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Coronary flow velocity analysis during short term follow
up after coronary reperfusion: use of transthoracic
Doppler echocardiography to predict regional wall
motion recovery in patients with acute myocardial
infarction
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Background: A recent study using a Doppler guide wire showed that coronary flow velocity measure-
ments immediately after coronary reperfusion were useful in predicting recovery of regional left
ventricular function. The value of coronary flow velocity analyses during follow up after reperfusion has
not been established in the clinical setting.
Objective: To evaluate coronary flow velocity measurements in predicting recovery of regional left
ventricular function during short term follow up after acute anterior myocardial infarction, using trans-
thoracic Doppler echocardiography (TTDE).
Methods: 30 consecutive patients with anterior acute myocardial infarction were studied. They all
underwent successful coronary angioplasty for lesions in the left anterior descending coronary artery
(LAD). Using TTDE, coronary flow velocity in the LAD was recorded on days 1 and 3, and at one and
two weeks after reperfusion. Regional wall motion was analysed by the wall motion score index
(WMSI), calculated as an average of segmental scores in the LAD territory before reperfusion and one
month after the infarction.
Results: Deceleration time of diastolic flow velocity (DDT) in patients with viable myocardium (WMSI
in LAD territory at one month, < 2.0) was significantly longer after recanalisation than in patients with-
out viable myocardium (WMSI in LAD territory at one month, > 2.0): 657 (226) v 271 (117) ms on
day 1, p < 0.001; 732 (219) v 373 (217) ms on day 3, p < 0.01; and 903 (107) v 577 (300) ms at
one week, p < 0.01. However, the difference at two weeks (991 (75) v 795 (281) ms) was not signifi-
cant. For the prediction of viable myocardium, DDT > 600 ms had a sensitivity of 78% and a specifi-
city of 92% on day 1, and a sensitivity of 78% and a specificity of 84% on day 3. At one and two
weeks, DDT > 600 ms was sensitive (100% and 100%, respectively) but less specific (46% and 26%,
respectively) for predicting viable myocardium.
Conclusions: Non-invasive assessment of coronary flow velocity using TTDE within three days of suc-
cessful coronary angioplasty in patients with anterior acute myocardial infarction is useful in predicting
recovery of regional left ventricular function.

Coronary reperfusion treatment is widely undertaken to
restore blood flow to the ischaemic myocardium after
acute myocardial infarction, because of its known ben-

eficial effects on the patency of the infarct related artery.1–3

However, it has been reported that the patency of this vessel as
assessed by coronary angiography does not always signal suc-
cessful myocardial salvage.4–6 Although cross sectional echo-
cardiography provides non-invasive assessment of cardiac
wall motion, it is difficult to differentiate viable myocardium
from irreversibly injured myocardium until the wall motion
improves during follow up.5

Analysis of coronary flow velocity using a Doppler guide
wire has been used to evaluate myocardial viability.7 8 We
recently showed that a rapid deceleration time of diastolic
coronary flow velocity immediately after coronary reperfusion
reflects a greater degree of microvascular damage in the risk
area.8 However, coronary flow velocity analysis by Doppler
guide wire is invasive and available only in catheterisation
laboratories. Furthermore, previous studies have shown that
serial changes to the coronary circulation may occur after cor-
onary reperfusion.9 10 Thus the value of coronary flow velocity

analysis during follow up after reperfusion has not been
established in the clinical setting.

Recently, we reported that coronary flow velocity in the left
anterior descending coronary artery (LAD) can be assessed
non-invasively using transthoracic Doppler echocardiography
(TTDE) under the guidance of colour flow mapping with a
high frequency transducer.11–13 This non-invasive technique
may enable us to assess coronary flow velocity serially in the
LAD during the follow up period after successful coronary
angioplasty in patients with anterior acute myocardial infarc-
tion. Our aim in this study was to evaluate the use of coronary
flow velocity analysis by TTDE during short term follow up to
predict recovery of regional left ventricular function after
myocardial infarction.
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METHODS
Study patients
The study population consisted of 30 consecutive patients (20
men, 10 women; mean (SD) age, 62 (8) years) with anterior
acute myocardial infarction who were successfully recanalised
with primary coronary angioplasty within 12 hours of the
onset of symptoms. The inclusion criteria were as follows:

• first anterior acute myocardial infarction

• successful recanalisation with coronary angioplasty (de-
fined as residual diameter stenosis < 50%) within 12 hours
after the onset of symptoms

• informed consent from the patient to carry out coronary
angioplasty.

