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Angiographically Normal Left Anterior
Descending Coronary Artery in Patients
With Remote Coronary Artery Disease

Francesco Pizzuto, MD, Paolo Voci, MD, PhD, Enrica Mariano, MD,
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oronary artery disease (CAD) has been suggested to
lter coronary flow reserve (CFR; the ratio between hy-
eremic and baseline coronary flow velocities) not only

n territories supplied by stenotic arteries but also in
ngiographically normal, remote regions. However, few
ata exist regarding the left anterior descending (LAD)
oronary artery as the normal index artery. The influ-
nce of remote CAD on CFR of the angiographically
ormal LAD was evaluated with transthoracic Doppler
ltrasound to measure CFR in the LAD during 90 seconds
f venous adenosine infusion (140 �g/kg/min) in 122
ubjects who were assigned to 1 group; group 1 com-
rised 49 controls without angiographically detectable
AD, and group 2 consisted of 73 patients with an
ngiographically normal LAD and remote CAD. Group 2
as divided into 4 subgroups: 16 patients with previous

emote percutaneous coronary intervention (group 2A);
3 patients with significant remote stenosis (group 2B);
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3 patients with previous remote myocardial infarction
nd percutaneous coronary intervention (group 2C); and
1 patients with previous remote myocardial infarction
ut no percutaneous coronary intervention (group 2D).
FR in the LAD was not significantly different in groups
and 2 (3.08 � 0.61 and 3.03 � 0.69, respectively, p
NS). Decreased ejection fraction and increased wall

otion score index in patients with remote CAD (p
0.00001) and multivessel CAD did not affect CFR in the

AD (group 2A 3.18 � 0.77; group 2B 3.05 � 0.65;
roup 2C 3.07 � 0.79; group 2D 2.86 � 0.50, respec-
ively; F � 0.63, p � NS). In conclusion, CFR of an
ngiographically normal LAD is preserved in patients
ith remote CAD, even in the presence of previous

emote myocardial infarction and wall motion
bnormalities. �2004 by Excerpta Medica, Inc.

(Am J Cardiol 2004;94:577–582)
xperimental and clinical reports have suggested
that acute myocardial infarction decreases coro-

ary flow reserve (CFR; the ratio between hyperemic
nd baseline flow velocities) not only in the infarct-
elated artery but also in remote, angiographically
ormal coronary arteries.1–5 Discordant results have
een reported in patients without previous myocardial
nfarction,6–8 and it is unclear what the interaction is
hen the normal vessel is the left anterior descending

LAD) coronary artery. Recent advances in color
oppler technology have allowed imaging of the dis-

al LAD9,10 by transthoracic echocardiography,
hereby opening the way to the noninvasive detection
f recanalization in acute anterior myocardial infarc-
ion,11 diagnosis of LAD disease by measurement of
FR,12–15 and monitoring of changes in CFR after

tenting.16,17 The aim of this study was to assess
hether CFR in an angiographically normal LAD is
reserved in patients with remote coronary artery dis-
ase (CAD), including those with myocardial infarc-
ion. CFR was prospectively measured by transtho-
acic coronary Doppler ultrasound.

rom the Section of Cardiology, “La Sapienza” University; and the
ection of Cardiology, “Tor Vergata” University, Rome, Italy. Manu-
cript received February 4, 2004; revised manuscript received and
ccepted May 18, 2004.

Address for reprints: Paolo Voci, MD, Via San Giovanni Eudes,
ETHODS
Study population: Patients were selected from a

opulation undergoing diagnostic or therapeutic car-
iac catheterization at our institution. The requisite to
e enrolled in this study was the presence of an
ngiographically normal LAD with or without remote
AD. From June 2002 to August 2003, 122 consec-
tive subjects (105 men and 17 women; mean age 58

