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lation into two groups: sixty-one patients (63.5%) with positive
scintigraphy, and thirty-five patients (36.4%) with negative scintigra-
phy. Based on the angiographic images, we calculated TIMI Frame
Count and Myocardial Blush Grade for each patient. The TIMI Frame
Count was calculated according to three main coronary arteries
(LAD = left anterior descendent artery; CX = circumflex coronary ar-
tery; RCA = right coronary artery). The protocol described by Gibson
et al was used. Furthermore, the longer LAD frame counts were
corrected dividing by 1.7 to obtain the corrected TIMI Frame Count
(cTFC).Wedid this tomake them comparablewith those reported in lit-
erature [3,4]. Using the same calculation principle, we calculated the
Myocardial Blush Grade carefully following the protocol described by
Stable microvascular angina (SMVA) describes a framework in
which episodes of angina are exclusively or predominantly related to
exertion. During diagnostic investigation, physician notices findings
compatible with myocardial ischemia, normal coronary arteries on an-
giography, absence of any other specific cardiac disease (e.g., variant an-
gina, cardiomyopathy, and valvular disease) [1,2]. The aim of this study
is to demonstrate that myocardial ischemia in patients without epicar-
dial artery stenosis, evaluated with nuclear imaging, correlates with al-
terations of coronarymicrocirculation. These alterationswere evaluated
by angiography indices like TIMI Frame Count (TFC), Myocardial Blush
Grade (MBG) and Total Myocardial Blush Score (TMBS).

We studied ninety-six patients who came to the emergency room
for angina from January 2007 to May 2011. After that they were hospi-
talized to our institution. In this retrospective study, inclusion criteria
are the presence of stable angina, the presence of positive stress test,
and coronary arteries free from stenosis at coronary angiography. All
patients underwent to myocardial scintigraphy and coronary angiogra-
phy. Significantly, we excluded patients who had positive biomarkers
for myocardial infarction when they arrived to the Emergency Room
or during hospitalization. Besides, we considered neither those patients
who had the mild increase after coronary angiography, nor those pa-
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tients who had ischemic heart disease in history. We divided our popu-

Gibson et al. Besides, we used a new index proposed by Yusuf et al.,
the Total Myocardial Blush Score (TMBS). We obtained it summing up
the Myocardial Blush Grade of each coronary area [5]. On the basis of
the experience by Yusuf et al., we evaluated another index, the Total
TIMI Frame Count (TTFC). We obtained it from the sum of the TFCs of
the three coronary arteries. We also evaluated whether the results ob-
tained through TTFC were comparable with the other indices we men-
tioned. The aim was to use this new index for a more comprehensive
view of the coronary microcirculation.

Descriptive statistics were presented as percentages for categorical
variables and asmean values ± standard deviation (SD) for continuous
data. We used a two-tailed t-student test to determine the statistical
significance of difference between continuous variables. We made a
one-way analysis of variance (ANOVA) test to show a normal distribu-
tion between continuous variables. A p-value b0.05was considered sta-
tistically significant. Statistical analysis was performed using the Med
Calc Program.

The populationwe examined included ninety-six patients. These pa-
tientswere subjected to coronary angiography study. It detected epicar-
dial coronary arteries free from stenosis and myocardial scintigraphy.
They underwent the examination after having stable angina of consid-
erable intensity at rest and a positive stress test. Sixty-one patients
had positive scintigraphy (63%) and thirty-five patients (36%) had neg-
ative scintigraphy.We studied these two subgroups to determinewhich
patients had a greater involvement of microcirculation. Our analysis
started by studying the TIMI Frame Count, the flow coronary index on
the three coronary arteries.We showed that patients with positive scin-
tigraphy had a longer TFC of three major coronary arteries (TFC LAD,
45.7 ± 12.5; TFC RCA, 25.6 ± 6.5; TFC CX, 24 ± 5.4), than negative
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Table 1
Comparison between the TFC, MBG and TMBS in patients with positive and negative scintigraphy (cTFC— correct TIMI Frame Count;MBG—Myocardial Blush Grade; TMBS— TotalMyo-
cardial Blush Score; TTFC— Total TIMI Frame Count). (LAD = left anterior descendent artery; CX = circumflex coronary artery; RCA = right coronary artery).