The diagnosis of acute myocardial infarction was based on the
following: more than 30 minutes of continuous chest pain; ST
elevation of more than 2.0 mm in two or more contiguous ECG
leads; a greater than threefold increase over normal value in
serum creatine kinase; and TIMI (thrombolysis in myocardial
infarction) flow grade 0, 1, or 2 at initial coronary
angiography. Exclusion criteria were previous myocardial inf-
arction and a cardiac event during follow up.

All the participants gave informed consent to the protocol
approved by the committee for the protection of human sub-
jects in research at Kobe General Hospital.

Wall motion analysis by TTDE
Regional wall motion was examined by TTDE before and one
month after the coronary angioplasty. The left ventricular wall
was divided into 16 segments and the regional wall motion of
each segment was examined and scored according to a modi-
fication of the recommendations of the American Society of
Echocardiography,14 in which 1 is normal, 1.5 is mild hypoki-
nesis, 2 is hypokinesis, 2.5 is severe hypokinesis, 3 is akinesis,
and 4 is dyskinesis.15 Nine of the 16 segments were determined
to be LAD territory, and the wall motion score index (WMSI)
in the LAD territory was calculated as an average of the wall
motion score in these nine segments (fig 1).16 We estimated

change in WMSI as that between before reperfusion and one
month after reperfusion.

Serial coronary flow velocity measurements by TTDE
Coronary flow velocity measurement by TTDE was done on
days 1 and 3, and at one and two weeks after reperfusion, with
a Toshiba SSA-380A ultrasound system (frequency 5.0 or
7.5 MHz), an Acuson Sequoia ultrasound system (frequency
5.0 MHz), or a GE Logic 500 ultrasound system (frequency
3.5–8.0 MHz). In colour flow mapping, the velocity range was
set at ±8.1 to ±24.0 cm/s in the Toshiba system, ±8.9 to
±24.0 cm/s in the Acuson system, and ±8.7 to ±20.0 cm/s in the
GE system for the purpose of visualising the coronary flow
signal. To obtain coronary flow velocity in the mid to distal
LAD, the acoustic window was around the mid-clavicular line
in the fourth or fifth intercostal spaces in the left lateral decu-
bitus position. First, the left ventricle was imaged in the long
axis cross section and the ultrasound beam was inclined later-
ally. Then mid to distal LAD flow was sought under the guid-
ance of colour flow mapping.10–12 We set the sample volume
(2.0 mm wide) in the LAD flow signal. Doppler spectral trac-
ings of coronary flow velocity were recorded on 1⁄2 inch super-
VHS videotape (fig 2). Angle correction was undertaken in
each Doppler measurement (mean (SD) incident angle, 39
(6)°).

Analysis of coronary flow velocity
The coronary flow velocity spectrum recorded on super-VHS
videotape was digitised by off-line computed planimetry. The
digitised coronary flow velocity spectrum provided mean
diastolic velocity (MDV), peak diastolic velocity (PDV), and
deceleration time of diastolic flow velocity (DDT) (fig 3). An
average of the measurements in three cardiac cycles was
obtained.

Coronary angiography
All patients received an intravenous bolus injection of 4000 U
heparin before angiography, and 0.5 mg/kg/min glyceryl trini-
trate was given continuously intravenously soon after

Figure 1 Diagram of left anterior
descending coronary artery (LAD)
territory. Ant, anterior; Inf, inferior;
Lat, lateral; Post, posterior; Sept,
septal.
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establishing the diagnosis. Intracoronary isosorbide dinitrate
(2 mg) was given before coronary angiography. Diagnostic
coronary angiography was done by the femoral approach
using the Judkins technique. After an additional intravenous
or intra-arterial bolus injection of 6000 U of heparin, percuta-
neous transluminal coronary angioplasty, including rescue
stenting, was undertaken. Stents were deployed by high pres-
sure implantation techniques. An angiographic criterion of
< 50% residual stenosis was used to determine the end point
of the angioplasty procedures. Serum creatine kinase was
measured serially every three hours after recanalisation until
the peak value was obtained. Patients received conventional
drug treatment according to individual need, which was
determined by the attending physician. The stented patients
received anticoagulation with a ticlopidine and aspirin
regimen (ticlopidine 100 mg twice a day and aspirin 81 mg
twice a day).