10, range 31 to 77) were recruited and assigned to
of 2 groups; group 1 comprised 49 controls with

hest pain but no angiographically detectable CAD
i.e., coronary arteries with angiographically smooth
ilhouettes), and group 2 consisted of 73 patients with
n angiographically normal LAD and remote CAD.
roup 2 was further divided into 4 subgroups: 16
atients with remote percutaneous coronary interven-
ion but no evidence of myocardial infarction (group
A); 13 patients without remote myocardial infarction
ut significant (�70%) remote coronary stenosis
group 2B); 23 patients with remote myocardial in-
arction and previous remote percutaneous coronary
ntervention (group 2C); and 21 patients with remote
yocardial infarction but no remote percutaneous cor-

nary intervention (group 2D). Data on hypercholes-
erolemia (total cholesterol levels �220 mg/dl), hy-
ertension (blood pressure �140/90 mm Hg), diabetes
fasting glycemia �126 mg/dl), active smoking, and
eft ventricular hypertrophy (thickness of septum and

eft ventricular free wall �12 mm) were collected.

5770002-9149/04/$–see front matter
doi:10.1016/j.amjcard.2004.05.019
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Transthoracic coronary Doppler echocardiography:
ll subjects underwent transthoracic echocardiogra-
hy and noninvasive Doppler ultrasound assessment
f CFR in the LAD 1 to 2 days within diagnostic
oronary angiography, 5.58 � 2.13 days (range 2 to
0) after percutaneous coronary intervention, and
7.33 � 18.97 days (range 2 to 70) after myocardial
nfarction. Patients with acute coronary syndromes,
ongestive heart failure, significant valvular heart dis-
ases, and contraindications to adenosine administra-
ion (second- to third-degree atrioventricular block,
evere chronic obstructive pulmonary disease, and
ronchospasm) were excluded. All subjects were in
inus rhythm, stable condition, and fasting state when
FR was assessed. All coronary active medications
ere withdrawn the day before the Doppler ultrasound

xamination. The study was approved by our institu-
ional review committee. All subjects were informed
n the purpose and nature of the study and provided
ritten informed consent before participation.

Transthoracic coronary Doppler echocardiography
as performed as previously described9,10,15–17 with a

mall multihertz transducer that allowed independent
hange of frequency between 2-dimensional (3.5 to
.0 MHz) and color (3.5 to 6.0 MHz) Doppler and was
onnected to an ultrasound system (Sequoia C256,
iemens-Acuson, Mountain View, California). Coro-
ary flow velocity was measured by pulsed Doppler
ltrasound under a color-coding guide. The best long-
xis view in color flow imaging was obtained to
aintain a �30° angle between flow and Doppler

eams. All studies were continuously recorded on a
alf-inch VHS videotape for off-line analysis.

End-diastolic and end-systolic volume indexes and
jection fraction were measured by the biplane
ethod of disks. Wall motion score index was calcu-

ated using the 16-segment model proposed by the
merican Society of Echocardiography,18 (1 � nor-
al, 2 � hypokinetic, 3 � akinetic, and 4 �

yskinetic).
Coronary flow reserve: Each subject underwent

oppler echocardiographic recordings of LAD blood
ow velocity at baseline and during 90 seconds of
denosine infusion (140 �g/kg/min). Heart rate and
lectrocardiogram were continuously monitored.
lood pressure was recorded at baseline, during aden-
sine infusion, and at recovery. Peak and mean dia-
tolic flow velocities were measured before and during
denosine infusion. For each test, the 3 highest Dopp-
er velocities were computed and averaged. CFR was
alculated by the same operator who performed the
est using peak diastolic values and who was blinded
o the angiographic data.

Feasibility and reproducibility of CFR assessment:
easibility of coronary imaging and Doppler ultra-
ound recordings was evaluated by consensus of 2
xperienced observers. Inter- and intraobserver vari-
bilities in measurements of Doppler velocity in our
aboratory were 3.2% and 2%, respectively,16 whereas
ntraindividual variability never exceeded (in absolute
verage values) 2 cm/s, thus providing a maximal

16
6% difference in relative terms. i
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Coronary angiography: Cardiac catheterization was
erformed in all patients by the percutaneous femoral
pproach. Coronary lumen diameter was measured
nline with electronic calipers by 2 expert operators
erforming angiography who were blinded to the
oppler results. The outer diameter of the fluid-filled
iagnostic catheter, which was centered, was used as a
caling device to obtain absolute arterial dimensions.
wo orthogonal projections of the coronary artery

esion at end-diastole were used to measure coronary
tenosis, and percent diameter stenosis was derived
rom the angiographic view best depicting the narrow-
ng. In this study, stenosis �70% was considered
ignificant.

