Clin. Cardiol. 26, 503-507 (2003)

Clinical Investigations

Changesinthe Response of Hibernated Myocardium to Inotropic Stimulation
after Angioplasty: A Doppler Myocardia |maging Study

ANNA KLISIEWICZ, M.D., PH.D., POTR MICHAYEK, M.D., PH.D., POTR SZYMANSKI, M.D., PH.D., PIOTR HOFFMAN, M.D., PH.D.

Department of Non-Invasive Cardiol ogy, Nationa I nstitute of Cardiology, Warsaw, Poland

Summary

Background: Angioplasty of aninfarct related artery (IRA)
performed several weeks or months after myocardia infarc-
tion (M1) may improvemyocardia function.

Hypothess: We hypothesized that, as Doppler myocardia
imaging (DM ) dlowsfor thequantitative assessment of thesys-
tolic movement of myocardial segments, it may be asenditive
method for assessing changesin regiona myocardid contrac-
tion and contractilereserve preand post angioplasty of theIRA.

Methods: Inall, 39 patients (30 men, mean age 53.4+ 8.3
years), 1 to 6 months after M1, who qudified for IRA angio-
plasty onthebasisof myocardia viability intheinfarcted zone
as demonstrated by dobutamine stress echocardiography,
wereincluded inthe study. Peak regional myocardia systolic
veocities(Swave) of theinfarcted segmentswere measured at
rest and during | ow-dose dobutamineinfusion (15 pg/kg/min)
1 day beforeangioplasty (Exam 1), 2to 5 days (Exam 2), and
30 days (Exam 3) after successful angioplasty. Thelong-axis
movement of the mitral annulus and of the basal and media
segmentsof the posterior (20 patients), anterior (17 patients),
and lateral walls(2 patients) was evauated.

Results: At rest, Swave velocity of theinfarcted segments
increased between Exams 1 and 2, without further improve-
ment between Exams2 and 3 (4.9+ 1.2 vs. 5.6 + 1.3 cm/s,
p<0.05and 5.6 £ 1.3vs. 55+ 1.3 cm/s, NS, respectively).
However, S'wave vel ocities measured during low-dose dobu-
tamineinfusion differed significantly both between Exams 1
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and2,and2and3(7.0+ 1.5vs. 7.8+ 1.8cm/s, p<0.01; 7.8+
18vs 85+ 1.6cm/s, p<0.05).

Conclusions: Resting contractility at aninfarct zone dem-
onstrated rapid initial improvement after angioplasty of the
IRA with no further change, whereas contractile reserveim-
proved not only immediately after angioplasty but also during
the next month.

Keywords: Doppler myocardia imaging, contractilereserve,
angioplasty, myocardia infarction

Introduction

Contractile reserve, demonstrated by dobutamine stress
echocardiography (DSE), is commonly used for the evalua-
tion of myocardial viahility to predict improvement of seg-
mental contractility after revascul arization.l 2 Several papers
reported the smaller than expected improvement of regional
left ventricular (LV) contractility at rest following revascular-
ization.34 This can be caused by histopathologic changesin
the hibernated myocardium, whereby the proliferation of the
fibroustissue precludesimprovement of resting systolic func-
tion. Earlier studieseval uated the efficacy of revascularization
procedures based on improvement of LV contractility at
rest.>2 However, although hibernated myocardiumiscapable
of responding to inotropic stimulation, there have been few
reports dedicated to theinfluence of revascul arization on con-
tractilereserve.3 4. 10-12

Prior attemptsto perform echocardiographic evaluation of
wall motion abnormalitieswereeither based on semiquantita:
tive visua assessment, or on the application of image pro-
cessing techniques based on the centerline method. 13 14 With
the introduction of Doppler myocardia imaging (DMI),
quantifying of regiond myocardid contraction and relaxation
velocities became possible.5 16 Regional systolic velocities
have been shown to correlate well with other measures of
contractility.1”- 18 The purpose of the present study was (1) to
eval uate the effects of angioplasty on the segmental contrac-
tility at rest and during low-dose dobutamine stress echocar-
diography (LDDSE); (2) to investigate whether and to what
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extent contractility at rest and contractile reserve of asynergic
but viable myocardium change shortly after and 1 month fol-
lowing successful angioplasty; and (3) to compare DMI ve-
locity measurementswith the conventional regional wall mo-
tion scoreindex (WMSI).