Angiographic analysis
Quantitative analysis of per cent diameter stenosis was done
using auto-edge detection with a validated technique (CMS;
Medical Imaging Systems)17 from a cineangiogram taken
before and after coronary intervention. Contrast flow through
the infarct related coronary artery was graded by the standard
TIMI flow scale of 0 to 3 from the final coronary angiogram.18

Collateral flow was graded according to the Rentrop classifi-
cation of 0 to 3 from the initial coronary angiogram.19

Statistical analysis
Parametric data are expressed as mean (SD). The difference
between wall motion score index in the anterior wall before
recanalisation and at one month after recanalisation was
evaluated by paired Student’s t test. Comparisons between the
two groups for continuous variables were made with an

unpaired Student’s t test. The χ2 test was used to compare cat-
egorical variables. Analysis of variance and post-hoc t test with
Bonferoni corrections was used to analyse repeated measures
of coronary flow velocity index. Spearman’s correlation was
applied to estimate the relation between variables obtained
from coronary flow velocity and WMSI measurements at one
month after recanalisation. A probability value of p < 0.05
was considered significant.

Interobserver and intraobserver variabilities were assessed
for the measurements of MDV, PDV, and DDT in 15 recordings
in seven randomly selected patients. Interobserver variability
was calculated as the standard deviation of the differences
between the measurements of the two independent observers
who were unaware of the other patient data, and expressed as
a percentage of the average value. Intraobserver variability
was calculated as the standard deviation of the differences
between the first and second determinations (a three week
interval) for a single observer, and expressed as a percentage
of the average value. Interobserver and intraobserver variabili-
ties for the measurements of MDV were 4.8% and 3.9%,
respectively; for measurement of PDV they were 5.2% and
4.1%, respectively; and for measurement of DDT they were
5.1% and 4.3%, respectively.

RESULTS
Using TTDE, adequate spectral Doppler recordings of coronary
flow in the LAD for coronary flow velocity analysis were
obtained during follow up after reperfusion in 22 of the 30
patients (73%). These 22 patients formed the final study
group.

Clinical characteristics, clinical, and angiographic
results
These data are shown in table 1. Of the 22 patients, 11 had a
history of hypertension, 10 had diabetes mellitus, nine had a
cholesterol concentration of more than 5.79 mmol/l, and 13
were smokers. Mean (SD) time from the onset of symptoms to
coronary perfusion was 374 (171) minutes. The peak creatine
kinase level was 4454 (3385) IU/l. Twenty patients developed
Q wave infarction, while the other two had non-Q wave
infarction. There was no clinical, ECG, or enzymatic evidence
of reinfarction in any patient during one month of follow up.
In-hospital drug treatment was as follows: nitrates (17),
angiotensin converting enzyme inhibitors (18), β adrenergic
blocking agents (17), and calcium antagonists (3).

Coronary angioplasty was successful in all the patients. The
culprit lesion was the proximal LAD in 13 and the mid LAD in
nine. Fifteen patients had single vessel disease, five had dou-
ble vessel disease, and one had triple vessel disease. No patient
showed good collateral flow (Rentrop grade 3), three had fair
collateral flow (Rentrop grade 2), three had poor collateral
(Rentrop grade 1), and the remaining 16 had no collateral flow
(Rentrop grade 0) on the initial coronary angiogram.

Figure 2 Coronary flow imaging in
the distal left anterior descending
coronary artery (LAD) (left) and
spectral Doppler flow recording
(right) obtained by placing a sample
volume in the LAD. LV, left ventricle.

Figure 3 Measurements of variables of coronary flow velocity
recording.
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Coronary stenting was done in 11 patients. Per cent diameter
stenosis after coronary angioplasty was 25 (10)%. Five
patients showed TIMI grade 2 reflow, and the remaining 17
patients showed TIMI grade 3 reflow.

Baseline and follow up echocardiography
Wall motion index in the LAD territory decreased significantly
from baseline to follow up (from 3.2 (0.4) to 2.4 (0.9),
p < 0.001), and the change in WMSI was 0.8 (0.8). We defined
viable myocardium as a WMSI at one month of < 2.00
according to a previous report on low dose dobutamine
echocardiography.16 We divided the study patients into two
groups, one with viable myocardium and one with non-viable
myocardium. Table 1 shows a comparison between these two
groups. Except for peak creatine kinase, there were no signifi-
cant differences in baseline characteristics, residual stenosis,
WMSI before recanalisation, existence of collateral flow on the
initial angiogram, or existence of TIMI grade 3 flow after reca-
nalisation.

