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CHAPTER 1 

INTRODUCTION 

Dobutamine stress testing is increasingly used for the diagnosis and 
functional evaluation of coronalY artery disease (1-10). High dose dobutamine 
in conjunction with echocardiography or myocardial perfusion scintigraphy was 
shown to have a good accuracy for the diagnosis and localization of coronary 
artery disease (1-6). Low-dose dobutamine echocardiography is of potential 
value in the identification of myocardial viability and the prediction of functional 
improvement of dyssynergic myocardium spontaneously or after revasculari
zation (11-13). However, the clinical utility and limitations of dobutamine stress 
testing in the diagnosis of myocardial viability and ischemia in some clinical 
settings have not been investigated. The role of dobutamine stress 
echocardiography and myocardial perfusion scintigraphy in the diagnosis of 
peri-infarction ischemia has not been established. The influence of fixed wall 
motion and perfusion abnormalities on the occurrence of ischemic response in 
peri-infarction area in patients with infarct-related artery stenosis was not 
studied. Additionally, it is not known if observation of various changes in 
contractility from low to high-dose dobutamine may be provide data regarding 
myocardial viability and ischemia additional to those obtained only at low or 
high dose. 

Previous studies have focused mainly on the value of echocardiography 
and myocardial perfusion scintigraphy in cOl~unction with dobutamine stress 
testing and little attention was given to electrocardiographic changes during the 
test which may be of clinical value especially in presence of suboptimal 
echocardiographic or scintigraphic imaging. Furthermore, the significance of the 
presence of a combination of ischemic markers like angina, ST -segment 
depression, transient wall motion abnormalities and reversible perfusion defects 
has not been evaluated. It is not known if a combination of theses markers in 
a positive study would identify patients with more severe ischemia and may be 
of potential value in prognostic stratification of patients with known or suspected 
coronary artery disease. 

In this work, we investigated the value of dobutamine stress testing in 
the assessment of myocardial ischemia and viability in some clinical settings that 
have not been previously investigated. Furthermore we assessed the value of 
symptoms and new observations on electrocardiographic and wall motion 
changes during the test for the assessment of myocardial ischemia and viability. 

Part I deals with various topics related to the diagnosis of myocardial 
ischemia during dobutamine stress test in consideration of symptoms, 
electrocardiographic, scintigraphic and echocardiographic findings during stress. 
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Chapter 2: is a study of myocardial perfusion and wall motion abnormalities in 
patients with ST -segment elevation during dobutamine stress test in which the 
relationship between ST -segment elevation and myocardial ischemia was 
assessed in a large population with suspected myocardial ischemia. 
Chapter 3: is a study of the relationship between dobutamine-induced T-wave 
normalization in the electrocardiogram and myocardial ischemia on simultaneous 
echocardiography and myocardial perfusion scintigraphy in patients with non Q
wave myocardial infarction. 
Chapter 4 and 5 deal with the value of angina and ST-segment depression in 
patients with a positive dobutamine stress test as predictors of the severity of 
myocardial ischemia assessed by echocardiographY and myocardial perfusion 
scintigraphy respectively. 
Chapter 6: is a study of the theory that in patients with reversible perfusion 
defects on dobutamine perfusion scintigraphy. the absence of transient wall 
motion abnormalities on simultaneous echocardiography implies the presence of 
!<ess severe ischemia. 
Chapter 7: is a study of the value of dobutamine stress echocardiography for 
the detection of vascular compromise after coronary artery bypass surgelY. 
Chapter 8: deals with the value of dobutamine stress echocardiography for the 
diagnosis of peri-infarction and remote coronary artelY stenosis in symptomatic 
patients late after acute myocardial infarction and studies the impact of the 
extent and severity of regional baseline wall motion abnormalities on the 
accuracy of the test for detecting infarct-related artery stenosis. 
Chapter 9: is a parallel study using dobutamine 201 thallium SPECT imaging. 
Chapter 10: is a study of the relationship between contractile response of 
akinetic segment to both low and high dose dobutamine and myocardial ischemia 
assessed by simultaneous 20 I thallium SPECT. 
Chapter 11: is a study of fixed and inducible wall motion abnormalities as 
predictors of systolic blood pressure response during dobutamine stress test in 
patients with left ventricular dysfunction after myocardial infarction. 
Chapter 12 and 13: are reports of 2 patients with different congenital coronalY 
artelY anomalies in whom dobutamine stress testing was clinically useful in the 
functional assessment of the anatomical abnormalities. 

Part II deals with the value of dobutamine stress echocardiography. 
tllallium perfusion scintigraphy and electrocardiography for the diagnosis of 
myocardial viability and the prediction of functional improvement spontaneously 
or after revascularization. 

Chapter 14: we assessed the value of low-dose dobutamine echocardiography 
in the prediction of improvement of ventricular function after first acute 
myocardial infarction in patients without cardiac medications. The study group 
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comprised patients with or without thrombolysis, which was not previously 
investigated. 
Chapter 15: is a head to head comparison of low-dose dobutamine 
echocardiography and rest-redistribution thallium SPECT myocardial perfusion 
imaging for the diagnosis of myocardial viability and the prediction of 
spontaneous recovelY of left ventricular function after a recent myocardial 
infarction. 
Chapter 16 and 17: we assessed the value of T-wave normalization and ST
segment elevation respectively during dobutamine stress test in the diagnosis of 
myocardial viability and the prediction of late functional improvement in 
patients with recent Q wave myocardial infarction. 
Chapter 18: is an editorial dealing with the published data in addition to our 
experience regarding the functional significance of stress-induced ST -segment 
elevation after a recent myocardial infarction. 
Chapter 19: we evaluated the relationship between the echocardiographic 
phenomenon of akinesis becoming dyskinesis at high dose dobutamine stress and 
myocardial viability in patients with chronic ischemic left ventricular 
dysfunction undergoing surgical revascularization. 
Chapter 20: is a study of the impact of the severity of coronary artelY stenosis 
and the collateral circulation on the extent of myocardial viability and reversible 
dysfunction in patients with chronic left ventricular dysfunction undergoing 
dobutamine stress testing before elective coronary artery bypass graft surgery. 
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Part I ASSESSMENT OF MYOCARDIAL ISCHEMIA 
CHAPTER 2 

Repri11led with permission from the Am J Cardiol 

Evaluation By Quantitative 99m-Technetlum 
Mill SPEeT and Echocardlography of 

Myocardial Perfusion and Wall Motion 
Abnormalities in Patients With 

Dobutamine-Induced ST.Segment Elevation 
Abdou Elhendy, MD, Marcel l. Geleiinse, MD, Jos R.T.C. Roelandt, MD, PhD, 
Ron T. van Domburg, MSc, Jan H. Cornel, MD, Folkert J. TenCate, MD, PhD, 
Joyce Postma·Tioa, sSe, Ambroos E.M. Reiis, MSe, Galal M. EI-Said, MD, 

and Paolo M. Fiore"i, MD, PhD 

ST"$egmenl elevation during eXfflise testing has been 
attributed to myocordial Ischemia and woll motion 
abnormalities fWMA). However, the functional signifi· 
conce of ST·segment eJevoIion during dobutamine stress 
testing (OST) has nol been evaluated in patienh referred 
for diagnostic evaluation of m)'O:Cordiol ischemia. DST 
(up to 40 flo/kg/min) with simultaneous echocorcliog· 
rophy and technetium·99m seslomibi sing~ emis
sion computed tomography (SPECl) was Pefformed in 
229 consecutive potienb with suspected myocardial is· 
chemia who were unable to perfoim on adequote exer' 
cise tesl; 127 (55%) had (I previous acute myocardial 
infarction (AMIJ.. ST elevation was defined os ~ I mm 
new or additional J point efevations with (I horizontal 
or upsloping ST segment kuling 80 ms. Reversible per
fusion defe(ts on SPECT and new or worsening WMA 
during siren on e<hocardiogrophy were considered 
diagnostic of ischemia. ST elevation occurred in 40 

I! xercire-induced ST-regment elevation in the elec
Iii trocardiogram has been attributed to left ventricular 
dysfunction, myocardial aneurysm, or transmural myo
cardial ischemia due (0 severe coronary arttry stenosis 
or coronary spasm. i-I! Despite the known role of wall 
motion abnonnalities (WMA) in patients with ST ele
vation during exercise,4.6 previous studies have focused 
mainly on resting WMA, and lillie attention was paid to 
stress-induced WMA that may be associated with this 
electrocardiographic finding_ It has been postulated that 
WMA due to either myocardial infarction or exercire
induced ischemia represent a common underlying mech
anism of exercise-induced ST elevation. However, few 
data are available to support this contention.8 In a few 
studies, ST elevation during dobutamine stress testing 
(DST) was attributed to myocardial ischemia in the 
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potion" (17%1 during the ""'; 34 01 them (85%1 hod 
previous AMI. Att patien" wit!! 51·_, oIovotion 
hod abnormal scintigrams (fixed or reversible dofocts, 
or botI!) ond obnomiol wall motion (fixed or tnlnsi<n' 
defects, or both) of peak stress. tn patients who hod 51 
elevation and no previous AMJ In = 6), ischemia was 
dote<ted In 011 by 8chocard"'l!rophy ond In 5 (83%1 by 
SPEC!. tn patien" wit!!.prev!OUs AMI, the prevalence 
of iKhemia was not dHferent with or withOut ST eIe· 
vation (53% VI 43% by e<hocordiogrophy ond 53% VI 
48% by SPEC!, ~. Baseline rogionol wall 
motion $Core in the Imam zone was higher In ~It 
with 51 elevotion. tn condusion, myocordiol oO<fusion 
defects ond WMA of peak streu ore a hallmark in 
potion" with 51'segmen, oIovotion during 051. How· 
ever, ST-segmenleMvotion Is a specific marker of ische
mia only in patienh without ~s ANJ. 

lAm J Cordioll995;76:441-448) 

abrence of previous acute myocardial infarction (AMI)12 
and to stress-induced left ventricular asynergy in patients 
evaluated early after AMI. \J However, the functional sig
nificance of this electrocardiographic finding has not 
been reported in patients referred for diagnostic evalua
tion of myocardial ischemia. Accordingly, the aim of this 
study was to evaluate the prevalence and functional sig
nificance of ST elevation during DST in patients with 
suspected myocardial ischemia undergoing DST with 
simultaneous echocardiography and technetium-99m 
sestamibi single-photon emission computed tomography 
(SPECI). 

METHODS 
Study popukmon: The study population comprised 

229 consecutive patients (137 men and 92 women, mean 
age 59 ± II years) with known or suspected coronary 
artery di&eaSe unable to exercire or to perfonn an ade
quate exercire test, referred to our imaging laboratory 
for evaluation of chest pain by dobutamine technetium-
99m sestamibi SPECf. Simultaneous echocardiography 
was perfonned in all patients as a part of a research pro
tocol in our center. AU patients gave informed consent 
to undergo the study. Patients with bundle branch block 
or ventricular hypertrophy were excluded. One hundred 
twenty-seven patients (55%) had a previous AMI, which 



TA8lf t Clioicat Ci-.orodefilfics and Hemodyoom1c Variablel Dvling Dobvlomine 
Stress Tesli"9 in Pal;enll Will! {g,ovp AI and Wjlhovt (groop B) ST-5egmenl Elevation 

GrovpA 
tn .. 40) 

Grovp B 
{n .. 189) p Volu6 

Men/women 31/9 106/83 ·<0,05 
Meon age fY'") 58 *- 10 59 *- 12 NS 
Previovs AM) 34 (85) 93 (49) <0.0001 
Relting Hit (b$oll/min) 72 *- 13 69 *- 14 NS 
Peo\; HI/: (beoh/mln) 132 *- 16 134 *- 16 NS 
85% of fo'gel Hit leo<hed 34 (79) 158 (82) NS 
Relting syslo;)/;e BP (mm Hg) 136 *- 31 135 *- 21 NS 
Peo't. s}'ltolic Sf' (mm Hg) 139 *- J5 146 *- 30 NS 
Rel!ir,g di.allo/ie BP (mm Hg) 77 *- 13 79 *- 12 NS 
P&o't. d;osJolic 81' {mm Hgl 74 *- 15 75 *- 14 NS 
Chell poin 12 (301 48125) NS 
SY.segll">!ln! depcenion 14 PSI 33 (17) <0.05 

Volv&. orl "If''f'loed a. ~n * SO '" n"",1m of pore~i' (%J 
M'J .. <KI.I!e ITl)'O«Ifctd irJorc!iot\; eP .. bk.od p'0"".; H~ • t_ ",!e_ 

TA!U I Edlococdiogrop/lie orod Sdntig,aphle findi!l{ll in 102 Potien!s Wilhov! 
PttvlO\Jl Inlotdion With (groop AI ond Withoul {groop B) ST-Segmenl El$valiorl 

GrovpA 
(o .. 6) 

GIOUp B 
In .. 96) P Value 

Normo! &choco,diography 0 70 (73) <0.005 
W/M01 resl 2 (33) 12 (13) NS 
WMA 01 pea\; sirel! 6 (100) 26127J <0.005 
New Of WOfsel"led W/M 6 (100) 22 (23) <0.0001 
NOflool Kinligraphy 0 63{66] <0.005 
RPO with Of withovt FPC 5 {83) 27 (28) <0.005 

Valve, ore up;lIloed 01 "'''fIber of po!i¥IIl £%1 
fro • fixed Po<fvoion~; Rro _ l .... fI;bl~ pernl~ <kf",h; WMA .. "",,1 mOl"iO<l OMO'· 

mar,~I. 

TA8lf IN EdllXo,diographle orod Sd~liglaphk; Findings in 127 Pot;enls With 
Pte-ilous InFoIClion Will-. (gIOVP AI ond Wilhoc.tl (glOOp B) ST-Segmenl Elevation 

Group A GIOVp B 
In .. 34) (n .. 9J) p Value 

Normal &chocordioglom 0 16/17) <0.01 
WMA 01 Iell 32 (94) 69 (74) <0.05 
WMA 01 pea\; llreu 34 (100) 77 (83) <0,01 
New Of WOfse~ WMA 18(53) 40 (43) NS 
WMS01 tesl 25.0 *- 6.4 21.1 *- 4.8 <0.005 
WMS 01 pe-o\; siren 26.7 *- 6.4 22.2 *- 6.4 <0.0001 
l!<:hemie WMS 1.9 *- 3.2 1.8 *- 3.2 NS 
Akii"l6lk + dylkinelic segme.nl) al tesl 2.9 *- J l.J *- 1.7 <0.001 
Akineti<: + dyl\;!nelic segmenls al peal 3.7 *- 3.t 1.7 *- 2.1 <0.001 
Normal Kinliglom 0 11 (12) <0.01 
RPO will-. 01 withovt fro 18153) 45 (48) NS 
Perfvllon o:kfecl KOl6 01 fell 3,02J :I; 2,955 1,589 *- 1,345 <0.05 
PetNslon defect KOI& 01 peo~ stress 2,978 *- 2,563 1,775 *- 2,281 <0.05 
IKhemk pertus!on KOfe 401 *- 737 389 *- 1,322 NS 

Valvol all .If''lIloed all!'&Oll t SO '" f"I<JITIbro. 01 po~~rll f\J 
WMS .. wall tr.06o<l K"'.; ~ oi>b<t"tkIr;or.. al III Tob/.o II 

given to patients not achieving 85% of 
their age-predicted maximal heart rate. ~ 
A 12-lead electrocardiogram was re
corded each minute. The le\'el of ST 
segment was calculated after signal 
averaging by a computer-assisted sys
tem (Cardiovet CSGI12, Schiller. Baar, 
Switzerland). Cuifblood pressure was 
measured every 3 minutes. The elec
trocardiograms were revised by 2 ex
perienced cardiologists unaware of 
clinical, echocardiographic, or scinti
graphic data. Pathologic Q waves were 
defined according to established crite
ria.[5 ST elevation was defined as new 
or additional elevation ~ 1 mm at the J 
point, with a horizontal or upsloping 
ST-segment lasting 80 ms during 
stress in ;:: I electrocardiographic lead 
(the PQ segment was considered the 
isoelectric lineV ST-segmen! depres
sion was defined as ;::1 mm horizontal 
or downsloping depression 80 ms after 
the J point, and below the resting base
line level. The test was interrupted pre
maturely if se\'ere chest pain, ST-seg
men! depression >2 mm, ST elevation 
>2 mm in patients with nomlal base
line electrocardiogram, significant ven
tricular or supra\'e ntricular arrhythmia, 
or a systolic blood pressure decrea.~e 
of >40 mm Hg occurred during the 
test. 

S .... nibi ~ """""" rom
pAed tomography imaging: Approxi
mately 1 minute before the tennination 
of the stress test, an intravenous dose 
of 370 MBq of sestamibi was admin· 
istered. Stress SPECT imaging was 
begun 1 hour after sestamibi injection, 
For the resting studies. 370 MBq of 
sestamibi was injected 24 hours after 
the first study. Left ventricular images 
were divided into 6 segments: anteri
or, lateral. inferoposterior, inten'entri
cular septum (subdh'ided in anterior 
and posterior septum), and apex. Image 
interpretation was perfonned by an e.'(
perienced obsen-er unaware of the pa
tients' electrocardiographic orechocar
diographic data. A persistent perfusion 
defect on both stress and resting imag

was recent «I month) in 34 patients. The diagnosis of 
AM~ r:lied upon a typical history of chest pain, a diag
nostic lflcrease in serum creatine kinase and evolution
ill elec~ardiographic changes. On the day of the test, 
154 patients (67%) were receiving anlianginaitherapy; 
113 of them were receiving p blockers. 

Dobutomine streu test: Dobutamine was infused 
throu~h :m ante.cubitaJ vein slarting at a dose of IO ~g1 
kg/mm. increasing by 10 ~glkgfmin e\'ery 3 minutes to 
a maximum of 40 ~glkglmin. Atropine (upto I mg) wa~ 

ing was classified as a fixed defect. A reversible defect 
was defined as a perfusion defect on stress images that 
partially or completely resolved at rest imaging. This wa.~ 
considered diagnostic of ischemia,I6 The interpretation 
of the scan was semiquantitatively perfanned by visual 
analysis, and assisted by the circumferential profiles 
analysis. To assess perfusion defect .~ize, perfusion defect 
score was quantitatively calculated at rest and at stre.~s 
images by measuring the area between the lower limit 
ofnonnal values (±2 SD) and the actual circumferential 
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pro61e in 6 short-axis slices. Ischenlic perfusion score 
was derived by subtracting rest from stress score in seg
ments with re\'ersible defects, 

Stre$s echocon:Iiogrophy: Stress echocardiography was 
perfomled in all ~alients according to a previously 
described protocol, 6 For both rest and stress studies, the 
left ventricular wall was divided into 16 segments and 
srored using a 4'poinl scale: I = nonna], 2 = hypokine
~ia, 3 = akinesia, and 4 = dyskinesia, 80th inward endo
cardial motion and myocardial thickening were consid
ered for analysis, Wall mOlion score was derived by the 
summation of the score of the 16 segments. The diag
nosis of ischemia was based on the occurrence of new 
or worsening WMA during the test. compared with base
line. in::.:1 segment. As we have previously concluded,a 
ischemia was not considered when akinetic segments at 
rest became dyskinetic during stress. Ischemic wall 
motion score was defined as the difference between peak: 
lind rest regional wall motion score in ischemic seg
ments, Asses~ment of images was perfonned by 2 expe
rienced investigators without knowledge of scintigraph
ic or electrocardiographic data, In case of disagreement, 
a consensus was reached with a third im'estigator, In our 
center, the inter- and inlraobserver variability for the 
interpretation of stress echocardiographic studies is 91 % 
and 92%, respectirely,!8 

Coronary angiography: Coronary angiography was 
perfonned, using the Judkins technique, within 3 months 
in 106 patients (46%), Significant coronary artery dis
ea~e was defined as a diameter stenosis of ~O% in ;::>:1 
major epicardial artery. 

Regionol myocardial fundioo and perfusion: In pa
tients with myocardial infarction. the location of resting 
WMA was presumed to represent the infarction zone, 
To assess regional myocardial perfusion and function, 2 
myocardial segments were identified: (I) the anterior 
segment, which included the anterior wall. the inlen'Cn
tricufar septum. and the apex (assigned to leads VI to 
V.~); and (2) the inferior segment, which included the 
inferior and posterior wall (assigned to leads II, UI, and 
aVF), Because of the infrequent occurrence of resting 
WMA confined only to the lateral Wall, this segment, 
together with leads I, aVL, V5, and V6, were added to 
either the anterior or the inferior segment in the pres
ence of concomitant abnonnalities in I of these seg
ments. Myocardial segments at echocardiography and at 
SPECT were matched in these 2 locations, 

Statislkal analysis: Unless specified, data are present
ed as mean values ± SO, Thechi-square and Fisher's exact 
tests were used to compare differences between propor
tions, The Student's t test was used for analysis of con
tinuous data. A p value <0,05 was considered statisti
cally significant. 

RESULTS 
Dobutamine stress lest: Heart rate and systolic blood 

pressure increased significantly from rest to peak stress 
(70 ± 13 vs 134 ± 16 beats/min and 135 ± 25 vs 145 ± 
32 mm Hg, respectively. p <0,0001 for both). In 30 
patients, the test was interrupted prematurely before 
reaching the maximal dose or 85% of the target heart 
rate because of a limiting side effect (angina in 15 
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patients, ST-segment depression in 7 patients, bypoten
sion in 6 patients, and significant tachyanhythmias in 2 
patients), 

STele ... ation of;?;l mm occurred in34 of 127 patients 
with (27%) and in 6 of 102 patients without (6%) pre
vious AMI. These 40 patients formed group A. Group 
8 comprised 189 patients without ST elevation~ 93 of 
them (49%) had previous AMI. Patients in group A had 
a higher prevalence of previous AMI and male gender. 
In patients with previous AMI, pathologic Q waves were 
detected in 27 of 34 group A patients (79%) and in 59 
of 93 group 8 patients (63%), p = NS, Clinical charac
teristics and hemodynamic data in both groups are list
ed in Table I, Echocardiographic and scintigraphic find
ings in both groups are listed in Tables II (patients 
without AMI) and ill (patients wi.th previous AMl). 

Stress ochocordiogrophy: ST elevation was associat
ed with a higher prevalence of myocardial ischemia iIi 
patients without (Figure 1) but not with (Figure 2) pre-

.. ... 
Echocardlography "'181 SPECT 

o ST eleVation • no ST el .... atlon 
N-34 N-03 



TAME ri ReQ\otIol WoK Motion ond Myocardial Pe<!V\;on Deled $cOlE! in An~lior 
Myocordial Segrr.&n" With Bo~line Dynynergy With ond Witfiout STmament EIe~alion 

Results of sestamibi singJe-photon 
embsion computed tomography: ST 
elevation was associated with a high
er prevalence of ischemia in patients 
without (Figure I) but not with (Fig
ure 2) previous AMI. The electrocar
diogram and perfusion scan of a 
patient without previous AMI, ST ele
vation during DST. and a completely 
reversible defect are shown in Figure 
4. In patients with previous AMl, ST 
elevation was associated with a high
er perfusion score at rest and at peak 
stress and a similar ischemic perfusion 
score compared with patients without 
ST elevation (Table Ill). in patients 
with previous AMI and ST elevation, 
the prevalence of ischemia did not dif
fer in the presence or absence of Q 
waves: 16 of 27 (59%) versus 2 of 7 
(29%), respectively (p::: NS). 

Dvring DobvtomiJ\& Siren Tinting in Polients WiTh f'le~iOIJs Myocordiol 10 'dion 

ST EIe~otion No ST Ele~oTion 
125 5e9menh) (42 s~rnen!l) p ValVE! 

Re$l WMS 18.3 ± 5.7 15.5 ± 4.5 <0.05 
Sire" WMS 19.1 :t 5.9 16.0 ± 5.0 <0.001 
IK!-.emIcWMS 0.9:t 2.3 0.7:t 2.1 NS 
N_ ond/Ol wonel'led WMA. 10140) 15(36) NS 
Re$l perfvllon ~Nd Kore 1,666:t 1,531 1,067:t 1,193 <0.05 
Sire" pe<N11on ~fed $C-Ofe 1,680:t 1,437 1,160:l 1,154 <0.05 
IK/lemlc peWllon KOfe 338 :l 626 301 :l 1.003 NS 
Reveuiille perfulion ~fe<:iI 10 (40) 16(38) NS 

Vo\....o, e". '''P''lwd o. rM<>~ ± SO or """,1>0, ['Jo} 
Ahbr~. o. ;" Tobl6l n oru:I m. 
~-

TAN! V ReQionol Wall I.'.o!ion ond Myocordiol Perfulion Deleel $cOlE! in In~rior 
M~o,diol Segmentl With 8o~liM Oyl$ynergy Wi/h ond Withovl ST.~ment EIe~o~on 
Dunng DobvIomine SIren Tes~ng in Polienh w,th PraviOll\ Myocord,olln retion 

ST Elevotion No ST Ele~oTion 
(17 ~menh) (40 s~menT!1 p Volue 

Regional myocardial perfusion and 
functioo: In patienls with previous AMI, 
regional myocardial perfusion and 
function were compared in dyssyner
gic myocardial segments at rest with 
and without ST elevation during stress 
in the anterior (Table IV) and inferior 
(Table V) segments. In both locations, 
resting score was higher with ST ele
vation, whereas the ischemic score and 

ReI! WMS 9.0:t 2.1 7.2:t 2.6 <0.05 
Slrell WMS 9.5 ± 2.5 7.6:t 3.1 <0.05 
IKhem1c WMS 0.6:l 1.6 0.7 :t 2.0 NS 
New and/or wor$&r.ed WMA 6(35) 13 1331 NS 
Rell perfuSion de~1 KOI'e 1.264:t 1,491 899 :t 923 <0.05 
Siren perfusion defe-cl Kore 
IKhemlc perfulion KOl8 

1,327:l 1,494 972:t 1,031 <0.05 
142 :l 216 144 :t 405 NS 

Reveuibko perfullon deledl 71dll 14 (35) 

'0'0\....0, 0'& "'P'a,~ 0, mea" t s.o 0' r,,,,,"~r (%) 
Abb-~. C. ,/I T~" II orod Il_ 

vious AMI. In patients with previous AMI, ST elevation 
was associated with a higher prevalence of resting 
WMA, a higher wall motion score at rest and at peak 
stress, a similar ischemic wall motion score (Figure 3), 
and more myocardial segments with akinesia or dyski· 
nesia at rest and at peak stress (Table III), In patienls 
with previous AMI and ST elevation, the prevalence of 
ischemia did not differ in the presence or absence of Q 
wa\'es: 15 of 27 (56%) versus 3 of 7 (43%), respective
ly (p = NS). 

WMS 
32 p<0.005 ,---, p<O.OQCI1 ,---, 

IschemIc 

24 3.0 

16 2.0 

8 1.0 

o 0 
Reat StfeU 

o ST elevatiOn III no 8T elevallan 

!1GU!t,E 3. ~I. pto~. one! iKhemk wall motion Kore fWMSJ 
~_~~_~ ~I myo<ord'lOIlnforction WI)!, {II" 34J 
gog 'ffifl"Mll' (n " 93J Shegmenl etevotion. 
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NS 

prewlence of ischemia were not dif
ferent with or without ST elevation. 

The electrocardiograms and perfusion scans of 2 
patients with previous anterior AMI, ST-segment eleva
tion in Q leads during DST, and a perfusion defect on 
resting images with (Figure 5) and without (Figure 6) 
partial reversibility are presented. 

Analysis of subgroups: PATIENTS WITIIOUT PREVIOUS 
MYOCARDIAL INfARcnON: In patients with reversible 
perfusion defects and no previous AMI, the ischemic 
perfusion score wa_~ significantly higher in patients with 
(n = 5) than without (n = 27) ST elevation (994 ± 652 
vs 271 ± 407, P <0.01). Similarly, in patients with slres~
induced WMA who had no previous AMI, the ischemic 
wall motion score was significantly higher in patients 
with (n = 6) than without (n = 22) ST elevation (4.2 ± 
3.2 vs 2.7 ± 3.1, p <0.05). 

PATIENTS WfTI-I RECENT MYOCARDIAL L'lfARcnON: ST 
elevation occurred in 16 of 34 patients (47%) with recent 
AMI. Prevalence of ischemia was not different with or 
without ST elevation: 9 of 16 (56%) \'ersus 9 of 18 
patients (50%) by echocardiography and 9 of 16 (56%) 
versus It of 18 (61%) by SPECT, respectively, 

PATIENTS WITH ST·SEGMENTDEPRESSION: ST·segment 
depression occurred in 29 patients with and in 18 with
out previous AMI (14 in group A and 33 in group B). 
ST depression was associated with a higher prevalence 
of ischemia in patients without previous AMI (12 of 18 
(67%) versus 16 of 84 [I9%]lp <O.OCXJI byechocardi· 
ograph)'] and IJ of 18 (72%] versus 19 of 84 123%) Ip 
<O.O:XlI by SPECT)) and with previous AMI (18 of 29 
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[62!JJ \WW\ 40 of 98 [41 "k lip <0.05 by echocardiog
raphyl. and 20 of 29 [69'7c] veThUS 43 of 98 [MIkJ [p 
<0.05 by SPEerJ). In group A patient .. with previous 
AMI (n = 34), the prevalence of hchemia by both tech
niques Wa<, nol different in patients with (n = 12) and 
without (n = 22) concomitant ST-segment depre~\ion. 

Coronary angiography: Coronary angiography wa~ 
performed in 19 group A patients (48"k). Three of them 
had no previous A:..n. All patients had significant coro
nary artery disease: 3-\'essel (n = 7), 2-\'e;,seJ (n = 3), 
and I-vessel (n = 9) disease. The ~ite of ST devation 
wa~ predictive of significant disea~e in the cOTTc~pond
ing coronary arter)' in all palients. 

Eighty-seven group B patients (46/k) underwent 
coronary angiography. Significant coronary aner)' dis
ea,e wa~ detected in 59 patient"; 3-\"e~~eI (n '" 6). 2-ves
sel (n = [7), and I-\'e,,~el (n = 36) di~ea~e. No signifi· 
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Cilnt di~ease wa'i detected in 28 patients. In patients with 
previous AMI, ST elevation was u,>sociated with a high
er prevalence of total occlusion of ~ I major artery (.50fk 
vs 14'1:, p <0.(05), wherea, the prevalence of multives
set dheu\e wa~ .56':t in patients with (9 of 16) and 29,* 
in patient, without (14 of 48) ST elevation (p = NS). 

DISCUSSION 
In the present study, the prevalence and functional 

significance of ST elevation during DST was evaluated 
in patient'> with known Of su.,pccted coronary artery dis
ease in whom the test wa .. performed with simultaneous 
echocardiography and technetium-99m sestamibi SPECT 
for diagnostic evaluation of myocardial ischemia. Our 
results show that dobutamine-induced ST elevation is a 
common occurrence in patients with previous AMI. In 
such patien", ST elev,llion is a"ocialed with more se-
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FIGURE S. A, resling and peak dobvtomlne slreu electrocordiogram of 0 41·yeor·ofd man wilt! a histofy of old onlefioc myocor
clio! infarction and Q waves in leads VI 10 Vl , showing ST'segmeol e-Ievolion in V, to V on Ihe siren eledrocordiogrom. ~,dobut
omlne siren and rell $elromibi sil19le-Phoroo emission (omputed Iomogropfli< images;; the $Ome patient, showing 0 portiol~ 
revefSibie pel'Nlion dded in .ne opkol $eplvm /horizontal orrow} Dod 0 complefe.ly reversible defe(1 in the anterior woll (vertical 
Clrrow). Abbrevioliom 0$ in figure 48. 

vcre glohal and regional left venlricularLly"function. and 
a higher pre\'alence of IOlal occlu_,jon of;::1 cnwn<lr)' 
artery Rc,ul!, abo ... how that despite being Clllllp:Jlihle 
with i~chemia, ST elevation in patient\ with r\'ccn\ or 
old myocardial infan:tinn i~ not ~pedfic for 'Ire\\
induced owrall (If peri-infarction iwhemi;L a"c\\ed hy 
(Thocardi(lgrilphy and SPECT. The Inw ~fX'cificity for 
i\Chemia wa~ abo noted in palicnh without Q wavc.~. 
This can he explained or thc low ... en~iti\·ity of Q wa\"e~ 
for the detection ofoa~eline W~tA. e~rcda[ly in patiellt~ 
with (lId myncardial infi!rClilln.l~ In C(lntra~l. ST depre~
~inn wa ... a~\ociated with ;J higher pre\";Jlcnce of iwhe
mia. However. palient~ with l"IHlcolllitanl ST-~cgmcnl 
depre'\inn and elevation did nlll haw a higher prc\·a· 
[ence of hchemia than paticnt, with j\olalcd ST l'IC\';I
linn. Thi, may he explained hy tht' O(CUITI:"Il(l' of rcdp· 
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{(Kal ST l.lcprc"ion withollltme iwhcrniil.~lIln patient, 
without prcviou\ A1>.11. ST C"lc\'ation \\'a, not a tNtil1 
occurrence (({-t) and wa, a'\t~ialcd with j,chcmia in 
the nmc-,ponding myl~iJfdjal ~egmetll\. In pati!.'n~' 
wilhnut previnu, A~lI who had i,cht'mia on cdH~:m.l!
ographyor SPECT. bch!.'mia wa' 111m!.' 'l'\W!.' Itl pil1!Cnl\ 
with than Willllllli ST clc\·atinn. 

