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Introduction

The thrombolysis in myocardial infarction (TIMI)
frame count, derived by counting the number of cine-
angiographic frames that elapse between the contrast
agent filling both sides of the proximal coronary artery
and arriving at a predetermined distal landmark, is
more objective and reproducible than the standard
TIMI flow grade method1. The frame count data have

been widely used in the evaluation of acute coronary
syndrome and stable coronary artery disease, as well as
the prediction of coronary artery restenosis and micro-
vascular resistance2–5. However, such data in Taiwan
are lacking. The aim of this study was to examine the
value in patients with normal coronary angiograms
and those with single-vessel disease (SVD), as well as to
examine the impact of angioplasty on the frame count.

Materials and Methods

Patient population and study protocol
In 780 consecutive patients referred for coronary angio-
graphy from February 2003 to December 2003, normal
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coronary angiograms and TIMI frame count were ob-
tained in 32 patients who underwent the procedure
for the purpose of electrophysiologic study or valvular
heart disease survey, without any significant coronary
artery stenosis. Coronary angiograms and TIMI frame
count were also measured in 149 patients with SVD,
i.e., presence of over 50% luminal stenosis in only one
of the three major coronary arteries. Excluded from the
consecutive series were patients with prior coronary
bypass surgery, acute myocardial infarction within the
preceding 24 hours, or previous cardiac transplanta-
tion. In those with SVD, 74 patients (50%) had lesions
with more than 70% stenosis and underwent angio-
plasty. TIMI frame counts were measured in each of
the three coronary arteries of both the normal and
SVD group, including the target vessel after angioplasty.

TIMI frame count evaluation
A TIMI frame count was determined for each major
coronary artery in each patient according to the meth-
ods first described by Gibson et al.1. Briefly, the num-
ber of coronary angiogram frames, recorded with 30
frames per second required for the leading edge of the
column of radiographic contrast to reach a predeter-
mined landmark, was determined5. The first frame is
defined as the frame in which fully concentrated dye
occupies the full width of the proximal artery lumen,
touching both borders of the lumen and proceeds down
the artery in a forward motion. The final frame is deter-
mined when the leading edge of the contrast column
initially arrives at the distal landmark. In the left ante-
rior descending artery (LAD), the landmark used is the
most distal branch nearest the apex of the left ventricle,
commonly referred to as the “pitchfork” or “whale’s tail”1.
The right coronary artery (RCA) distal landmark is the
first branch of the posterior-lateral RCA after the origin
of the posterior descending artery, regardless of the
size of this branch. If a significant stenosis is present
within the posterior descending artery, the landmark
is the first branch of the posterior descending artery
itself beyond the stenosis. However, the distal landmark
in the left circumflex artery (LCX) system was defined
as the most distal branch of the artery containing the
infarct-related stenosis originally. Because the current
study was performed in non-infarct condition, the
branch of the circumflex or marginal artery that com-
posed the greatest total distance traveled by contrast
was used to define the distal landmark if there was no
significant stenosis. Finally, the TIMI frame count in the

LAD and LCX were evaluated in a right anterior oblique
projection with caudal angle view and the RCA in a left
anterior oblique projection with cranial angle view.

Variables and definitions
Patient and clinical variables for analysis included age,
gender, body mass index (BMI, kg/m2), hypertension
(defined as systolic blood pressure ≥ 140 mmHg and/or
diastolic blood pressure ≥ 90 mmHg diastolic blood
pressure on repeated measurements, or permanent anti-
hypertensive drug treatment), diabetes mellitus (defined
as a fasting blood glucose concentration ≥ 126 mg/dL,
or antihyperglycemic drug treatment), hyperlipidemia
(serum total cholesterol > 240 mg/dL or serum triglyc-
eride > 160 mg/dL), current smoking (defined as having
smoked the last cigarette less than 1 week before coro-
nary angiography), and long-term medication use before
the study (defined as separate variables for the use of
any aspirin, ticlopidine/clopidogrel, nitrate, angiotensin-
converting enzyme inhibitors, angiotensin II receptor
antagonist, calcium channel blocker, statin, and diu-
retics). Hemodynamic variables were left ventricular 
ejection fraction (by echocardiography or left ventricu-
lography), systolic pressure and diastolic blood pressure,
and left ventricular end-diastolic pressure.