Statistical analysis: Data are expressed as mean �
D except for data expressed as percent or proportion,
here � SE were used. One-way analysis of variance
sing Bonferroni’s correction to assess intergroup dif-
erences (BMDP-7D, University of California Press,
erkeley, California) was used to analyze data, and
-way analysis of variance was used to assess inter-
roup differences of hemodynamic variables (BMDP-
V, University of California Press). Confidence inter-
als (95%) were calculated by standard formulas. A p
alue �0.05 was considered statistically significant.

ESULTS
Patient characteristics: There was, as expected,

ore severe CAD, lower ejection fractions, and more
all motion abnormalities in group 2 and a higher
revalence of smoking in groups 2A and 2D (Table 1).

Coronary flow reserve: CFRs of the angiographi-
ally normal LAD were 3.08 � 0.61 in group 1 and
.03 � 0.69 in group 2 (p � NS). When patients were
rouped according to CAD characteristics outside the
AD (previous percutaneous coronary intervention,
70% coronary stenosis, and previous myocardial

nfarction), a slight but nonsignificant decrease of
FR in the LAD was observed only in those with
revious myocardial infarction who did not undergo
ercutaneous coronary intervention (Table 1 and Fig-
re 1). Neither decreased ejection fraction nor a higher
all motion score index affected CFR in the LAD

Table 1). Figure 2 shows a subject with angiographi-
ally normal coronary arteries and a CFR of 3.3, and
igures 3 to 5 show patients with angiographically
ormal LAD and different types of remote CAD. The
FR in the LAD of these patients was always within

he range of group 1 (controls), even in the case of
ecent (Figure 4) or old (Figure 5) remote myocardial
nfarctions, with or without revascularization of the
nfarct-related artery. The presence of 1- or 2-vessel
AD did not influence CFR in the LAD (F � 0.15, p

NS) when all patients with remote CAD were
nalyzed and when patients with previous remote
yocardial infarction were excluded (F � 2.17, p �
S).

Hemodynamic variables: Adenosine infusion in-
uced similar changes in all groups (2-way analysis of
ariance interaction term, p � 0.13 and 0.59 in groups
and 2, respectively) with respect to heart rate, which
ncreased (p �0.0001), and mean arterial pressure,

SEPTEMBER 1, 2004
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hich decreased (p �0.0001). Rate–pressure product
lightly decreased during adenosine infusion com-
ared with baseline values (p �0.02). However,
roups behaved moderately differently, and the 2-way
nalysis of variance interaction term showed border-

TABLE 1 Study Population, Risk Factors, and Hemodynamic Dat

Variable
Group 1
(n � 49)

Group 2A
(n � 16)

Age (ys) 60 � 11 56 � 12
Sex (0 � women;

1 � men)
0.73 � 0.06 0.94 � 0.06 0

Body surface area (m2) 1.84 � 0.15 1.85 � 0.18 1
Hypercholesterolemia (�220

mg/L)
0.59 � 0.07 0.69 � 0.12 0

Diabetes mellitus 0.16 � 0.05 0.06 � 0.06 0
Hypertension 0.53 � 0.07 0.62 � 0.12 0
Smoking habits 0.49 � 0.07 0.87 � 0.08 0
Left ventricular hypertrophy 0.20 � 0.06 0 0
Heart rate (beats/min) 68 � 11 64 � 12
Mean arterial blood pressure

(mm Hg)
97 � 8 99 � 10 1

Peak flow velocity (cm/s) 23 � 7 22 � 6
Ejection fraction (%) 64 � 0.4 61 � 1
Wall motion score index 1.01 � 0.04 1.07 � 0.20 1
Peak LAD CFR 3.08 � 0.61 3.18 � 0.77 3
Mean LAD CFR 2.97 � 0.60 3.18 � 1.01 2

One-factor analysis of variance was used to test significance. F statistics (and
pairwise comparisons were performed using Bonferroni’s correction.