Comporison wit+. previou~ ~tvdies: COl1l'I-Catl~!Iat~ 
fl'pllrted ST deralion during DST ill ~() Ilf 9{) IxHtent~ 
\\ ith angina and no pre\ inu, AMI. All hilt! \l'\"CTl' l·onl· 
nal"'\' artel"'\' 'te!lll,e~. TIIC high Pfl'\ aiL'ncl' of ST dl.'\·i\· 
linti in 11-1;11 ,tltd\" ma\" hi.' rdated 10 II-Il' \eiL'djnn of 
pJticnt' wilh a high prl:\'Jkn(c nf whtahk allpina. l!ll\\

Ch'r. no imaging tcchnique wa, appli!.'u tilr the dl'k'~'
lion of i,~·hemia. COJllil-Canl.'lIa 1.'1 ;tl ll rcported In;lI ill 
palil'nt, with rl'l't'nl ,\~t! \\hl) Illltknwnt!)S r \\ tth Ih;ll-
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fiGURE 6. A, resling ond peak dobulomine siron eledrO(ordiogrom of a 62-yeor-old man wilt! a hislofy of old anterior myocar
dial infarction and Q waves in leads VI to V.' showing Shegmenl e1evolion in VI 10 V" 8, ~tomine dress and rell Jellomibi 
single·pholon emission (omputed Iomogrophi( im?1 Of !he same po~enl, showing (] large ond ~ete fixed perfusion defe<1 in 
the anterior waH (verli<o/ OfTows) and ~plum (homOllIo! orrows). Abbfevjolions 0$ in figure 48. 

lillln ~dntigrarhy and mdionuclide \cnlricul(lgwphy. ST 
elevatloll Wil~ not rel<!leu In i~chemia but In ~tre ...... + 

induced [cft ventricular a~)'nergy. However, the invcr ... e 
l'OrTdalinll hctween the ell.mge in regional ejection frae
tiOll ilnu Inc kvd of ST elevation in their ... tudy OJ,,), rep
fl',em a pHnr (nnlrJctik rc.'ptlll\e in myocardial ... eg
mo.mh cllfTc'pnmling to ST elev,llion filtha than 
,tn,',\-inLlu(t,'u a,ynergy, which i~ a \pecific lIlarker of 
i'l'hemi;1. Prcvit;]]i ct al':! rcportcLl a CLl'e of high-LIme 
uohlltarnine-inuu(cu ST ele\'ation Llnu akine,ia Ilf the 
inferior \\';]11 in a p;]licm with 2-\'e~\d Ui,eil',e_ COlllnary 
angiography performcu Lluring i\chl'mil' cpboJe~ rc
vealed patency or corml;]!)' arleric", exdudillE cnroll;]!)' 
'P,I\!ll a, an unul'rlying Illcchani\m, They conduueJ that 
dnhUiamilk' may inuUl:e Iran,mural m)'ll\:ardial i,chemj;] 
in thl' pre,ence of ,('\We l'orona!)' le~i{)n\ by increa\ing 

myocmuial oxygen demanLl and inducing m)'ocarLliill 
blond finw maldi,tribution, 

ST e!evillion durin!! excrci,e ha" beell attributed to 
left ventricular WMA, m)'ocilrdial aneurpm. m Irall\
mural myocardial ischemia due to eilher \even:: COf(mil!)' 
ane:?' ,"pa,m or fixed coronary ane!)' di,ea,c_ l-li Gililik 
CI al reported thai exerche-induced ST elevation i\ an 
Omil\llU\ \i!!n of sewn! reversible hypnperfu\illn in 
palient\ without pre\'iou~ AMI. In our \tudy, ST eleva
tion identified a population wilh more \evere re\'er"ible 
h)p<lperfusion and \tress-induced WMA than pallent\ 
who had hchemia without ST elevalion. The ab\ence of 
a hi\1I1!)' or e!ectHlCilrdiographic finding nf AMI appear\ 
In be the mo\t common characteristic thaI separatc" 
patient' in whom \tre~\-induccd ST elevillion reflec" 
_c\we i,chemia from tho,'ie with marked abnonnality of 
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left ventricular function.s However, exercise-induced ST 
elevation in patients after acute AMI has been attributed 
in some studies to peri-infarction ischemia.lO-u Marg
onalo et aJl(} reported that exercise·induced ST elevation 
after acute AMI correlated with reversible thaJlium-201 
perfusion defects in the peri-infarction area. A limitation 
of that study is the absence of a control group with the 
same cUnicaJ characteristics without ST elevation or T· 
wave normalization. 

Mechontun of ST-segment elevation: Chahine el al8 
postulated thai WMA that are either permanent in pa· 
tients with previous AMI or transient due to ischemia in 
the absence of AMI constitute a common mechanism 
underlying ST elevation during stress. The resulls of our 
study support this hypothesis. because we detecled 
WMA in all patients with ST elevation at peak stress in 
corresponding myocardial segments in the presence or 
absence of previous AMI. 

Clinical Implkotions: With regard to an ischemic reo 
sponse 10 dobutamine infusion, ST-segment elevation in 
patients without previous AMI would help with diagno
sis in the presence of suboptimal or equivocal echocar
diographic or scintigraphic images, and would identify 
patienls with more severe ischemia. Because ST eleva
tion is not a specific marker of ischemia in patients with 
previous AMI, it should not be used as a criterion for 
termination of DST. 

Study limitaOOns: The diagnosis of ischemia in this 
study relied on stress echocardiography and SPECT 
without perfonning coronary angiography in all patienls. 
However. these techniques were reported as accurate 
methods for the diagnosis of coronary artery dis
ease.I6,22~25 Bchocardiographic detection of ischemia 
may be difficult in severely dyssynergic segments. How
ever, echocardiography accurately detecls ischemia in 
the normal peri-infarction region represented in the same 
electrocardiographic segment. Furthennore, there was a 
double check on the occurrence of ischemia using 2 
imaging techniques; with these 2 techniques. a similar 
prevalence of ischemia was encountered. The intake of 
medications may have reduced the prevalence of ische
mia at echocardiography and SPECf. However, it is 
~nlikely that isdemia was seen on the electrocardiogram 
III the absence of transient perfusion or WMA, or both, 
because perfusion and WMA occur earlier than eleclro
cardiographic changes in the ischemic cascade.26 

AdcnowSedgrnent We are grateful to Samuel Rodri
guez, MD. for revising the manuscript, and Rene Frowyn 
for invaluable technical assistance. 
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CHAPTER 3 

T WAVE NORMALIZATION DURING DOBUTAMINE 
STRESS TEST IN PATIENTS WITH NON-Q MYOCARDIAL 

INFARCTION: A MARKER OF MYOCARDIAL 
ISCHAEMIA?' 

Abdou Elhendy MD, Marcel L Geleijnse MD, Alessandro Salustri 
MD, Ron T van Domburg BSE, Jan H Cornel MD, Mariarosaria 

Arnese MD, Jos RTC Roelandt MD, Paolo M Fioretti MD. 

From the Thoraxcenter, Division of Cardiology, and the Department of Nuclear 
Medicine, University Hospital Dijkzigt and Erasmus University, Rotterdam, the 
Netherlands. 

ABSTRACT 
Conflicting results in heterogenous patient population have been 

described on the functional significance of stress-induced T wave normalization 
(TWN) in the ECG. The aim of this study was to evaluate the relation between 
TWN during dobutamine stress test (DST) and stress-induced ischaemia 
evaluated by echocardiography and myocardial perfusion scintigraphy in patients 
with previous non-Q myocardial infarction. Among 520 patients who undelwent 
DST in cOluunction with simultaneous echocardiography and 201 thallium or 
sestamibi SPECT for evaluation of suspected myocardial ischemia, 36 were 
selected according to the following criteria: previous non-Q myocardial 
infarction, normal QRS, negative T waves in 2 or more ECG leads and no 
significant ST segment depression or elevation at rest or during stress. Diagnosis 
of ischaemia relied upon the occurrence of reversible perfusion defects by 
scintigraphy and stress-induced wall motion abnormalities by echocardiography. 
During the test TWN (defined as negative T wave becoming upright in one or 
more ECG lead) occurred in 20 patients (group 1), while in 16 patients T 
waves remained negative (group 2). The prevalence of ischaemia was higher in 
group 1 than in group 2 both by scintigraphy (85% vs 38%, p=0.004) and by 
echocardiography (70% vs 32%, p=O.02). The sensitivity, specificity and 
accuracy of TWN for the detection of ischaemia were 74%, 77% and 75% by 
SPECT and 74%,65% and 69% by echocardiography respectively. 
Conclnsion: In patients with non-Q myocardial infarction and suspected 
myocardial ischaemia, TWN without concomitant ECG changes during DST is 
associated with a higher prevalence of ischaemia compared to patients with 

J ElIr Hearl J; ill press. 
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persistent T wave inversion. This ECG finding should not be disregarded as a 
marker of ischaemia in that particular patient population. 

Key Words: Dobutamine stress echocardiography, SPECT perfusion imaging, 
T wave normalization, Myocardial ischaemia. 

INTRODUCTION 
Conflicting results have been described on the functional significance 

of the normalization of inverted T waves in the electrocardiogram during 
exercise stress test (1-5). In particular, some studies have demonstrated that T 
wave normalization (TWN) has a low specificity for myocardial ischaemia (4,5). 
Therefore, some authors have proposed that in addition to myocardial ischaemia 
a direct "neurogenic" mechanism due to sympathetic stimulation may be 
responsible of TWN (6,7). Dobutamine is a sympathomimetic agent used for 
pharmacological stress testing (8-12). The observations on the 
electrocardiographic changes during dobutamine stress test have been confined 
to the classical ST segment depression andlor elevation (8,9) with no available 
data regarding the prevalence and the functional significance of TWN during 
dobutamine stress test in absence of concomitant ST segment changes. Patients 
with non-Q wave myocardial infarction frequently exhibit negative T waves on 
baseline electrocardiogram. The significance of normalization of negative T 
waves during stress in these patients has not been evaluated. Therefore, the aim 
of this study was to evaluate the relationship between TWN during dobutamine 
stress test and stress-induced ischaemia assessed by simultaneous dobutamine 
stress echocardiography and single photon emission computed tomographic 201 
thallium or 99m MIBI imaging in patients with previous non-Q myocardial 
infarction undergoing dobutamine stress test for diagnostic evaluation of 
myocardial ischaemia. 

METHODS 
Patient selection 

The study group comprises 36 out of 520 consecutive patients referred 
for the nuclear imaging laboratory of our institute for the diagnosis or the 
functional assessment of coronary artery disease who underwent dobutamine 
stress test in conjunction with echocardiography and 20 I thallium or sestamibi 
SPECT. They fulfilled the following criteria: I) a previous myocardial 
infarction based on the typical histOlY of chest pain and a diagnostic rise (at 
least twice the normal values) of the serum creatine kinase. Infarction was 
recent « I month) in 12 patient (33%). 2) normal QRS defined as absence of 
pathological Q waves, ventricular hypertrophy or bundle branch block. 3) 
normal ST segment both at rest and at peak stress defined as absence of ;?; I mOl 
ST segment depression or elevation. 4) negative T waves at rest in ;?; 2 leads. 
Mean age was 59 ± II years. There were 25 men. At the time of the study 19 
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patients were treated with beta-blocking agents. 

Dobutamine stress test 
Dobutamine was infused through an antecubital vein startiug at a dose 

of 10 I'gikgimin, increasing by 10 I'gikgimin evelY 3 minutes to a maximum 
of 40 I'gikgimin. Atropine (up to I mg) was given in patients not achieviug 
85 % of their age predicted maximal healt rate. The ECG (3 leads) was 
monitored throughout dobutamine infusion and a 12-lead ECG was recorded 
each minute. Cuff blood pressure was measured every 3 minutes. The test was 
interrupted prematurely if severe chest pain, significant ventricular or 
supraventricular arrhythmia or systolic blood pressure fall of > 40 mm Hg 
occurred during the test. 

SPECT imagiug 
Approximately I minute before the termination of the stress test, an 

intravenous dose of 370 MBq of sestamibi (8 patients) or 74 MBq of thallium 
(28 patients) was administered. The acquisition of stress SPECT imaging was 
started immediately after thallium injection and one hour after sestamibi 
injection. For the resting studies, 370 MBq of MIBI were injected 24 hour after 
the first study. Resting thallium studies were acquired 4 hours after the test, 30 
min after the reinjection of 37 MBq of thallium. Image acquisition and 
interpretation were performed according to a previously described protocol (11). 
Shortly, The left ventricular images were divided into 6 segments; anterior, 
lateral, infero-posterior and septal (subdivided in anterior and posterior septum) 
and apical. A persistent perfusion defect on both stress and resting imaging was 
classified as fixed. A reversible defect was defined as a perfusion defect on 
stress images that partially or completely resolved at resting imaging. This was 
considered diagnostic of ischaemia. The interpretation of the scan was 
semiquantitatively performed by visual analysis assisted by the circumferential 
profiles analysis. To assess the extent and severity of hypoperfusion, each of 
the 6 m'\ior left ventricular segments was scored on a 4 grade score where 0 = 
normal and 3 = severely reduced or absent uptake. Perfusion score was derived 
by the summation of the individual score of the 6 myocardial segments for both 
rest and stress imaging. The difference between stress and rest score (ischemic 
score) was considered representative of the total amount of stress-induced 
hypoperfusion and presumably myocardial ischaemia. 

Stress echocardiography 
Stress echocardiography was performed in all patients according to a 

previously described protocol (11). For both rest and stress studies, left 
ventricular wall was divided into 16 segments and scored using a 4-point scale 
of wall motion and thickening, where I = normal , 2=hypokinesis, 3 = akinesis 
and 4=dyskinesis. The diagnosis of ischaemia was based on the occurrence of 
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new or worsening wall motion abnormalities during the test in one or more 
segments. Wall motion score was derived by the summation of individual scores 
of the 16 segments at rest and at peak stress. The difference (I\.) between peak 
and rest wall motion score was used as a global measure of stress-induce left 
ventricular dysfunction and presumably ischaemia. The overall outcome of stress 
with the 2 imaging modalities was expressed as normal, ischaemia (new wall 
motion abnormalities or transient perfusion defects), infarction (fixed wall 
motion abnormalities or fixed perfusion defects) or infarction+ischaemia 
(worsening of resting wall motion abnormalities or partially reversible defects). 

Coronary angiography: Coronary angiography was performed, using the Judkins 
technique, within 3 months of the stress test, in 24 patients. Significant coronary 
artery disease was defined as a diameter stenosis ~50% in one or more major 
epicardial arteries. 

Electrocardiographic localization of abnormalities: To correlate the location of 
electrocardiographic abnormalities with scintigraphic, echocardiogalphic and 
angiographic abnormalities, 2 electrocardiographic sites were considered: 1) 
anterior (leads VI-V4) which was assigned to the anterior wall, septum and apex 
and to the left anterior descending coronary artery . 2) infero-Iateral 
(lI,III,aVF,I,aVL, V5, V6)which was assigned to the lateral, and infero-posterior 
wall and to the left circumflex and the right coronary artelY. 

Statistical analysis: Unless specified, data are presented as mean values ± SD. 
The chi square test and Fisher exact test were used to compare differences 
between proportions. The Student f test was used for analysis of continuous 
data. A p < 0.05 was considered statistically significant. Results were 
represented with the corresponding 95 % confidence interval. 

RESULTS 
No serious complications occurred during the test. Heart rate increased 

from 65 ± 12 to 131 ± 13 beats/min at peak stress (p<O.OOI) and systolic 
blood pressure increased significantly from 127 ± 20 to 141 ± 25 mm Hg 
(p < 0.005). Atropine was administered in 22 patients. Typical angina occurred 
during the test in 13 patient. Based on the changes of T waves during 
dobutamine stress test, patients were divided in 2 groups, group 1 (n=20) with 
TWN and group 2 (n=16) with persistent negative T waves. The demographic 
data, stress test results and coronary arteriography findings in 24 patients are 
summarized in Table I. Peak rate pressure product was similar with or without 
TWN (19,650 ± 4,960 vs 17,275 ± 4,168, P = NS). Age, gender, beta 
blocker therapy and proportion of patients with a recent myocardial infarction 
were not significantly different in the two groups. 
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Figure 1. Distribution of the perfusion patterns in patients with (open bars) 
and without (dashed bars) T wave normalization. FPD = fixed perfusion 
defects; RPD = reversible perfusion defects. 

SPECT results: The distribution of the scintigraphic patterns in patients with and 
without TWN is depicted in Figure la. Consistent with the history of previous 
myocardial infarction, few patients had a normal resting scan. The prevalence 
of an ischemic pattern on stress scintigraphy was higher in patients with than 
patients withont TWN. Reversible perfusion defects occurred in 17 out of 20 
patients with TWN (85%) and in 6 out of 16 (38%) without TWN (p=0.004). 
Ischemic score was significantly higher in patients with TWN (table II). In 
patients with TWN and ischaemia on SPECT, reversible perfusion defects 
occurred in myocardial segments corresponding to ECG sites of TWN in 15 of 
17 patients (88 %). 

Stress Echocardiography: The distribution of the echocardiographic patterns in 
patients with and without TWN is depicted in Figure lb. Consistent with the 
histOlY of myocardial infarction and SPECT findings, few patients had a normal 
resting echocardiogram. New or worsened wall motion abnormalities occurred 
in 14 out of 20 patients with TWN (70 %) and in 5 out of 16 (32 %) without 
TWN (p=0.02). Ll wall motion score was significantly higher in patients with 
TWN (table II). In patients with TWN and ischaemia on echocardiography, 
stress-induced wall motion abnormalities occurred in myocardial segments 
corresponding to ECG sites of TWN in 12 of 14 patients (86%).In the 36 
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patients studied, 30 had resting wall motion abnormalities. Worsening of these 
abnormalities at peak stress was more frequent in patients with TWN: 11116 
(69%) vs 4114 (29%), p = 0.03. Reversible perfusion defects occurred in the 
corresponding myocardial segments (on the 6 segment model) with baseline 
dyssynergy on echocardiography in 15 of 30 patients. The prevalence of these 
defects was significantly higher in patients with TWN: 12/16 (75%) vs 3114 
(21 %), p = 0.005. The correlation between TWN, transient perfusion defects 
(scintigraphic "ischaemia") and new or worsening wall motion abnormalities 
(echocardiographic "ischaemia") is shown in Figures 2a and 2b. The diagnostic 
accuracy of TWN to predict the echocardiographic and scintigraphic ischaemia 
is summarized in table III. 

% of patients 

80 

Normal 

D TWH 

E22I no TWN 

Infarction Ischemia 
Infarction 

+ ischemia 

Figure 2. Distribution of the echocardiographic patterns in patients 
with (open bars) and without (dashed bars) T wave normalization. 

Coronary angiography: Group 1 (patients with TWN): Significant coronary 
stenosis was detected 12 of the 14 patients who underwent coronary 
angiography; 6 patients had a single vessel disease, 4 had 2 vessel disease, and 
2 had 3 vessel disease. The remaining 2 patient had < 50 % lesions in the left 
anterior descending coronary artery. All patients with significant coronalY 
stenosis had TWN in a corresponding myocardial segment. Group 2 (patients 
without TWN): Significant coronary stenosis was detected in 8 of the 10 patients 
who underwent coronary angiography; 5 patients had a 2 vessel disease, and I 
had 3 vessel disease. One patient had < 50% lesions in the LAD and the RCA 
and the remaining patient had a normal coronary angiogram. 
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Table II. Wall motion and perfusion score at rest and peak stress with and 
without T wave normalization (TWN). 

TWN no TWN P value 

Rest wall motion score 21.0 ± 4.2 21.7 ± 7.3 NS 

Peak wall motion score 23.1 ± 6.4 21.9 ± 5.3 NS 

Ll. wall motion score 2.1 ± 3.9 0.2 ± 2.1 0.03 

Stress perfusion score 7.15 ± 4.6 5.25 ± 4.2 NS 

Rest perfusion score 3.9 ± 3.3 3.8 ± 3.6 NS 

Ll. perfusion score 3.3 ± 2.9 1.5 ± 2.3 0.04 

Ll. = stress-rest 

TABLE III. Diagnostic accuracy of T wave normalization to predict 
reversible perfnsion defects (RPD) and stress-induced wall motion 
abnormalities (WMA) % and 95% C.I., (confidence intervals). 

Sensitivity 

Specificity 

Accuracy 

Positive predictive value 

Negative predictive value 

DISCUSSION 

RPD 

% 95% C.l. 

74 

77 

75 

85 

63 

60-88 

63-91 

61-89 

73-97 

47-78 

% 

74 

65 

69 

70 

69 

WMA 

95% C.l. 

59-88 

59-80 

54-84 

55-85 

54-84 

The results of dobutamine stress test mostly rely on the interpretation 
of different imaging modalities, since ST-segment changes have been reported 
to be less accurate for the diagnosis of coronary artery disease (9). However, 
no information are available on the functional significance of TWN during 
dobutamine stress test. The data available based on exercise stress test mostly 
indicate a poor positive predictive value and a low specificity for myocardial 
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ischaemia. However, such data were obtained in non homogeneous populations 
with different prevalence of coronary disease, often with concomitant ECG 
abnormalities, and different reference methods for ischaemia (1-5). All these 
factors make the comparison difficult between the previous data and those in the 
present study. Since the mechanism of TWN can be related to myocardial 
ischaemia but also to the direct effect of the sympathetic stimulation in otherwise 
normal myocardium (6,7), it can be expected that TWN is more frequently 
related to ischaemia in a population with proven coronary disease. The results 
of the present study, including a well defined homogeneous population and state
of-the-art methods for the noninvasive functional assessment of myocardial 
ischaemia (9-12), confirm this hypothesis. Indeed, we found a strong association 
between TWN and the imaging markers of myocardial ischaemia in particular, 
a high positive predictive value of TWN (85 %) for the presence of reversible 
perfusion defects was detected. The specificity of TWN was slightly Wgher for 
the detection of transient perfusion defects than new wall motion abnormalities 
(Table II). This can be explained by the known higher prevalence of perfusion 
defects compared to wall motion abnormalities (11). This is due to the fact that 
perfusion scintigraphy may detect both malperfusion and true ischaemia. In 
contrast, stress echocardiography is more specific for true myocardial ischaemia. 

The high prevalence of myocardial ischaemia in segments with baseline 
dyssynergy both by echocardiography and SPECT in patients with TWN 
compared to patients with persistent negative T waves is an indicator of the 
presence of jeopardized viable myocardium in the peri-infarction zone. This is 
supported by the agreement between the sites of TWN in the ECG, myocardial 
ischaemia and coronary stenosis. We have previously reported that in patients 
with recent myocardial infarction, T wave normalization at low dose dobutamine 
infusion is a predictor of myocardial viability and spontaneous improvement of 
function (13). The results of both studies underscore a relation between TWN 
and two different signs of myocardial viability: spontaneous recovel'y of function 
of the stulllled myocardium and peri-infarction ischaemia in a stunned or 
hibernating myocardium subtended by a stenosed coronary artelY. 

Limitations of the study 
We have evaluated a patient population with a previous myocardial 

infarction and suspected myocardial ischaemia. A high prevalence of ischaemia 
would be expected in such population. However, specificity of TWN in our 
study was derived from a control group with persistent negative T wave and 
similar clinical characteristics. To our knowledge, no previous study utilized a 
similar approach to derive specificity of TWN. Coronary angiography was not 
used as a gold standard. However, the aim of the study was to assess the 
relationship between TWN and stress-induced ischaemia using accurate markers 
of ischaemia which have been previously validated (7-9) rather than defining the 
relation with coronary anatomy. A significant coronalY stenosis, particularly in 
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infarct related artery may not necessarily be associated with stress-induced 
ischaemia. Furthermore, non-invasive stress testing is frequently used to assess 
the functional significance of a documented coronary stenosis in patients with 
previous myocardial infarction. 

In conclusion, in patients with previous non-Q wave myocardial 
infarction, isolated TWN during dobutamine stress test is associated with the 
presence of echocardiographic and scintigraphic myocardial ischaemia. In this 
specific group of patients, this ancillary electrocardiographic pattern should not 
be disregarded as an indicator of myocardial ischaemia in cases with poor or 
difficultly interpretable cardiac stress images. 
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CHAPTER 4 
Reprillfed with permissioll from the Am J Cardiol 

Stress-Induced Left Ventricular Dysfunction 
in Silent and Symptomatic Myocardial 

Ischemia During Dobutamine Slress Test 
Abdou Elhendy, MD, Marcell. Geleijnse, MD, Jos R.le. Roelandl, MD, PhD, 

Jan H. Cornel. MD, Ron l van Domburg, MSc, and Paolo M. Fiore"i, MD, PhD 

The exlent ond soverity 01 dobvtom;ne-;nd",ed t.ft ven· 
tricular (LV) dvsfunction with and without angina were 
evaluated In i05 coru.ecutive patients with significant 
coronary odefy c:li5eoIeanda ~itive dobvtomine stress 
echo<oidiogrophk test defined as new or worsening 
wall motion Qbnonno{i~es dvri~ high·do5e dobota
mine stre» (up to 40 j.1g/kg/minJ. Wall motion score 
(WMS) was derived using a 16'segmen', 4-grooo $Cor
ing method. The diffMirn:e belween stress and rest 
WMS {&.WMSl was derived 0$ a global measure of 
stress-Induced LV dysfunction. Typical angina occurred 
in 61 patienb (S8%) during the test. There was no sig
nifkont difference between ~nts with or without an
gina wnh reoped to age, geiKIe<, prewleoo> 01 pm;otJs 
m~rdiol tnfotdion, multivesJeI diseo58, or number 
of diseased coronary arteries. Patients with angina had 
a higher prevotence of a history of angina before the 
mI. Re5t, streu, and AWMS, number and dishibution 

S i1enl ischemia may be expressed as asymptomatic 
ST·segment depression, reversible perfusion de· 

feets, or transient waH motion abnoffilalities in patients 
with coronary artery di~ase,l-ll Available data regard
ing the influence of the se\'erity of ischemia on the devel· 
opment of pain are conflicting.l-s The dobutamine stress 
test (DS,!) is an aC(;urate method for the functional eval· 
uation of patients with known or suspected coronary 
artery di&ease, espe<:ially in tho~ with limited exercise 
capacity,I2-14 It has been reported that ischemia. mani
fested as transient wall motion abnomlalities during a 
DST, may occur without symptoms. I2.13 However, it is 
not known if there is a difference in the amount of abnor· 
mally contracting myocardium in patients with or with
out angina during a positive DST. The latter is impor
tant for prognostic stratification. 15•1(r Consequently, the 
aim of this study was to compare the clinical character
istics and extent of myocardial ischemia during a posi· 
tive DST in patients with or without angina. 

METHODS 
Patient population: The study population compri~d 

105 consecutive patients with significant coronary artery 
disease and a positivedobutamine stress echocardiograph-

of I$chemk segments, and number of 5egments with on 
increase in regional WMS of ~2 were not significantfy 
different in pa~ents with or without angina. ST-segment 
deore»ion was more ~uent in pa~ents with angina 
(56% V$ 29%/ P <O.05). Pa~ents with Ivs those with
ou» Sf-segment depression hod a significantly higher 
number of ischemic segments with nonnal baseline con
fraction, on equal tolol number of ischemic segments, 
and a similar AWMS. It is cOll(luded that in patients 
with anatomically and func~onally significant coronary 
artery disease, !be amount of stress-induced LV dys
function evoluated by dobutomine stress echocardiog
rophy is similar in patients with or without angino. ST
$&9ment depression is more common in patients with 
angina ond is associated with more extensive lKhemio 
in nonnally contracting segments 01 rest. 

lAm J Co,d;oll99S;7S:1112-IIISJ 

ic test, defined as new or worsened wall motion abnor
malities during a DST. All patients had a limited exer
cise capacity and were referred for a DST for diagnostic 
evaluation of myocardial ischemia. Significant coronary 
artery disease was defined as :;;0:50% luminal diameter 
stenosis of;:: I major coronary artery detected at angiog
raphy within 3 months of a DST. 

Mean age was 60 ± 9 years; 83 patients (79%) were 
men, Seventy-two patients (69%) had a previous myo
cardial infarction. 

The baseline electrocardiogram wa" interpretable for 
ischemia in 92 patients (absence of electrocardiograph
ic evidence of left ventricular [LV] hypertrophy or bun
dle branch block). Eighty·two patients (78%) were 
receiving antianginal medications; 50 of them were tak
ing bela blockers. A history of typical exertional angina 
in the pretest period wa" obtained in 51 patients (49%). 

Dobutomine streu test: Dobutamine was infused a" 
an incremental dose of 10 p.g/kgfmin every 3 minutes to 
a maximum of 40 p.glkgfmin. Atropine (up to I mg) was 
given to patient" not achie\'ing 85% of their age-pre
dicted maximal heart rate. The electrocardiogram was 
monitored throughout dobutamine infusion and a 12·lead 
electrocardiogram was recorded each minute. 

Echocardiographic images were acquired at rest and 
during the test and recovery. For both rest and stress stud
ies, the LV wall wa.~ divided into 16 segments and scored 
using a 4-point scale of wall motion and thickening: I 
= nonnal. 2 = hypokinesia. 3 = akinesia. and 4 = dys
kinesia. The diagnosis of ischemia wa" ba\ed On the oc
currence of new or worsening wall motion abnomlali· 
ties during DST. Wall motion score (WMS) wa'i derived 
as a mea\ure of global LV function by summation urthe 
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JAMf I O,ni,ol Charoderillfcs 01 Polienh W,"" ond W,/hoot Arlgina Dvring a POlitive 
Dobvlamine SIren Edlocardiographi, Tell 

AngiM Silent 
In .. 61) (n .. 014) 

Age fyr) 6J " Ma:J.endef 50 (821 33 (75) 
Be ocker therapy 27 (44) 23 (52) 
Hil!ofy af angina pedOfil 36 (59) 15 (34)" 
PreviO<.lI myocardial infarction 010 (66) 32 (72) 
Mul!iveud diseoss 43 (70) 25{57} 
No. af dileOlad arteriel 2.1:1: 0.8 1.9 t 0.9 
Peok heorl ra~ {beats/mIn} 131 t 16 141 t 10' 
Peok sys!alic blood p!'en ... re (mm Hg) 139 t 26 133 t 29 
Peok rate--plauule 1:001.'" 18,215 t 3,970 18,834 :I: 3,892 
Peo~ dob...tamln& 10 {).Is/kg/mil'll 38 t 7 39:1: 3 
Mopin.e administralion 29 (oIS) 23 (52) 
Atropine dola (mg/potientJ 0.6 to.3 0.7 :I: 0.3 
Sr'se-gmenl dopreuionl 30/54 (56) 11/38129,· 

'p <0,05; Ip ~O.OOO5. 
IVolvu ~;.,.td from i~~pre",b!~ e!octrocOo'Qlogro.'",_ 
YO~I"', uprened 01 """,be< 1"%1'" N<I~ t S€>o 

score of the 16 segments both at rest and at peak stress, 
The difference between stress and rest \VMS (A WMS) 
was used as a global measurement of the amount of 
stress-induced LV dysfunction. Image interprelation was 
performed by 2 ex.perienced observers without the 
knowledge of the patients' clinical data. In case of dis
agreement, a third investigator reviewed the images and 
a majority decision was achieved. In our laboratory, in
ler- and intraobserver agreement for stress echocardio
graphic assessment are 91% and 92%, respectively.17 

The test was interrupted if severe chest pain, ST-seg
men! depression >2 mm, ST-segment elevation >2 mm 
in patient~ with nonnal baseline electrocardiogram, sig
ni6can! ventricular or supraventricular arrhythmia, or a 
systolic blood pressure decrease of>40 mm Hg occurred 
during the test. 

Stotistkal analysis: Unless specified, data are present
ed as mean ± SO. 1be chi-square and Fisher's ex.act tests 
were used to compare differences between proportions. 
Student's I lest was used for analysis of continuous data. 
A p value <0.05 was considered statistically significant. 

RESULTS 
The lest was perfonned in all patients without seri

ous complications. The lest was intemlpted premature
ly before reaching the maximal dose or the target heart 
mle in 18 patients. Reasons for premature tennination of 
the test were angina (n = 9), ST-segmenl depression (n 
= 3), and hypolension (n = 6). The test was not inter
rupted because of stress· induced wall motion abnor
malities in any palient. Typical angina was provoked in 
61 patients (58%) during the test. The remaining 44 
patients (42%) were considered to have silent ischemia. 
Age, gender, prevalence of previous myocardial infarc
tion. diabetes mellitus, hypertension, smoking, multi
\'es~el disease, and number and distribution of stenosed 
coronary arteries were not significantly different between 
both groups. Clinical characteristics of both groups are 
listed in Table I. 