Relation between coronary flow velocity pattern and
late results
Figure 4 shows coronary flow velocity data during the follow
up period in each group. DDT was significantly longer on day
1 in the group with viable myocardium than in the group with
non-viable myocardium, at 657 (226) v 271 (117) ms,
p < 0.001 (fig 4, panel A). There were significant differences in
DDT on day 3 and at one week between the groups with viable
and non-viable myocardium (732 (219) v 373 (217) ms,
p < 0.01; and 903 (107) v 577 (300) ms, p < 0.01, respec-
tively) (fig 4A). At two weeks, however, the difference in DDT
between the two groups was no longer significant (991 (75) v

795 (281) ms) (fig 4, panel A). There were no differences in
MDV and PDV values during follow up between the two
groups, although there was a trend for PDV to be higher on day
1 in the non-viable group than in the viable group (fig 4, pan-
els B and C). In addition, there were no significant differences
in DDT, ADV, and MPV during follow up period between the
patients with TIMI grade 2 reflow (n = 5) and TIMI grade 3
reflow (n = 17).

DDT values on days 1 and 3 showed a good correlation with
WMSI in the LAD territory at one month after recanalisation
(r = −0.79 and −0.71, respectively) (fig 5, panels A and B).
Weaker correlations between DDT and WMSI at one month
were shown at one week and two weeks of follow up
(r = −0.63 and −0.55, respectively) (fig 5, panels B and C). In
our previous report, we showed that a DDT value of 600 ms
immediately after coronary reperfusion was the best cut off
value to predict viable myocardium, using receiver operating
characteristics (ROC) curves.8 In the present study, a DDT
value of > 600 ms had a sensitivity of 78% and a specificity of
92% on day 1, and a sensitivity of 78% and a specificity of 84%
on day 3 for predicting viable myocardium. At one and two
weeks, DDT values of more than 600 ms were sensitive (100%
and 100%, respectively), but less specific (46% and 26%,
respectively), for predicting viable myocardium.

DISCUSSION
In this study, we analysed coronary flow velocity serially using
TTDE within two weeks after successful coronary angioplasty
in patients with acute anterior myocardial infarcts. Our results
show that DDT within three days of recanalisation is
predictive of viable myocardium. To the best of our knowledge,
this is the first report to investigate serial changes in coronary

Table 1 Comparisons between groups

Variable
Viable
myocardium

Non-viable
myocardium p Value

n 9 13
Age (years) 64 (8) 62 (10) 0.65
Male (%) 5 (56%) 5 (38%) 0.43
Onset to recanalisation time (min) 337 (177) 353 (135) 0.84
Proximal LAD occlusion 5 (56%) 8 (62%) 0.78
Per cent diameter stenosis after coronary angioplasty 27 (12) 25 (9) 0.78
TIMI grade 3 flow 7 (78%) 10 (77%) 0.96
Peak creatine kinase (IU/l) 1939 (1173) 6526 (3240) 0.0014
Wall motion score index on admission 3.2 (0.5) 3.2 (0.4) 0.76
Wall motion score index at one month 1.6 (0.3) 3.0 (0.6) 0.0001
Collateral flow on coronary angiogram (Rentrop grade <1) (%) 3 (33%) 3 (23%) 0.60

Values are mean (SD) or n (%).
LAD, left anterior descending coronary artery; TIMI, thrombolysis in myocardial infarction trial flow grade.

Figure 4 Time course of deceleration time of diastolic flow velocity (A), mean diastolic velocity (B), and peak diastolic velocity (C) in the
viable myocardium group (square symbols) and the non-viable myocardium group (round symbols). *p < 0.001 between groups; **p < 0.01
between groups; †p < 0.01 v day 1 and day 3.

1166 Hozumi, Kanzaki, Ueda, et al

www.heartjnl.com



flow velocity pattern during follow up within two weeks after
reperfusion in patients with acute myocardial infarction, and
to show the value of coronary flow velocity analysis early after
recanalisation.