*p �0.05, group 1 versus groups 2C and 2D, p � NS in remaining compar
†p �0.10, group 1 versus group 2A, only.
§p �0.01, group 1 versus groups 2B, 2C, and 2D, group 2A versus groups 2C

2D.
‡p �0.01, group 1 versus groups 2C and 2D, group 2A versus groups 2C a

IGURE 1. CFR is shown individually in control subjects (group 1)
nd patients with angiographically normal LAD coronary arteries
nd different types of remote ischemic heart disease (groups 2A,
B, 2C, and 2D). Confidence intervals of the average value ob-

ained in control subjects without risk factors (n � 7, CFR 2.95 �
.24, 95% confidence interval 2.77 to 3.13) are indicated by
hading to provide a direct comparison with visually estimates of
ow CFR distributes according to the groups considered. Thick

ines represent average values in each subgroup, none of which
ies distant from the distribution of control subjects, considered
verall or as those without risk factors (see Results and Discus-
ion for further details).
ine significance (p �0.06). m

CORONARY ARTER
ISCUSSION
This quite large study shows that remote CAD, in

ts different forms, including myocardial infarction,
as no significant influence over CFR of an angio-
raphically normal LAD. The mean value of 3.03 �
.69 found in group 2 (all patients with remote CAD)
as largely above the proposed cut-off values of 2.519

nd 2.24,20 below which a microvascular dysfunction
hould be considered in the absence of a significant
picardial stenosis.

Acute coronary occlusion may influence dynamics
nd flow reserve in remote areas not directly involved by
he ischemic event,1–5 but it is possible that the problem
as been overestimated. Uren et al1 used positron emis-
ion tomography in 13 patients 1 week after acute myo-
ardial infarction and found an impaired CFR of 1.53 �
.36 in non–infarct-related areas, which increased to 2.19

0.69 at 6 months. This finding conflicts with other
eports that used intracoronary Doppler ultrasound dur-
ng myocardial infarction.21,22 Lepper et al21 found a
FR of �1.6 even in the infarct-related artery immedi-
tely after successful primary percutaneous coronary in-
ervention, followed by good reperfusion as assessed by
yocardial contrast echocardiography. Neumann et al22

btained a similar CFR (1.56 � 0.51) in the infarct-
elated artery after primary percutaneous coronary inter-
ention, which increased to 2.04 � 0.65 at 1 hour and to
.66 � 0.72 at 2 weeks. Therefore, it is difficult to
econcile these contrasting findings, obtained in few pa-
ients and with overlapping confidence intervals,1
hereby CFR in the revascularized infarct-related artery

eturned toward normal values (2.66 � 0.72) at 2
eeks,22 but in the angiographically normal artery re-

1

up 2B
� 13)

Group 2C
(n � 23)

Group 2D
(n � 21) F (p Value)

� 8 56 � 6 58 � 9 1.20 (NS)
� 0.10 1.00 � 0 1.00 � 0 4.13 (�0.036)*

� 0.16 1.89 � 0.11 1.88 � 0.14 0.48 (NS)
� 0.10 0.69 � 0.10 0.62 � 0.10 0.28 (NS)

� 0.12 0.30 � 0.10 0.19 � 0.09 1.00 (NS)
� 0.14 0.48 � 0.11 0.76 � 0.09 1.12 (NS)
� 0.14 0.70 � 0.10 0.76 � 0.09 3.11 (�0.018)†
� 0.10 0 0.14 � 0.08 2.23 (NS)
� 11 66 � 9 62 � 8 1.08 (NS)
� 10 100 � 9 102 � 8 0.82 (NS)

� 6 21 � 6 25 � 7 1.33 (NS)
� 0.6 53 � 1 50 � 1 60.57 (�0.00001)§
� 0.07 1.30 � 0.17 1.40 � 0.3 32.55 (�0.00001)‡
� 0.65 3.07 � 0.79 2.86 � 0.50 0.63 (NS)
� 0.70 2.93 � 0.80 2.73 � 0.53 0.95 (NS)

responding p values) are shown. In the presence of a significant (p �0.05) F,

s.