Patients with dobutamine-induced angina had a high
er prevalence of typical effort angina before the test (59% 

fAME It Ed'tocordiogrophk findingl of Patients With and With. 
001 Angina During 0 POlitive Dobvlomlne Siren Edlocardio-
graphic Jell 

AngiM Silent 
(n .. 61) (n.44) 

ReltWMS 23.6 t 7 24.3:1: 6 
Steen WMS 28.0 t 8 27.9:1: 7 
&WMS 4.4 t 3 3.6:1: 2 
Totoll\O. of iKhemic $eijmentl 3.3 " 2 2.8:1: 2 
No. of IKhemic Ia9menl\ wilh 1.5 t 1.9 1.4 t 1.5 

dynynergy al rell 
No. of !Khemlc Ia9m&n1s 1.8 t 1.9 1.4 t 1.2 

I\Ofmol ot rail 
No. af $e9menls with 0.33:1: 0.8 0.25 t 0.5 

reglonol AWMS ~2 

VoW. a<e ''P'& • .ed o. 'Mo~ t SO. 
WMS • "",H m¢.~0<1 srore; AWM$ • Q'",",~"". ~~ ,/rt" 0l"I(l ...... 

"",ft moIiOil KOI'. 

vs 34%. p <0.05). There was no significant differenee 
between both groups with respect 10 the use of antiang· 
ina} medication at the time of the lest. the use of atropine, 
peak dobutamine and atropine doses, or peak systolic 
blood pressure. Peak heart rate was significantly lower 
in patients with angina (131 ± 16 vs 141 ± 10 beats/min, 
p <0.0005). However. peak rate-pressure product was not 
significantly different in patients with or without angina. 

ST-segment depression P-I mm horizontal or down
sloping depression 80 ms after the J point below the rest· 
ing baseline le\'el) occurred in 41 of the 92 patients 
(45%) who had an interpretable electrocardiogram. ST
segment depression was more frequent in patients with 
angina (56% vs 29%, p <0.05). 

Stress echocQrdiography: There was no significant 
difference between patients with or without angina with 
respect to rest \VMS (23.6 ± 7 vs 24.3 ± 6), stress WMS 
(28 ± 8 vs 27.9 ± 7), AWMS (4.4 ± 3 vs 3.6 ± 2), num~ 
ber of overall ischemic myocardial segments (3.3 ± 2 vs 
2.8 ± 2), ischemic segments with an increase in region
al score of ~2 during stress (0.33 ± 0.8 vs 0.25 ± 0.5), 
ischemic segments with normal baseline contraction (t.8 
± 1.9 vs 1.4 ± 1.2), or ischemic segments exhibiting dys-
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synergy at rest (1.5 ± 1.9 vs IA ± 1,5). The difference 
was still not significant after exclusion of patients whose 
test was interrupted before reaching the target heart rate. 
Distribution of ischemia in the vascular territories of 
individual coronary arteries was not different with or 
without chest pain. Reclassification of patients defining 
silent ischemia as absence of both angina and ST-seg
ment depression did not alter the comparable findings of 
rest, stress, and .6.WMS. and number of ischemic seg
ments in the silent and symptomatic groups. &hocar
diographic findings of both groups are listed in Table II. 

In patients with an interpretable electrocardiogram, 
there was no significant difference between patients with 
or without ST-segment depression with respect to rest 
WMS (23.2 ± 6 vs 23A ± 7), stress WMS (27 A ± 7 vs 
26.6 ± 8), .6.WMS (4.2 ± 2.5 vs 3.3 ± 2.5), or total num
ber of ischemic segments (3.6 ± 2 vs 2.9 ± 1.9). ST-seg
ment depression was associated with a significantly high
er number of ischemic segments with nonnal baseline 
contraction (2.3 ± 2 vs 1.3 ± lA, P «>.05), 

DISCUSSION 
The results of our study are derived from a popula

tion with inadequate exercise capacity undergoing a DST 
for diagnostic evaluation of myocardial ischemia. Our 
data show that in patients with anatomically and func
tionally significant coronary artel)' disease documented 
by coronary angiography and a positive dobutamine 
stress echocardiographic test, the occurrence of angina 
during the test is not related to the extent or the severi
ty of stress-induced LV dysfunction or the extent of coro
nary artel)' disease. Angina was more likely to occur in 
patients with a history of angina in the pretest period. 
Patients with or without angina have otherwise compa
rable clinical characteristics. ST-segment depression was 
more common in patients with angina and was associ
ated with a higher extent ofslress-induced LV dysfunc
tion in myocardial segments with normal baseline con
traction. However, the overall extent and severity of 
stress-induced LV dysfunetion were not significantly dif
ferent with or without ST-segment depression. 

Comporbon with pre't'ious studies: Some investigators 
have reported a greater extent and severity of ischemia 
in symptomatic patients than in those with silent ische
mia. Iskandrian and Hakki2 reported that angina corre
lated with more se\'ere deterioration of regional function 
using first·pass radionuclide ventriculography. Travin et 
al4 reported that patients with exercise-induced thallium 
redistribution without angina had less ischemia than 
patients with angina. KJein et all reported that the induc
tion of chest pain is associated with more extensive thal
lium perfusion abnonnalities when analyzed in a broad
spectrum population with coronary artery disease. The 
analysis of chest pain tended to lose its value when it 
was restricted 10 a coronary artel)' disease population 
with a greater prior likelihood of inducible ischemia. 

Incontrasl, numerous studies have failed to find a dif
ference in the amount of ischemic myocardium between 
patients with silent and symptomatic ischemia during 
exercise stress testing.3-9 

The diagnosis of ischemia by myocardial perfusion 
scintigraphy relies on the detection of stress-induced 
hypoperfusion4•1.8; however, this does not always signi
fy ischemia. Stress-induced LV dysfunction. which rep
resents true ischemia, can be accurately detected by 
echocardiographic evaluation of wall motion and thick
ening during stress test. Silent ischemia during exercise 
stress testing was evaluated by echocardiography only 
in 2 studies. Marwick el aj3 reported a similar extent and 
severity of exercise-induced wall motion abnormalities 
and a similar prevalence of ST-segment depression in 
patients with or without chest pain. However, evaluation 
of wall motion immediately after exercise may not allow 
for evaluation of peak ischemic burden in these patients 
because of a possibly rapid, complete, or partial recov
ery of wall motion in the immediate postexercise peri
od. In our study, symptomatic ischemia wa .. associated 
with a higher prevalence of ST-segment depression than 
silent ischemia. This finding may suggest a common 
pathway for both the electrical and painful response to 
ischemic stimulus.7 Our findings are consistent with oth
er reports that described a higher prevalence of ST-seg
ment depression in patients with versus without angina 
during ischemic episodes.4.5·7.8 

Hecht et al5 concluded that exercise-induced ST-seg
ment depression is the single most significant variable 
related to' the amount of ischemia evaluated by supine 
bicycle stress echocardiography, and that exercise chest 
pain had no significant relation. In our study, ST-seg
ment depression was associated with more extensive is
chemia in myocardial segments with nonnal baseline 
contraction. However, the tOlal number of ischemic seg
ments as well as the .6. WMS were not significantly dif
ferent with or without ST-segment depression. This may 
be explained by a lower sensitivity of ST-segmenl de
pression for detecting ischemia in segments with base
line dyssynergy. The greater the amount of ischemic seg
ments with nonnal baseline contraction, the more chance 
of involvement of more "non-electrically silent areas" of 
myocardium. and consequently the development of ST
segment depression. The discrepancy between our find
ings and those of Hecht et al may be explained by a dif
ference in the relative proportion of nonnal and dys
synergic segments at rest that developed ischemia during 
stress. 

Dobutamine stress echocardiography allows evalua
tion of regional wall motion and thickening in multiple 
planes during peak stress without the interference of 
rapid respiratory movements as with exercise. We are. 
not aware of other studies in which the relation between 
chest pain and ST-segment depression and the extent and 
severity of dobulamine-induced LV dysfunction were 
studied in patients with coronary artery disease and a 
positive dobutamine stress echocardiogruphic lest. 

Clinical implkorions: The absence of chest pain dur
ing a positive dobutamine stress echocardiogruphic te~t 
should not be interpreted a<; evidence of less severe is
chemia. Consequently. greater attention should be paid 
to the amount of stress-induced myocardial dysrunction 
in the management of patients with a positive le~t rather 
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than to the oc(urrence of ~ymptom~. The progno.\tic sig· 
nificance of silent wall motion abnonnalities induced by 
dobutamine stress remains to be determined. 

Study limmmons: Despite the faci that echocardio. 
graphic evaluation of wall molion is an accurate method 
for evalu<lting the extent of stress· induced ischemia, 
evaluation of the severity of wall molion abnonnalities 
relies upon a semiquantitative visual analysis of images. 
However, this is the routinely applied method in most 
clinical labomtories. Most patients were receiving anti· 
anginal medication, which may have decreased the 
prevalence of angina or ST·segment depression and 
influenced the extent and Se\'crily of ischemia. Never· 
theless, the percentage of patients with or without angi· 
na who received medication was not different, and the 
effect of medications in both groups can be expected to 
be similar. 
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CHAPTER 5 

ALTERED MYOCARDIAL PERFUSION DURING 
DOBUTAMINE STRESS TEST IN SILENT VERSUS 

SYMPTOMATIC MYOCARDIAL ISCHEMIA ASSESSED BY 
QUANTITATIVE SPECT IMAGING1 

Abdou Elhendy MD, Marcel L Geleijnse MD, Jos RTC Roeland! MD, 
PhD, Jan H Cornel MD, Ron T van Domburg MSc, 
Ambroos EM Reijs MSc, Paolo M Fioretti MD, PhD. 

From the Thoraxcenter and the Department of Nuclear Medicine, University 
Hospital Rotterdam-Dijkzigt and Erasmus University, Rotterdam, The 
Netherlands. 

ABSTRACT 
Aim of the study was to compare the extent and severity of reversible 

underperfusion in silent versus painful myocardial ischemia during dobutamine 
stress test. A consecutive series of 161 patients with significant coronary artery 
disease and reversible perfusion defects on 201 thallium or 99m teclmetium 
MIBI SPECT performed at rest and at high dose dobutamine stress (up to 40 
I'g/kg/min) were studied. The left ventricle was divided into 6 segments. 
Ischemic score was derived by subtracting rest from stress defect score using 
quantitative measurements. Results were derived separately for MIBI and 
thallium studies. Patients with multivessel disease had a higher ischemic score 
and a higher number of reversible perfusion defects than patients with single 
vessel disease. Typical angina occurred in 82 patient (51 %) during the test. 
There was no significant difference between patients with or without angina with 
respect to age, gender, peak rate-pressure product, prevalence of previous 
myocardial infarction, diabetes mellitus, multivessel disease, number of stenotic 
coronary arteries or the percentage diameter of the most severe stenosis. Stress, 
rest, and ischemic score as well as number and distribution of reversible defects 
were not different with or without angina. Patients with angina had more 
frequently a history of typical angina before the test (67% vs 38 %, p < 0.0005) 
and ST-segment depression during the test (50% vs % 33%, p<O.OI). It is 
concluded that in patients with corona1Y artelY disease and ischemia detected by 
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dobutamine scintigraphy, die extent and severity of coronary artery disease and 
myocardial perfusion abnormalities are similar with or without angina during 
stress testing. 

Key words: Silent ischemia, dobutamine stress test, SPECT imaging. 

INTRODUCTION 
Pharmacological stress testing with dobutamine is increasingly used for 

non-invasive diagnosis and evaluation of coronary artery disease in patients with 
suspected myocardial ischemia and inadequate exercise capacity (1-8). The 
induction of myocardial ischemia with dobutamine infusion is mainly due to an 
increase of myocardial contractility and heart rate (9). Dobutamine was also 
reported to induce coronary blood flow heterogeneity (10). Recent studies 
showed that dobutamine stress test in conjunction with 99m techuetium MIBI or 
201 thallium single photon emission computed tomographic imaging is an 
accurate method for the diagnosis and localization of myocardial ischemia and 
coronary artery disease based on the detection of reversible underperfusion (3-
8). The latter was shown to be more sensitive than angina and ST-segment 
depression (3-8). However, the extent and severity of dobutamine-induced 
underperfusion has not been compared in presence or absence of concomitant 
angina. Since recent studies have shown that the extent and severity of exercise
induced underperfusion have an impact on the prognosis (11-12), identification 
of stress test variables associated with more severe perfusion abnormalities is 
a clinically relevant issue. Therefore, the aim of this study was to assess the 
extent and severity of dobutamine-induced perfusion abnormalities with or 
without angina during dobutamine stress test in patients with coronary artery 
disease. 

METHODS 
Patient popUlation 

The study population was derived from a consecutive series of patients 
with limited exercise capacity referred to the nuclear imaging laboratory of our 
canter for diagnostic evaluation of myocardial ischemia. All patients underwent 
dobutamine stress test in conjunction with 99m-teclllletium MIBI or 201 thallium 
SPECT. Dne hundred sixty one patients were included according to the 
following criteria: I) significant coronary artery disease defined as ;;.,50% 
diameter stenosis of one or more major epicardial arteries. 2) the occurrence of 
myocardial ischemia during the test defined as reversible perfusion defects on 
MIBI or thallium SPECT in the distribution of ;;., I stenotic coronary artery. 
Mean age was 59 ± 10 years; 129 (80%) were males. A history and/oran 
electrocardiographic evidence of a previous myocardial infarction were present 
in 105 patients (65%). Nine patients had left ventricular hypertrophy and 18 had 
left bundle branch block by electrocardiographic criteria. The remaining 134 
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patients (83 %) had a resting electrocardiogram interpretable for ischemia. A 
history of typical effort angina before the test was obtained in 85 patients 
(53 %). On the day of the test, 120 patients (75 %) were receiving antianginal 
medication; including beta blocker therapy in 62. 

Dobutamine stress test 
Dobutamine was infused through an antecubital vein starting at a dose 

of 5 I'g/kg/min for 3 minutes, 10 ltg/kg/min for 3 minutes, increasing by 10 
ltg/kg/min every 3 minutes to a maximum of 40 ltg/kg/min. Atropine (up to I 
mg) was given in patients not achieving 85 % of their age predicted maximal 
heart rate (5). The electrocardiogram was monitored throughout dobutamine 
infusion and recorded each minute. Cuff blood pressure was measured evelY 3 
minutes. Significant ST-segment depression was defined as :2: lmrn horizontal 
or downsloping depression 80 ms after the J point, below the resting baseline 
level. The test was interrupted if severe chest pain, ST-segment depression> 2 
mrn, ST-segment elevation > 2 mrn in patients without previous myocardial 
infarction, significant ventricular or supraventricular tachyarrhythmia or systolic 
blood pressure fall of > 40 mrn Hg occurred during the test. 

SPECT imaging 
Approximately I minute before the termination of the stress test, an 

intravenous dose of 370 MBq of MIBI (77 patients) or 74 MBq of thallium (84 
patients) was administered. The acquisition of stress SPECT imaging was started 
immediately after thallium and one hour after MIBI injection. For the resting 
MIBI studies, 370 MBq were injected at least 24 hour after the first study. For 
the resting thallium studies, imaging was acquired 4 hours after the stress test, 
20 minutes after the reinjection of 37 MBq of thallium. Image acquisition and 
interpretation were performed according to a previously described protocol (5). 
The left ventricular images were divided into 6 segments: anterior, septal 
(subdivided in anterior and posterior septum), lateral, infero-posterior and 
apical. A persistent perfusion defect on both stress and resting imaging was 
classified as a fixed defect. A reversible defect was defined as a perfusion defect 
on stress images that partially or completely resolved at resting imaging. This 
was considered diagnostic of ischemia. An experienced observer, unaware of 
patients' clinical or angiographic data reviewed the images. The interpretation 
was semiquantitatively performed by visual analysis assisted by the 
circumferential profiles analysis. Each of the 6 left ventricular segments was 
scored on a 4 grade score where 0 = normal and 3 = severely reduced or 
absent uptake. Visual perfusion defect score was derived by the summation of 
the individual score of the 6 myocardial segments for both rest and stress 
imaging. The difference between stress and rest score (ischemic score) was 
considered representative of the total amount of stress-induced underperfusion. 
Perfusion defect score was quantitatively calculated at rest and at stress images 
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by measuring the area between the lower limit of normal values (± 2 standard 
deviations) and the actual circumferential profile in 6 short axis slices. Ischemic 
perfusion score was derived by subtracting rest from stress score only in 
segments with reversible defects. Because of the potential difference in the size 
of perfusion defects between MIBI and thallium studies (13), quantitative 
perfusion defect score was studied separately with each tracer. 

Quantitative coronary angiography 
All patients underwent coronary angiography within 3 months of 

dobutamine stress test. Coronary lesions were quantified using a previously 
described method from our canter (14). 

Statistical analysis 
Unless specified, data are presented as mean values ;l: SD. The chi 

square test and Fisher exact test were used to compare differences between 
proportions. The Student t test was used for analysis of continuous data. A 
p < 0.05 was considered statistically significant. 

RESULTS 
Hemodynamic response 

Heart rate increased from 71 ± 13 to 138 ± 17 beats /min at peak 
stress (p < 0.0001) and systolic blood pressure from 129 ± 21 to 134 ± 32 mm 
Hg (p < 0.05). Atropine was administered in 70 patients (mean dose = 0.65 
mg). In 31 patients, the test was interrupted prematurely before reaching the 
maximal dose or the target heart rate because of a limiting side effect. Reasons 
for premature termination of the test were angina in 18 patients, ST -segment 
depression in 3 patients, hypotension in 8 patients and tachyarrhythmias in 2 
patients. ST-segment depression occurred in 56 (43%) of 134 patients with 
interpretable electrocardiogram. Eighty-two patients (51 %) developed typical 
angina during the test (symptomatic ischemia group). The remaining 79 patients 
(49%) without angina during the test constituted the silent ischemia group. 

Demographic, hemodynamic and angiographic characteristics (table I) 
There was no significant difference between patients with or without 

angina with respect to age, gender, prevalence of previous myocardial 
infarction, diabetes mellitus, hypertension or smoking. A history of typical 
effort angina was encountered more frequently in patients with angina during the 
test. Peak heart rate was significantly lower in patients with angina, whereas 
peak systolic blood pressure and peak rate pressure product were not 
significantly different in both groups. In patients with interpretable 
electrocardiogram, ST-segment depression occurred in 35 of 70 patients with 
and in21 of64 patients without angina (50% vs 33%, p<0.05).Prevalence of 
multivessel disease, number of coronary arteries with significant stenosis, 
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percentage diameter of most severe stenosis and distribution of individual 
coronary artery stenosis were not significantly different between the two groups. 

Table I. Clinical and angiographic data of patients with coronary artery 
disease and reversible perfusion defects with and withont angina during 
dobutamine stress test. 

Angina, Silent, 
N=82 N=79 

Age, years 59 ± 9 58 ± to 

Male gender 67 (81 %) 62 (78%) 

Beta blocker therapy 30 (37%) 32 (40%) 

History of angina pectoris 55 (67%) 30 (38%)' 

Previous myocardial infarction 50 (61 %) 55 (69%) 

Multivessel disease 56 (68%) 49 (62%) 

Number of stenotic arteries 2.03 ± 0.8 1.96 ± 0.9 

% diameter of most severe stenosis 88 ± 17% 91 ± 13% 

Peak heart rate (beats/min) 131 ± 17 139 ± 17" 

Peak SBP, mOl Hg 139 ± 32 130 ± 31 

Peak rate pressure product 18175 ± 4279 17896 ± 4555 

Peak dobutamine dose, f'g/kg/min 38 ± 6 39 ± 4 

SBP = systolic blood pressure, * p<0.0005,'* p<O.01. 

SPECT results (table III 
There was no significant difference between patients with or without angina 

with respect to total number of myocardial segments with reversible defects, 
completely reversible defects, number of segments with perfusion defects on 
resting imaging, stress perfusion defect score, rest score, ischemic score by both 
visual and quantitative analysis. Exclusion of patients in whom the test was 
interrupted prematurely or patients in whom the electrocardiogram was not 
interpretable did not alter the comparable extent and severity of underperfusion 
with or without angina. The regional distribution of reversible defects was not 
different in both groups (table JIl). 
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Table II. Scintigraphic data of patients with coronary artery disease and 
reversible perfusion defects with and without angina during dobutamine 
stress test. 

Angina Silent 
N = 82 N = 79 

Stress score 9.1 ± 4.4 9.6 ± 4.2 

Rest score 4.9 ± 3.1 5.3 ± 3.1 

Ischemic score 4.2 ± 2.3 4.3 ± 2.6 

Number of reversible defects 2.0 ± 1.1 2.0 ± 1.0 

Number of completely reversible defects 1.0 ± 0.9 1.0 ± 0.8 

Number of fixed defects on rest imaging 1.7 ± 1.4 1.8 ± 1.5 

Quantitative stress defect (MIBI) 1326 ± 1251 1251 ± 1354 

Quantitative rest defect (MIBI) 963 ± 1189 825 ± 965 

Quantitative ischemic defect (MIBI) 472 ± 630 458 ± 671 

Quantitative stress defect (TI) 2116 ± 1662 2356 ± 1498 

Quantitative rest defect (TI) 1546 ± 1002 1884 ± 1285 

Quantitative ischemic defect (TI) 803 ± 870 710 ± 674 

TI = 201 thallium, MIBI = technetium-99m methoxyl isobutyle isonitrile. 

Table III. Distribution of reversible perfusion defects in patients with or 
withont angina during dobutamine stress test. 

Angina, N = 82 Silent, N = 79 

Anterior 23 (28%) 23 (29%) 

Septal anterior 29 (35%) 20 (25%) 

Septal posterior 30 (37%) 25 (32%) 

Infero-posterior 52 (63%) 49 (62%) 

Lateral 12 (15%) 16 (20%) 

Apex 17 (21 %) 25 (32%) 

Values are expressed as number and % of patients with reversible defects. 
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Patients with ST-segmellt depressioll: In the 134 patients with intetpretable 
electrocardiogram, there was no significant difference between patients with or 
without ST -segment depression with respect to total number of reversible defects 
(2.0 ± 1.2 vs 1.8 ± 0.8), completely reversible defects (1.1 ± 1.0 vs 0.9 ± 
0.7), visual ischemic score (4.3 ± 2.6 vs 4.0 ± 2.0) or quantitative ischemic 
score (table IV). Reversible perfusion defects without angina or ST-segment 
depression occurred in 43 of 134 patients with interpretable electrocardiogram 
(32%), whereas a combination of angina and ST-segment depression occurred 
in 35 patients (26). Parameters of reversible hypoperfusion were not different 
in various combinations of angina and ST-segment depression compared to 
patients without these findings (table IV). 

Table IV: Quantitative ischemic perfusion defect score in patients with 
different combinations of angina and ST -segment depression during 
dobntamine stress test. 

ST depression 

ST depression 
and Angina 

ST depression 
andlor Angina 

yes 

485 ± 645 

859 ± 701 

441 ± 614 

858 ± 767 

502 ± 699 

902 ± 956 

no tracer 

430 ± 654 MIBI 

765 ± 836 Thallium 

465 ± 679 MIBI 

820 ± 909 Thallium 

420 ± 571 MIBI 

753 ± 626 Thallium 

Extellt alld severity of ischemia ill single versus multivessel disease: Patients with 
multivessel disease (N = 105) had a significantly higher number of reversible 
perfusion defects (2.3 ± 1.2 vs 1.8 ± 0.8, P <0.01), visual ischemic score 
(4.7 ± 2.7 vs 3.7 ± 1.9, p<O.OI), quantitative ischemic thallium score (956 
± 1081 vs 478 ± 643, p<0.05) and ischemic MIBI score (590 ± 760 vs 310 
± 409, P < 0.05) compared to patients with single vessel disease (figure I). 

DISCUSSION 
Evaluation of the extent and severity of reversible perfusion defects 

during stress testing is important for prognostic stratification of patients with 
coronaty artery disease (11-12). In our study, the additional value of angina 
andlor ST-segment depression in patients with coronary artery disease and 
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dobutamine-induced ischemia manifested as reversible perfusion defects on 
thallium or sestamibi SPECT was evaluated. Our finding of a higher number of 
reversible perfusion defects and ischemic score in patients with multi- versus 
single vessel disease validates the use of perfusion scintigraphy in the assessment 
of the extent of myocardial ischemia. Our results show that in patients with 
significant coronaty artery disease and myocardial ischemia. detected by 
dobutamine perfusion scintigraphy, the extent and severity of coronary artery 
disease and reversible underperfusion is not different with or without angina 
during the test. Parameters of reversible underperfusion were also similar in 
patients who had both angina and ST-segment depression compared to other 
patients without this combination. Apart from a higher prevalence of a history 
of typical angina in symptomatic patients during the test, clinical characteristics 
were not different in patients with or without angina during dobutamine stress 
test. 

Ischemic 
score 

1000 

7,0 

500 

200 

o 

1 vessel disease 2 vessel disease 3 vessel disease -

MIBI Thallium 
Figure 1. Ischemic perfusion defect score in patients with single. two and 
three vessel disease showing a positive correlation between the defect severity 
and number of stenotic coronary arteries. 

Comparison with previous studies 
To our knowledge, this is the first study in which the extent and 

severity of underperfusion in silent and symptomatic ischemia during 
dobutamine stress test were evaluated. Discordant results have been published 
about the functional significance of silent versus symptomatic ischemia during 
exercise stress test (15-20). Reversible exercise-thallium defects were reported 
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to be more extensive and severe in patients with compared to those without 
angina in studies of Klein et al. (15) and Travin et al. (16), while others failed 
to demonstrate that difference (17-20). Klein et al. (15) concluded that the 
induction of pain is associated with substantially more functional abnormalities 
when patients with a broad spectrum of coronary artery disease are evaluated. 
They indicated that chest pain tends to loose its apparent value when its analysis 
is restricted to coronary artery disease population with a greater pre-test 
likelihood of manifesting ischemia. 

Studies of left ventricular function: Various studies compared the amount of 
abnormally contracting myocardium in silent and painful ischemia during 
exercise stress test using radionuclide ventriculography (21-23) or 
echocardiography (24-26). Iskandrian and Hakki (21) and recently 
NillOyannopolos et al. (26) reported that angina correlated with more severe 
deterioration of regional function. Other studies demonstrated a comparable 
segmental and global exercise-induced left ventricular dysfunction in silent and 
symptomatic ischemia evaluated by exercise radionuclide ventriculography (22-
23) or echocardiography (24-25). We have recently shown that in patients with 
coronary artery disease, the extent and severity of dobutamine-induced left 
ventricular dysfunction assessed by echocardiography are not different with or 
without angina (27). The results of this scintigraphic study confirm our previous 
findings. Despite that stress-induced wall motion abnormalities are highly 
specific for myocardial ischemia, this study on a larger patient population offers 
the following complementary advantages: 1) the quantitative assessment of 
perfusion compared to the visual semi-quantitative echocardiographic assessment 
of wall motion. 2) the ability of perfusion scintigraphy to detect ischemia in 
akinetic segments. 3) the less operator dependent characteristics of perfusion 
imaging technique. 4) the higher sensitivity of perfusion scintigraphy than 
echocardiography at submaximal stress (28). 

Hemodynamic and electrical response: Our results demonstrate a slightly lower 
peak heart rate in patients with angina and a comparable peak rate-pressure 
product. This may be attributed to early interruption of the test in 18 patients 
because of angina. However, exclusion of patients in whom the test was 
terminated prematurely did not alter the comparable parameters of 
underperfusion in patients with or without angina. The lower peak heart rate in 
patients with angina is consistent with previous reports on exercise (15,20) and 
dobutamine stress testing (27). ST -segment depression occurred more frequently 
in the symptomatic group. This higher prevalence of electrically silent ischemia 
in asymptomatic patients has been reported during dobutamine (27) and exercise 
stress test as well (17,20,25) which may suggest a common pathway for both 
the electrocardiographic and pain response to ischemic stimulus (20). 
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ST-segment depression and the amount of ischemia 
In our study, the extent and severity of reversible nnderperfusion during 

dobutamine stress test were not different with or without ST -segment 
depression. We have previous reported a similar ischemic wall motion score 
with or without ST -segment depression during dobutamine stress test and a 
higher number of ischemic segments with normal baseline contraction in patients 
with ST -segment depression. However, in the present study we failed to identify 
a corresponding difference in number segments with completely reversible 
defect with or without ST-segment depression. This contradiction may be 
explained by the fact that a partially reversible defect may represent ischemia 
in absence of baseline wall motion abnormalities. Hecht et al. (20) and 
Mal1ll1arian et al. (19) reported that in patients with coronalY artery disease, 
positive and negative exercise electrocardiographic findings were associated with 
a similar amount of ischemia assessed by exercise thallium scintigraphy. 
Conversely, Hecht et al. (25) concluded that exercise-induced ST-segment 
depression is the single most significant variable in relation to the amount of 
ischemic myocardium assessed by exercise echocardiography. 

Limitations of the study 
We assessed myocardial ischemia on basis of reversible perfusion 

defects which may represent flow malperfusion as well as true ischemia. The 
detection of reversible perfusion defects in severely dyssynergic segments may 
represent a clinical challenge (29). However, a recent study showed a high 
sensitivity of dobutamine thallium scintigraphy for the detection of peri
infarction ischemia (30). An other limitation of the study is that most of patients 
were receiving antianginal medications which may modify symptoms and signs 
of ischemia. We have previously shown that the adminstration of atropine 
enhances the detection of myocardial ischemia during dobutamine stress test 
especially in patients receiving beta blockers (31,32). Furthermore, the 
percentage of patients receiving medications was not different on both group. 
Finally, ST-segment depression in patients with myocardial infarction may 
represent reciprocal changes without ischemia. Despite this limitation, exercise
induced ST -segment depression after myocardial infarction was generally 
considered as a marker of a positive test associated with an adverse outcome 
(33). 

Conclusions 
In patients with coronary artery disease and ischemia manifested as 

transient perfusion defects on dobutamine SPECT imaging, the extent and 
severity of coronary artery disease and reversible undelperfusion are comparable 
in patients with or without angina during the test. Patients with symptomatic 
ischemia have a higher prevalence of typical effort angina before the test and a 
higher prevalence of ST -segment depression during the test. The amount of 
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ischemic myocardium is similar in patients with or without ST-segment 
depression. The absence of angina and/or ST -segment depression in a population 
with anatomically and functionally significant coronary artery disease should be 
disregarded as a marker of less severe ischemia. 