A recent study using a Doppler guide wire has shown that
analysis of the coronary flow spectrum immediately after suc-
cessful coronary angioplasty is useful for predicting recovery
of regional left ventricular function.8 Rapid DDT immediately
after reperfusion may reflect an increase in coronary vascular
resistance caused by microvascular obstruction resulting from
perivascular oedema or capillary leucocyte plugging after
myocardial ischaemia.20–25 The Doppler guide wire method,
however, is available only in cardiac catheterisation laborato-
ries immediately after coronary angioplasty. Furthermore,
there is evidence that the coronary circulation may show serial
changes after coronary reperfusion.9 10 Thus the value of
coronary flow velocity analysis during short term follow up
after reperfusion has not been established. TTDE is non-
invasive, relatively inexpensive, and widely used in the clinical
setting, and can be employed for serial studies not only in
echocardiographic laboratories but also in the coronary care
unit. Recently, we have reported that coronary flow velocity
can be measured with a high degree of success by TTDE under
the guidance of colour flow mapping, using a high frequency
transducer.11–13 We therefore applied this non-invasive tech-
nique to the serial assessment of coronary flow velocity in the
left anterior descending coronary artery after successful
coronary recanalisation in patients with acute anterior
myocardial infarction.

In our present study, DDT measured three days of recanali-
sation predicted regional recovery of left ventricular function
as effectively as that measured immediately after coronary

recanalisation in the recent study cited above.8 A rapid DDT
within three days may reflect a greater degree of microvascu-
lar damage in the risk area after acute myocardial infarction.
This can be explained by a high ratio of perfused myocardium
to functioning coronary microvasculature.

According to experimental studies, vascular resistance is
thought to be affected by microvascular damage (microvascu-
lar obstruction) caused by perivascular oedema and capillary
leucocyte plugging after myocardial ischaemia.20–25 Using
magnetic resonance imaging in an experimental study,
Rochitte and colleagues have showed that the extent of
microvascular obstruction increases over the first 48 hours
after acute myocardial infarction.26 Furthermore, using the
same technique Wu and colleagues have reported that the
peak extent of microvascular obstruction occurs two days after
reperfusion.27 In the present clinical study, there was no
significant difference in DDT at two weeks after recanalisation
between a group with viable myocardium and a group with
non-viable myocardium. This clinical result may be explained
by postulating that the extent of microvascular obstruction
increases progressively within the first two days after
reperfusion, after which there is gradual recanalisation of the
occluded microvessels, causing a progressive decrease in
coronary resistance. This mechanism could result in a prolon-
gation of DDT after two weeks of follow up, even in patients
with no viable myocardium.

Study limitations
It was difficult to analyse coronary flow velocity data in eight
of the 30 patients (27%) because of difficulty in obtaining
adequate spectral Doppler recordings of coronary flow in the
LAD for coronary flow velocity analysis. To improve the

Figure 5 Relation between wall motion score index in the anterior wall and the deceleration time of diastolic flow velocity on day 1 (A), day
3 (B), at one week (C), and at two weeks (D) after acute myocardial infarction.
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success rate in obtaining adequate coronary flow velocity
recordings by this non-invasive method, a peripheral injection
of a lung crossing contrast agent may be helpful.28

We applied the present method only to the LAD in patients
with anterior infarcts, and it was not applied to the other cor-
onary vessels in other territories involved in acute myocardial
infarction. At present, it has not been established whether
coronary flow velocity in the other coronary vessels can be
assessed successfully using TTDE. However, the LAD is a major
coronary artery as it vascularises a large amount of
myocardium. Thus the non-invasive diagnosis of myocardial
viability in the area supplied by this major vessel should be of
value in the follow up of any group of patients with acute
myocardial infarction.

Third, we did not assess systolic velocity, although the
recent report using a Doppler guide wire showed that a low
average systolic peak velocity immediately after coronary
angioplasty reflects myocardial damage.7 8 Using TTDE,
however, it was difficult to obtain an adequate Doppler enve-
lope during systole for coronary flow velocity analysis in 11 of
the 30 patients (37%) because of the lower flow velocity dur-
ing systole compared with diastole. This results in difficulty in
differentiating the coronary flow velocity signal from an arte-
fact signal using the Doppler technique.

In the present study, we did not evaluate the TIMI frame
count and TIMI blush score between the patients with and
without myocardial viability, although there was no difference
in TIMI grade 3 flow between the two study groups. Further
investigations are necessary to determine the beneficial effects
of coronary intervention on microvasculature function.

Finally, we judged viable myocardium by the wall motion
score index at one month using TTDE, because improvement
in wall motion is clinically important. However, more quanti-
tative methods such as single photon emission computed
tomography or positron emission tomography may be
preferred for a more accurate evaluation of viable myocar-
dium.

Conclusions
Using transthoracic Doppler echocardiography, non-invasive
assessment of coronary flow velocity in the left anterior
descending coronary artery, within three days of successful
coronary angioplasty in patients with anterior acute myocar-
dial infarction, is useful in predicting recovery of regional left
ventricular function.
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