2D, group 2B versus groups 2C and 2D; and p �0.05, group 2C versus group

D, group 2B versus groups 2C and 2D only.
a

Gro
(n

54
.84

.85

.69

.23

.54

.46

.15
64
00

25
60

.02

.05

.93

cor

ison

and

nd 2
ained low (2.19 � 0.69) at 6 months. If the impaired
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remote CFR is a reality, it should trans-
late into an unusual clinical scenario in
which virtually all patients with acute
myocardial infarction have symptoms
and positive diagnostic tests for remote
ischemia before discharge. Of note, Si-
cari et al23 found remote ischemia in
only 96 of 778 patients (10%) who
underwent dobutamine stress echocar-
diography 12 � 5 days after myocar-
dial infarction.

Other factors may influence re-
mote flow in acute myocardial infarc-
tion, namely: (1) the culprit artery
(right and/or circumflex coronary ar-
tery affects LAD flow less than the
reverse4), (2) wall motion abnormal-
ities of the jeopardized myocardium,4
(3) tight stenosis of the culprit ar-
tery,4 (4) the time elapsed between
the acute event and flow assessment,5
and (5) the reopening of the culprit
artery.24 In our experience, only wall
motion abnormalities and the reopen-
ing of the culprit artery had a slight
but nonsignificant influence (Table 1).

An impaired CFR in an angio-
graphically normal coronary artery
has been described in small series of
patients with stable remote CAD
without previous myocardial infarc-
tion.6,7 It was mainly attributed to an
early impairment of microvascular
function in the presence of angio-
graphically undetectable coronary
atherosclerosis or to a longstanding
adaptation to the increased load in
remote regions with structural remod-
eling of the coronary vasculature.6,7

Other studies have described an im-
pairment of vasomotor tone of the an-
giographically normal coronary artery
and remote CAD only in patients with
coronary risk factors.8

In our series, all patients with an-
giographically normal LAD, remote
CAD, and no myocardial infarction
had a CFR in the LAD within the
range of the control group (Figure 1
and Table 1), which was also indepen-
dent of risk factors (see confidence
intervals in Figure 1) and number of
vessels with disease.

We recognize 4 main limitations
of our study. (1) The control group
consisted of subjects with angio-
graphically normal coronary arteries
who for some reason underwent diag-
nostic coronary angiography. Of note,
the CFR of 3.08 � 0.61 of this group
was similar to that reported by Kern et

25 26

nt in group 1.
ic coronary

iographically
nosis of the
iddle tract
ronary artery,

ithin the
IGURE 2. (Top) Angiographically normal coronary arteries in a patie
Bottom) CFR of the LAD coronary artery, as measured by transthorac
oppler ultrasound, is 3.3.
al (2.81 � 0.61) and Wieneke et al
IGURE 3. (Top) Coronary angiography of a patient in group 2B (ang
ormal LAD and remote significant coronary stenosis) shows 95% ste
rst obtuse marginal branch (open arrow) and 95% stenosis of the m
solid arrow) of the right coronary artery. (Bottom) CFR of the LAD co
easured by transthoracic Doppler ultrasound, shows a CFR of 2.9, w

ange of the control group.
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CORONARY ARTER
(3.0 � 0.8) who used intracoronary
Doppler ultrasound in subjects without
angiographically detectable CAD and
who were similar ages. CFRs of 4.07
� 0.98 and 3.95 � 0.68 have been
found by positron emission tomogra-
phy in healthy volunteers with low risk
of CAD, but these series included
younger subjects.6,27 Therefore, it seems
that advancing age more than subclinical
angiographically undetectable athero-
sclerosis may affect CFR.26,28 (2) Risk
factors did not significantly affect our
results, based on standard cut-off values.
However, extremely high levels of cho-
lesterol or other risk factors may play a
role. (3) This is a single-center study that
requires confirmation by data from other
laboratories. (4) CFR was measured
only in the LAD territory. Recent data
have shown that imaging of the posterior
descending coronary artery, regardless
of its origin from the right or circumflex
artery, is feasible.29,30

In conclusion, focal factors in each
territory are responsible for CFR, and
impaired CFR in 1 region is not a
general phenomenon of the coronary
circulation.
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