REFERENCES 
1) Salustri A, Fioretti PM, Pozzoli MMA, McNeill AJ, Roelandt JRTC. 
Dobutamine stress echocardiography: its role in the diagnosis of coronary artery 
disease. Eur Hearl J 1992;13:70-77. 
2) Mazeika PK, Nadazdin A, Oakley CM. Prognostic value of dobutamine 
echocardiography in patients with high pretest likelihood of coronary artery 
disease. Am J Cardiol 1993;71 :33-39. 
3) Marwick T, Willemart B, D'hondt AM, et a!. Selection of the optimal 
nonexercise stress for the evaluation of ischemic regional myocardial 
dysfunction and malperfusion: comparison of dobutamine and adenosine using 
echocardiography and 99m Tc-MIBI single photon emission computed 
tomography. Circulatioll 1993;87:345-354. 
4) Mairesse GH, Marwick TH, Vanoverschelde JJ, et a!. How accurate is 
dobutamine stress electrocardiography for detection of coronary artery disease? 
Comparison with two-dimensional echocardiography and technetium-99m 
methoxyl isobutyle isonitrile (Mibi) perfusion scintigraphy. J Alii Call Cardiol 
1994;24:920-927. 
5) Forster T, McNeill AJ, Salustri A, et a!. Simultaneous dobutamine stress 
echocardiography and 99-m technetium isonitrile single photon emission 
computed tomography in patients with suspected coronary artelY disease. J Alii 
Call CardioI1993;21:1591-l596. 
6) Gunalp B, Dokumaci B, Uyan C, et a!. Value of dobutamine technetium-
99m-sestamibi SPECT and echocardiography in detection of coronary artery 
disease compared with coronary angiography. J Nuci Med 1993;34:889-894. 
7) Voth E, Baer FM, Theissen P, Schneider CA, Sechtem U, Schicha H. 
Dobutamine 99m tc-MIBI single-photon emission tomography: non-exercise
dependent detection of haemodynamically significant coronary artery stenoses. 
Eul' J Nuci Med 1994;21 :537-544. 
8) Hays JT, Mahmarian JJ, Cochran AJ, Verani MS. Dobutamine thallium-201 
tomography for evaluating patients with suspected coronary artery disease 
unable to undergo exercise or vasodilator pharmacologic stress testing. J Alii 
Call CardioI1993;21:1583-1590. 
9) Ruffolo RR. The pharmacology of dobutamine. Alii J Med Sc 1987;294:244-
248. 
10) Warltier DC, Zyvoloski M, Gross GJ, Hardman HF, Brooks HL. 
Redistribution of myocardial blood flow distal to a dynamic coronalY arterial 
stenosis by sympathomimetic amines: comparison of dopamine, dobutamine and 

38 



isoproterenol. Alii J CardioI1981;48:269-279. 
11) Machecourt J, Longere P, Fagret D, Vanzetto G, Wolf JE, Polidori C. 
Prognostic value of thallium-201 single-photon emission computed tomographic 
myocardial perfusion imaging according to extent of myocardial defect. study 
in 1,926 patients with follow-up at 33 months. J Alii Coli CardioI1994;23: 1096-
1106. 
12) Travin MI, Boucher CA, Newell JB, LaRaia PJ, Flores AR, Eagle KA. 
Variables associated with a poor prognosis in patients with an ischemic thallium-
201 exercise test. Alii Heart J 1993;125:335-344. 
13) Narahara KA, Villanueva-Meyer J, Thompson CJ, Brizendine M, Mena I. 
Comparison of thallium 201 and technetium-99m hexakis 2-methoxyisobutyl 
isonitrile single photon emission computed tomography for estimating the extent 
of myocardial ischemia and infarction in coronary artelY disease. Am J Cardiol 
1990;66: 1438-1444. 
14) Baptista J, Arnese M, Roelandt JRTC, et al. Quantitative coronary 
angiography in the estimation of the functional significance of coronary stenosis: 
Correlation with dobutamine-atropine stress test. J Alii Coli Cardiol 
1994;23: 1434-1439. 
15) Klein J, Chao SY, Berman DS, Rozanski A. Is silent myocardial ischemia 
really as severe as symptomatic ischemia ? The analytic effect of patient 
selection biases. Circulation 1994;89: 1958-1966. 
16) Travin MI, Flores AR, Boucher CA, Newell JB, LaRaia PJ. Silent versus 
symptomatic ischemia during a thallium-201 exercise test. Alii J Cardiol 
1991 ;68: 1600-1608. 
17) Gasperetti CM, Burwell LR, Beller GA. Prevalence and variables associated 
with silent myocardial ischemia on exercise thallium-201 stress testing. J Alii 
Coil CardioI1990;16:115-123. 
18) Amanullah AM, Lindvall K. Prevalence and significance of transient
predominantly asymptomatic-myocardial ischemia on Holter monitoring in 
unstable angina pectoris, and correlation with exercise test and thallium-201 
myocardial perfusion imaging. Alii J Cardiol 1993 ;72: 144-148. 
19) Mahmarian n, Pratt CM, Cocaonugher MK, Verani MS. Altered 
myocardial perfusion in patients with angina pectoris or silent ischemia during 
exercise as assessed by quantitative thallium-201 single photon emission 
computed tomography. Circulation 1990;82: 1305-1315. 
20) Hecht HS, Shaw RE, Bmce T, Mylder RK. Silent ischemia: Evaluation by 
exercise and redistribution tomographic thallium 201 myocardial imaging. J Alii 
Coli Cardiol 1989; 14:895-900. 
21) Iskandrian AS, Hakki AH. Left ventricular function in patients with 
coronalY heart disease in the presence or absence of angina pectoris during 
exercise radionuclide ventriculography. Alii J Cardiol 1983;53: 1239-1243. 
22) Williams KA, Sherwood DF, Fisher KM. The frequency of asymptomatic 
and electrically silent exercise-induced regional myocardial ischemia during 

39 



first-pass radionuclide angiography with upright bicycle ergometry. J Nucl Med 
1992;33:359-364. 23) Vassiliadis IV, Machac J, O'Hara M, Sezhiyan T, 
Horowitz SF. Exercise-induced myocardial dysfunction in patients with coronary 
artery disease with and without angina. Alii Hearl J 1991;121: 1403-1408. 
24) Marwick TH, Nemec n, Torelli J, Salcedo EE, Stewart WJ. Extent and 
severity of abnormal left ventricular wall motion detected by exercise 
echocardiography during painful and silent ischemia. Alii J Cardia! 
1992;69: 1483-1484. 
25) Hecht HS, DeBord L, Stomayor N, Shaw R, Ryan C. Truly silent ischemia 
and the relationship of chest pain and ST segment changes to the amount of 
ischemic myocardium: evaluation by supine bicycle stress echocardiography. J 
Alii Call Cardia! 1994;23:369-376. 
26) Nihoyallllopolos J, Marsollis A, Joshi J, Athanassopoulos G, Oakley C. 
Magnitude of myocardial dysfunction is greater in painful than in painless 
myocardial ischemia: An exercise echocardiographic study. J Alii Call Cardia! 
1995;25: 1507-1512. 
27) Elhendy A, Gelijnse ML, Roelandt JRTC, Cornel JH, Domburg RT, 
Fioretti PM. Stress-induced left ventricular dysfunction in silent and 
symptomatic myocardial ischemia during dobutamine stress test. Alii J Cardia! 
1995;75:1112-1115. 
28) Marwick TH, D'Hondt AM, Baudhuin T, et al. Optimal use of dobutamine 
stress for the detection and evaluation of coronary artery disease: combination 
with echocardiography, scintigraphy or both? J Alii Call Cardia! 1993 ;22: 159-
167. 
29) Dilsizian V, Bonow RO. Differential uptake and apparent 201 TI washout 
after thallium reinjection: Options regarding late redistribution imaging before 
reil1iection or late redistribution imaging after reit*ction. Circulation 
1992;85: 1032-1038. 
30) Coma-Canella I, Gomes Martinez MV, Rodrigo F, Castro Beiras JM. The 
dobutamine stress test with thallium-201 single-photon emission computed 
tomography and radionuclide angiography: postinfarction study. J Alii Call 
Cardia! 1993;22:399-406. 
31) Fioretti PM, Poldennans D, Salustri A, et al. Atropine increases the 
accuracy of dobutamine stress echocardiography in patients taking beta-blockers. 
EliI' Hearl J 1994; 15:355-360. 
32) Me Neill AJ, Fioretti PM, EI-Said EM, Salustri A, Forster T, Roelandt 
JRTC. Enhanced sensitivity for detection of coronary artery disease by addition 
of atropine to dobutamine stress echocardiography. Am J Cardiol 1992;70:41-
46. 
33) Starling MR, Crawford MH, Kemledy GT, O'Rourke RA. Exercise testing 
early after myocardial infarction: predictive value for subsequent unstable angina 
and death. Alii J Cardiol 1980;46:909-914. 

40 



CHAPTER 6 

DOBUTAMINE-INDUCED HYPOPERFUSION WITHOUT 
TRANSIENT WALL MOTION ABNORMALITIES: 

LESS SEVERE ISCHEMIA OR LESS SEVERE STRESS?! 
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FACC, Ron T van Domburg Msc, Folkert J TenCate MD, FACC, 
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FACC, Paolo M Fioretti MD, PhD. 

From the Thoraxcenter and the Department of Nuclear Medicine, University 
Hospital Rotterdam-Dijkzigt and Erasmus University, Rotterdam, the 
Netherlands. 

ABSTRACT 
Ratiollale. Aim of the study was to compare the clinical characteristics, 
hemodynamic response and severity of ischemia in patients with coronary artery 
disease and reversible perfusion defects on dobutamine MIBI SPECT with or 
without transient wall motion abnormalities. 
Backgroulld. The occurrence of reversible perfusion defects without concomitant 
wall motion abnormalities in patients with coronary artery disease was attributed 
to less severe ischemia. However, little data are available to support this 
observation. 
Methods. Fifty four consecutive patients with significant coronary artery disease 
and reversible perfusion defects on dobutamine (up to 40 I'g/kg/min) MIBI 
SPECT were studied (mean [± SD] age 59 ± II years, 38 men). All patients 
underwent simultaneous echocardiography. The myocardium was divided into 
6 matched segments and ischemic perfusion score was quantitatively derived in 
myocardial segments with reversible defects. 
Results. New or worsening wall motion abnormalities occurred in 40 (74%) 
patients (group A) and were absent in 14 (26%) patients (group B). There was 
no significant difference between both groups with respect to age, previous 
myocardial infarction, number of abnormal coronary arteries (1.8 ± 0.8 ± 1.6 
± 0.9), number of reversible perfusion defects (1.6 ± 0.9 vs 1.8 ± 0.7) or 
ischemic perfusion score (412 ± 750 vs 526 ± 553). Patients of group A had 
a higher prevalence of male gender (80% vs 43%, p<O.OI) a higher peak 
systolic blood pressure (147 ± 30 vs 127 ± 31 mm Hg, p<0.05), a higher 

1 J Alii Call Cardiol; ill press. 
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peak rate pressure product (19,632 ± 4,081 vs 16,939 ± 4,344, P < 0.01), and 
a higher prevalence of angina (53% vs 14%) and ST-segment depression (55% 
vs 14%) p<0.05 in both. 
Conclusions. In patients with coronary artery disease and ischemia on 
dobutamine MIBI SPECT, the absence of transient wall motion abnormalities 
is associated with a similar extent and severity of reversible perfusion defects, 
a lower stress rate-pressure product and a higher prevalence of female gender 
compared to patients with transient wall motion abnormalities. Mechanically 
silent ischemia should be disregarded as a marker of less severe ischemia on 
myocardial perfusion scintigraphy. 

Key words: Dobutamine stress echocardiography-MIBI SPECT imaging
Myocardial ischemia. 

INTRODUCTION 
The diagnosis of myocardial ischemia relies upon the detection of 

different pathophysiologic sequela of coronary artery disease. These include 
reversible hypoperfusion and wall motion abnormalities, ST-segment depression 
and typical anginal pain (1-3). Reversible perfusion and wall motion 
abnormalities during exercise or pharmacological stress testing are the most 
accurate markers of myocardial ischemia in patients referred for evaluation of 
coronary artery disease (1-14). It has been demonstrated that hypoperfusion 
precedes the occurrence of wall motion abnormalities in the ischemic cascade 
(15-16). The severity of myocardial ischemia assessed by thallium scintigraphy 
has been reported to determine the occurrence or absence of concomitant 
transient wall motion abnormalities during dobutamine stress test (17). If this is 
confirmed by other studies, a combination of reversible perfusion defects and 
transient wall motion abnormalities would identify patients with severe ischemia 
and provide additional data for the management and prognostic stratification of 
patients with coronalY artery disease. In this study we compare the clinical, 
hemodynamic and scintigraphic variables in patients with coronary artery disease 
and reversible perfusion defects on dobutamine MIBI SPECT with and without 
transient wall motion abnormalities on simultaneous echocardiography. 

METHODS 
Patients selection 

The study population comprised 54 consecutive patients with chest pain 
and inability to perform an adequate exercise test, referred to our cardiac stress 
imaging laboratory who underwent dobutamine stress echocardiography in 
conjunction with MIBI SPECT myocardial perfusion imaging. All patients 
fulfilled the following criteria: 1) The presence of reversible perfusion defects 
on MIBI SPECT in the vascular territory of ;;, 1 stenotic coronary artery. 3) 
Adequate imaging quality. Mean age was 59 ± 11 years. There were 38 men 
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and 16 women. Thirty one patients (57%) were recelVmg antianginal 
medications including beta blockers in 28 (52%). Thirty seven patients (69%) 
had a previous myocardial infarction. 

Oobutamine stress test 
Oobutamine was infused through an antecubital vein starting at a dose 

of 10 I'g/kg/min, increasing by 10 I'g/kg/min every 3 minutes to a maximum 
of 40 I'g/kg/min. Atropine (up to I mg) was given in patients not achieving 
85% of their age and sex predicted maximal heart rate (18). The ECG was 
monitored continuously and recorded each minute. Blood pressure was measured 
every 3 minutes. The test was interrupted if severe chest pain, ST-segment 
depression > 2 mm, significant tachyarrhytlllllias or systolic blood pressure fall 
> 40 mrn Hg occurred during the test. 

Stress echocardiography 
Echocardiographic images were acquired at rest and during the test and 

recovery. Left ventricular wall was divided into 16 segments (19) and scored 
using a 4-point scale, where I = normal, 2 = hypokinesis, 3 = akinesis, 4 = 
dyskinesis (4-5). Both wall motion and thickening were considered for analysis. 
Wall motion score was obtained by the summation of the individual score of the 
16 segments. The diagnosis of ischemia relied upon the occurrence of wall 
motion abnormalities in one or more normal segment and/or the occurrence of 
akinesis or dyskinesis in one or more hypo kinetic segment at rest. As we have 
previously concluded, ischemia was not considered if akinetic segments became 
dyskinetic without improvement at low-dose dobutamine (20). The 
echocardiograms were recorded on video tapes and digitized on optical disk 
(Vingmed CFM 800). Images were compared side by side in quad-screen 
format. Images interpretation was performed by 2 experienced observers without 
the knowledge of the patients' clinical, demographic or scintigraphic data. In 
case of disagreement, a majority decision was achieved by a third investigator. 
We have previously reported an inter-and intra-observer agreement for 
dobutamine stress echocardiographic assessment in our laboratory of 91 % and 
92 % respectively (21). 

SPECT imaging 
Approximately I minute before the termination of the stress test, an 

intravenous dose of 370 MBq of MIBI was administered. Stress images were 
acquired I hour after termination of dobutamine infusion. For resting studies 
370 MBq of MIBI were injected at least 24 hours after the stress study (8). For 
each study six oblique (short axis) slices from the apex to the base and three 
sagittal (vertical long axis) slices from the septum to the lateral wall were 
defined. Each of the 6 short axis slices was divided into 8 equal segments. The 
interpretation of the scan was semiquantitatively performed by visual analysis 
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assisted by the circumferential profiles analysis. Stress and rest tomographic 
views were reviewed in side by side pair by an experienced observer who was 
unaware of the patients' clinical or echocardiographic data. A reversible 
perfusion defect was defined as a perfusion defect on stress images that partially 
or completely resolved at rest in 2 or more contiguous segments or slices. This 
was considered diagnostic of ischemia. A fixed perfusion defect was defined as 
a perfusion defect on stress images in 2 or more contiguous segments or slices 
which persists on rest images. Echocardiographic and scintigraphic images were 
matched into 6 major segments: anterior, inferior, septal (subdivided into 
anterior and posterior) posterolateral and apical. To assess the severity of 
hypoperfusion, each of the 6 major left ventricular segments was scored on a 
4 grade score where 0 = normal and 3 = severely reduced or absent uptake. 
Perfusion score was derived by the summation of the score of the 6 myocardial 
segments. Visual ischemic score was obtained by subtracting rest from stress 
score. Perfusion defect score was quantitatively calculated by measuring the area 
between the lower limit of normal values (± 2 standard deviations) and the 
actual circumferential profile in 6 short axis slices. Ischemic score was derived 
by subtracting rest from stress score in segments with reversible defects. 

CoronalY angiography 
Coronary angiography was performed, using the Judkins technique, 

within 3 months in all patients. Significant coronary artery disease was defined 
as a diameter stenosis ~ 50% in one or more major epicardial arteries. 
Coronary arteries were assigned to particular myocardial segments as previously 
described (4). 

Statistical analysis 
Unless specified, data are presented as mean values ± SD. The chi 

square test and Fisher exact test were used to compare differences between 
proportions. The Student I test was used for analysis of continuous data. A 
p < 0.05 was considered statistically significant. 

RESULTS 
Dobutamine stress test 

Heart rate increased from fi9 ± 12 at rest to 131 ± 18 beats imin at 
peak stress (p<O.OOOI) and systolic blood pressure from 129 ± 20 at rest to 
141 ± 30 mm Hg at peak stress, p<O.OI). 

MIBI SPECT results 
Reversible perfusion defects were detected in all patients (by inclusion 

criteria). A total of97 reversible defects were identified. Those were completely 
reversible in 53 (55 %) segments (34 patients) and partially reversible in 44 
(45%) segments (32 patients). In 30 segments, a fixed perfusion defect was 
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detected (21 patients). Among 97 segments with a reversible defects 8 (8%) 
were not associated with a significant stenosis of the related artery (7 in the 
inferior wall and one in the anterior septum). These defects were not included 
in the calculation of ischemic perfusion defect score. 

Stress echocardiography 
Wall motion abnormalities were detected in 35 patients (65%) at rest. 

New or worsening wall motion abnormalities were detected in 40 patients 
(74%). These patients comprised group A. Group B comprised 14 patients 
(26%) without stress-induced wall motion abnormalities. Nine patients in group 
B had baseline wall motion abnormalities, which were confined to the infarct 
region in all of them. 4 of these patients showed improvement of contraction in 
the infarct region; whereas 5 patients had unchanged wall motion during 
dobutamine infusion. In group A, all patients had transient wall motion 
abnormalities in the vascular territories of ;0: I abnormal coronary artery. A total 
of 83 ischemic segments were detected, 6 of them (7 %) were not in the vascular 
territory of an abnormal artery (3 inferior, I lateral and 2 anterior segments). 
In group B, a negative echocardiogram was associated with a reversible 
perfusion defect confined to a dyssynergic segment in 4 patients (29%). The 
involved segments were hypokinetic in 3 patients and akinetic in one patient. 2 
of these patients had improvement of thickening during dobutamine infusion. 

Clinical characteristics and hemodynamic response 
There was no significant difference between group A and B with respect 

to age, previous myocardial infarction, risk factors or beta blocker therapy. In 
patients with previous myocardial infarction, the infarct location was anterior 
in 13 (50%) of group A and 3 (27%) in group B. Patients of group B had a 
higher prevalence of female sex, a lower peak rate pressure product, a lower 
peak systolic blood pressure, a lower incidence of angina and ST -segment 
depression during the test (table I) and a trend to a lower peak dobutamine dose 
(37.9 ± 5.8 vs 39.8 ± 1.6, P = 0.06) compared to group A. Systolic blood 
pressure increased significantly from rest to peak stress in group A (p<O.OI) 
but not in group B. Atropine was given in 20 patients in group A (50%) and in 
6 patients in group B (43 %). 

A drop or failure of increase of systolic blood pressure from rest to 
peak stress occurred in 12 patients (30%) in group A and in 9 patients (64%) 
in group B (p<0.05). The test was interrupted in 9 (23%) patients in group A 
(angina in 6 patients and ST-segment depression in 3 patients) and in 3 (21 %) 
patients (all with angina) in group B (p = NS). Twenty two patients in group 
A (55%) and 4 patients of group B (29%) achieved 85% of the maximal 
exercise heart rate predicted for age and sex (p = 0.09). 
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Table 1: Clinical features and hemodynamic data in patients with reversible 
perfusion defects on dobutamine MIBI SPECT with and without transient 
wall motion abnormalities, 

Transient WMA + Transient WMA . 
(N ~ 40) (N ~ 14) 

Age (years) 61 ± 10 57 ± 12 

Female sex 8 (20%) 8 (57%)' 

Previous infarction 26 (65%) 11 (79%) 

Beta blocker medication 23 (58%) 5 (36%) 

Rest HR 70 ± 13 68 ± 11 

Peak HR 134 ± 16 125 ± 18 

Rest SBP 130 ± 18 128 ± 23 

Peak SB 147 ± 3 127 ± 31 .. 

Rest rate-pressure product 9,160 ± 2,553 8,765 ± 2,535 

Peak rate-pressure product 19,632 ± 4,081 16,939 ± 4,344 ' 

85 % of target HR achieved 22 (55%) 4 (29%) 

Angina during the test 21 (53%) 2 (14%)" 

ST -segment depression 17 (55%)# 2 (14%)" 

SBP = systolic blood pressure (rum Hg), HR = heart rate (beats/min), WMA 
= wall motion abnormalities, * p<O,OI, ** p<O.05, # = in patients with 
interpretable ECG. 

Echocardiographic, angiographic and scintigraphic data 
There was no significant difference between both groups with respect 

to prevalence of multivessel disease, number and distribntion of abnormal 
coronary arteries or resting wall motion score. Peak wall motion score was 
higher in group A. The number of reversible perfusion defects as well as stress, 
rest and ischemic perfusion score were not different in both group (table 2). The 
distribution of reversible defects in the 6 segments was similar (table 3) except 
for a higher prevalence of anterior defects in group B (p<O.OI). Inclusion of 
the 5 patients of group B who had unchanged wall motion during dobutamine 
infusion in group A did not change the comparable parameters of reversible 
hypoperfusion in the 2 groups. All patients with left bundle branch block (N = 

6) and left ventricular hypertrophy (N = 3) had transient wall motion 
abnormalities. 
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Table 2: Echocardiographic and angiographic data in patients with 
reversible perfusion defects on dobntamine MIDI SPECT with and without 
transient wall motion abnormalities. 

Transient WMA + Transient WMA -
(N ~ 40) (N ~ 14) 

Resting WMA 26 (65%) 9 (64%) 

Resting wall motion score 22 ± 6 20 ± 4 

Stress wall motion score 26 ± 7 20 ± 4 • 

Multivessel disease 22 (55%) 5 (37%) 

Number of stenotic arteries 1.8 ± 0.8 1.6 ± 0.9 

LAD disease 27 (68%) 10 (71 %) 

Lex disease 18 (45%) 5 (36%) 

RCA disease 25 (63%) 7 (50%) 

LAD = left anterior descending coronary artery, LCx = left circumflex 
coronary artery, RCA = right coronary artery, WMA = wall motion 
abnormalities, * p<O.01. 

Variables associated with female gender: 
A negative stress echocardiogram was obtained in 8 of 16 females and 

in 6 of 38 males (50 % vs 16%, p<O.Ol). The following variables were not 
different between females and males: age (62 ± 13 vs 58 ± 9 years), resting 
wall motion score (19.7 ± 4.5 vs 22.7 ± 5.9), peak systolic blood pressure 
(140 ± 28 vs 142 ± 32 mm Hg), rate pressure product (17,403 ± 4,385 
vs 19,210 ± 4,384, P = 0.2), number of abnormal coronary arteries (1.5 ± 
0.9 vs 1.8 ± 0.8, P = 0.2) and number of reversible defects (1.8 ± 0.8 vs 1.6 
± 0.9). Male gender was associated with a higher peak heart rate (135 ± 15 
vs 124 ± 16 beats/min, p<0.05), peak wall motion score (25.6 ± 7 vs 21.2 
± 0.5, p<0.05), a higher prevalence of multivessel disease (61 % vs 25%, 
p<0.05), a trend to a higher prevalence of previous infarction (76% vs 50%, 
p = 0.06), a higher stress perfusion score (1609 ± 1590 vs 598 ± 937, 
P < 0.05), rest score (1132 ± 1212 vs 416 ± 832, P < 0.05) and ischemic score 
(554 ± 795 vs 181 ± 172, p<0.05). 

Patients on beta blocker therapy: There was no significant difference between 
patients with or without beta blocker therapy with regard to age, gender, extent 
of coronary artery disease, prevalence of ischemia on echocardiography, or 
quantitative perfusion defect score. Patients on beta blockers had a lower peak 
heart rate (126 ± 17 vs 139 ± 15, p<O.OI), a lower peak rate pressure product 
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(17869 ± 4250 vs 20116 ± 3706, P < 0.05) and a higher maximal dobutamine 
dose (40 ± 0 vs 37 ± 6I'g/kg/min, p<0.05). Among patients receiving beta 
blockers, peak heart rate was higher in group A compared to group B (130 ± 
18 vs 108 ± 16, P < 0.05). 

Table 3: Distribution of reversible perfusion defects and perfusion defect 
score in patients with and without transient wall motion abnormalities. 

Transient WMA + Transient WMA -
(N = 40) (N = 14) 

Anterior 10 (25%) 9 (64%) • 

Inferior 18 (45%) 6 (36%) 

Posterolateral 8 (20%) I (7%) 

anterior septum 8 (20%) 4 (29%) 

Posterior septum 9 (23%) 3 (21 %) 

Apex 11(28%) 3 (21 %) 

Number of reversible defects 1.6 ± 0.9 1.8 ± 0.7 

Rest perfusion defect score 1,032 ± 1,286 600 ± 559 

Stress perfusion defect score 1,362 ± 1,642 1,135 ± 988 

Quantitatlve ischemic score 412 ± 750 526 ± 553 

Visual ischemic score 3.5 ± 2 3.8 ± 1.2 

* p<O.01. 

DISCUSSION 
Identification of stress test variables associated with more severe 

ischemia is important in the management and prognostic stratification of patients 
with coronary artery disease especially in the presence of equivocal indications 
for revascularization (22). The echocardiographic method of evaluation of wall 
motion during stress test employed in clinical practice depends upon a 
semiquantitative visual evaluation with a limited scoring scale of different grades 
of dyssynergy (4-12). Conversely, the detection of a reversible perfusion defect 
with the relatively automated myocardial SPECT imaging is assisted by 
quantitative analysis of perfusion defect size. Theoretically, this can explain the 
lack of stress-induced wall motion abnormalities in patients with reversible 
hypoperfusion on basis of less severe flow malperfusion and presumably less 
severe ischemia (14). Therefore, it is important to find whether the absence of 
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inducible wall motion abnormalities identifies a population with different clinical 
characteristics, extent and severity of ischemia, different hemodynamic response 
to dobutamine or extent of coronary artery disease. 

The results of our study are derived from a symptomatic patient 
population with coronary artery disease and reversible defects on dobutamine 
perfusion scintigraphy. The data show that the presence or absence of transient 
wall motion abnormalities in conjunction with a reversible perfusion defect is 
not related to the severity of ischemia assessed by quantitative MIBI SPECT 
imaging. The absence of transient wall motion abnormalities correlated with a 
lower peak rate pressure product, impaired systolic blood pressure response at 
peak stress, and higher prevalence of female sex. The lower rate pressure 
product in the group with a negative echocardiogram can be explained by the 
occurrence of hypoperfusion earlier than wall motion abnormalities in the 
ischemic cascade (15-16). Consequently, diagnostic techniques dependent on the 
detection of wall motion abnormalities may be more vulnerable to a submaximal 
stress compared to perfusion imaging techniques (12). The association between 
transient wall motion abnormalities and a higher prevalence of both ST -segments 
depression andlor angina during stress may be explained by the late occurrence 
of angina and ST-segment depression following impairment of perfusion and 
function in the ischemic cascade (15,16,23). Since the latter stops before the 
occurrence of mechanical dysfunction in patients without transient wall motion 
abnormalities, theses patients were more likely to have less angina and ST
segment depression. There was a higher prevalence of reversible perfusion 
defects in the anterior wall in patients with than without transient wall motion 
abnormalities, which may be due to the difficulties in delineation of the entire 
endocardium of the anterior wall in the apical 2 chamber view. The apparent 
trend to a higher resting wall motion and perfusion defect score in patients with 
transient wall motion abnormalities may be due to the relatively higher 
prevalence of anterior myocardial infarction in the former group. All patients 
with left bundle branch block or left ventricular hypertrophy had a positive 
echocardiographic study. This is not surprising, since diagnostic problems in 
this population were described with scintigraphy (24,25) and not with 
echocardiography which was reported to be more accurate in patients with than 
without left ventricular hypertrophy (11). 

Comparison with previous studies 
This is the first study which evaluates the severity of myocardial 

ischemia in patients with reversible perfusion defects in presence or absence of 
simultaneous transient wall motion abnormalities during stress test. Coma
Canella et al. (17) studied patients after recent myocardial infarction by 
dobutamine stress with radionuclide angiographY and 20 I thallium SPECT in 2 
separate days. They concluded that mild to moderate ischemia on basis of visual 
analysis of reversible thallium defects is compatible with improvement or no 
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change of regional function whereas severe ischemia results in worsening of 
function. Unlike radionnclide angiography, echocardiography allows 
tomographic evaluation of both endocardial excursion and wall thickening 
improving the detection of mechanical dysfunction. The difference between the 
2 studies may be explained by the tomographic assessment of wall motion and 
quantitative assessment of perfusion in our study. 

Accuracy of dobutamine stress testing in females 
Despite that exercise perfusion scintigraphy is more accurate than 

electrocardiography in females (26), there are some inherent diagnostic 
problems of perfusion scintigraphy in females including a false positive test due 
to a shifting breast artifact. In our study, females had a higher incidence of a 
negative echocardiogram, a lower peak heart rate, a lower peak wall motion 
score and a lower ischemic perfusion defect score. It can not be precisely 
concluded whether these findings are due to the lower prevalence of multivessel 
disease, a lower peak heart rate or due to a difference in inducibility and/or 
detection of wall motion abnormalities in females. It has been reported that 
exercise echocardiography is an accurate method for the diagnosis of coronary 
artery disease in females (27). As the predicted maximal exercise heart rate is 
higher in males than females at a given age (28), a similar calculation of the 
maximal heart rate during dobutamine stress test may not be appropriate for 
females undergoing dobutamine stress echocardiography in which the detection 
of ischemia may be critically dependent on heart rate increment. 

Accuracy of dobutamine stress testing at various levels of stress 
Previous studies have shown that a submaximal dobutamine stress test, 

defined as a test in patients receiving beta blockers or inability to compete the 
standard protocol is associated with a reduced sensitivity of echocardiography 
whereas the effect on sensitivity of perfusion scintigraphy was less prominent 
(11,12). Since dobutamine stress test is an exercise simulator stress modality, 
an important increase of rate pressure product is required to have a high 
accuracy especially for the detection of abnormal wall motion. We have 
previously shown that in unselected patient population with suspected 
myocardial ischemia who underwent dobutamine stress echocardiography with 
simultaneous MIBI SPECT, the addition of MIBI studies to echocardiographic 
studies which are negative for ischemia at submaximal test was particularly 
useful for the prediction of cardiac events (29). 

The effect of beta blockers 
In our study the prevalence ischemia detected at echocardiography was 

not different with or without beta blocker therapy. This may be due to the 
adminstration of atropine which was reported to increase sensitivity particularly 
in patients receiving beta blockers (30), and the higher dobutamine dose in 
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patients recelvmg beta blockers which may compensate for the lower rate 
pressure product by exerting more positive inotropic effect. Additionally, in 
patients receiving beta blockers, peak heart rate was higher in patients with than 
without ischemia on echocardiography. 

The role of systolic blood pressure response 
High dose dobutamine infusion induces myocardial ischemia by 

increasing metabolic demand due to an increase of heart rate and myocardial 
contractility (31-33). Coronary vasodilatation and flow heterogeneity results 
from the increased myocardial demand and a weak vasodilator effect (33). The 
effect of dobutamine on systolic blood pressure is influenced by mechanisms 
related to contractility and systemic vascular resistance (34). Therefore, the 
importance of systolic blood pressure response in the attainment of an adequate 
stress test level has not been proven. An interesting finding of our study is that 
patients with a negative echocardiogram had impaired systolic blood pressure 
response in contralY to those with a positive test. This difference is unlikely to 
be due to myocardial ischemia because in this situation, impaired systolic blood 
pressure response is expected to occur in the group with rather than without 
mechanical dysfunction. Conversely, impaired systolic blood pressure response 
is most probably a reason of a negative echocardiogram and can be explained 
by a possible predominant peripheral vasodilator response in these particular 
patients. The role of systolic blood pressure response is supported by the 
reported findings of a significant increase of systolic blood pressure with 
dobutamine, even comparable to that obtained with exercise in some studies 
(7,35). Echocardiography was reported to have a good sensitivity comparable 
to that of perfusion scintigraphy when applied with stress modalities associated 
with heart rate and systolic blood pressure increase like exercise (1-2) and 
dobutamine (8-9), whereas sensitivity is low compared to perfusion scintigraphy 
when applied with vasodilator stress testing with dipyridamole (36) in which 
there is a mild increase of heart rate meanwhile, systolic blood pressure drops 
or does not change. For echocardiographic imaging, sensitivity of dobutamine 
and exercise was found to be higher than dipyridamole (37). It can be postulated 
that in particular patients, a modest but a critical increment of systolic blood 
pressure during dobutamine infusion is required to increase the left ventricular 
wall stress to result in subendocardial ischemia and deterioration of function that 
can be detected by visual assessment. This may not be as critical for reversible 
hypoperfusion which occurs at a lower stress level. 

Limitations of the study 
The number of patients with a negative echocardiogram was small. 

Patient population was heterogenous including some patients with previous 
myocardial infarction. However, only one patient had a negative 
echocardiographic study and a reversible perfusion defect confined to an akinetic 
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segment. The assessment of the severity of ischemia by perfusion scintigraphy 
may have some pitfalls as the latter detects flow malperfusion as well as true 
ischemia. Difference in perfusion may be attenuated in patients with multivessel 
disease (17). Finally, some patients were receiving medications including beta 
blockers. Nevertheless, we have shown previously that the addition of atropine 
increases the sensitivity of dobutamine echocardiography especially in patients 
receiving beta blockers. 

Clinical implication 
Since a lower peak rate pressure product correlated with a negative 

dobutamine echocardiographic test in patients with reversible perfusion defects, 
great attention should be given to achieve a higher product in patients 
undergoing dobutamine stress echocardiography alone. This may include 
stopping beta blockers and implement of stress protocol aiming at the attaimnent 
of a higher heart rate like atropine adminstration (18,30) or the use of longer 
dobutamine infusion time (38). The occurrence of mechanically silent ischemia 
manifested as reversible perfusion defects without transient wall motion 
abnormalities should be disregarded in the management of patients with 
coronalY artery disease as a marker of less severe ischemia as assessed by 
myocardial perfusion scintigraphy. 
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ABSTRACT 
Exercise echocardiography is an accurate technique for the assessment 

of graft function after coronary artery bypass grafting (CABG). Although 
dobutamine stress echocardiography is a feasible alternative in patients with 
limited exercise capacity, its value in this particular patient population has not 
been assessed. Dobutamine (up to 40 ltg/kg/min) stress echocardiography was 
performed in 50 patients at (mean [± SD)) 5.1 ± 5.4 years (range 3 months to 
19 years) after CABG. Ischemia was defined as new or worsened wall motion 
abnormalities. Significant vascular compromise was defined by quantitative 
measurements as ;;0: 50% luminal diameter stenosis in a graft or in a native 
coronary artery if the stenosis was distal to the graft or involved non grafted 
artery. 