Statistical analysis
TIMI frame counts (expressed as mean ± standard
deviation) were compared for each artery, between
those with and without stenosis according to the vari-
ables. Univariate analysis of all continuous variables
with TIMI frame count was performed using unpaired
t tests, primarily to determine which variables should
be entered into the multivariate analysis model. A p
value of less than 0.05 was required for significance of
variables in the model. All independent dichotomous
variables were performed using chi-square method.
Multivariate analysis was performed with SPSS software
version 11.0.

Results

Baseline characteristics of all patients are presented in
Table 1. There were no significant differences in age, blood
pressure, ejection fraction and left ventricular end-
diastolic pressure between the normal group and the
SVD group. The baseline characteristics for patients
with SVD are in Table 2. There were no significant clinical
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differences among the three coronary arteries, except
with the use of diuretics.

Regarding TIMI frame counts, comparison of each
of the three vessels in the normal group and the corre-
sponding nonstenotic vessels in the SVD group showed
no significant difference in the LAD, LCX, and RCA, re-
spectively (Table 3). In addition, the data of each artery
in the normal and diseased groups were not affected
by gender, except the group with diseased LAD and
RCA (Table 4).

Data of TIMI frame count after angioplasty in each
of the three vessels are shown in Table 5. Compared with
the normal group, the frame count in RCA after success-
ful angioplasty was lower (19.3±7.9 vs. 29.1±14.6, p=
0.001). A similar trend existed for LAD (34.0 ± 19.3 vs.
39.4 ± 16.0, p = 0.18) but not for LCX (34.1 ± 19.1 vs.
33.3±11.8, p=0.46), compared with the normal vessel.

Univariate analyses showed that the significant vari-
able affecting the frame count of RCA after angioplasty
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Table 1. Baseline characteristics of all patients

Normal CAG 
SVD (n = 149)

(n = 32)

Age (yr) 59.8 ± 13.5 63.1 ± 12.9
Gender (female)*, n (%) 15 (46.8) 55 (36.9)
BMI* 24.6 ± 3.9 26.1 ± 4.6
Hypertension*, n (%) 13 (40.6) 114 (76.5)
Diabetes mellitus*, n (%) 4 (12.5) 43 (28.8)
Hyperlipidemia*, n (%) 2 (6.2) 41 (27.5)
Current smoker*, n (%) 9 (28.1) 59 (39.5)
Systolic blood pressure 143.9 ± 30.6 142.6 ± 28.8
(mmHg)

Diastolic blood pressure 75.2 ± 11.8 72.4 ± 13.8
(mmHg)

LVEDP (mmHg) 19.4 ± 7.9 17.9 ± 6.9
Ejection fraction (%) 64.3 ± 10.7 63.2 ± 10.3

*p < 0.05 between the groups. CAG = coronary angiogram; SVD =
single-vessel disease; BMI = body mass index; LVEDP = left ventricular
end-diastolic pressure.

Table 2. Baseline characteristics of patients with single-vessel disease (SVD) according to the location of lesion

LAD (n = 94) LCX (n = 18) RCA (n = 37)

Age 63.8 ± 12.3 59.3 ± 13.4 59.0 ± 14.2

Gender (female), n (%) 36 (38.2) 7 (38.8) 12 (32.4)

BMI 24.9 ± 4.8 27.0 ± 4.0 27.3 ± 4.5

Hypertension, n (%) 73 (77.6) 13 (72.2) 28 (75.6)

Diabetes mellitus, n (%) 30 (31.9) 5 (27.7) 8 (21.6)

Hyperlipidemia, n (%) 23 (24.4) 7 (38.8) 11 (29.7)

Current smoker, n (%) 33 (35.1) 10 (55.5) 16 (43.2)