Methods
Study Population

Thestudy profileispresentedin Figure 1. Indl, 96 consec-
utive patients, 1to 6 monthsafter myocardia infarction (MI),
with single-vessdl disease, qualifying for angioplasty of an
infarct-related artery (IRA), underwent viability study with
full-dose dobutamine stress echocardiography (FDDSE) in
accordancewith thegenerally accepted methodol ogy.1 Echo-
cardiographic images were acquired during the infusion of
dobutamine, starting at adose of 5 pg/kg/min and increased
every 3minto 40 ug/kg/min. Of 96 consecutive patients after
Ml, 50 were qudlified for angioplasty of the IRA based on
positive FDDSE. Angioplasty of thel RA wasunsuccessful in
11 patients.

The presented dataapply to theremaining 39 patients after
successful |RA angioplasty. Petientsmet thefollowinginclu-
soncriteria first M1, significant resdua stenosis(>70%), and
reduced flow inthe|RA (Thrombolysisin Myocardia Infarc-
tion [TIMI] scaeflow <2 grade), LV dysfunction of thein-
farct zone a standard echocardiographic examination, and
myocardia viability in theinfarct zone demonstrated during
FDDSE. Another inclusion criterion wasthereduction of IRA

Patients after first Mi
single-vessel IRA disease

n =96
FDDSE
viability study

.......................... '

iNegative FDDSE{ Positive FDDSE

n =50
--------------------------- " Successful
i Unsuccessful i IRA angioplasty
i IRA angioplasty ! n=239
H n=11 H
i : LDDSE + CDMI

Fic.1 Study profile. Full-dose (up to 40 mcg/kg/min) dobutamine
stressechocardiography (FDDSE) was performed in 96 consecutive
patients with single-vessd, infarct-related artery (IRA) disease.
Based on apositive FDDSE vighility study, 50 patients qualified for
IRA angioplasty. Infarct-rel ated artery angioplasty was unsuccessful
in 11 patients. Low-dose (up to 15 mecg/kg/min) dobutamine stress
echocardiography (LDDSE) and color Doppler myocardia imaging
(CDMI) studies were performed in the remaining 39 patients after
successful IRA angioplasty. Ml = myocardid infarction.

stenos shy >50% during angioplasty with anincreaseof TIMI
flow to > 2. Patientswith multivessel coronary heart disesse,
unstable angina, and significant valvular diseases were ex-
cluded. All patients gave written informed consent. The Ethi-
ca Committeeof our I nstitution gpproved the study protocol.

Echocar diogr aphic Examination

Patientsqualifying for angioplasty underwent both conven-
tional cardiac ultrasound examination, including regional and
global assessment of LV function, and DMI study 1 day prior
to the revascul ari zation procedure (Exam 1), 2 to 5 days after
the procedure (Exam 2), and 1 month (Exam 3) after success-
ful angioplasty of IRA. Examinationswere conducted at rest
and during LDDSE, to assess contractilereserve. InLDDSE,
theinitial doseof 5 pg/kg/minwasincreased every 3minby 5
po/kg/min until the maximal dose of 15 pg/lkg/min was
reached. All echocardiographic examinationswere performed
usingthe GE-Vingmed System Five scanner (Vingmed Sound,
Horten, Norway). Two-dimensional (2-D) echocardiographic
examinations were carried out using the second harmonic
imaging mode, with atranamit frequency of 1.7 MHz. Ejection
fraction was calculated using the bi-plane Simpson method.
Themean vaues of thethree different cardiac cycleswere ob-
tained. Wall motion scores of the 16 segments were assessed
according to thefive-point scale (0- not visible, 1-normokinet-
ic, 2-hypokinetic, 3-akinetic, 4-dyskinetic) and WMS| was
calculated by the standard equation. All 2-D studieswerere-
viewed independently by two experienced echocardiographers
blinded to theclinical and angiographic data.