Ischemia was detected in 25 of 32 patients with and in 2 of the 18 
patients without vascular compromise (sensitivity = 78 %; CI 67-90, specificity 
= 89%; CI 80-98, positive predictive value = 93%; CI 85-100, negative 
predictive value = 70 %; CI = 57-82; accuracy = 82 %; CI 71-93). The 
sensitivity was 64 % (7/ II) in patients with vascular compromise in one region, 
83% (10/12) in 2 regions and 89% (8/9) in 3 regions. Sensitivity was 86% in 
patients who achieved 85 % of the target heart rate. Dobutamine stress 
echocardiography is an accurate method for the assessment of graft function in 
patients after CABG and provides useful data for the selection of patients in 
whom corOilalY angiography may be indicated. 

Key Words: Dobutamine stress echocardiography - Coronary artelY bypass 
grafting 
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INTRODUCTION 
The detection of myocardial ischemia is the hallmark of the non

invasive evaluation of graft function (1-5) after coronary artery bypass grafting 
(CABG). Exercise electrocardiography was shown to have a limited accuracy 
in this clinical setting (3). Recent studies have demonstrated a high accuracy of 
exercise echocardiography for the detection of myocardial ischemia in patients 
with significant graft or progressive native coronary altery stenosis (3-5). 
However, in patients with limited exercise capacity, an alternative stress 
modality is required for the functiomil evaluation of these patients. 

The value of dobutamine echocardiography in the diagnosis and 
functional assessment of coronary artery disease has been established in various 
clinical indications including the assessment of the results of coronary 
angioplasty (6-11). However, its role in the assessment of adequate myocardial 
perfusion in patients after CABG has not been stndied. Therefore, the aim of 
this study was to assess the value of dobutamine stress echocardiography in the 
functional evaluation of patients after CABG unable to perform exercise stress 
testing. 

METHODS 
Patient selection 

Study popUlation comprised 50 patients unable to perform exercise 
stress test who were studied by dobutamine stress echocardiography 3 months 
to 19 years after coronary artery bypass grafting (mean = 5.1 ± 5.4 years, 
range 3 months to 19 years). Reasons for stress testing were chest pain in 36 
patients and exertional dyspnea in 2 patients, whereas in 12 patients, the test 
was performed for routine functional assessment. All patients gave an informed 
consent to undergo the test. Mean age was 58 ± 9 years. There were 41 men 
and 9 women. Thirty five patients (70%) were receiving oral nitrates and lor 
calcium antagonists and 15 (30 %) were receiving beta blockers at the day of the 
test. A history or an electrocardiographic evidence of myocardial infarction was 
present in 39 patients. 

Dobutamine stress test 
Dobutamine was infused through an antecubital vein starting at a dose 

of 5 followed by 10 I'g/kg/min (3 minutes stages), increasing by 10 I'g/kg/min 
evelY 3 minutes to a maximum of 40 I'g/kg/min. Atropine (up to 1 mg) was 
given in patients not achieving 85 % of their age predicted maximal heart rate 
at the maximal dobutamine dose (12). The electrocardiogram was monitored 
t1n'oughout dobutamine infusion and was recorded each minute. Cuff blood 
pressure was measured every 3 minutes. The test was interrupted if severe chest 
pain, ST -segment depression> 2 mm, significant ventricular or supraventricular 
arrhythmia or systolic blood pressure fall of > 40 mm Hg occurred during the 
test. Ischemia at the electrocardiogram was defined as ;"0.1 mV horizontal or 
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downsloping ST-segment depression 80 mS from the J point compared to 
baseline level or <,:O.lmV ST-segment elevation in electrocardiogram leads 
corresponding to non infarcted myocardium (13). 

Stress echocardiography 
Echocardiographic images were acquired at rest and during stress and 

recovery. The echocardiograms were recorded on video tapes and were also 
digitized on optical disk and displayed side by side in quad-screen format 
(Vingmed CFM 800) to facilitate the comparison of rest and stress images. Left 
ventricular wall was divided into 16 segments (14) and scored using a 4-point 
scale, where 1 =normal, 2= hypokinesis, 3 = akinesis, 4 = dyskinesis. The 
interpretation of images was performed by 2 experienced observers without the 
knowledge of the patients' angiographic data. In case of disagreement, a third 
reviewer revised images and a majority decision was achieved. In our 
laboratory, inter-and intra-observer agreement for stress echocardiographic 
assessment are 92% and 94% respectively (15). Both wall motion and 
thickening were considered for analysis. The diagnosis of ischemia was based 
on the occurrence of new or worsening wall motion abnormalities in one or 
more segments. As previously reported, ischemia was not considered when 
akinetic segments at rest became dyskinetic without improvement at low-dose 
dobutamine (16). 

Coronary angiography 
Coronary angiography was performed, using the Judkins technique, 

within 3 months in all patients. The clinical course was stable in the period 
between coronary angiography and dobutamine stress testing. CoronalY stenosis 
was quantified using a previously described method from our center (17). 
Significant coronary artery disease was defined as a diameter stenosis <': 50 % 
in a graft or in a native coronary artery if the stenosis was distal to the graft or 
involved non grafted artelY. Coronary arteries were assigned to particular 
myocardial segments as previously described (9). 

Statistical analysis 
Unless specified, data are presented as mean values ± SD. The chi 

square test and Fisher exact test were used to compare differences between 
proportions. The Student t test was used for analysis of continuous data. A 
p < O. 05 was considered statistically significant. Sensitivity, specificity, 
predictive value and accuracy were derived according to standard definition and 
presented with their corresponding 95% confidence interval (CI). 

RESULTS 
CoronalY angiography 

There was no significant vascular compromise in 18 patients, whereas 
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in 32 patients significant graft or native non grafted coronary artery stenosis was 
detected. Vascular compromise was detected in one region in 11 patients 
(22%), in 2 regions in 12 patients (24%) and in 3 regions in 9 patients (18%). 
Significant stenosis of the left anterior descending coronary artery (LAD) region 
was detected in 22 patients (44%), of the right coronary artery (RCA) in 20 
patients (40%) and of the left circumflex coronary artery (LCX) in 20 patients 
(40%). 

Dobutamine stress test 
Heart rate increased from 70 ± 12 at rest to 135 + 18 beats lmin at 

peak stress (p<O.OOI) and rate pressure product from 9013 ± 2212 to 17065 
± 9129 (p<O.OOl) whereas systolic blood pressure did not change significantly 
(128 ± 20 at rest vs 127 ± 26 mm Hg at peak stress). Angina occurred in 15 
(30%) patients, ST-segment depression in 13 (26%) and ST-segment elevation 
in 10 (20%) patients, which was confined to infarction leads in all of them. In 
8 (16 %) patients, the test was interrupted prematurely before reaching the 
maximal dose or the target heart rate because of a limiting side effect. Reasons 
for premature termination of the test were angina (5 patients), ST-segment 
depression (I patients), hypotension (2 patients) and significant tachyarrhythmias 
(1 patient). ST-segment depression occurred in 10 patients with vascular 
compromise (3 with single region and 7 with multi-region compromise) and in 
3 patients without vascular compromise (sensitivity = 31 %; CI 18-44, 
specificity = 83%; CI 73-94, positive predictive value = 77%; CI 65-89, 
negative predictive value = 41 %; CI = 27-54; accuracy = 50%; CI36-64). 

Stress echocardiography 
Ischemia was detected in 25 of 32 patients with and in 2 of the 18 

patients without vascular compromise (sensitivity = 78%; CI 67-90, specificity 
= 89%; CI 80-98, positive predictive value = 93%; CI 85-100, negative 
predictive value = 70%; CI = 57-82; accuracy = 82%; CI 71-93); Sensitivity 
and accuracy were significantly higher than electrocardiography (p < 0.0001 and 
<0.001 respectively). The sensitivity was 64% (7111) in patients with vascular 
compromise in one region, 83% (10/12) in 2 regions and 89% (8/9) in 3 
regions. There was a trend to a higher sensitivity in patients with multivessel 
compared to those with single vessel compromise (86% (18/21) vs 64% [7/11], 
p<O.I). 

The impact of maximal stress heart rate 
In patients with vascular compromise, peak heart rate was significantly 

higher in patients with than without ischemia at echocardiography (135 ± 22 vs 
120 ± 18, p < 0.05). The sensitivity was relatively higher with than without the 
achievement of 85% of the target heart rate (86% [19122] vs 60% [6110]) 
respectively. 
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Prediction of the extent of vascular compromise 
An ischemic pattern in 2 different vascular territories, suggestive of 

multivessel compromise occurred in 12 of 21 patients (57%) with multivessel 
and in 2 of II patients with single vessel compromise (sensitivity = 57 %; CI 
40-74, specificity = 82%; CI 68-95, positive predictive value = 86%; CI74-
98, negative predictive value = 50%; CI = 33-67; accuracy = 66%; CI 49-
82). The sensitivity, specificity, and accuracy of dobutamine stress 
echocardiography for the detection of vascular compromise in the LAD, LCX 
and RCA regions are shown in the table I. Sensitivity and specificity improved 
by considering the RCA and LCX together, probably due to the frequent 
overlap in their territories. By the use of 2 myocardial regions (LAD and 
combined LCX and RCA), ischemia was detected in 30 of 47 regions with and 
in 8 of 53 regions without vascular compromise (sensitivity = 64 %, specificity 
= 85%). Sensitivity in each vascular region was not different in presence or 
absence of myocardial infarction in the same region (60% vs 65 % in LAD and 
69% vs 58% in the RCA-LCX region respectively, p = NS). Of the 8 false 
positive regional diagnose, 3 occurred in relation to lesions between 40 and 50% 
and 4 occurred in regions with normal baseline contraction. A false positive 
diagnosis of ischemia in the septum was encountered in 2 patients. Septal motion 
at rest was normal in one patient and abnormal in the other. 

Table 1. Sensitivity, specificity and accuracy of dobutamine stress 
echocardiography for the diaguosis of significant stenosis in individual 
vascular regions in patients with previous coronary artery bypass grafting. 

sensitivity specificity accuracy 

LAD 64 (50-77) 86 (76-95) 76 (64-88) 

LCX 50 (36-64) 80 (69-91) 68 (55-81) 

RCA 45 (31-59) 76 (64-88) 63 (50-77) 

RCA ± LCX 64 (51-77) 84 (74-94) 74 (62-86) 

LAD = left anterior descending, LCX = left circumflex, RCA = right 
coronary artelY 

DISCUSSION 
CoronalY artery bypass grafting is an effective intervention for 

symptomatic relief, prolongation of survival and improvement of left ventricular 
function in particular subset of patients with coronary artery disease (18). 
However, myocardial perfuSion after surgery may be compromised by late graft 
occlusion and progression of coronalY artery disease in non-grafted or in grafted 
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coronalY arteries distal to the bypass (19). Therefore, the assessment of 
myocardial ischemia in this population is important to detect vascular 
compromise and to select patients in whom coronary angiography may be 
indicated. The value of exercise echocardiography in this clinical setting has 
been established (3-5). In patients with limited exercise capacity, 
pharmacological stress testing may represent a feasible alternative. Although the 
value of dobutamine stress echocardiography in the detection of myocardial 
ischemia has been assessed in a variety of clinical situations (6-11), its role in 
the assessment of patients after CABG has not been studied. Our study shows 
that dobutamine stress echocardiography is a moderately sensitive and highly 
specific technique for the detection of vascular compromise in patients after 
CABG. Sensitivity was relativelY high in presence of vascular compromise in 
more than one region and in patients who achieved 85 % of the maximal heart 
rate. In individual vascular territories, sensitivity was not different in presence 
or absence of myocardial infarction in the corresponding region. Despite the 
known effect of CABG on the motion of the septum (20), only one of the 8 false 
positive results involved the septum with abnormal wall motion at rest. 

Comparison with previous studies 
This is the first study in which the value of dobutamine stress 

echocardiography in the functional evaluation of patients after CABG was 
assessed. The sensitivity (78%) and specificity (89%) of dobutamine 
echocardiography for the detection of vascular compromise are aligned with 
those of the largest exercise echocardiographic study by Kafka et al. (79 % and 
82 % respectively) in patients after CABG (3). The sensitivity was not reduced 
in presence of wall motion abnormalities in our patients despite that we used the 
criteria of new or additional wall motion abnormalities only to define an 
ischemic response. Kafka et al. (3) reported that the use of failure of 
improvement of dyssynergic segments during exercise as a criterion for ischemia 
increased the sensitivity at the expense of specificity. Similar findings have been 
reported by Marcovitz et al. with dobutamine stress echocardiography (7). This 
may be explained by the possibility that failure of improvement may signify 
ischemia or myocardial necrosis. Overall sensitivity and specificity of 
dobutamine echocardiography in our study are comparable to those reported on 
dobutamine echocardiography in patients without CABG (6-10) denoting the 
absence of particular limitations of the technique in patients after CABG. 

The detection of regional vascular compromise 
The localization of inducible wall motion abnormalities identified the 

area of vascular compromise in a high proportion of segments. Improvement of 
regional sensitivity and specificity by combining the RCA and LCX territories 
can be explained by the vascular overlap described previously in these regions 
(4). Using the 2 segment model (anterior for LAD and infero-posterolateral for 
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the RCA and LCX) gave an equal sensitivity in both regions. Kafaka et al. (3) 
reported a low sensitivity in the LCX region. The difference may be explained 
by separate analysis of the LCX in the latter study with the possibility of 
missing some diagnostic results in the inferior wall which was assigned only to 
the RCA. Furthermore, the lateral wall may be more vulnerable to respiratory 
artifacts in the postexercise period imposing a difficulty of interpretation of wall 
motion in this particular region. There was a relatively low sensitivity of 
dobutamine echocardiography for identifying multivessel disease on basis of 
inducible abnormalities in more than one region (57%), which is slightly lower 
than that of exercise echocardiography reported by Kafka et al. (69%). This can 
be explained by vascular overlap and different threshold for ischemia in 
different vascular territories with the potential to reach an end point of the test 
(e.g angina, electrocardiographic or hemodynamic changes and maximal 
dobutamine dose) before the occurrence of ischemia in other territories. This 
may also explain the relatively low sensitivity for detecting individual coronary 
artelY stenosis in this population with high prevalence of multi vessel disease. 

Influence of hemodynamic response 
In patients with vascular compromise, peak heart rate was higher in 

patients with than without ischemia at echocardiography. The importance of the 
maximal stress heart rate for the occurrence of ischemia at exercise (21) or 
dobutamine echocardiography (9) has been previously demonstrated. 

Limitations of the study 
The number of patients without vascular compromise was relatively 

small. However, this number was even higher compared to most of previous 
studies on exercise echocardiography after CABG (4,5). Some patients were 
receiving medications including beta blockers in 30%, which may decrease the 
sensitivity of dobutamine stress echocardiography. Nevertheless, we have 
previously shown that the adminstration of atropine at peak dobutamine dose 
enhances the sensitivity of dobutamine stress echocardiography especially in 
patients receiving beta blockers (12). 

Conclusion 
Dobutamine stress echocardiography is an accurate method for the 

diagnosis of vascular compromise in patients after CABG and provides useful 
data for the selection of patients in whom coronary angiography may be 
indicated. 
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ABSTRACT 
Background. Though the presence of baseline left ventricular dysfunction was 
postulated to represent a limitation of stress echocardiography for the detection 
of ischemia, the influence of baseline dysfunction on the test accuracy has not 
been assessed. Aim of the study was to evaluate the accuracy of dobutamine 
stress echocardiography for the diagnosis of coronary artery stenosis in 
symptomatic patients with old myocardial infarction and to assess the influence 
of the severity of left ventricular dysfunction on the accuracy for the detection 
of individual coronary artery stenosis. 
Methods. Dobutamine (up to 40 I'g/kg/min) stress echocardiography was 
performed in 132 symptomatic patients with old myocardial infarction. Ischemia 
was defined as new or worsened wall motion abnormalities. For each coronary 
artery, regional wall motion in the corresponding territory was classified as 
normal, mildly, moderately or severely impaired on basis of wall motion score 
index. Significant coronary stenosis was defined as ;0;:50% diameter stenosis. 
Results. Ischemia was detected in 87 of III patients with, and 3 of 21 patients 
without coronary artery stenosis (sensitivity = 78%; CI 71-86, specificity = 
86 %; CI 79-92, accuracy = 80 %; CI 73-87). The accuracy for the diagnosis of 
individual coronary stenosis was 69%, 74 %, 74 % and 61 % in presence of 
normal wall motion, mild, moderate and severe wall motion abnormalities in the 
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corresponding territories respectively (p = NS). The sensitivity was higher in 
presence of mild or moderate wall motion abnormalities (73 %) than with normal 
wall motion (53 %) or severe wall motion abnormalities (56 %, p < 0.05 in both). 
In territories subtended by a stenotic artery, regional wall motion score index, 
percentage of dyssynergic segments and percentage of akinetic and dyskinetic 
segments was not different with or without ischemia. 
Conclusion Dobutamine stress echocardiography has a good overall accuracy 
for the diagnosis of coronary artery stenosis in symptomatic patients with old 
myocardial infarction. Accuracy for individual coronary artery is not influenced 
by the degree of regional dysfunction. The presence of baseline dysfunction 
should be disregarded as a limitation of dobutamine stress echocardiography for 
eliciting myocardial ischemia and the diagnosis of significant coronary artelY 
stenosis in this population. 

Key Words: coronary artery disease, myocardial infarction, dobutamine stress 
echocardiography, ischemia. 

INTRODUCTION 
Previous studies have demonstrated the value of dobutamine stress 

echocardiography for the detection of peri-infarction and remote ischemia (1-3) 
and the assessment of myocardial viability in patients with myocardial infarction 
(4,5). However, most of these studies were performed for routine predischarge 
functional assessment of patients with recent myocardial infarction (1-3). The 
value of dobutamine stress echocardiography has not been assessed in a 
homogenous population of symptomatic patients with old myocardial infarction 
and suspected myocardial ischemia who represent a substantial proportion of 
patients referred the functional assessment of coronalY artery disease. 
Furthermore, the influence of the extent and severity of baseline left ventricular 
dysfunction on the accuracy of the test for the diagnOSis of myocardial ischemia 
and significant coronary artery stenosis has not been assessed. The latter is 
important, since eChocardiographic diagnosis of myocardial ischemia relies upon 
the occurrence and/or worsening of wall motion abnormalities (6-8), which may 
be difficult to elicit, in presence of severe baseline dyssynergy (9). In some 
studies, the presence of baseline dyssynergy was considered diagnostic for 
significant coronary artelY stenosis (10-11). This approach, does not disclose the 
relation between the patient symptoms and myocardial ischemia and may be 
confounding after thrombolytic therapy or revascularization of infarct-related 
artelY. Therefore, the aim of this study was to assess the accuracy of 
dobutamine stress echocardiography for the diagnosis of coronalY artery stenosis 
on basis of inducible ischemia and to find whether baseline left ventricular 
dysfunction influence the accuracy of the test for the diagnosis of individual 
coronary artery stenosis in symptomatic patients with old myocardial infarction. 
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METHODS 
Patient selection 

Study population comprised 132 consecutive patients with chest pain, 
unable to perform an adequate exercise test, who were referred to our imaging 
laboratory for evaluation of myocardial ischemia. All patients fulfilled the 
following criteria: I) previous myocardial infarction> 3 months. The diagnosis 
of myocardial infarction relied upon the standard criteria of prolonged chest 
pain, a diagnostic rise (at least twice the normal value) and fall of serum 
creatine kinase and serial electrocardiographic changes. 2) the presence of wall 
motion abnormalities at baseline echocardiogram. 3) absence of severe heart 
failure, severe valvular heart disease, hypertension, hypotension or a history of 
sustained ventricular tachyarrhythmias. All patients gave an informed consent 
to undergo dobutamine stress echocardiography. 

Mean age was 60 ± 9 years. There were 101 men and 31 women. 
Ninety patients (68%) were receiving oral nitrates and/or calcium antagonists 
and 38 (29%) were receiving beta blockers at the day of the test. Q waves, in 
the electrocardiogram were present in 88 patients (67%). Those were detected 
in the anterior (or anterolateral) leads in 40 patients, inferior (or inferolateral) 
leads in 31 patients and in both locations in 17 patients. 

Oobutamine stress test: Oobutamine was infused through an antecubital vein 
starting at a dose of 5 followed by 10 I'g/kg/min (3 minutes sages), increasing 
by 10 I'g/kg/min every 3 minutes to a maximum of 40 I'g/kg/min. Atropine (up 
to I mg) was given in patients not achieving 85 % of their age predicted 
maximal heart rate (12). The electrocardiogram was monitored throughout 
dobutamine infusion and was recorded each minute. Cuff blood pressure was 
measured every 3 minutes. The test was interrupted if severe chest pain, ST
segment depression > 2 mm, significant ventricular or supraventricular 
arrhythmia or systolic blood pressure fall of > 40 mm Hg occurred during the 
test. 

Stress echocardiography: Echocardiographic images were acquired at rest and 
during stress and recovery. The echocardiograms were recorded on video tapes 
and were also digitized on optical disk and displayed side by side in quad
screen format (Vingmed CFM 800) to facilitate the comparison ofrest and stress 
images. For both rest and stress studies, left ventricular wall was divided into 
16 segments and scored using a 4-point scale, where I = normal, 2=hypokinesis, 
3 =akinesis, 4 = dyskinesis (7,13). The interpretation of images was performed 
by 2 experienced observers without the knowledge of the patients' angiographic 
data. In case of disagreement, a third reviewer revised images and a majority 
decision was achieved. In our laboratory, inter-and intra-observer agreement for 
stress echocardiographic assessment is 92% and 94% respectively (14). Both 
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wall motion and thickening were considered for analysis. Wall motion score 
index was derived by dividing the summation of individual score of the 16 
segments by 16. For each vascular territory, regional wall motion score index 
was derived by the summation of the score of segments in the related territory 
and dividing the summation by the number of segments. According to this 
index, 3 grades of regional dysfunction were defined: I) > I to 1.7, classified 
as mild. 2) > 1.7-2.3, moderate. 3) >2.3, severe regional dysfunction. The 
accuracy of dobutamine stress echocardiography for detecting individual 
coronary artery stenosis was assessed in absence of baseline wall motion 
abnormalities and in presence of different grades of regional dysfunction. 
Dyssynergy index was derived by dividing the number of dyssynergic segments 
by the total number of segments in each vascular territory. Similarly, akinesis
dyskinesis index was derived by dividing the number of akinetic and dyskinetic 
segments by the total number of segments in the same territory. Diagnostic 
criteria of ischemia were the appearance of wall motion abnormalities during 
stress in one or more normal segment at rest and/or the occurrence of akinesis 
or dyskinesis during stress in one or more hypokinetic segments at rest. As we 
have previously concluded (15), ischemia was not considered when akinetic 
segments at rest became dyskinetic during stress without improvement at low
dose dobutamine (5-10 f'g/kg/min). 

Coronary angiography: Coronary angiography was performed, using the Judkins 
technique, within 3 months in all patients. Coronary stenosis was quantified 
using a previously described 
method from our center (16). Significant coronary artery disease was defined 
as a diameter stenosis ",50% in one or more major epicardial arteries. 
Coronary arteries were assigned to particular myocardial segments at 
echocardiography as previously described (17): I) the left anterior descending 
coronary artery (LAD) was assigned to the anterior wall, anterior septum, 
posterior septum (except for the basal segment) apical anterior and apical septal 
segments. 2) the left circumflex coronary artery (LCx) was assigned to the 
lateral and the posterior wall. 3) the right coronalY artery (RCA) was assigned 
to the inferior wall and the basal part of the posterior septum. The apical lateral 
segment was considered as an overlap segment between the LAD and the LCx, 
and if abnormal, it was assigned to the abnormal artery. Similarly, the apical 
inferior segment was considered as an overlap segment between the LAD and 
RCA. Due to the possible overlap between the RCA and LCx in the 
posteroinferior region (11), these 2 arteries were also analyzed together by 
grouping their vascular territories and assigning abnormalities to the LCx and/or 
RCA. 

Statistical analysis: Unless specified, data are presented as mean values ± SD. 
The chi square test and Fisher exact test were used to compare differences 
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between proportions. The Student I test was used for analysis of continuous 
data. A p < 0.05 was considered statistically significant. Sensitivity, specificity, 
predictive value and accuracy were derived according to standard definition and 
presented with their corresponding 95 % confidence interval (el). 

RESULTS 
Dobutamine stress test: Heart rate increased from 70 ± 13 at rest to 136 ± 16 
beats /min at peak stress (p<O.OOO1) and rate pressure product from 9003 ± 
2563 to 17707 ± 9204 (p<O.OOOI) whereas systolic blood pressure did not 
change significantly (128 ± 19 at rest vs 131 ± 28 mm Hg at peak stress). 
Angina occurred in 62 (47%) patients, ST-segment depression in 46 (35%) and 
ST-segment elevation in 40 (30%) patients (with or without concomitant ST
segment depression). In 28 (21 %) patients, the test was interrupted prematurely 
before reaching the maximal dose or the target heart rate because of a limiting 
side effect. Reasons for premature termination of the test were angina (13 
patients), ST-segment depression (3 patients), hypotension (10 patients) and 
significant tachyarrhythmias (2 patients). 

Table 1. Accuracy of dobutamine stress echocardiography for the diagnosis 
of significant LAD stenosis on basis of inducible ischemia in presence or 
absence of regional wall motion abnormalities in the corresponding 
territories. 

Overall 

Normal 
wall motion 

-Mild WMA 

Moderate 
WMA 

Severe 
WMA 

% (el) 
number of pts 

% (el) 
number of pts 

% (el) 
number of pts 

% (el) 
number of pts 

% (el) 
number of pts 

Sensitivity Specificity 

59 (51-67) 
49/83 

50 (33-67) 
7/14 

71 (56-87) 
15/21 

55 (36-74) 
11120 

57 (41-73) 
16128 

82 (75-88) 
40/49 

83 (70-96) 
15/18 

85 (72-97) 
11113 

75 (59-91) 
6/8 

80 (67-83) 
- 8/10 

Accuracy 

67 (59-76) 
89/132 

69 (53-85) 
22/32 

76 (62-91) 
26/34 

61 (43-79) 
17/28 

63 (48-78) 
24/38 

el = 95 % confidence interval, pts = patients, WMA = wall motion 
abnormalities. 
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Figure 1. Percentage diameter stenosis of the related artery in territories with 
and without baseline wall motion abnormalities (WMA), derived only in 
arteries with ~50% stenosis. 

Table 2: Accuracy of dobutamine stress echocardiography for the diagnosis 
of significant Lex stenosis on basis of indncible ischemia in presence or 
absence of regional wall motion abnormalities in the corresponding 
territories. 

Sensitivity Specificity Accuracy 

Overall % (eI) 53 (45-62) 82 (76-89) 68 (60-76) 
number of pts 34/64 56/68 90/132 

Normal % (eI) 39 (27-51) 90 (82-97) 71 (60-82) 
wall motion number of pts 9/23 35/39 44/62 

Mild WMA % (eI) 47 (28-66) 78 (62-94) 58 (39-77) 
number of pts 8/17 7/9 15/26 

Moderate % (CI) 73 (57-89) 71 (55-88) 72 (56-89) 
WMA number of pts 11/15 10/14 21/29 

Severe % (CI) 67 (43-91) 67 (43-91) 67 (43-91) 
WMA number of pts 6/9 4/6 10/15 
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CI = 95 % confidence interval, WMA = wall motion abnormalities. 
Coronary angiography: Significant coronary artery disease was detected in 111 
patients (84%). Thirty two patients (24%) had single vessel disease, 45 (34%) 
had 2 vessel disease and 34 (26 %) had 3 vessel disease. Significant stenosis of 
the LAD was detected in 77 patients (58%), of the RCA in 83 patients (63%) 
and of the LCx in 64 patients (48 %). Twenty one patients had normal coronary 
arteries or < 50% lesions. In coronary arteries with significant stenosis, the 
mean percentage diameter stenosis was significantly higher in arteries with than 
without wall motion abnormalities in the corresponding territories (p <0.01 in 
the LAD and RCA, p<0.05 in LCx territories) and showed a trend to more 
severe stenosis with more severe regional wall motion abnormalities (figure 1). 

Stress echocardiography 
Baseline: Wall motion abnormalities at baseline echocardiography were detected 
in all patients. Mean wall motion score was 1.71 ± 0.46 (range 1.13 to 2.75) 
in the whole left ventricular myocardium, 1.78 ± 0.66 (range 1 to 2.8) in LAD 
territories, 1.47 ± 0.57 (range 1-2.8) in LCx territories and 1.81 ± 0.65 (range 
1 to 2.9) in RCA territories. 

Stress: Wall motion score index increased significantly from baseline (1.71 ± 
0.46) to peak stress (1.90 ± 0.52, P <0.001). Ischemia was detected in 87 of 
111 patients with significant coronary artery stenosis (78%) and in 3 of the 21 
patients (14 %) without significant coronary artery disease; 2 of them had lesions 
between 40 and 45 % in the related artery (sensitivity = 78 %; CI 71-86, 
specificity = 86%; CI 79-92, positive predictive value = 97%; CI 93-100, 
negative predictive value = 43%; CI = 34-51; accuracy = 80%; CI73-87). 

The sensitivity was 66 % in patients with single vessel disease, 82 % in 
2 vessel disease and 85 % in 3 vessel disease. The sensitivity was significantly 
higher in patients with multi vessel than with single vessel disease (84 % vs 66 %, 
p < 0.05). An ischemic pattern in 2 different vascular territories, suggestive of 
multivessel involvement occurred in 37 of 79 patients with multi vessel disease 
and in 6 of 53 patients with single vessel or without coronary artery stenosis 
(sensitivity = 47%; CI38-55, specificity = 89%; CI 83-94, positive predictive 
value = 86 %; CI 80-92, negative predictive value = 53 %; CI = 44-61; 
accuracy = 64%; CI 55-72). The mean number of stenotic coronary arteries 
was 1.9 ± 0.8 in patients with mild, and 2.1 ± 0.8 with moderate or severe 
wall motion abnormalities (p=NS). Sensitivity was 73% (43/58) inpatients with 
mild, 87% (34/39) with moderate and 75% (10/14) with severe wall motion 
abnormalities (p = NS). Ischemia was detected in 74 of 98 patients with and 
in 5 of 34 patients without significant stenosis of the infarct-related artery 
(sensitivity = 76; CI 68-83, specificity = 85; CI 79-92, accuracy = 78%; CI 
= 71-85). Ischemia was detected in 54 of 74 patients with and in 5 of 41 
patients without remote coronary artery stenosis, after exclusion of 17 patients 
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with extensive infarction and wall motion abnormalities involving the 3 vascular 
territories (sensitivity = 73; CI 69-81, specificity = 88; CI 82-94, accuracy = 
78%; CI = 71-86). 

Table 3: Accuracy of dobutamine stress echocardiography for the diagnosis 
of significant RCA stenosis on basis of inducible ischemia in presence or 
absence of regional wall motion abnormalities in the corresponding 
territories. 

Sensitivity Specificity Accuracy 

Overall % (CI) 62 (54-71) 69 (61-77) 65 (57-73) 
pts nr 48177 38/55 86/132 

Normal wall % (CI) 46 (29-63) 76 (62-91) 65 (49-81) 
motion pts nr 6/13 16/21 22/34 

Mild WMA % (CI) 71 (55-86) 60 (43-77) 66 (49-82) 
pts nr 12/17 9/15 21132 

Moderate % (CI) 83 (68-98) 67 (48-86) 79 (63-95) 
WMA pts nr 15/18 4/6 19/24 

Severe WMA % (CI) 52 (37-67) 69 (55-83) 57 (42-72) 
pts nr 15/29 9/13 24/42 

CI = 95% confidence interval, pts = patients, WMA wall Illotion 
abnormalities. 

The sensitivity, specificity, and accuracy of dobutamine stress 
echocardiography for the detection of individual stenosis of the LAD, LCx and 
RCA are shown in table 1,2 and 3 respectively. Accuracy was calculated in 
absence and in presence of different grades of baseline dysfunction in the 
corresponding territory. Sensitivity was not different in the 3 vascular 
territories. There was a trend to a lower specificity in the RCA compared to 
other territories. Because some of the false positive results in the inferior wall 
Illay be attributed to LCx disease, the vascular territories of RCA and LCx were 
grouped and abnormalities were assigned to a disease in either of them (table 4). 
This approach increased the specificity of the RCA from 69% to 76%, 
meanwhile the specificity of the LCx decreased from 82 % to 76%. The overall 
accuracy for detection individual coronary artery stenosis was derived by adding 
the accuracy for LAD to the accuracy in the combined RCA and LCx segment 
(table 5). Twenty eight % of false positive results occurred in relation to arteries 
with stenosis between 40% and 50%. There was no significant difference in the 
diagnostic accuracy in presence or absence of baseline wall motion abnormalities 
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and in various grades of regional dyssynergy in the related vascular territories 
(figure 2). However, the sensitivity in territories with mild and moderate wall 
motion abnormalities (added together) was higher than in territories with severe 
wall motion abnormalities (73% vs 56%, p<0.05) and in those with normal 
baseline contraction (73 % vs 53 %, p < 0.05). 