Systolic blood pressure (mmHg) 146.1 ± 30.3 135.9 ± 24.2 136.9 ± 24.9

Diastolic blood pressure (mmHg) 72.7 ± 14.9 75.4 ± 10.1 70.3 ± 12.0

LVEDP (mmHg) 17.3 ± 6.9 18.9 ± 5.9 18.9 ± 7.3

Ejection fraction (%) 62.3 ± 10.1 57.8 ± 11.8 66.0 ± 10.3

Medicine use, n (%)
Aspirin 48 (51.0) 11 (61.1) 22 (59.4)
Ticlopidine/Clopidogrel 47 (50.0) 9 (50) 23 (62.1)
Nitrate 51 (54.2) 11 (61.1) 20 (54.0)
ACE inhibitor 45 (47.8) 10 (55.5) 12 (32.4)
ARB 20 (21.2) 3 (16.6) 13 (35.1)
Calcium channel blocker 33 (35.1) 6 (33.3) 10 (27.0)
Beta-blocker 37 (39.3) 13 (72) 14 (37.8)
Statin 21 (22.3) 8 (44) 14 (37.8)
Diuretic* 21 (22.3) 2 (11) 4 (10.8)

*p < 0.05 between the groups. LAD = left anterior descending artery; LCX = left circumflex artery; RCA = right coronary artery; BMI = body mass
index; LVEDP = left ventricular end-diastolic pressure; ACE = angiotensin-converting enzyme; ARB = angiotensin II receptor antagonist.



was the use of oral calcium channel blocker (p = 0.01;
Table 6).

Multivariate analyses showed that the use of calcium
channel blocker was still associated with a significantly
lower TIMI frame counts (p = 0.02; Table 6) in RCA after
angioplasty, compared with those of the corresponding
normal coronary artery.

Discussion

This study showed that, for normal coronary artery,
the data of TIMI frame count in patients with all three

normal coronary arteries and in those with SVD were
similar. The finding is consistent with a study con-
ducted in people from the West5. After angioplasty, the
count number was markedly reduced in all three
stenotic vessels. However, only the number in RCA after
angioplasty was significantly lower than that of the
RCA in patients with all three normal coronary arter-
ies. Although we do not know the exact mechanism
underlying such a drastic reduction in RCA, one possi-
bility may be due to the existence of poststenotic
dilatation of the diseased vessel before angioplasty.
After relief of the stenosis, the flow downstream of the
dilated lesion may increase and reach a level higher
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Table 3. Thrombolysis in myocardial infarction (TIMI) frame
count of normal coronary artery in patients with
all three normal arteries (designated as no coro-
nary artery disease [CAD]) and those with single-
vessel disease (SVD)

TIMI frame count p*

LAD 0.25
No CAD (n = 31) 39.4 ± 16.0
SVD (n = 55) 42.2 ± 19.3
Total (n = 86) 41.2 ± 18.1

LCX 0.2
No CAD (n = 31) 33.3 ± 11.8
SVD (n = 131) 36.2 ± 18.1
Total (n = 162) 35.7 ± 17.1

RCA 0.18
No CAD (n = 29) 29.1 ± 14.6
SVD (n = 112) 26.5 ± 13.2
Total (n = 141) 27.0 ± 13.4

*Derived from comparison between the patients with no CAD and
those with the corresponding SVD. LAD = left anterior descending
artery; LCX = left circumflex artery; RCA = right coronary artery.

Table 4. TIMI frame count of normal coronary artery in the
group with no coronary artery disease (CAD) and
those groups with single-vessel disease

TIMI frame count p*

LAD
No CAD Male (n = 16) 38.5 ± 13.3 0.38

Female (n = 15) 40.3 ± 18.8
CAD Male (n = 36) 47.3 ± 11.9 0.0004

Female (n = 19) 31.9 ± 7.2

LCX
No CAD Male (n = 35) 33.6 ± 10.4 0.43

Female (n = 19) 32.9 ± 13.5
CAD Male (n = 48) 37.1 ± 19.3 0.199

Female (n = 83) 34.5 ± 15.8

RCA
No CAD Male (n = 15) 29.2 ± 10.9 0.48

Female (n = 14) 29.0 ± 17.4
CAD Male (n = 69) 28.7 ± 14.2 0.004*

Female (n = 43) 22.7 ± 10.3

*Derived from comparison between the genders of the same group.
LAD = left anterior descending artery; LCX = left circumflex artery;
RCA = right coronary artery.

