPECT w wykrywaniu CAD oraz krytycznie zwężonych naczyń: prawej tętnicy wieńcowej oraz 
gałęzi przedniej zstępującej lewej tętnicy wieńcowej. Dzięki zmniejszeniu udziału wyników wątpliwych korekta ta poprawiła 
także komfort interpretacji scyntygramów. 

Słowa kluczowe: scyntygrafia perfuzyjna mięśnia sercowego, korekta osłabiania promieniowania, skuteczność diagnostyczna, 
99mTc-MIBI SPECT
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