The DMI study was performed using a red-time color
Doppler myocardia imaging system (CDMI). At framerates
of >60framed/s, thissystem hasahigh tempora resolution of
<20 ms. The generd principles of CDMI modalities have
been described previoudy.1> 16.19 The single observer experi-
enced intheinterpretation of DMI studies performed the ex-
aminations. Images were registered during expiration from
the apical views (long-axis, four-, and two-chamber views).
The color-coded Doppler myocardid velocity images were
superimposed on the standard gray scale2-D images. All 2-D
and CDMI studies were digitally stored and the measure-
mentswere made off-line. Mean myocardia velocities of the
infarcted segmentswere derived from CDMI datawith dedi-
cated software (Echopac Version 6.1, Vingmed Sound) (Fig.
2). The sample volume was placed at the center of the basal
and mid segments. Apica segmentswereexcluded fromanal-
ysisdueto alessdefined vel ocity profile. The Swave vel oci-
ty for each segment was measured from three different cardiac
cyclesand averaged. Mean S-wavevelocity intheinfarct zone
wascd culated asan average of S'wavevelocitiesof basd and
mid segments.

Statigtical Analysis
All continuousdataare expressed asmean + standard devi-

ation (SD). Analyses of variance were performed to estimate
interexamination differences using the Newman-Keulstest.
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Fic.2 Tissuevelocity map superimposed on atwo-dimensiond apical two-chamber view. Myocardial velocity profiles sampled from basal
posterior wall. Arrow indicates peak systolic contraction velocity of the posterior wall (Swave).

A p vaue of <0.05 was considered statistically significant.
Interobserver agreement in the interpretation of 2-D studies
was calculated both for rest and low dose of dobutamine
examinations. To assessintraobserver reproducibility, asin-
gle observer reanalyzed al studies twice, at least 1 month
apart. Thelevelsof intra- and interobserver reproducibilities
for DMI studies were assessed in 10 randomly selected pa-
tients. The inter- and intraohserver variabilities of regional
wall motion pattern were assessed as percent agreement.
Variability of DMI measurementswasexpressed asthemean
percent error, derived asthe difference between the two sets
of measurementsdivided by the mean of the observations.

Resaults

Angioplasty wassuccessful in 39 patients (78%) (30 men, 9
women, mean age 53.4 + 8.3 years). At thetime of the study
patients were on average 13 + 8 weeks after an acute MI; 31
patientswereafter Q-wave M. All individual swerereceiving
antianginal medication, including beta blockers (n=28). All
patients had single-vessel IRA disease. The mean coronary
artery stenosisof 87.0+ 6.8% before angioplasty wasreduced
to 21.0 + 11.4% following the procedure (p<0.001). Stents

wereimplanted in 21 patients. Angioplasty of theleft anterior
descending artery (LAD) was performed in 17 patients, cir-
cumflex artery (LCx) in 2 patients, and the right coronary
artery (RCA) in 20 patients. During LDDSE, heart rate in-
creased from 65.1 £ 9.3 bests/min &t basdineto 71.2 + 8.6
beats/min during dobutamine infusion. Compared with the
initid values(Exam 1), LV gection fraction (EF) improved at
Exams2and 3 (54 + 8 vs. 62 + 9 and 61 + 9%, respectively;
both p<0.01). Of 624 segments, 574 (92%) were analyzable
by standard 2-D echocardiography. Before angioplasty, 195
segments (34%) hadimpaired contractility: 87 ssgmentswere
hypokinetic, 102 were akinetic, and 6 were dyskinetic. After
angioplasty, contractility improvedin 72 of 195 asynergic seg-
ments (37%), normalized in 46 of 87 hypokinetic segments
(52%), and improved in 26 of 102 akinetic segments (25%).
Theimprovement of 53 of 72 segments(73%) wasaready no-
ticeable at thefirst examination after angioplasty. Wall motion
scoreindex val uesat rest and during low-dose dobutaminein-
fusonaresummarizedin Teblel.