Table 5. Thrombolysis in myocardial infarction (TIMI) frame count of vessels after angioplasty and vessels of the group with no
coronary artery disease (CAD)

Target vessel of TIMI frame count before TIMI frame count after 
No CAD

TIMI frame 
p*

angioplasty angioplasty angioplasty count

LAD (n = 45) 54.5 ± 28.8 34.0 ± 19.3 LAD (n = 31) 39.4 ± 16.0 0.18
LCX (n = 7) 67.3 ± 31.1 34.1 ± 19.0 LCX (n = 31) 33.3 ± 11.8 0.46
RCA (n = 22) 33.2 ± 28.1 19.3 ± 7.9 RCA (n = 29) 29.1 ± 14.6 0.001

*Derived from comparison between the target vessel after angioplasty and the corresponding normal vessel. LAD = left anterior descending
artery; LCX = left circumflex artery; RCA = right coronary artery.



than a normal artery, and therefore, the frame count is
lower than the normal artery. In addition, routine
intracoronary use of nitrate during angioplasty is also
expected to shorter the count number, as shown in a
previous study6. However, in comparison with RCA, the
post-angioplasty count numbers in the LAD and LCX
were not significantly lower when compared with the
corresponding normal arteries; this may be attributed
to the ventricular pressure, which is lower in the right
side, from where the RCA is harvested, than the left
side, where the LAD and LCX are located.

In the present study, univariate analyses showed that
the use of oral calcium channel blockers had lower
frame counts in RCA after angioplasty. The result was
also confirmed by multivariate analyses. Intracoronary
injection of calcium channel blockers had proved to
be effective in preventing distal embolism, and this
may shorten the TIMI frame count after angioplasty in
acute myocardial infarction7,8. The calcium T-channel
blocker mibefradil was also reported to effectively reduce
anginal symptom in coronary slow flow phenomenon9.
However, the effect of intracoronary delivery of calcium

channel blockers may not be the same as that of
the oral forms, which has not been evaluated before.
Nevertheless, in the present study, we found an extra-
ordinary impact of oral calcium channel blockers on
RCA frame count after angioplasty.

Despite the presence of numerous potential fac-
tors that may introduce variability into the TIMI frame
count method, only body size, systemic arterial pres-
sure, age, and sex are reportedly significant factors5.
In the present study, we did observe differences in the
frame count for LAD and RCA between genders in
patients with SVD. Some previous studies revealed that
the variation of the frame count remained narrow, but
other data did not support the finding1,5. In the pres-
ent study, the variation of the frame count was wider,
because lesions of chronic total occlusion were included
and the frame count number was given as 99.

Previous reports suggested that measurement of
TIMI frame counts is a simple and reliable method to
estimate coronary flow reserve10, but not all studies
agreed on this point11–13. In addition, some investiga-
tors claimed that TIMI frame count divided by mini-
mal luminal diameter can be used to predict coronary
artery restenosis after angioplasty14. Although there is
still controversy about the clinical use of the frame
count, it is really a simple and available method for
collection of the data.

In conclusion, the data of TIMI frame count in the
nonstenotic vessels were similar to those without coro-
nary artery disease. For the stenotic vessels, angioplasty
had differential effects on each of the three arteries.
These findings suggest that distinct properties exist for
individual coronary arteries in response to atheroscle-
rosis and/or angioplasty. Routine use of oral calcium
channel blockers before angiography accelerates the
coronary blood flow after angioplasty in the RCA, imply-
ing that the response to the interventional procedure
is vessel-specific.
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Table 6. Results of univariate analysis for right coronary
artery vessel (n = 22) with angioplasty

Clinical variable p

Sex 0.24

Hypertension 0.22

Hyperlipidemia 0.37

Current smoker 0.41

Diabetes 0.37

Prior MI 0.34

CHF history 0.15

Medicine use
Aspirin 0.31
Beta-blocker 0.20
Calcium channel blocker 0.01*
ACE inhibitor 0.29
ARB 0.47
Statin 0.42
Nitrate 0.45

Hemodynamic factor
EF > 50% 0.26
LVEDP > 18 mmHg 0.13

*p < 0.05 between the with and without groups. MI = myocardial
infarction; CHF = congestive heart failure; ACE = angiotensin-converting
enzyme; ARB = angiotensin II receptor antagonist; EF = ejection frac-
tion; LVEDP = left ventricular end-diastolic pressure.
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