Table 4: Accuracy of dobutamine stress echocardiography for the diagnosis 
of significant ReA andlor Lex stenosis on basis of indncible ischemia in 
presence or absence of regional wall motion abnormalities in the 
corresponding territories. 

Sensitivity Specificity Accuracy 

Overall % (el) 72 (64-79) 76 (68-83) 73 (65-80) 
number of pts 68/95 28/37 96/132 

Normal % (el) 56 (38-74) 86 (73-98) 70 (54-86) 
wall motion number of pts 9/16 12114 21130 

Mild WMA % (CI) 73 (60-87) 67 (52-81) 71 (58-85) 
number of pts 22/30 8/12 30142 

Moderate % (CI) 85 (74-96) 71 (58-85) 83 (71-94) 
WMA number of pts 29/34 517 34/41 

Severe % (CI) 53 (31-76) 75 (55-95) 58 (36-80) 
WMA number of pts 8/15 3/4 11119 

CI = 95% confidence interval, pts = patients, WMA = wall motion 
abnormalities. 

In individual vascular territories, subtended by a stenotic coronary 
artery, there was no significant difference in baseline regional wall motion score 
index (figure 3), dyssynergy index (figure 4), akinesis-dyskinesis index (figure 
5) in presence (true positive) or absence (false negative) of ischemia at 
echocardiography in the same vascular territories. Similarly, in absence of 
significant stenosis, none of these indices was significantly different between the 
false positive and true negative studies (figure 3-5). However, there was a small 
trend to higher percentage of dyssynergic segments in both true and false 
positive studies (figure 4) and a trend to a higher percentage of akinetic
dyskinetic segments in the false negative studies (figure 5). 
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_ overall mI noWMA ~ ml1dWMA 

100% 
l8:3 moderate WMA ~ savareWMA 

Sensitivity Specificity Accuracy 

Figure 2. Accuracy of dobutamine stress echocardiography for the 
diagnosis of coronary stenosis in territories with normal wall motion, 
mild, moderate and severe wall motion abnormalities (WMA). 

_ overall mI no WMA ~ mildWMA 

100\~ 
l8:3 moderate WMA ~ severeWMA 

Sensitivity Specificity Accuracy 

Figure 3. Regional wall motion score index (WMSI) in vascular 
territories with or without stenosis of the related artery, in presence 
or absence of regional ischemia at dobutamine echocardiography. 
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Figure 4. Regional akinesis + dyskinesis index in vascular territories 
with or without significant stenosis of the related artery, in presence 
or absence of regional ischemia at dobutamine echocardiography. 

Akinesis 

+ dysklnesis Index 
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RCA/LCx 

Figure 5. Regional akinesis + dyskinesis index in vascular territories 
with or without significant stenosis of the related artery. in presence 
or absence of regional ischemia at dobutamine echocardiography. 
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Table 5: Accuracy of dobutamine stress echocardiography for the diagoosis 
of individual coronary artery stenosis in presence or absence of regional 
wall motion abnormalities in the corresponding territories, derived by 
adding LAD to the combined RCA and LCx territories. 

Sensitivity Specificity Accuracy 

Overall % (Cl) 66 (60-72) 79 (74-84) 70 (64-76) 
number of pts 1171178 68/86 1851264 

Normal % (CI 53 (41-66) 84 (75-93) 69 (58-81) 
wall motion number of pts 16/30 27/32 43/62 

Mild WMA % (CI) 73 (62-83) 76 (66-86) 74 (64-84) 
number of pts 37/51 19/25 56/76 

Moderate % (CI) 74 (64-84) 73 (63-84) 74 (64-84) 
WMA number of pts 40/54 11115 51169 

Severe % (CI) 56 (43-69) 79 (68-89) 61 (49-74) 
WMA number of pts 24/43 11114 35157 

CI = 95% confidence interval, pts = patients, WMA = wall motion 
abnormalities. 

DISCUSSION 
The assessment of myocardial ischemia provides a valuable data 

regarding the function of coronary arteries that can not be obtained by routine 
angiography. Therefore, patients with previous myocardial infarction are 
frequently referred for the assessment of the functional significance of coronary 
stenosis documented at angiography. The detection of myocardial ischemia in 
that setting confirms the relationship between the patient symptoms and coronary 
artelY disease and helps in decision making regarding revascularization which 
is likely to improve symptoms. 

Because of the ability of dobutamine stress echocardiography to assess 
left ventricular function and to detect ischemia at high dose, it is increasingly 
used for functional evaluation of patients after myocardial infarction (1-5). 
However, previous studies have focused mainly on the assessment of patients 
after a recent myocardial infarction, mostly for routine evaluation in absence of 
symptoms (1-3). The extension of these studies to a large homogenous 
population of symptomatic patients with old myocardial infarction has not been 
carried out. Exercise performance in these patients may be limited by pUlmOlJalY 
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and joint disease, physical deconditioning and particularly exertional dyspnea 
due to left ventricular dysfunction. Furthermore, the accuracy of the 
electrocardiographY for the diagnosis of ischemia may be reduced due to the 
presence of pathological Q -waves or conduction abnormalities, the low 
specificity of ST segment elevation for ischemia and the confounding occurrence 
of reciprocal ST-segment depression without true ischemia (18). Therefore, the 
assessment of the value of dobutamine stress echocardiography for the diagnosis 
of ischentia in this population appears to be a clinically relevant issue. However, 
in presence of baseline dyssynergy, the detection of coronary artery stenosis 
may be influenced by various factors. including the encroachment on the 
number of segments in which ischemia can be elicited and the tethering effect 
of a dyssynergic segments during stress on an adjacent normal segment which 
can mimic ischemia. Because of these potential limitations, it was suggested dlat 
patients with left ventricular dysfunction represent a popUlation in whom 
perfusion may be preferred to echocardiographic imaging (9). 

The present study 
Our study shows a good overall accuracy of dobutamine stress 

echocardiography. based on the detection of inducible ischemia, for the 
diagnosis of significant coronary artery stenosis in symptomatic patients with 
regional left ventricular dysfunction after myocardial infarction. Sensitivity was 
higher in multivessel versus single vessel disease which can be explained by a 
larger amount of jeopardized myocardium with multivessel disease. The high 
sensitivity in multi vessel disease is an advantage for the technique, since the 
sequela of a false negative test in patients with multivessel disease are more 
serious than in patients with single vessel disease who were shown to have a 
better prognosis (19). 

Effect of baseline wall motion abnormalities 
There was no significant difference in the accuracy for the detection of 

significant stenosis in an individual artery in presence or absence of wall motion 
abnormalities in the corresponding territories. Furthermore. the accuracy was 
not different in presence of mild, moderate or severe wall motion abnormalities. 
However, the sensitivity in vascular territories with mild and moderate wall 
motion abnormalities was higher compared to those with severe abnormalities 
(73% vs 56%) and those with normal wall motion (73% vs 53%). This may be 
explained by many factors including a high prevalence of non-transmural 
infarction in territories with mild and moderate wall motion abnormalities, 
which is known to be associated with a high prevalence of myocardial ischemia 
(20). A recent study showed that the sensitivity of ischemia assessed by 
dobutamine thallium scintigraphy for the diagnosis of significant coronary 
stenosis was significantly higher in the peri-infarction compared to remote 
segments (21). The presence of baseline dyssynergy in some of the analyzed 
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segments may be due to severe ischemia rather than myocardial infarction (22). 
The differentiation between theses 2 situations may be difficult in this population 
due to the low sensitivity of Q waves for the detection of wall motion 
abnormalities (23). If baseline dyssynergy is a manifestation of severe ischemia, 
the latter may be more inducible during stress in these vascular territories. The 
finding of more severe coronary stenosis in arteries with than without wall 
motion abnormalities in the related territories and the trend to more severe 
stenosis in association with more severe wall motion abnormalities may enhance 
sensitivity in dyssynergic territories and maintain a similar sensitivity in normal 
segments compared to severely dyssynergic segments by compensating for the 
reduced number of myocardial segments in which ischemia can be detected. 
Despite the lack of echocardiographic criteria for the diagnosis of ischemia in 
akinetic and dyskinetic segments, the latter does not usually involve the entire 
vascular territory. Finally, ischemia can be detected in hypokinetic segments 
when akinesis or dyskinesis occur during stress. 

Wall motion score index, representing an overall estimation of the 
extent and severity of baseline dysfunction, did not influence the stress results 
in presence or absence of significant stenosis. This was demonstrated by the 
similar wall motion score index in true positive, compared to false negative and 
in true negative compared to false positive results. However, there was a 
constant trend to a higher percentage of dyssynergic segment in association with 
both true and false positive results. This may be explained by a the possible 
confounding effect of tethering in presence of extensive wall motion 
abnormalities which may passively increase sensitivity by reducing specificity. 
A cOlistant trend to a higher number of akinetic and dyskinetic segments in false 
negative compared to true positive results was also observed. However, the 
difference was small and did not reach a statistical significance. 

Comparison with previous studies 
This is the first study which evaluates the accuracy of dobutamine stress 

echocardiography for the detection of coronary artery stenosis in a homogenous 
patients population with old myocardial infarction. A limited number of studies 
were reported in patients after a recent myocardial infarction. Belthe et al. (I) 
reported an accuracy of 87 % for dobutamine stress echocardiography in the 
detection of multivessel disease in 30 patients after a recent myocardial 
infarction. Takeuchi et al. (2) reported a sensitivity and specificity of 93 % and 
91 % of dobutamine stress echocardiography for the detection of significant 
infract related artery stenosis after a recent myocardial infarction. Sawada et al. 
(7) reported that in 41 patients with baseline 
wall motion abnormalities, the sensitivity and specificity of dobutamine stress 
echocardiography for the detection of coronary artery disease in remote 
segments were 81 % and 87 % respectively. However, none of theses studies 
assessed both remote and peri-infarction ischemia and there are no reports 
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concerning the overall accuracy in patients with baseline left ventricular 
dysfunction. 

Marcovitz et al. (10) repol1ed that in a heterogenous patient population 
with or without baseline wall motion abnormalities undergoing dobutamine 
stress echocardiography, most of the false positive results were encountered in 
patients with baseline wall motion abnormalities. Conversely, Armstrong et aI. 
(II) reported a trend to a higher accuracy in patients with than without baseline 
wall motion abnormalities undergoing exercise echocardiography. However, 
these 2 study considered the diagnosis of coronary artery stenosis in presence 
of baseline wall motion abnormalities that did not change during stress. The 
contradiction may be explained by a difference in proportion of patients with 
wall motion abnormalities who had no significant stenosis of the infarct related 
artery as occurs after thrombolysis or revascularization procedures. Wall motion 
abnormalities due to reasons other than coronary al1ery disease will further 
compromise the specificity of this approach which has also the limitation of 
failure to disclose the relationship between the patient symptoms and inducible 
ischemia. 

The overall sensitivity and specificity of dobutamine stress 
echocardiography for the detection of coronary artery disease in our study in 
patients with old infarction are aligned with those found in large studies in 
population without previous myocardialinfarction (17,24,25) and in heterogenous 
popUlation (8,10,26). 

Accuracy for individual coronalY artery disease 
There was no significant difference in the sensitivity for detecting 

individual coronary stenosis in the 3 territories. A similar finding has been 
reported by Marwick et Al (17). In contrast, Armstrong et al. (II) found a 
lower sensitivity of exercise echocardiography for LCx. This may be related to 
the post exercise acquisition of images and the interfering effect of respiratory 
movement on the lateral wall. 

In our study, the assignment of the inferior wall to the RCA and 
posterior wall to the LCx was associated with a relatively low sensitivity for 
LCx disease and a low specificity for RCA. This can be explained by vascular 
overlap in the inferior wall described by other investigators (11,27). When RCA 
and LCx were considered together, specificity increased only for the RCA and 
was slightly reduced for the LCx. Theses findings suggest that a significant 
proportion of inferior ischemia is due to LCx disease, meanwhile a relation 
between posterior ischemia and RCA disease may not be equally significant. 

Limitations of the study: Most patients had multivessel disease which may 
influence the sensitivity and specificity for the diagnosis of individual coronary 
artelY disease, due to overlap of vascular territories. Most patients were 
receiving antianginal therapy including beta blocking agents in 29% which may 
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reduce the prevalence of ischemia and decrease the sensitivity of the test. 
However, these limitations are expected to a have a uniform influence on all 
segments rather than a particular group of segments. Furthermore, we have 
previously shown that atropine increases the sensitivity of dobutarnine 
echocardiography especially in patients receiving beta blockers (12). Finally, the 
number of patients without significant coronary artery disease was relatively 
Jmall. This is expected in symptomatic population after myocardial infarction. 
Therefore we performed analysis on segmental basis to avoid this limitation 
which is related to the nature of the selected patient group. 

Summary and conclusion 
Our results are derived from a consecutive series of symptomatic 

patients with previous myocardial infarction, referred for non-invasive 
evaluation of coronary artery disease and comprised a wide range of baseline 
left ventricular dysfunction. The theoretical limitation of echocardiographic 
detection of ischemia in presence of baseline dyssynergy could not hold in our 
study. Conversely, the presence of mild or moderate abnormalities was 
associated with a higher sensitivity compared to normal segments and severely 
dyssynergic segments. Dobutamine stress echocardiography is an accurate 
method for the detection of functionally significant coronary artery disease in 
patients with myocardial infarction. In this population, the presence of baseline 
dyssynergy should be disregarded as a limitation of the test for the detection of 
myocardial ischemia and the diagnosis of significant coronary artery stenosis. 
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CHAPTER 9 
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ABSTRACT 
Aim of the study was to assess the value of dobutamine 20 I thallium 

scintigraphy for the diagnosis of infarct-related and remote coronary artery 
stenosis in symptomatic patients with left ventricular dysfunction late after acute 
myocardial infarction. Dobutamine (up to 40 pg/kg/min) - atropine (up to I mg) 
stress test in conjunction with stress-reinjection 201 thallium SPECT was 
performed in 71 symptomatic patients with left ventricular dysfunction > 3 
months after myocardial infarction. Ischemia was defined as reversible perfusion 
defects. Results: Significant coronary stenosis (;" 50% luminal diameter 
stenosis) was detected in all patients. Sensitivity of reversible thallium defects 
for the diagnosis of coronary stenosis was 80% in all patients, 70% in patients 
with I-vessel disease, 79% with 2-vessel disease, and 86% with 3-vessel 
disease. The sensitivity for detecting infarct-related artery stenosis was 71 % 
(95% CI, 60-81), specificity = 83%; (95% CI, 75-92) and accuracy = 72%; 
(95% CI, 61-82). Those for remote coronary stenosis were 74%; (95% CI, 63-
86),80%; (95% CI, 70-90) and 76%; (95% CI, 65-87) respectively. Ischemic 
perfusion score was significantly higher in patients with multi-versus single 
vessel disease. Dobutamine thallium scintigraphy is an accurate method for the 
diagnosis of coronary stenosis on basis of reversible hypoperfusion in 
symptomatic patients late after myocardial infarction with a comparable 
sensitivity for detecting remote and infarct-related artery stenosis. 

I Submitted for publication. 
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INTRODUCTION 
Exercise 201 thallium perfusion scintigraphy is a widely used technique 

for the diagnosis and functional assessment of coronary artery disease (1-4). The 
presence of scintigraphic markers of myocardial ischemia after myocardial 
infarction, based on reversible hypoperfusion, is a predictor of future cardiac 
events (3,4). In symptomatic patients with impaired systolic function, the 
detection of myocardial ischemia identifies myocardial segments at jeopardy and 
identifies patients in whom symptoms may improve after revascularization. 

Since exercise tolerance may be reduced in patients with left ventricular 
dysfunction, dobutamine stress testing represents a feasible and safe alternative 
(5-11). However, in presence of severe myocardial dysfunction and severe 
perfusion abnormalities at rest, the detection of reversible perfusion defects 
represents a technical challenge for thallium scintigraphic techniques (12,13). 
Conversely, a recent study in patients after a recent myocardial infarction has 
shown that the sensitivity of dobutamine thallium scintigraphy for the diagnosis 
of infarct-related artery stenosis was high compared to poor sensitivity for 
remote coronary artery stenosis (14). Accordingly, the aim of this study was to 
assess the value of dobutamine 20 I thallium single photon emission computed 
tomographic (SPECT) imaging for the detection of myocardial ischemia in 
symptomatic patients with left ventricular dysfunction late after acute myocardial 
infarction and to assess to which extent can the severity of persistent perfusion 
abnormalities influence the accuracy of the teclmique for the detection of 
individual coronary artery stenosis, based on reversible perfusion defects. 

METHODS 
Patients selection 

Study population comprised 71 patients, referred to our nuclear imaging 
laboratory for evaluation of myocardial ischemia who fulfilled the following 
criteria: 
1) previous myocardial infarction > 3 months. The diagnosis of myocardial 
infarction relied upon the standard criteria of prolonged chest pain, a diagnostic 
rise (at least twice the normal value) and fall of selUm creatine kinase and serial 
electrocardiographic changes. Mean time from the infarction was 5.3 ± 6.1 
years. 
2) the presence of wall motion abnormalities on resting echocardiogram. 3) 
absence of left bundle branch block, left ventricular hypertrophy, severe heart 
failure, valvular heart disease, severe hypertension, hypotension, or a history 
of sustained ventricular tachyarrhythmias. All patients gave an informed consent 
to undergo dobutamine stress testing in cOl\iunction with 20 I-thallium perfusion 
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scintigraphy. Mean age was 59 ± 9 years. There were 58 men and 13 women. 
Forty seven (66%) patients were receiving oral nitrates and/or calcium 
antagonists and 38 patients (54 %) were receiving angiotensin converting enzyme 
inhibitors at the day of the test. Beta blocking agents were stopped 2 days before 
the test. Symptoms before testing included typical angina in 57 patients, atypical 
chest pain in 3 patients and exertional dyspnea in 25 patients. Myocardial 
infarction was anterior (or anterolateral) in 39 patients, inferior (or inferolateral) 
in 20 patients and combined anterior and inferior in 12 patients. 

Dobutamine stress test 
Dobutamine was infused Olrough an antecubital vein starting at a dose 

of 5 followed by 10 ltg/kg/min (3 minutes stages), increasing by 10 ltg/kg/min 
every 3 minutes to a maximum of 40 ltg/kg/min. Atropine (up to I mg) was 
given in patients not achieving 85% of age predicted maximal heart rate (15). 
The ECG was monitored during dobutamine infusion and a 12-lead ECG was 
recorded each minute. Cuff blood pressure was measured every 3 minutes. The 
test was interrupted if severe chest pain, ST-segment depression > 2 mill, 
significant ventricular or supraventricular arrhythmia or systolic blood pressure 
fall of > 40 mm Hg occurred during the test. Ischemia at the ECG was defined 
as ;"0.1 mY horizontal or downsloping ST-segment depression 80 mS from Ole 
J point compared to baseline level or ;" O.lmY ST-segment elevation in ECG 
leads corresponding to myocardial regions WiOlout infarction (16). 

Echocardiography 
Echocardiographic images were acquired in the standard views. Left 

ventricular wall was divided into 16 segments and scored using a 4-point scale, 
where I = normal, 2=hypokinesis, 3=akinesis, 4 = dyskinesis (16). Both wall 
motion and thickening were considered for analysis. Wall motions score index 
was derived by dividing the sunmlation of the score of the 16 segments by 16. 
Regional wall motion score index was derived by dividing the score of the 
segments in each vascular territory by the number of segments in that territory. 

Thallium SPECT imaging 
Approximately I minute before the termination of the stress test, an 

intravenous dose of 74 MBq of 201 Tl was administered (17). The acquisition 
of stress SPECT imaging was started immediately after the test. For the 
reinjection studies, imaging was acquired 4 hours after the stress test, 20 
minutes after the reinjection of 37 MBq ofT!' Image acquisition was performed 
with a Siemens Gammasonics single-head Rota Camera. For each study six 
oblique (short axis) slices from the apex to the base and three sagittal (vertical 
long axis) slices from the septum to the lateral wall were defined. Each of the 
6 short axis slices was divided into 8 equal segments. The intelpretation of the 
scan was performed by visual analysis assisted by the circumferential profiles 
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analysis. All tomographic views were reviewed in side by side pair (stress and 
reinjection) by an experienced observer who was unaware of the patients' 
clinical or angiographic data. A reversible perfusion defect was defined as a 
perfusion defect on stress images that partially or completely resolved at 
reinjection imaging in 2 or more contiguous segments or slices. This was 
considered diagnostic of ischemia. A fixed perfusion defect was defined as a 
perfusion defect on stress images in 2 or more contiguous segments or slices 
which persists on reinjection images. To assess perfusion defect size, perfusion 
defect score was quantitatively calculated by measuring the area between the 
lower limit of normal values (± 2 standard deviations) and the actual 
circumferential profile at reinjection and stress images. Ischemic perfusion score 
was derived by subtracting rest from stress score in segments with reversible 
defects. Reinjection (fixed) defect score was derived in the peri-infarction area 
and was compared in vascular territories with and without reversible perfusion 
defects, in presence of significant stenosis of the related artery. 

CoronalY angiography 
CoronalY angiography and left ventriculography were performed, using 

the Judkins technique, within 3 months in all patients. Coronary artelY lesions 
were quantified as discussed previously (18). Significant coronary artery disease 
was defined as a diameter stenosis ~ 50 % in one or more major epicardial 
arteries. Coronary arteries were assigned to particular myocardial segments as 
follows: 1) the left anterior descending (LAD) coronary artery was assigned to 
the anterior wall, anterior septum, posterior septum (except for the basal 
segment) apical anterior and apical septal segments. 2) the left circumflex (LCX) 
coronary artery was assigned to the lateral and posterior wall. 3) the right 
coronalY artery (RCA) was assigned to the inferior wall and the basal part of 
the posterior septum. The apical lateral segment was considered as an overlap 
segment between the LAD and the LCX and was assigned to the abnormal 
artelY. Similarly, the apical inferior segment was considered as an overlap 
segment between the LAD and RCA. 

Statistical analysis 
Unless specified, data are presented as mean values ± SD. The chi 

square test and Fisher exact test were used to compare differences between 
proportions. The Student t test was used for analysis of continuous data. A 
p < 0.05 was considered statistically significant. Sensitivity, specificity, 
predictive value and accuracy were derived according to standard definition and 
presented with their corresponding 95 % confidence interval (CI). 

86 



RESULTS 
Coronary angiography 

Significant coronary artery disease was detected in all patients. Ten 
patients (14%) had single vessel disease, 33 (46%) had 2 vessel disease and 28 
(39 %) had 3 vessel disease. Significant stenosis of the LAD was detected in 62 
patients (87 %), of the RCA in 52 patients (73 %) and of the LCX in 46 patients 
(65 %). Significant stenosis of LCX and/or RCA was detected 61 patients (86%). 
In stenotic coronary arteries, the mean percentage diameter stenosis was 
significantly higher in infarct-related than remote coronalY arteries (78 ± 21 vs 
62 ± 25%, p<0.05). 

Dobutamine stress test 
Heart rate increased from 72 ± 13 at rest to 139 ± 15 beats /min at 

peak stress (p<O.OOOI) whereas systolic blood pressure did not change (125 ± 
21 at rest vs 123 ± 25 mm Hg at peak stress). Atropine was administered in 27 
(38%) patients. Angina occurred in 41 (58%) patients, ST-segment depression 
in 24 (32%) of whom, 2 had I-vessel and 22 had multivessel disease. ST
segment elevation occurred in 32 (44%) patients, all of them had baseline wall 
motion abnormalities in the related segment. In 15 (21 %) patients, the test was 
interrupted prematurely before reaching the maximal dose or the target heart 
rate. Reasons for premature termination of the test were angina (5 patients), ST
segment depression (1 patients), hypotension (8 patients) and significant 
tachyarrhythmias (1 patient). 

201 Thallium SPECT 
All patients had abnormal perfusion scintigraphy (fixed with 01' without 

reversible perfusion defects) in ;;" I vascular territory. Ischemia (partially 01' 

completely reversible perfusion defects) was detected in 57 patients (80%). 
There was no significant difference between patients with or without ischemia 
with respect to mean ejection fraction (40 ± 13 vs 35 ± 10%), peak heart rate 
(139 ± 13 vs 138 ± 13) or peak rate pressure product (16931 ± 3856 vs 17035 
± 3207). The sensitivity of dobutamine 201 thallium scintigraphy for the 
detection of coronary artery disease, on basis of reversible perfusion defects was 
80% in all patients, 70% in patients with single vessel disease, 79% in patients 
with 2-vessel disease, and 86% in patients with 3 vessel disease. Sensitivity was 
relatively higher in multivessel versus single vessel disease (82% vs 70%), 
though the difference was not statistically significant. The sensitivity was higher 
than electrocardiography (p<O.OOOl). The sensitivity and specificity for the 
detection of significant stenosis in individual arteries on basis of reversible 
perfusion defects are shown in table I . Because of the overlap between the LCX 
and RCA in the posteroinferior region, the sensitivity and specificity for 
detecting stenosis in either arteries were calculated by combining both vascular 
territories. 
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Ischemia was detected in more than one vascular territory in 39 of 61 
patients with mnltivessel disease and in 2 of 10 patients with single vessel 
disease (sensitivity for detecting coronary stenosis in > I region = 64%; CI, 
53-75, specificity = 80%; CI, 71-89 and accuracy = 66%; CI, 55-77). Peri
infarction ischemia was detected in 46 of 65 patients with and in I of 6 patients 
without significant stenosis of the infarct-related artery (sensitivity = 71 %; Cl, 
60-81, specificity = 83%; CI, 75-92 and accuracy = 72%; CI, 61-82). In the 
59 patients who had infarction confined to the anterior or inferior location, 
remote ischemia was detected in 29 of 39 patients with and in 4 of 20 patients 
without remote coronalY stenosis (sensitivity = 74 %; CI, 63-86, specificity = 

80%; Cl, 70-90 and accuracy = 76%; CI, 65-87)[table I]. 

Table 1. Sensitivity, specificity and accuracy of reversible perfusion defects 
on dobutamine thallium scintigraphy for the diagnosis of significant stenosis 
in individual regions in patients with previous myocardial infarction. 

stenosis yes no sensitivity specificity accuracy 

LAD 62 9 65 (53-76) 89 (81-96) 68 (57-79) 

LCX 46 25 61 (50-72) 76 (66-86) 66 (55-77) 

RCA 52 19 67 (56-78) 74 (63-84) 69 (85-80) 

RCA ± LCX 61 10 74 (64-84) 80 (71-89) 75 (65-85) 

Infarct-related artery 65 6 71 (60-81) 83 (75-92) 72 (61-82) 

Remote coronary artelY 39 20 74 (63-86) 80(70-90) 76(65-87) 

LAD = left anterior descending, LCX = left circumflex, RCA = right 
coronary artery. Sensitivity, specificity and accuracy are presented as percentage 
and (95 % confidence interval). 

Effect of fixed waH motion and perfusion abnormalities 
In infarct regions subtended by a stenotic coronary artery, regional 

quantitative perfusion defect score at reinjection (figure I) and regional waH 
motion score index on resting echocardiogram (figure 2) were significantly 
lower in presence than in absence of reversible perfusion defects in the same 
vascular territory only in the LCX and RCA territories; whereas no difference 
was found in the LAD territories. 
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Figure 1. Regional perfusion defect score after reinjection in 
infarct regions with significant stenosis of the related artery. 
in presence or absence of peri-infarction ischemia at 
dobutamine thallium SPECr. 
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Figure 2. Regional wall motion score index (WMSI) in infarct 
regions with significant stenosis of the related artery, in 
presence or absence of peri-infarction ischemia at dobutamine 
thallium SPECr. 
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Extent and severity of ischemia in single versus multivessel disease 
Patients with multivessel disease had a higher number of segments with 

reversible perfusion defects (2.5 ± 1.3 vs 1.7 ± 0.9, P <0.01) and a higher 
ischemic defect score (1056 ± 1021 vs 423 ± 633, p<O.OI) compared to 
patients with single vessel disease. 

DISCUSSION 
The diagnosis of myocardial ischemia is important for the management 

and prognostic stratification of patients after myocardial infarction. The presence 
of thallium redistribution on exercise thallium scintigraphy in this population 
identifies patients at a higher risk of cardiac events (3,4). 

Dobutamine stress testing is an exercise simulator used as a safe and 
feasible alternative for exercise in patients with limited exercise capacity. High 
dose dobutamine infusion may induce myocardial ischemia in presence of fixed 
coronalY artery stenosis due to an increase of myocardial oxygen demand and 
induction of flow heterogeneity (19-20). Recent studies have demonstrated the 
value of dobutamine perfusion scintigraphy in the diagnosis and localization of 
coronary artery disease, based on the occurrence of reversible hypoperfusion 
during the test in patients without previous myocardial infarction (5-11). The 
role of dobutamine thallium scintigraphy in the assessment of myocardial 
viability and the prediction of improvement of left ventricular function after 
revascularization has been previously studied (17). However, little is known 
about the value of dobutamine perfusion scintigraphy for the diagnosis of peri
infarction and remote ischemia in patients with previous myocardial infarction. 
A recent study has shown a poor sensitivity of dobutamine thallium scintigraphy 
for the diagnosis of remote coronary artery stenosis early after myocardial 
infarction (14). Therefore, the diagnostic accuracy of dobutamine thallium 
scintigraphy in patients with myocardial infarction needs further assessment. 

The present study 
The results of our study show a good overall sensitivity of dobutamine 

thallium SPECT myocardial perfusion scintigraphy for the diagnosis of 
significant coronary artery stenosis on basis of reversible hypoperfusion in a 
well defined symptomatic patient population with left ventricular dysfunction 
late after myocardial infarction. The sensitivity for the detection of remote 
coronary artery stenosis was comparable to that for the infarct-related al1ery. 
The relatively low sensitivity for the detection of individual coronary stenosis 
and multivessel involvement on basis of inducible ischemia in more than one 
vascular territory can be explained by the possible attenuation of differences in 
perfuSion in presence of multivessel disease and that remote ischemic segments 
may appear as contiguous. An other explanation is a different threshold for 
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ischemia in different territories in the same patients, with a possibility of 
reaching an end point of symptoms, hemodynamic or electrical changes 
following the occurrence of ischemia in one territory before others. Exercise 
thallium scintigraphy has been reported to underestimate the extent of coronary 
artery disease after myocardial infarction (21). Similar findings were reported 
with adenosine thallium (22) and dobutamine MIBI scintigraphy (8) in patients 
without previous myocardial infarction. The vascular overlap between the LCX 
and RCA in the posteroinferior region (9,23) may explain the low accuracy 
when each artery was analyzed separately. 

Influence of the severity of resting perfusion abnormalities on the diagnosis of 
ischemia 

In presence of infarct-related artery stenosis, the severity of fixed wall 
motion and perfusion abnormalities contributed to a lower prevalence of peri
infarct redistribution only in the LCX and RCA territories, while the severity 
of resting abnormalities was not different with or without reversible perfusion 
defects in territories with LAD stenosis. This can be explained by the large 
myocardial mass in the LAD territories comprising the anterior wall, anterior 
and posterior septum and apex, which maintains an adequate substrate for 
ischemia even in presence of a relatively large infarction in contrast to RCA and 
LCX which supply a smaller myocardial mass in which the induction of 
myocardial ischemia may be critically dependent on the extent of intact 
myocardium in the related territories. Despite that the severity of resting 
perfusion abnormalities was a factor reducing the sensitivity for the diagnosis 
of significant RCA or LCX stenosis, the sensitivity for the diagnosis of peri
infarction and remote ischemia was not different. This can be explained by the 
more severe diameter stenosis of the infarct-related compared to remote stenosis 
which may compensate for the reduction of myocardial mass functioning as a 
substrate for ischemia in the peri-infarction region. Mean ejection fraction was 
not different with or without ischemia. Similar results were reported by Sutton 
et al. in patients with residual critical stenosis after thrombolysis for acute 
myocardial infarction, undergoing exercise thallium scintigraphy, although mean 
peak creatine kinase level was lower in patients with ischemia (24). Our findings 
of a similar peak heart rate and rate pressure product in patients with or without 
ischemia are consistent with the findings of Sutton et al (24). 

Comparison with previous studies 
This is the first study which evaluates the accuracy of dobutamine 

perfusion scintigraphy for the diagnosis of peri-infarct and remote coronary 
artery stenosis in a symptomatic population late after acute myocardial 
infarction. 