Inall patients, mean systolic vel ocity of each analyzed seg-
ment was measured by CDMI at rest and during low-dose
dobutamineinfusion. At rest, systalic velocity intheinfracted
segmentswas significantly lower beforethan shortly after an-
gioplasty (4.9+1.2vs. 5.6+ 1.3cm/s, p<0.02). However, no

TaBLE | Wall motion scoreindex (WM SI) beforeand after angioplasty
Exam1 Exam2 Exam2 Exam3
1day before 2-5daysafter 2-5daysafter  30daysafter
WMS angioplasty angioplasty pVaue angioplasty angioplasty pVaue
Rest 153+0.31 137+£0.27 p<0.01 137+£0.27 1.30+£0.27 NS
Low-dose dobutamineinfusion 1.34+£0.29 1.31+£0.30 NS 131+£0.30 128+0.28 NS

Vauesareexpressed asmean + standard deviation.
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TaBLE Il Regiond mean systolic waveve ocities(Swave) in aninfarct zone before and after angioplasty
Exam1 Exam?2 Exam?2 Exam3
1day before 2-5daysafter 2-5daysafter  30daysafter
Swave (cm/s) angioplasty angioplasty pVaue angioplasty angioplasty pVaue
Rest 49+12 56+13 <0.02 56+13 55+13 NS
L ow-dosedobutamineinfusion 70+15 78+18 <0.01 78+18 85+16 <0.05

Vduesare expressed asmean + standard deviation. S'wavevel ocity for each ssgment was measured from three different cardiac cyclesand aver-
aged. Mean S-wavevdocity in aninfarct zonewas cd culated asan average of S-wave velocitiesof basal and mid segments.

further improvement at rest was observed in the 1-month
study. During infusion of low-dose dobutamine, systolic ve-
locity increased not only between Exams1and2(7.0+ 1.5vs.
7.8+ 1.8cm/s, p<0.01), but also between Exams2and 3(7.8
+1.8vs 85+ 1.6 cm/s, p<0.05). These results are summa:
rizedinTablell.

Reproducibility

Theinter- and intraobserver concordances of resting wall
motion analyseswere 88 and 92%, respectively. Theinter- and
intraohserver concordances of the assessmentsof theresponse
of wall motion during low-dose dobutamineinfusionwereex-
cellent: 92 and 94%, respectively. For final assessment, dis-
crepancies in wall motion score between the two observers
were settled by consensus, and in no case was the disagree-
ment greater than 1 grade.

Intraobserver errors for rest and low-dose dobutamine S-
wave velocitieswere 3.3 and 2.1%, respectively. For interob-
server variability thenumberswere 6.1 and 3.8%, respectively.

Discussion

In the present study, standard WMS! along with regiona
systalic velocities (Swave) derived from DMI wasused to as-
sess the changesin contractile function. The results demon-
dirate the beneficial impact of angioplasty of the IRA on the
contractility of thejeopardized segmentsat rest. The degree of
improvement was|essthan expected considering the positive
results of inotropic stimulation during FDDSE prior to revas-
cularization. However, inmost of theinfarcted segments, con-
tractile reserve observed before angioplasty was maintained
and evenimproved during foll ow-up.