Patients with positive scintigrapgy (61) Patients with negative scintigraphy (35) p-Value

MBG LAD 2.2 (±0.4) 2.4 (±0.5) 0.03
MBG RCA 2.2 (±0.4) 2.3 (±0.47) NS
MBG CX 2.1 (±0.36) 2.3 (±0.4) 0.04
TMBS 5.6 (±1.06) 7 (±1.16) 0.003
cTFC LAD 45.7 (±12.5) 41 (±11.6) NS
TFC RCA 25.6 (±6.5) 25.1 (±6.3) NS
TFC CX 24 (±5.4) 21 (±4.7) 0.05
TTFF 106 (±13.2) 101.7 (±12.1) 0.02
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Fig. 1. Connection between the Total Myocardial Blush Score (TMBS) and the Total TIMI
Frame Count (TTFC) in patients with positive scintigraphy. When TMBS, index of a better
perfusion of the microcirculation, increases there is a decrease of TTFC, low flow velocity
index.
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scintigraphy patients. This indicates slow flow in positive scintigraphy
coronary microcirculation (Table 1). Then we studied coronary micro-
circulation perfusion through Myocardial Blush Grade. We enlightened
a lower MBG on the three coronary arteries (MBG LAD, 2.2 ± 0.4; MBG
RCA, 2.2 ± 0.4;MBGCX, 2.1 ± 0.36) in patientswith positive scintigra-
phy than patients with negative scintigraphy. There was a good statisti-
cal significance (Table 1). TMBS was lower in patients with positive
scintigraphy. It had a good statistical significance too (TMBS,
5.6 ± 1.06) (p-value = 0.003) (Table 1). Finally, the index we sug-
gested, the TTFC showed a greater value in patients with positive scin-
tigraphy than patients with negative scintigraphy (TTFC, 106 ± 13. 2)
(p-value = 0.02) (Table 1). So, we analyzed the connection between
the Total Myocardial Blush Score and the Total TIMI Frame Count. We
found, through a one way analysis of variance (ANOVA) test, an inverse
proportionality. The increase of the TTFC, which highlight a slow flow of
the contrast, goes hand in handwith the reduction of TMBS. This under-
lines its slow removal from the microvascular territory perfused by the
same coronaries (Fig. 1). This correspondence highlights the relation-
ship between the two indices and their capacity to detect themicrovas-
cular dysfunction. The results of scintigraphy, which is positive in 69.7%
patients, endorsed the hypothesis of a good connection between the
study of the microcirculation realized through myocardial scintigraphy
and coronary angiography analysis that we performed using the indices
by Gibson and Yusuf. The myocardial scintigraphy showed myocardial
perfusion abnormalities. The presence of perfusion abnormalities in
absence of coronarymacroangiopathy shows a link tomicrovascular ab-
normalities. On the other hand, the procedure identifiesmicrocirculato-
ry alterations. These alterations are part of a very early stage of the
ischemic cascade, which is the redistribution of coronary blood flow.

The aim of this studywas to comparemyocardial scintigraphy to the
indices by Gibson and Yusuf in coronary angiography in order to evalu-
ate if there are analogies, studying patients affected by SMVA. Patients
with positive coronary angiography, representing 69% of our popula-
tion, had a TMBS minor than patients with positive scintigraphy
(p = 0.002). In addition, the concurrence between the defect in scintig-
raphy and the defect in coronary angiography showed statistical signif-
icance.We showed this aspect from the comparison between the TFC of
the damaged microvascular arteries in scintigraphy and the average of
TFCs in the remaining healthy vessels in a certain patient [6,7]. From
our work, we observed that the study of microcirculation, performed
through myocardial scintigraphy and coronary angiography, showed a
good connection between the two procedures [8]. This allows us to
use a technique less invasive and reproducible such as myocardial scin-
tigraphy as opposed to coronary angiography especially in the follow-
up of patients affected by SMVA [9,10]. The use of indices in coronary
angiography such as the TFC, MBG and TMBS is a useful parameter to
evaluate coronary microvascular alterations. They have a good connec-
tion with scintigraphy. Finally, the TTFC is as well important, the new
index we introduced. It has proved to be a good marker concordant
with the results of the other indices.
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