Coma-Canella et al. (14) studied 63 patients with dobutamine thallium 
SPECT early after a recent myocardial infarction. The sensitivity of thallium 
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scintigraphy for the detection of coronary stenosis was 75 % for infarct-related 
and 18% for remote coronary artery stenosis. The low sensitivity for remote 
stenosis compared to our results may be related to the inclusion of 
predominantly asymptomatic popUlation as opposed to our patients which can 
be expected to influence the inducibility of ischemia. An other factor may be 
related to the use of quantitative assessment of perfusion in all patients in our 
study which may enhance the detection of mild reversible defects. The higher 
sensitivity for remote coronary artery stenosis in our study (74% vs 18% in the 
other study) is concordant with our finding of a higher quantitative ischemic 
perfuSion defect score in patients with multivessel compared to single vessel 
disease; whereas the previous study, based on visual semiquantitaive assessment 
failed to find such difference. It has been demonstrated that quantitative analysis 
is superior to visual analysis of exercise thallium images in the diagnosis of 
coronary artery stenosis in patients with known or suspected coronary artery 
disease (25). The overall accuracy of dobutamine thallium Scintigraphy for the 
diagnosis of significant coronary artery stenosis in 'patients with previous 
myocardial infarction is aligned with previous studies on dobutamine perfusion 
scintigraphy in patients without previous myocardial infarction (5-11). 

Limitations of the study 
All patients had significant coronary artery stenosis precluding 

evaluation of the overall specificity of the technique. However, coronary 
stenosis was not an inclusion criteria and this finding represents the high 
predictive value of the clinical status of this population for significant coronary 
stenosis. Nevertheless, we have demonstrated a good regional specificity of the 
technique. Despite that thallium reinjection improves the detection of ischemia 
in dyssynergic segments (12), it has been reported that some reversible defects 
at redistribution may become fixed after reinjection with a possibility of 
underestimating ischemia if redistribution images were not acquired (13). 

SummalY and conclusion 
Dobutamine thallium scintigraphy is an accurate method for the 

diagnosis of coronary stenosis on basis of reversible hypoperfusion in 
symptomatic patients with left ventricular dysfunction late after myocardial 
infarction with a comparable sensitivity for the detection of remote and infarct
related artery stenosis. The severity of fixed wall motion and perfusion 
abnormalities contributes to a lower prevalence of peri-infarction ischemia only 
in the circumflex and right coronary artery territories probably due to the a 
smaller myocardial mass compared to the territories of the left anterior 
descending coronalY artery. 
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ABSTRACT 
There are no standard criteria for the diagnosis of myocardial ischemia 

in akinetic segments during dobutamine stress echocardiography (DSE). The aim 
of the study was to assess the relation between different responses of akinetic 
segments during DSE and ischemia assessed by 201 TI SPECT. DSE (up to 40 
ltg/kg/min) with simultaneous stress-reinjection TI SPECT was performed in 67 
patients with old myocardial infarction and coronary artery stenosis. Fourteen 
myocardial segments were matched for both DSE and SPECT. Ischemia on 
SPECT was defined as reversible TI defects. In 257 akinetic segments, 4 
patterns during DSE were identified: I) biphasic in 41 segments (16%), defined 
as improvement at low-dose (5-10 ltg/kg/min) followed by worsening at high
dose. II) persistent akinesis in ISS segments (60%). III) akinesis becoming 
dyskinesis in 39 segments (15 %). IV) sustained improvement in 22 segments 
(9%). Reversible TI defects were detected in 21 segments (51 %) in group 1,20 
segments (13 %) in group II, none in group III and in 2 segments in group IV 
(9%). The prevalence of reversible defects in biphasic segments was higher 
compared to other patterns (p<O.OOOOI vs group II and III, p<0.005 vs group 
IV). Ischemic perfusion defect score was significantly higher in group I than 
group II. The positive predictive value of biphasic response for reversible TI 
defects was similar to that of stress-induced dyssynergy in normal segments at 
2rest (51 % vs 58%). It is concluded that of the varying responses of akinetic 
segments to dobutamine infusion, the biphasic response is associated with the 
highest prevalence and greatest severity of ischemia on TI SPECT. Observation 
of contractile response at both low and high dose DSE provides a valuable 
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approach for the diagnosis of myocardial ischemia in akinetic segments. 

Key Words: Dobutamine stress echocardiography - Thallium SPECT imaging 

INTRODUCTION 
Dobutamine stress test in conjunction with echocardiography or 

myocardial perfusion scintigraphy is increasingly used for the diagnosis and 
functional evaluation of coronalY artelY disease (1-9). The standard 
echocardiographic criteria for the diagnosis of ischemia rely upon the 
occurrence of new or worsening wall motion abnormalities (1-4). However, in 
severely dyssynergic segments, no further deterioration of function can occur 
during the test and consequently, the diagnosis of ischemia in these segments 
represents a limitation of the echocardiographic technique. It was suggested that 
a "biphasic response" manifested as a contractile response at low-dose 
dobutamine followed by worsening at high dose is a sign of myocardial ischemia 
(10,11). However, little data are available to confirm this conclusion. The 
diagnosis of myocardial ischemia by dobutamine perfusion scintigraphy is based 
on the occurrence of reversible perfusion defects (4-6). Since the technique is 
independent on interpretation of wall motion, it can be used for evaluation of 
ischemia in akinetic segments. Therefore, the aim of this study was to assess the 
relationship between different responses of akinetic segments during dobutamine 
stress echocardiography (DSE) and ischemia on simultaneous 201 T1 SPECT 
myocardial perfusion imaging in patients with previous myocardial infarction. 

METHODS 
Patient selection 

Study population comprised 67 consecutive patients with previous 
myocardial infarction > 3 months and exertional chest pain, referred to our 
imaging laboratory for evaluation of myocardial ischemia, in whom DSE was 
performed in conjunction with 201 TI SPECT imaging and haa teclntically 
interpretable images. The diagnosis of myocardial infarction relied upon the 
standard criteria of prolonged chest pain, a diagnostic rise of serum creatine 
kinase and serial electrocardiographic changes. Patients were included if they 
had ~ 2 akinetic segments on baseline echocardiogram. Mean age was 59 ± 
9 years. There were 55 men and 12 women. Forty seven (70 %) patients were 
receiving oral nitrates and/or calcium antagonists at the day of the test. If 
administered, beta blockers were stopped 2 days before the test. 

Dobutamine stress test 
Dobutamine was infused through an antecubital vein in 3 minutes stages 

starting at a dose of 5 I'g/kg/min, 10 I'g/kg/min, increasing by 10 I'g/kg/min 
to a maximum of 40 I'g/kg/min. Atropine (up to 1 mg) was given in patients not 
achieving 85 % of their age predicted maximal heart rate at peak dobutamine 
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dose (12). The electrocardiogram was monitored during infusion and recorded 
each minute. Cuff blood pressure was measured every 3 minutes. The test was 
interrupted if severe chest pain, ST -segment depression > 2 mm, significant 
ventricular or supraventricular arrhythmia or systolic blood pressure fall of > 40 
nun Hg occurred during the test. 

Stress echocardiography 
Echocardiographic images were acquired at rest and during the test and 

recovery. For both rest and stress studies, left ventricular wall was divided into 
16 segments and scored using a 4-point scale, where I = normal, 2=hypokinesis, 
3=akinesis, 4 = dyskinesis (1,3). Both wall motion and thickening were 
considered for analysis. Each segment was scored at rest, at low dose 
dobutamine and at peak stress. Criteria of ischemia were the appearance of wall 
motion abnormalities during stress in one or more normal segment at rest and 
the occurrence of akinesis or dyskinesis during stress in one or more 
hypokinetic segment at rest. Images were recorded on video tapes and were also 
digitized on optical disk-Vingmed CFM 800 and displayed side by side in quad
screen format to facilitate the comparison of rest, low-dose and peak stress 
images. Images interpretation was performed by 2 experienced observers 
without the knowledge of the patients scintigraphic data. In case of 
disagreement, a majority decision was achieved by a third reviewer. In our 
laboratory, inter-and intra-observer agreement for echocardiographic assessment 
are 84 % and 87 % for resting images and 92 % and 94 % for dobutamine stress 
images respectively (13). 4 patterns of contractile response in akinetic segments 
during DSE were identified: I) biphasic response: defined as akinetic segments 
demonstrating a contractile response at low-dose dobutamine (5-10 I'g/kg/min) 
and becoming akinetic at peak stress. II) persistent akinesis: defined as 
unchanged akinetic pattern throughout the test. III) akinesis at rest becoming 
dyskinesis at peak stress. IV) sustained improvement: defined as akinetic 
segment at rest becoming normal or hypokinetic at low-dose, without worsening 
at peak stress. 

Thallium SPECT imaging 
Approximately 1 minute before the termination of the stress test, an 

intravenous dose of 74 MBq of 201 TI was administered (13). The acquisition 
of stress SPECT imaging was started immediately after the test. For the 
reinjection studies, imaging was acquired 4 hours after the stress test, 20 
minutes after the reiI\iection of 37 MBq of Tl. For each study six oblique (short 
axis) slices from the apex to the base and three sagittal (vertical long axis) slices 
from the septum to the lateral wall were defined. Each of the 6 short axis slices 
was divided into 8 equal segments. The septal part of the 2 basal slices (4 
segments) was not considered for analysis because this region corresponds to the 
fibrous portion of the interventricular septum and normally exhibits reduced 
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uptake. The interpretation of the scan was performed by visual analysis assisted 
by the circumferential profiles analysis. Stress and reinjection tomographic 
views were reviewed in side by side pair by an experienced observer who was 
unaware of the patients' echocardiographic data. A reversible perfusion defect 
was defined as a perfusion defect on stress images that partially or completely 
resolved at reinjection imaging in 2 or more contiguous segments or slices. This 
was considered diagnostic of ischemia. A fixed perfusion defect was defined as 
a perfusion defect on stress images in 2 or more contiguous segments or slices 
which persists on reinjection images. Perfusion defect score was quantitatively 
calculated by measuring the area between the lower limit of normal values (± 
2 standard deviations) and the actual circumferential profile in 6 short axis 
slices. Ischemic perfusion score was derived by subtracting rest from stress 
score. Myocardial segments identified at scintigraphy were matched with those 
identified at echocardiography in a 16 segment model. The basal septal segments 
were excluded from analysis. 

Coronary angiography 
Coronary angiography was performed, using the Judkins technique, 

within 3 months in all patients. Significant coronary artery disease was defined 
as a diameter stenosis ;;, 50% in one or more major epicardial arteries using a 
quantitative method described previously (14). Coronary arteries were assigned 
to particular myocardial segments as previously described (3,15). 

Statistical analysis 
Unless specified, data are presented as mean values ± SO. The chi 

square test and Fisher exact test were used to compare differences between 
proportions. The Student I test was used for analysis of continuous data. A 
p < O. 05 was considered statistically significant. 

RESULTS 
Oobutamine stress test 

Heart rate increased from 73 ± 13 at rest to 137 ± 15 beats /min at 
peak stress (p<O.OOOl) whereas systolic blood pressure did not change (125 ± 
21 at rest vs 123 ± 25 mm Hg at peak stress). There was no significant 
increase of heart rate or systolic blood pressure at low dose-dobutamine 
compared to baseline values (82 ± 17 beats/min and 124 ± 23 mm Hg 
respectively). Angina occurred in 37 (55%) patients, ST-segment depression in 
22 (33%) and ST-segment elevation in 28 (42%) patients The test was 
intenupted before reaching the maximal dose or the target heart rate because of 
angina in 4 patients, ST-segment depression in 1 patient, hypotension in 7 
patients and significant tachyarrhythmias in 1 patient. 
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Stress echocardiography 
A total of 257 akinetic segments were identified on baseline 

echocardiogram. 4 groups of akinetic segments were identified: I) biphasic 
response detected in 17 patients (25%); in 41 segments (16%). II) persistent 
akinesis in 50 patients (75%); in 155 segments (60%). III) akinesis becoming 
dyskinesis in 14 patients (21 %); in 39 segments (15%); none of these segments 
improved at low-dose. IV) sustained improvement, detected in 10 patients 
(15%); in 22 segments (9%). Some patients had different responses in different 
segments. In the 63 segments with contractile response at low dose dobutamine, 
the response was observed at a dose of 5 pg/kg/min in 18 segments and at 10 
pg/kg/min in 45 segments. There was no significant difference between the 4 
groups in the corresponding heart rate or systolic blood pressure at rest, low
dose and peak stress. New wall motion abnormalities were detected in 89 of 403 
segments (22 %) with normal baseline contraction. 

Table I: Scintigraphic pattern, quantitative perfusiou defect score and 
prevalence of significant stenosis of the related coronary artery in each 
group of akinetic segments identified according to the response to 
dobutamine infusion. 

Group I Group n Group ill Group IV 
biphasic persistent akinesis sustained 

akinesis dyskinesis improvement 
N ~ 41 N ~ 155 N ~ 39 N ~ 22 

Reversible defect 21 (51 %) 20 (13%) 0 2 (9%) 
complete 5 (12%) 6 (4%) 0 2 (9%) 
partial 16 (39%) 14 (9%) 0 0 

Fixed defect 16 (39%) 127 (82%) 39 (100%) 11 (50%) 

Normal 4 (10%) 8 (5%) 0 9 (41 %) 

Stress defect score 279±220 294±265 307±180 IOO±l30 

Reinjection defect score 140± 170' 273±255 30H 177 90 ±I 10' 

Ischemic defect score 136± 142" 56±90 0 80±l6 

Coronary stenosis ~50% 37 (90%) 132 (85%) 35 (89%) 15 (68%)' 

* = p<O.05 vs II and III, ** = p<O.05 vs II (values are derived only in segments with reversible 
perfusion defects), # = p<O.05 vs other groups. 

201 thallium SPECT imaging 
The distribution of scintigraphic pastern, IS presented in table I. Group 

I comprised segments with the highest prevalence of reversible perfusion defects 
(p<O.OOOOI vs group II and III, p<0.005 vs group IV). The prevalence of 
reversible Tl defects was higher in group II versus III (p < 0.05) while the 
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difference was not significant in group II versus IV and in group III versus IV 
(figure 1). Perfusion defect score at reinjection was lower in group IV than 
other groups (p < 0.05) and lower in group I versus II and III (p < 0.05). Normal 
perfusion was detected in 21 segments (8%) and did not tend to involve a 
particular anatomic location. Ischemic perfusion score was higher in group I 
than II (p<0.05) [table I]. In myocardial segments with normal contraction at 
rest, reversible perfusion defects were detected in 52 of 89 (58 %) segments with 
and in 18 of 314 (6%) segments without stress-induced wall motion 
abnormalities (p <0.00001). The prevalence of reversible perfusion defects in 
akinetic biphasic segments was not different compared to segments with normal 
baseline contraction and stress-induced wall motion abnormalities (51 % vs 
58%). 

Coronary angiography 
Significant coronalY artery disease was detected in all patients. Twelve 

patients (18%) had single vessel disease, 25 (37%) had two-vessel disease and 
30 (45 %) had 3 vessel disease. There was no significant difference between 
group I, II or III with respect to prevalence of stenosis in the related artery, 
whereas the prevalence was higher in each of these groups compared to group 
IV (p<O.05 in all) [table I]. 

DISCUSSION 
Our results show that among the 4 different contractile responses of 

akinetic segments during DSE, a biphasic response was associated with the 
highest prevalence of reversible perfusion defects (and presumably ischemia) 
compared to segments with persistent akinesis, sustained improvement and 
akinesis becoming dyskinesis. The degree of reversibility as measured by 
ischemic perfusion score was greater in segments with biphasic response 
compared to those with persistent akinesis by quantitative analysis. Furthermore, 
the use of a biphasic response in akinetic segments as a criterion for ischemia 
gave a positive predictive value comparable to the standard criterion of a normal 
segment becoming dyssynergic during stress. The relation between a biphasic 
response and ischemia can be explained by the presence of a hibernating viable 
myocardium subtended by a stenotic coronary artery, which exhibits a 
contractile response to low-dose dobutamine and ischemia provoked by an 
increase of heart rate and flow maldistribution at high-dose dobutamine (16). 
Nevertheless, 51 % of reversible perfusion defects in akinetic segments were not 
in the biphasic group. Reversible Tl defects occurred infrequently in akinetic 
segments with sustained improvement (9 %) and in persistently akinetic segments 
(13 %). Segments with persistent akinesis and reversible 201 Tl defects may 
represent a hibernating myocardium unresponsive to dobutamine or severely 
necrotic myocardium with small amount of viable, ischemic myocardium 
resulting in reversible hypoperfusion meanwhile incapable of demonstrating a 
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contractile response at low-dose dobutamine. Panza et al. have concluded that 
the cellular mechanism responsible for thallium uptake requires less degree of 
myocyte functional integrity compared to mechanism responsible for positive 
inotropic response to dobutamine (17) which may explain the presence of 
reversible perfusion defects in some segments with persistent akinesis. These 
investigators demonstrated that the positive inotropic response of dyssynergic 
myocardium to low-dose dobutamine is directly related to thallium uptake (17) 
which is compatible with our findings of more severe fixed perfusion defects 
and less severe reversible perfusion defects in persistently akinetic compared to 
biphasic segments. The absence of reversible perfusion defects in akinetic 
segments becoming dyskinetic at high dose dobutamine supports our previous 
report in which this pattern was attributed to passive myocardial bulging 
unrelated to myocardial ischemia (18). The presence of normal perfusion in 8 % 
of akinetic segments in our study is difficult to explain. Myocardial stunning is 
a possible mechanism, which may be supported by the finding of the highest 
prevalence of normal perfusion and lowest prevalence of significant coronary 
stenosis in segments with persistent improvement. However, it is not known if 
myocardial stUlUling can exist more than 3 months after infarction. Other 
explanations may include methodological limitations in detecting reversible 
defects and difficulties in registration of images obtained with different 
methodologies. 

Comparison with previous studies 
Senior and Lahiri (10) reported that the use of biphasic response 

increased the sensitivity of DSE for the detection of reversible defects on 
simultaneous MIB! or tetrofosmin SPECT in 44 patients with left ventricular 
dysfunction. However, the contribution of other responses of akinetic segments 
was not studied. Furthermore, a global rather than a matched segmental analysis 
was used. Biphasic response to dobutamine infusion in animal studies was 
shown to be characteristic of ischemic or short term hibernation. Worsening of 
wall motion at high dose was associated with myocardial acidosis and lactate 
accumulation (19). lack of improvement of contractility during DSE was 
described as a sign of ischemia due to exhaustion of coronary reserve (5,6,20). 
However, this is more likely to be applicable to normal or hypokinetic rather 
than akinetic segments. 

Limitations of the study 
Myocardial ischemia was assessed by TI perfusion scintigraphy which 

detects flow malperfusion as well as true ischemia. Despite that reinjection 
technique enhances the detection of reversible perfusion defects (21), some of 
these defects can be missed if redistribution images were not acquired (22). 
However, it is unlikely that underestimation of defect reversibility will occur 
more frequently in a particular group of segments. Though biphasic akinetic 
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segments showed the highest prevalence of reversible TI defects, the positive 
predictive value of this pattern for reversible perfusion defects was not high. 
However, the predictive value was comparable to that of the standard criterion 
of a normal segment becoming dyssynergic during stress. This may be explained 
by the previously mentioned limitations of correlating 2 imaging modalities 
which detect different pathophysiologic sequela of coronary artery disease. 

Conclusion 
In symptomatic patients with left ventricular dysfunction after 

myocardial infarction, a biphasic response of akinetic segments during DSE is 
associated with the highest prevalence and most severe myocardial ischemia on 
basis of 201 TI SPECT compared to segments with persistent akinesis, sustained 
improvement and akinetic segments becoming dyskinetic. The positive predictive 
value of a biphasic response for reversible TI defects is comparable to that 
obtained by the standard echocardiographic criteria for ischemia in segments 
with normal baseline contraction. Observation of contractile response of akinetic 
segments at both low and high dose DSE may provide a valuable approach for 
the echocardiographic diagnosis of myocardial ischemia in akinetic segments. 
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CHAPTER 11 

IMPAIRED SYSTOLIC BLOOD PRESSURE RESPONSE 
TO DOBUTAMINE STRESS TEST: 

A MARKER OF MORE SEVERE FUNCTIONAL ABNORMALITIES 
IN PATIENTS WITH MYOCARDIAL INFARCTION' 

Abdou Elhendy MD, Ron T van Domburg MSc, Jos RTC Roelandt 
MD, PhD, Marcel L Geleijnse MD, Jan H Cornel MD, 

Paolo M Fioretti MD, PhD. 

From the Thoraxcenter, University Hospital Rotterdam-Dijkzigt and Erasmus 
University, Rotterdam, the Netherlands. 

ABSTRACT 
Objectives. Aim of the study was to assess the relationship between systolic 
blood pressure response to high dose dobutamine stress test and the severity of 
left ventricular dysfunction in patients with myocardial infarction. 
Background. Dobutamine-induced hypotension has been disregarded as an 
indicator of more severe functional abnormalities in patients with known or 
suspected coronary artery disease. However, the functional significance of 
systolic blood pressure response to high dose dobutamine has not been assessed 
in a homogenous population with left ventricular dysfunction. 
Methods. Dobutamine stress (up to 40 I'g/kg/min) echocardiography was 
performed in 326 consecutive patients with left ventricular dysfunction after 
myocardial infarction. Ischemia was defined as new or worsening wall motion 
abnormalities. Patients were divided into 3 equal groups with mild, moderate 
and severe wall motion abnormalities according to resting wall motion score 
index. 
Results. Systolic blood pressure and heart rate increased significantly from rest 
to peak dobutamine stress (127 ± 22 vs 134 ± 27 mm Hg and 72 ± 14 vs 122 
± 24 beats/minute, p < 0.00001 in both). The change of systolic blood pressure 
from rest to peak dobutamine stress (LI systolic blood pressure) was significantly 
higher in patients with mild compared to moderate wall motion abnormalities 
(16 ± 29 vs 6 ± 26 mm Hg, p<O.OI), whereas systolic blood pressure 
dropped in patients with severe wall motion abnormalities (LI systolic blood 
pressure = -2 mm Hg, p<O.OI vs moderate and <0.00001 vs mild wall 
motion abnormalities). LI systolic blood pressure ~ 10 mm Hg occurred in 153 
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patients (47%). By multivariate analysis, independent predictors of failure of 
systolic blood pressure increase were higher wall motion score index at rest and 
at peak stress (p < 0.00001 in both), higher resting systolic blood pressure 
(p < 0.005), medication with calcium chmmel blockers (p < 0.005) and higher 
age (p<0.05). Systolic blood pressure drop ;0: 10 mm Hg occurred in 89 
patients (27%). Independent predictors were higher wall motion score index at 
rest (p<O.Ol) and at peak stress (p<0.005), a higher resting systolic blood 
pressure (p < 0.001), medication with angiotensin-converting enzyme inhibitors 
(p<0.05) and ~ higher age (p<0.05). Ischemia was detected in 182 patients 
(56%) and was not an independent predictor of systolic blood pressure increase 
or decrease. 
Conclusion. In patients with myocardial infarction undergoing dobutamine stress 
echocardiography for the evaluation of myocardial ischemia, left ventricular 
function is the most powerful predictor of systolic blood pressure response to 
dobutamine stress. 

INTRODUCTION 
Exercise-induced hypotension has been recognised as a marker of severe 

coronary artery disease, extensive functional abnormalities and poor prognosis 
(1-3). Despite that dobutamine stress testing is an exercise simulator stress 
modality, previous studies have failed to demonstrate a difference in functional 
abnormalities between patients with or without dobutamine-induced hypotension 
(4-9). The development of hypotension in normal subjects during dobutamine 
stress testing has been attributed to intraventricular obstruction and vagal 
stimulation due to high cardiac output (8-9). However, previous studies were 
performed in unselected patient population with or without regional wall motion 
abnormalities. It is not known if the extent of functional abnormalities may play 
a role in a selected patient population with left ventricular dysfunction after 
myocardial infarction in whom intraventricular obstruction and vagal reflexes 
due to high cardiac output are less likely to occur. Furthermore, previous 
studies have focused on dobutamine-induced hypotension whereas the 
significance of failure of systolic blood pressure increase during dobutamine 
stress test has not been assessed. Therefore, the aim of this study was assess the 
relationship between systolic blood pressure response and the extent of 
functional abnormalities in patients with previous myocardial infarction 
undergoing dobutamine stress testing for evaluation of myocardial ischemia. 

METHODS 
Patient population 

Study population comprised a consecutive series of patients, referred for 
evaluation of myocardial ischemia who fulfilled the following criteria: 1) 
previous myocardial infarction based on the standard criteria of prolonged chest 
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pain, a diagnostic rise of serum enzymes and serial ECG changes. 2) The 
presence of wall motion abnormalities at resting echocardiogram. 3) absence of 
severe heart failure, valvular heart disease, severe hypertension, hypotension, 
or a history of sustained ventricular tachyarrhythmias. Patients in whom the test 
was terminated before reaching an ischemic end point (angina, ST-segment 
depression or transient wall motion abnormalities) or the target heart rate 
because of reasons other than blood pressure changes were excluded. Three 
hundred-twenty six patients fulfilled the previous criteria. All patients gave an 
informed consent to undergo dobutamine stress echocardiography. Mean age 
was 59 ± 10 years. There were 251 men and 75 women. The test was 
performed in III patients within I month from the infarction; whereas the 
infarction was old in 215 patients (mean time = 4.7 ± 5.9 years). Symptoms 
before testing included chest pain in 182 and exertional dyspnea in 21 patients. 
Ninety patients were referred for routine assessment; whereas 33 patients were 
referred for the assessment of function after revascularization procedures. 
Myocardial infarction was anterior (or anterolateral) in 145 patients, inferior (or 
posterolateral) in 126 patients and in both locations in 55 patients. 

Dobutamine stress test 
Dobutamine was infused through an antecubital vein starting at a dose 

of 5 followed by 10 I'g/kg/min (3 minutes stages), increasing by 10 I'g/kg/min 
every 3 minutes to a maximum of 40 I'g/kg/min. Atropine (up to I mg) was 
given in patients not achieving 85 % of age predicted maximal heart rate (10). 
The electrocardiogram was monitored throughout dobutamine infusion and 
recorded each minute. Cuff blood pressure was measured every 3 minutes. The 
test was interrupted if severe chest pain, ST -segment depression > 2 mm, 
significant ventricular or supraventricular arrhythmia or systolic blood pressure 
fall of > 40 nnn Hg occurred during the test. Ischemia at the ECG was defined 
as ;;e 0.1 mV horizontal or downsloping ST-segment depression 80 mS from the 
J point compared to baseline level or ;;eO.lmV ST-segment elevation in ECG 
leads corresponding to segments without resting wall motion abnormalities (11). 

Stress echocardiography 
Echocardiographic images were acquired at rest and during stress and 

recovery. For both rest and stress studies, left ventricular wall was divided into 
16 segments and scored using a 4-point scale, where I = normal , 2=hypokinesis, 
3 = akinesis, 4 = dyskinesis. The interpretation of images was performed by 2 
experienced observers without the knowledge of the patients' angiographic data. 
In case of d·isagreement, a third reviewer revised images and a majority decision 
was achieved. In our laboratory, inter-and intra-observer agreement for stress 
echocardiographic assessment is 92% and 94% respectively (12). Both wall 
motion and thickening were considered for analysis. Wall motion score index 
was derived by dividing the summation of individual score of the 16 segments 
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by 16. Ischemia was defined as new or worsening wall motion abnormalities. 
As we have previously concluded (13), ischemia was not considered when 
akinetic segments at rest became dyskinetic during stress without improvement 
at low-dose dobutamine (5-10 fig/kg/min). 

Coronary angiography 
Coronaty angiography was performed, using the Judkins technique, 

within 3 months in 186 patients (57%). Coronary stenosis was quantified using 
a previously described method from our center (14). Significant coronary artelY 
disease was defined as a diameter stenosis ;0, 50% in one or more major 
epicardial arteries. 

Statistical analysis 
Unless specified, data are presented as mean values ± SD. The chi 

square test test was used to compare differences between proportions. ANOV A 
test was used to determine the differences between groups. The Student t test 
was used for analysis of continuous data. A p < 0.05 was considered statistically 
significant. Logistic regression analysis was used to determine independent 
predictors of systolic blood pressure increase or decrease ;0, IOmm Hg. 

RESULTS 
Baseline left ventricular function 

3 groups were identified according to resting wall motion: 
-Group I, included 99 patients with mild wall motion abnormalities (wall motion 
score index between 1. 06 and 1. 31). 
-Group 2, included 110 patients with moderate wall motion abnormalities (wall 
motion score index between 1.38 and 1.81). 
-Group 3, included 117 patients with severe wall motion abnormalities (wall 
motion score index ;0, 1.88). 

Classification of patients aimed at the constitution of 3 equal groups. 
The presence of some patients with the same wall motion score index resulted 
in a slight difference in number of patients in each group. Clinical 
characteristics and medications are shown in table 1. There was no significant 
difference between the 3 groups with regard to age, gender, risk factor and 
nitrate therapy. Patients of group 3 had a higher prevalence of a histOlY of 
angina compared to group 1 (p < 0.05). Beta blockers and calcium blockers were 
more frequently taken in patients of group 1 (p < 0.005 vs group 2 and < 0.0001 
vs group 3). Intake of diuretics and angiotensin converting enzyme inhibitors 
was more frequent in group 3 (p<OOOOI vs group 1 and <0.005 vs group 2) 
and in group 2 compared to group 1 (p<O.OOl). 
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Table 1. Clinical characteristics of the 3 groups of patients with previous 
myocardial infarction, classified according to the severity of resting wall 
motion abnormalities. 

Group I Group 2 Group 3 
(N = 99) (N = 110) (N = 117) 

Age 59 ± 11 60 ± 10 58 ± 11 

Females 28 (28%) 21 (19%) . 26 (22%) 

History of chest pain 50 (50%) 57 (52%) 75 (64%) 

Beta blockers 47 (47%) 30 (27%) 23 (20%) 

Calcium blockers 47 (47%) 30 (27%) 39 (33%) 

Nitrates 51 (52%) 50 (45%) 64 (55%) 

ACE inhibitors 17 (17%) 49 (45%) 82 (70%) 

Diuretics 13 (13%) 36 (33%) 63 (54%) 

LVH 2 (2%) 4 (4%) 2 (2%) 

Hypertension 34 (34%) 39 (35%) 38 (32%) 

Diabetes mellitus 13 (13%) 24 (22%) 22 (19%) 

ACE = angiotensin-converting enzyme - LVH = left ventricular hypertrophy 

Hemodynamic response and echocardiographic findings in different groups 
Systolic blood pressure and heart rate increased significantly from rest 

to peak dobutamine stress (127 ± 22 vs 134 ± 27 mm Hg, and 72 ± 14 vs 122 
± 24 beats/minute, p < 0.00001 in both). Atropine increased the heart rate 
significantly to 136 ± 17 beats/min (p < 0.000 I); whereas systolic blood 
pressure did not change (134 ± 28 IlIln Hg). Resting, peak, Il systolic blood 
pressure, and percentage of patients with :2: 10 mm Hg systolic blood pressure 
increase or decrease in the 3 groups are shown in table 2. 

Peak heart rate and systolic blood pressure are derived at the maximal 
dose of dobutamine before atropine adminstration. It shows that the more severe 
the wall mO,tion abnormalities, the lower the Il systolic blood pressure and the 
higher the prevalence of drop and failure of increase of systolic blood pressure 
increase. Il systolic blood pressure was significantly higher in group I compared 
to group 2 (16 ± 29 vs 6 ± 26 mm Hg, p<O.OI), whereas systolic blood 
pressure dropped in group 3 (Il systolic blood pressure = -2 mm Hg, p < 0.01 
vs group 2 and <0.00001 vs group I) [figure I]. The percentage of patients 
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with ~ 10 mm Hg Ll. systolic blood pressure was significantly higher in group 
1 than 2 and 3 (p<0.0.05 and <0.0005 respectively) and in gronp 2 vs 3 
(p < 0.05). The same significant difference existed with Ll. systolic blood 
pressure ~20 mm Hg. Systolic blood pressure drop ~ 10 mrn Hg was more 
prevalent in group 3 (p<O.OOI vs group 1, p<0.05 vs group 2). Wall motion 
score index increased significantly in the whole group from rest to peak stress 
(1.67 ± 0.44 vs 1.79 ± 0.51, p<O.OOOOI). Echocardiographic data are shown 
in table 3. The prevalence of ischemia was significantly lower in group I 
(p<0.05 vs group 2, p<0.0005 vs group 3). 

Table 2. Hemodynamic data of the 3 groups of patients with previous 
myocardial infarction, classified according to the severity of resting wall 
motion abnormalities. 

Group 1 Group 2 Group 3 
(N = 99) (N= 110) (N = 117) 

Resting SBP 130 ± 23 129 ± 20 124 ± 23 

Peak dobutamine SBP 145 ± 26 135 ± 27 122 ± 25 

Peak dobutamine ± atropine SBP 146 ± 28 135 ± 27 122 ± 26 

Ll. SBP 16 ± 29 6 ± 26 -2 ± 21 

Resting HR 66 ± 13 70 ± 12 78 ± 15 

Peak dobutamine HR 114 ± 26 123 ± 25 124 ± 25 

Peak stress Heart rate 130 ± 19 136 ± 15 140 ± 17 

Ll. SBP ~10 62 (63%) 54 (49%) 39 (32%) 

Ll. SBP ~20 41 (41 %) 31 (28%) 15 (13%) 

Ll. SBP ,,; -10 17 (17%) 28 (25%) 44 (38%) 

Ll. SBP ";-20 11(11%) 19 (17%) 27 (21 %) 

SBP = systolic blood pressure (mm Hg), HR = heart rate (beats/minute). 