After IRA angioplasty, a rest contractility improved only in
72 of 195 dyssynergic segments (37%), with 53 (73%) im-
proving shortly after angioplasty. Thiswasin agreement with
the modest but noticeableincrement of LV EF. The difference
between WM S| values before and immediately after angio-
plasty indicated a rapid improvement in contractility of the
hibernated myocardium. One month later a dight decrease
in WMSI was detected, but it did not reach statistical signif-
icance. In the other studies, dight improvement following
revascularization was noticed even months after the proce-
dure.20-22 Similar observations concerning contractility at rest

were made based ontheanalysisof systolic velocity in CDMI
studies. A detected mildincrease of velocitiesdirectly after an-
gioplasty without any further improvement parallels the ob-
served relatively small improvement of global contractility at
rest. Thismight be caused by the pathol ogic changesoccurring
intheinfarct zone. If theamount of thefibrotictissueinrelation
to the viable cardiomyocytesistoo high, the myocardia con-
tractility a rest may not improve after angioplasty.23-25 Other
factors, such aslack of microvascular integrity26.27 or chronic
hibernation?® may also play arolein the unsatisfactory recov-
ery of basdl contractility after revascularization. A varyinglag
in contractilerecovery should a so be considered4 20-22
Asynergic but viable myocardium thickensunder inotrop-
icgtimulation during DSE. Thischangein contractility canbe
expressed asanimprovementinWMSI. However, suchanas-
sessment is only semiquantitative, based on subjective wall
motion analysis, and therefore imprecise. In the case of ini-
tially akinetic segments, the change of the score reflects the
change of their function. It isdifficult, however, to differen-
tiate between various degrees of hypokinesia. In addition,
normokinetic segments could demonstrate subtle contraction
disturbancesthat may not be detected by visua examination.
Thislack of sengtivity and subjectivity, inherent to visud as-
sessment, could explain the absence of significant WMS|
changes during low-dose dobutamine infusion in the present
study. Although a dight decrease in WMSI was observed
between the exams performed just after angioplasty and 1
month later, it did not reach statistical significance. Doppler
myocardia imaging, which quantitatively assesses the sys-
tolic movement of myocardia segments, offersmoredetailed
and objective possihilitiesfor the assessment of contractilere-
sarve. Inthepresent study, anincreasein S-wave velocity dur-
ing low-dose dobutamineinfusion wasnoted not only shortly
after angioplasty, but dso 1 month later. Theimprovement in
perfusion?® and integrity of cellular membranes after revascu-
larization?6 27 could cause agreater response of themuscleto
inotropic stimulation, resulting in an increasein contraction
velocity. Doppler myocardia imaging can measure contrac-
tion velocity directly and quantitatively. Intheearlier studies,
an improvement in contractile reserve was attributed to suc-
cessful revascularization.® 4 10-12 However, to the best of our
knowledge there are no reports of the use of DMI for such
purpose. Thismode of imaging iscommercidly availablein
many echocardiographic machinesand can be used for quan-
titative assessment of the contractilereserve. Onemay expect
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that improved contractile reserve in an infarct zone after
revascul arization, over and abovetheleve of animprovement
observed at rest, should contributeto a better overall clinical
outcome. Better tolerance of inotropic stimulation during ex-
ercise should also improve exercise capacity.

Limitationsof the Study

The main limitation of the present study isthelack of my-
ocardid blood flow measurements. Nevertheless, it iswidely
accepted that thereisaclose link between flow and function.
Although myocardia viability wasnot verified by anindepen-
dent method such as scintigraphy, DSE is a generally ap-
proved diagnostic method for thispurpose. Onemonth follow-
up might have been too short to demonstrate the complete
functional recovery; however, later assessment might have
been hampered by increasing occurrence of restenosis.

Conclusions

Results obtained in the present study suggest that (1) late
IRA angioplasty improvesthe segmental contractility of the
myocardium; (2) improved contractility at rest is observed
mainly shortly after angioplasty; and (3) contractile reserve,
asassessed by DM, improvesgradually over aperiod of sev-
eral weeks.
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