Predictors of systolic blood !)ressure res!)onse 
An increase of systolic blood pressure ~ 10 mm Hg occurred in 153 

patients (48%). Patients with Ll. systolic blood pressure ~ 10 mm Hg were 
significantly younger, had a lower resting heart rate, a lower resting systolic 
blood pressure, a similar maximal heart rate, a higher peak systolic blood 
pressure, a higher frequency of beta blockers medication, a lower frequency of 
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calcium channel blockers, angiotensin converting enzyme inhibitor and diuretic 
medications, a lower wall motion score index at rest and at peak stress, and a 
lower prevalence of ischemia (table 4). 

Table 3. Dobutamine stress data of the 3 groups of patients with previous 
myocardial iufarction, classified accordiug to the severity of restiug wall 
motion abnormalities. 

Group 1 Group 2 Group 3 
(N = 99) (N = 110) (N = 117) 

Peak dobutamine dose 38.4 ± 4.4 38.1 ± 4.8 37.5 ± 6.1 

Atropine given 45 (45%) 41 (37%) 30 (26%) 

Resting WMSI 1.2 ± 0.8 1.57 ± 0.14 2.18 ± 0.22 

Peak WMSI 1.25 ± 0.2 1.71 ± 0.26 2.36 ± 0.31 

Ischemia on echocardiogram 41 (41 %) 64 (58%) 77 (66%) 

ST -segment depression 30 (30%) 35 (32%) 25 (21 %) 

Angina 20 (20%) 31 (28%) 57 (49%) 

Coronary stenosis' 40/50 (80%) 55/60 (92%) 64176 (86%) 

Multivessel disease . 15/50 (30%) 40/60 (67%) 51176 (67%) 

* data are derived only in patients who underwent coronary angiography 
WMSI = wall motion score index. 

Multivariate analysis of baseline characteristics identified baseline wall 
motion score index (p < 0.00001), systolic blood pressure (p < 0.005), 
medication with calcium channel blockers (p < 0.005) and age (p < 0.05) as 
independent predictors of a systolic blood pressure increase ",10m Hg. 
Multivariate analysis of stress test variables (angina, ST-segment depression, 
peak heart rate, ischemia at echocardiography and peak wall motion score 
index) identified peak wall motion score index as an independent predictor 
(p<O.OOOOl). 

Systolic blood pressure drop "' 10 mm Hg occurred in 89 patients 
(27%). These patients were significantly older, had a higher resting heart rate, 
a higher resting systolic blood pressure a similar maximal heart rate, a lower 
peak systolic blood pressure, a lower frequency of beta blockers medication, a 
higher frequency of angiotensin converting enzyme inhibitor and diuretic 
medication, a higher wall motion score index at rest and at peak stress, and a 
similar prevalence of ischemia (table 5). 
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Table 4. Clinical, angiographic, echocardiographic and hemodynamic data 
of patients with or without II. systolic blood pressure ;;" 10 rum Hg during 
dobutamine stress test. 

LI SBP ;;" 10 LI SBP < 10 P value 
nlnl Hg nlnl Hg 

(n = 153) (N = 173) 

Age 58 ± 11 60 ± 10 0.04 

Beta blockers 47 (31%) 30 (17%) 0.0046 

Calcium blockers 44 (29%) 72 (42%) 0.015 

ACE inhibitors 57 (37%) 91 (53%) 0.0055 

Peak dobutamine dose 38.5 ± 4.4 37.5 ± 5.9 0.07 

Resting HR 69 ± 13 74 ± 15 0.0008 

Peak HR 121 ± 26 123 ± 24 0.35 

Resting SBP 123 ± 19 131 ± 23 0.0002 

Peak SBP 149 ± 23 120 ± 24 <0.00001 

Rest WMSI 1.55 ± 0.38 1.78 ± 0.46 <0.00001 

Peak WMSI 1.62 ± 0.46 1.93 ± 0.50 <0.00001 

Ischemia 75 (49%) 104 (60%) 0.045 

Coronary stenosis 70178 (90%) 8711 06 (82 % ) 0.14 

Multivessel disease 42178 (54%) 631106 (59%) 0.45 

ACE = angiotensin-converting enzyme, HR = heart rate (beats/minute), SBP 
= systolic blood pressure (mm Hg), WMSI = wall motion score index. 

Multivariate analysis of baseline characteristics identified baseline wall motion 
score index (p<O.OI), systolic blood pressure (p<O.OOI), age (p<0.05) and 
medications with angiotensin converting enzyme inhibitors (p < 0.05) as 
independent predictors of a systolic blood pressure drop ;;" 10 m Hg. 
Multivariate analysis of stress test variables identified peak wall motion score 
index (p < O. 005) as an independent predictor. The same findings were obtained 
by considering peak systolic blood pressure at peak dobutamine ± atropine 
stress. 
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Table 5. Clinical, angiographic, echocardiographic and hemodynamic data 
of patients with or withont a systolic blood pressnre ~ -10 mm Hg during 
dobutamine stress test. 

Ll. SBP ';;-10 Ll.SBP >-10 P value 
mmHg mmHg 

(n = 89) (N = 237) 

Age 62 ± 9 58 ± 11 0.0016 

Beta blockers 18 (20%) 81 (34%) 0.014 

Calcium blockers 33 (37%) 83 (35%) 0.72 

ACE inhibitors 56 (63%) 92 (39%) 0.0001 

Peak dobutamine dose 37.1 ± 6.4 38.3 ± 4.8 0.D7 

Resting HR 77 ± 15 70 ± 13 0.0001 

Peak heart rate 126 ± 23 121 ± 0.25 0.15 

Resting SBP 137 ± 23 123 ± 20 0.0001 

Peak SBP 115 ± 23 140 ± 26 0.00001 

Rest WMSI 1.82 ± 0.44 1.61 ± 0.42 0.005 

Peak WMSI 1.97 ± 0.49 1.72 ± 0.50 0.001 

Ischemia 54 (61 %) 125 (53%) 0.2 

Coronary stenosis 45/55 (82%) 1121129 (87%) 0.38 

Multivessel disease 34/55 (62%) 611129 (47%) 0.D7 

ACE = angiotensin-converting enzyme, HR = heart rate (beats/minute), SBP 
= systolic blood pressure (mm Hg), WMSI = wall motion score index. 

Patients with myocardial ischemia 
There was no significant difference between patients with or without 

ischemia with regard to rest or peak systolic blood pressure before or after 
atropine. The adminstration of atropine did not change systolic blood pressure 
significantly in patients with or without ischemia. Patients with ischemia had a 
higher wall' motion score index at rest and at peak stress. The percentage of 
patients taking calcium blockers or nitrates was higher in patients with than 
without ischemia (table 6). 
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CorOlJalY angiography 
Coronary angiography was performed in 186 patients (57%). 

Angiographic data are given in table 3. The prevalence of coronary stenosis was 
not different in the 3 groups whereas the prevalence of multivessel disease was 
significantly higher in group 3 and 2 compared to group I (p <0.0001, <0.005 
respectively). 

Table 6. Clinical, echocardiograpbic and hemodynamic data of patients with 
or without myocardial ischemia during dobutamine stress echocardiography. 

Ischemia no ischemia p value 
(N = 182) (N = 144) 

Age 59 ± 9 58 ± 11 0.6 

Beta blockers 53 (29%) 47 (33%) 0.5 

Calcium blockers 79 (43%) 37 (26%) 0.001 

Nitrates 108 (59%) 57 (40%) 0.0004 

ACE inhibitors 83 (46%) 65 (45%) 0.9 

Peak dobutamine dose 38.0 ± 5.3 38.0 ± 5.4 0.99 

Resting HR 70 ± 13 74 ± 14 0.02 

Peak dobutamine HR 123 ± 24 121 ± 26 0.6 

Peak dobutamine ± atropine HR 136 ± 16 135 ± 18 0.7 

Resting SBP 127 ± 23 127 ± 22 0.9 

Peak dobutamine SBP 131 ± 27 136 ± 27 <0.14 

Peak dobutamine ± atropine SBP 132 ± 28 136 ± 29 0.12 

6 systolic blood pressure 04 ± 27 09 ± 25 0.1 

Rest WMSI 1.73±0.42 1.61 ± 0.44 0.005 

Peak WMSI 1.97± 0.46 1.56 ± 0.47 0.00001 

ACE = angiotensin-converting enzyme, HR = heart rate (beats/minute), SBP 
= systolic blood pressure (mm Hg), WMSI = wall motion score index. 

DISCUSSION 
Ventricular function is an important determinant of prognosis after acute 

myocardial infarction (15). Therefore identification of stress test variables 
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associated with more severe left ventricular dysfunction is a clinically relevant 
issue. It has been demonstrated that abnormal left ventricular function at rest is 
an important predictor of exertional hypotension (3). However, a similar 
significance of dobutamine-induced hypotension has not been proven. 

Mechanism of dobutarnine-induced hypotension 
Systemic vascular resistance was shown to decrease at high dose 

dobutamine infusion (5). Despite this, all previous clinical studies have 
demonstrated a significant increase of systolic blood pressure during dobutamine 
stress test in patients with or without coronary artery disease (10-14,16,17). 
This would suggest that in most of subjects, an increase in cardiac output 
corrects for the reduction of systemic vascular resistance. Unlike exercise stress 
testing, a decrease of systolic blood pressure during dobutamine stress testing 
was disregarded as a marker of the presence or a measure of the extent of 
coronary artery disease or its related functional abnormalities. Marcovitz et 
al. (8) reported that the prevalence and severity of coronary artery disease as 
well as prognosis were not different in patients with or without hypotension 
during dobutamine stress testing. Hypotension was associated with higher 
prevalence of female gender, more advanced age and lower prevalence of beta 
blockers adminstration. Lieberman et al. (7) reported that in 105 patients with 
known coronary artery disease evaluated 6 months after coronary angioplasty, 
dobutamine-induced hypotension was not associated with the presence or 
severity of coronary artery disease or with echocardiographic wall motion 
abnormalities. Predictors of dobutamine-induced hypotension were high baseline 
systolic blood pressure, advanced age and high left ventricular ejection fraction. 
Pellika et al. (9) reported that dynamic left ventricular obstruction may develop 
frequently in patients undergoing dobutamine stress echocardiography. They 
concluded that obstruction rather than ischemia may explain a decrease in blood 
pressure during dobutamine stress echocardiography. Tanimoto et al.(5) studied 
the mechanism of hypotension in 59 patients with significant coronary artelY 
stenosis. Contributing mechanism to hypotension were inadequate increase of 
cardiac output due to impaired systolic reserve, induced myocardial ischemia 
with abbreviated left ventricular filling period and a decrease of cardiac output 
due to cavity obliteration and reflex bradycardia. A combination of more than 
one mechanism was encountered in some patients. 

The present study 
In this study, we assessed the influence of functional abnormalities on 

systolic blood pressure response to dobutamine in a defined patients group with 
a wide range of severity of left ventricular dysfunction after myocardial 
infarction. Our results show that, a drop or failure of systolic blood pressure to 
increase at peak dobutamine stress was associated with more severe wall motion 
abnormalities both at rest and at peak stress. Mean systolic blood pressure 
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increased in patients with mild compared to moderate wall motion abnormalities, 
whereas systolic blood pressure dropped in patients with severe wall motion 
abnormalities. Left ventricular function at rest and at peak stress was the most 
powerful predictor of systolic blood pressure response at high dose dobutamine. 
These findings show that systolic blood pressure response to dobutamine is 
strongly related to the severity of wall motion abnormalities in patients with 
myocardial infarction. 
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Figure 1. A sys!olic blood pressure (SBP) from res! !O high dose dobu!amine 
in patients with mild, moderate and severe resting wall motion abnormalities 
(WMA). 

Comparison with previous studies 
The apparent contradiction between our results and the previously 

mentioned studies may be explained by the presence of 2 major mechanisms 
contributing to blood pressure response. The first mechanism is related to the 
increase of myocardial contractility during dobutamine infusion which may 
cause marked reduction of end-systolic dimensions and stroke volume, cavity 
obliteration and intraventricular obstl1lction (5,8,9). The increase of myocardial 
contractility may be responsible for a brisk increase of cardiac output with 
reflex vagal induced hypotension. This mechanism is supported by the findings 
of Tanimoto et a!. who described the association between hypotension with 
greater reduction of left ventricular size (5) and the findings of Lieberman et a!. 
(7) of a higher baseline ejection fraction in patients with hypotension. Beta 
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blocker adminstration may guard against hypotension by decreasing cavitary 
obstruction or the peripheral beta, mediated vasodilatation (5,8). The second 
mechanism is related to myocardial dysfunction and inability of the dyssynergic 
myocardium to respond adequately to inotropic stimulation. The reduction of 
both systemic vascular resistance and ventricular filling with tachycardia at high 
dose dobutamine will not be compensated with a concomitant increase of 
contractility which may result in a fall of stroke volume and subsequent 
hypotension or failure of systolic blood pressure increase. Furthermore, the 
stroke volume during tachycardia in patients with left ventricular dysfunction 
may be critically vulnerable to reduced left ventricular filling according to 
Starling law. This mechanism is supported by the findings of Tanimoto et al. (5) 
who described an impaired systolic reserve in 42 % of patients who developed 
hypotension in their study. Cohen et al. (18) found that systolic blood pressure 
response in patients undergoing dobutamine stress test was blunted only in 
patients with 3-vessel disease. They explained this finding by the lower value 
of resting ejection fraction in these patients compared to patients with I or 2-
vessel disease. 

The first mechanism is more likely to occur in patients with normal 
ventricles at rest, whereas it is expected to be less prominent in patients with 
baseline left ventricular dysfunction in whom cardiac output can not increase 
equally and end-systolic dimensions can not be reduced critically as in subjects 
with normal ventricles. Therefore, the second mechanism is more likely to 
determine systolic blood pressure response in patients with left ventricular 
dysfunction. When analysis is performed in unselected population with or 
without baseline wall motion abnormalities (4-9), both mechanisms will tend to 
keep an equal prevalence of hypotension with or without wall motion 
abnormalities as shown in previous studies. In contrast, analysis of a particular 
group with left ventricular dysfunction as shown in our study demonstrated the 
role of the severity of wall motion abnormalities in the determination of systolic 
blood pressure response. 

The role of myocardial ischemia 
Although the prevalence of ischemia was lower in patients with than 

without Do systolic blood pressure ;;, 10 mm Hg, ischemia was not an 
independent variable associated with systolic blood pressure increase in contrast 
to resting wall motion score index which was an independent predictor of blood 
pressure increase. While ischemia was defined as transient functional 
abnormalities, its relation with systolic blood pressure response could not be 
proven in our study. This can be explained by the fact that at peak stress, the 
amount of inducible dysfunction was 15 % of the total amount of abnormalities 
(Do wall motion score index = 0.12 of 0.79 presenting the abnormal score index 
at peak stress). Additionally, these inducible abnormalities may be counteracted 
by the increase of contractility in normal segments. Because ischemia was more 
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prevalent in patients with more severe baseline dysfunction, the contribution of 
inducible abnormalities may be overshadowed by the highly significant 
contribution of baseline abnormalities. The trend to a lower 11 systolic blood 
pressure in patients with than without ischemia can be explained by the 
relatively higher resting wall motion score index in patients with ischemia. 

The extent of coronary artery disease 
The extent of coronalY artelY disease was not different in patients with 

than without impaired systolic blood pressure response. This can be explained 
by the possibility that stenotic arteries supplying normal myocardium at rest do 
not contribute significantly to blood pressure response due to minimal 
contribution of myocardial ischemia to the latter. The magnitude of left 
ventricular dysfunction at rest is not always related to the extent of coronary 
artery disease. For instance, a patient with stenosis of the LAD only may have 
extensive wall motion abnormalities in the anterior wall, septum and apex; 
whereas a patient with 2 vessel disease involving the RCA and LCX may have 
hypokinesis confined to the posterior wall. Additionally, some patient may have 
persistent severe wall motion abnormalities despite adequate revascularization. 
Hakki et al. (1) reported that in patients with coronary artelY disease, both the 
extent of coronary artery disease and functional abnormalities were higher in 
patients with than without exercise-induced hypotension. However, the extent 
of functional abnormalities was the only independent predictor of hypotension 
(1). 

The effect of medications 
The intake of calcium antagonists was an independent predictor of 

failure of systolic blood pressure increase. This may be explained by the potent 
arterial vasodilator and the negative inotropic effects of these medications 
inhibiting adequate increase of contractility. It is to be noted that both the 
negative inotropic effect of calcium antagonists and the positive inotropic effect 
of sympathomimetics are achieved by alteration of calcium kinetics (19). 
Similarly, the intake of angiotensin-converting enzyme inhibitors was an 
independent predictor of systolic blood pressure drop as reported previously (5). 
This may be explained by the reduction of both systemic vascular resistance and 
left ventricular filling due to venous dilatation. Since these medications tend to 
decrease circulating catecholamine concentration at rest and particularly with 
exercise (20) and restore towards normal downregulated beta adrenergic 
receptors in patients with heart failure (21), alteration of the sensitivity of 
adrenoreceptors to sympathomimetics may also explain the association with 
dobutamine-induced hypotension. 

In contrast with previous reports (5,8), medication with beta blockers 
was not a predictor of systolic blood pressure increase or decrease in our study. 
This may show that the protective effect of beta blockers against hypotension is 
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mainly due to the prevention of marked reduction of ventricular volumes by 
decreasing the positive inotropic response to dobutamine. Since marked 
reduction of ventricular volumes is less likely to occur in patients with left 
ventricular dysfunction, medication with beta blockers was not associated with 
the favourable systolic blood pressure response described in previous studies 
which included population with normal resting left ventricular function. 

The effect of baseline systolic blood pressure 
Hypertension was described as a predisposing factor to dobutamine

induced hypotension (8). We found a strong independent association between a 
higher systolic blood pressure at rest and drop or failure of systolic blood 
pressure increase at peak dobutamine stress. Lieberman et al. (7) reported that 
a high baseline systolic blood pressure was independently predictive of 
dobutamine-induced hypotension in patients with or without left ventricular 
dysfunction. However, the higher systolic blood pressure at rest does not imply 
a clinical definition of hypertension or the presence of left ventricular 
hypertrophy. The independent association between higher systolic blood pressure 
at rest and impaired systolic blood pressure response to dobutamine is difficult 
to explain. It may be postulated that the higher systolic blood pressure at rest 
is associated with a high sensitivity of the systemic arterioles to sympathetic 
stimulation (22). Since the net result of high dose dobutamine infusion is a 
reduction of systemic vascular resistance, this effect may be intensified in 
patients with higher sensitivity to catecholamine. 

Limitations of the studY 
The interaction between various factors like baseline systolic blood 

pressure, wall motion abnormalities, medications and myocardial ischemia in 
patients with moderate and severe left ventricular dysfunction may impose a 
difficulty in the assessment of the relation between myocardial ischemia and 
systolic blood pressure response in this population. Further studies may be 
needed to asses the results of revascularization on blood pressure response of 
these patients. Global left ventricular function was assessed by semiquantitative 
evaluation of wall motion and thickening which is not independent on the 
observer. However, even ejection fraction has its own limitations as a measure 
of contractility being dependent on loading conditions and heart rate. Wall 
motion score index has been used as analogous to the ejection fraction with a 
similar prognostic value in patients with myocardial infarction (23). 

Summary and conclusion 
In patients with left ventricular dysfunction after myocardial infarction 

undergoing dobutamine stress echocardiography for evaluation of myocardial 
ischemia, resting left ventricular function is a powerful predictor of systolic 
blood pressure response to high dose dobutamille. Further studies are required 
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to assess the prognostic value of systolic blood pressure response to dobutamine 
in this population. 
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ABSTRACT 
Exercise 201 Tl SPECT has been used as a useful method for the 

assessment of patients with anomalous left coronary artery communicating to the 
pUlmonary artelY (ALCAPA syndrome). In this report, we describe an adult 
patient with this anomaly who was evaluated by dobutamine stress test in 
conjunction with simultaneous 201 Tl SPECT and echocardiography before and 
after surgery. A large perfusion defect in the anterior wall, septum and apex 
was detected on the preoperative stress scan with partial reversibility on 
reinjection scan. Worsening of wall motion abnormalities in the septum and 
anterior wall was detected by stress echocardiography. In the studies performed 
3 months and 1 year after reimplantation of the left coronalY artery in the aorta, 
a smaller fixed perfusion defect in the anterior wall and apex was detected 
without reversibility. No stress-induced wall motion abnormalities were 
detected. Despite the improvement of perfusion, there was no improvement of 
regional or global left ventricular function at rest. We report that both 
dobutamine 201 Tl SPECT and echocardiography were useful for the detection 
of reversible ischemia and for the assessment of the surgical outcome of an adult 
patient with ALCAPA syndrome. 

Key Words: Dobutamine stress echocardiography, Thallium SPECT, ALCAPA 
syndrome 
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INTRODUCTION 
ALCAPA syndrome is a rare congenital anomaly characterised by an 

anomalous left coronary artery communicating to the pulmonary artery (I). 
Most of untreated patients with this anomaly die during childhood from 
myocardial infarction and heart failure. Rarely, some patients survive to 
adulthood due to extensive collateralization from the right coronary artery to the 
left coronalY artery (1,2). The detection of myocardial ischemia in patients with 
ALCAPA is important to identify viable left ventricular (LV) myocardium at 
jeopardy of irreversible damage. Therefore, exercise thallium scintigraphy has 
been used to assess myocardial perfusion and to evaluate the results of surgery 
in these patients (3-7). Dobutamine stress test (DST) in conjunction with 
myocardial perfusion or echocardiographic imaging is increasingly used for 
evaluation of coronary artery disease (8-11). In patients with LV dysfunction, 
low-dose dobutamine echocardiography and Tl scintigraphy are useful for the 
detection of myocardial viability (12-13). In this report we describe an adult 
patient with ALCAP A in whom DST with simultaneous echocardiography and 
20 I Tl SPECT was useful for the detection of myocardial ischemia and 
evaluation of the results of surgery. 

Methods: Dobutamine was infused intravenously starting at a dose of 5 
I'g/kg/min increasing every 3 min to 10, 20, 30 and 40 I'g/kg/min. 
Echocardiography was performed at rest and throughout the test. I min before 
termination of infusion, 80 MBq of 20 I Tl were injected intravenously. Images 
were acquired within 5 minutes after the end of the test and 4 hours following 
the test, after reinjection of 40 MBq Tl. Image acquisition and interpretation 
was performed according to a previously described protocol (8). The diagnosis 
of ischemia relied upon the occurrence of reversible perfusion defects and new 
or worsened wall motion abnormalities. The diagnosis of viability in dyssynergic 
segments relied upon the occurrence of a contractile response during low-dose 
dobutamine (5-10 I'g/kg/min) and the presence of reversibility or a fixed defect 
containing ;",50 % of the maximal Tl uptake. 

Study patient: A 35 year old woman presented with palpitations and atypical 
chest pain. Physical examination revealed a grade III/VI diastolic murmur in the 
second left intercostal space. Baseline ECG showed Q waves in I-aVL-V6 and 
poor R wave progression in precordial leads. Echocardiography revealed a 
dilated LV, akinetic apex and hypokinetic anterior septum and anterolateral 
wall. The left coronary artery was seen coming out from the posterior wall of 
the pulmonalY artery with a diastolic flow into the pulmonary artelY detected 
by continuous and colour flow Doppler. Coronary angiography revealed a 
tortuous widely dilated right coronary artery communicating through extensive 
collaterals with the left coronalY artery which was filling the pulmonalY artery 
(figure IA). Gated blood pool scintigraphy (GBP) showed hypokinesis of the 
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anterior wall and anterior septum and LV ejection fraction (EF) of 51 %. DST 
with simultaneous Tl SPECT and echocardiography was performed for the 
detection of myocardial ischemia and viability. Typical angina occurred during 
the test. A large perfusion defect in the anterior wall, apex and anterior septum 
was detected on stress imaging with partial reversibility on reinjection (figure 
II). The apex was considered viable on basis of partial Tl reversibility. Tl counts 
in the apex was 9116 at stress and 11051 units at reinjection comprising 70% 
and 85 % of the maximal normal counts respectively. Baseline echocardiogram 
showed akinesis of the apex and hypokinesis of the anterior wall and anterior 
septum. During low-dose dobutamine, no contractile response was observed in 
the apex. At peak stress, worsening of wall motion abnormalities was detected 
in the anterior wall and septum. 

The patient underwent reimplantation of the left coronary artery in the 
aorta. DST was repeated 3 months and I year after surgery which revealed a 
fixed perfusion defect in the anterior wall and the apex without reversibility 
However, the defect size was smaller compared to preoperative scan by 
quantitative analysis. No stress-induced wall motion abnormalities were 
detected. There was no improvement of regional LV wall motion on the 
echocardiogram or of global function by GBP (EF = 43 % after I year). 

Table I. Left ventricular ejection fraction, quantitative perfusion defect 
size'and maximal stress heart rate (HR) before and after surgery. 

Ejection stress reinjection maximal 
fraction % defect defect stress HR 

Preoperative 51 2879 1314 130 

Postoperative (3 months) 35 661 793 134 

Postoperative (I year) 43 539 627 143 

• Defect size is a uniteless measure of the area between the lower limit of 
normal values (±2 standard deviations) and the actual circumferential profile in 
the 6 short axis slices. 

The values of EF, quantitative Tl defects and maximal dobutamine 
stress heart rate before and after surgery are summarized in table I. Follow up 
coronalY angiography performed 14 months after operation showed antegrade 
filling from the aorta of a dilated left coronary artery with slow flow and abmpt 
reduction of the calliper distally (figure IB). Collateral circulation resolved 
completely. Symptoms of palpitations and atypical chest pain did not improve. 
The course of the patient was uneventful during a follow up period of 2 years 
with a persistent regional LV dysfunction on serial echocardiograms. Holter 
monitoring revealed no high grade arrhythmias. 
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Figure 1: A) Preoperative right coronary injection showing a dilated, tortuous right coronary 
artery filling the left coronary artery (arrow) through extensive collaterals with retrograde 
filling of the pulmonary artery. B) Postoperative selective left coronary artery injection 
showing proximal dilatation of the left coronary artery with abrupt calliper reduction distally. 
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Figure II: Preoperative dobutamine and reinjection 201 thallium SPECT images 
of the 6 short axis slices, provided with the corresponding circumferential 
profile. The images show a completely reversible defect in the septum (arrows). 
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DISCUSSION 
The detection of myocardial ischemia in patients with ALCAPA is 

important to identify the myocardium at risk of irreversible dysfunction. The 
combined effect of an increase of myocardial oxygen demand and flow 
malperfusion induced by dobutamine (15,16) may serve as an appropriate 
mechanism of eliciting ischemia in patients with ALCAPA, in whom the 
mechanism of ischemia is a combination of coronary steal into the pulmonalY 
artery and inadequate collateral flow in face of an increased demand (6,17). 
Since these patients may develop an acquired native coronalY artelY or graft 
disease, the ability to establish a two coronalY artery system provides an 
advantage over ligation of the left coronary artelY (18). 

In our study patient, myocardial ischemia could be elicited before 
surgery during DST as manifested by angina, reversible Tl defect and stress
induced wall motion abnormalities. Echocardiography and Tl SPECT 
concordantly localized ischemia. The absence of these ischemic markers 
postoperatively identified a successful surgical correction, which was confirmed 
by coronary angiography. 

A reversible Tl defect without a contractile response to low-dose 
dobutamine was detected in the apex. This viability pattern on Tl SPECT was 
predictive of a significant improvement of perfusion postoperatively. However, 
no improvement of LV function occurred in a follow up period of 2 years. The 
discrepancy of viability patterns between echocardiography and Tl SPECT may 
be explained by the high sensitivity of Tl for the detection of small islands of 
ischemic myocardium which are not capable of restoration of contractility after 
revascularization of a segment with extensive scarring as we have previously 
reported (13). The characteristics of chronic ischemia in ALCAPA patients are 
apparently different from those with atherosclerotic coronary heart disease in 
terms of the mechanism and duration of ischemia which starts since birth due 
to a drop of pulmonalY artery pressure below coronary perfusion pressure (6). 
A recent study described a delayed improvement of function up to 3 years after 
surgery in children with ALCAPA (19). The lack of improvement of LV 
function after improvement of perfusion has been attributed to a delayed 
subcellular adaptive response, impairment of energy production and transfer and 
altered sensitivity of myofilaments to calcium (19-21). The unique anatomy of 
the left coronary artery with dilatation and slow flow proximally and a small 
calliper distally, shown in the postoperative angiogram, may have an impaction 
on functional recovelY. The change of the pressure and direction of flow 
postoperatively may result in a change of vessel morphology on the long term, 
and consequently improvement of LV function. 
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MYOCARDIAL ISCHEMIA ASSESSED BY DOBUTAMINE 
STRESS ECHO CARDIOGRAPHY IN A PATffiNT WITH 

BI-CORONARY TO PULMONARY ARTERY FISTULAE! 

Abdou Elhendy MD, Peter R Nierop MD, 
Jos RTC Roelandt MD, PhD, Paolo M Fioretti MD, PhD. 

From the Thoraxcenter, University Hospital Rotterdam-Dijkzigt and Erasmus 
University, Rotterdam, the Netherlands. 

SUMMARY 
Congenital coronary artery fistula is a rare anomaly characterised by a 

communication between one or more coronary arteries with a cardiac chamber, 
coronary vein or less frequently with the pUlmonary artery (1-3). The reported 
complications of this anomaly are congestive heart failure, infective endocarditis 
and myocardial infarction (4-5). Although angina is not an infrequent complaint 
in adult population with coronary to pulmonary artery fistulae (4), objective 
evidence of myocardial ischemia in absence of concomitant atherosclerotic 
coronary artery disease has not been described. In this report, we describe an 
adult patient with chest pain and bi-coronary to pulmonary artery fistulae in 
whom myocardial ischemia was documented by high dose dobutamine stress 
echocardiography. 

STUDY PATIENT 
A 48 years old woman presented with exertional chest pain progressing 

to occur at rest. She was admitted to the intensive care unit with the diagnosis 
of unstable angina. Physical examination was unremarkable apart from a systolic 
murmur grade IlIVI in the 2nd left intercostal space. The electrocardiogram 
during chest pain revealed T wave inversion in precordial leads reverting to the 
upright position after the episodes of pain. Cardiac enzymes were normal. 
Coronary angiography revealed no significant narrowing of coronary arteries. 
Numerous small fistulous communications between the proximal LAD and 
pulmonary artery were detected. A single small fistula was also detected from 
the LCX to the pulmonary artery. Right coronary angiography revealed a large 
fistula originating from the ostium of the RCA and communicating with the 
pulmonary artery (figure I). To assess the functional significance of anginal 
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chest pain and coronary abnormalities, the patient underwent bicycle exercise 
99-m technetium MIBI SPECT study after stabilization of symptoms with 
medical treatment. Heart rate increased from 65 to 120 beats/min and the test 
was terminated because of fatigue without precordial symptoms. Perfusion 
scintigraphy revealed no significant abnormality. Because of the submaximal 
heart rate attained with exercise, the patient underwent a high dose dobutamine 
(up to 40 I'g/kg/min) - atropine (0.5 mg) stress echocardiography. Heart rate 
increased from 66 to 142 beats/min. No significant arrhythmia occurred during 
the test. The resting echocardiogram was normal. During stress, there was a 
gradual reduction of motion and thickening of the inferior wall and the basal 
part of the posterior septum progressing to dyskinesis (figure 2). The test was 
considered diagnostic of myocardial ischemia in the RCA territory. The 
diagnosis was made by 2 independent observers unaware of the patient's 
clinical, angiographic or scintigraphic data who agreed on the presence and 
localization of abnormalities. The patient continued on medical treatment 
consisting of beta blockers which resulted in a partial symptomatic relief. 

DISCUSSION 
The correlation between symptoms of angina and specific markers of 

myocardial ischemia is important to clarify the functional significance of angina 
in adult patients with coronary artery fistulae. So far, myocardial ischemia has 
not been documented in patients with coronary to pulmonary artery fistulae, in 
absence of concomitant atherosclerotic coronary artery disease. Few reports 
have described the presence of an objective evidence of myocardial ischemia in 
the more common type of fistulae communicating to cardiac chambers or 
coronalY veins. Brooks et al. (6) described 2 patients with congenital coronary 
artery fistulae communication to the left ventricle without concomitant 
atherosclerotic narrowing who had significant electrocardiographic changes 
during ischemic episodes. Glylill et al. (7) reported a patient with a fistula 
communicating between the LAD and coronalY vein who had a reversible 
perfusion defect on exercise thallium scintigraphy. In our study patient, 
myocardial ischemia was documented by the presence of transient wall motion 
abnormalities in the RCA territory during dobutamine stress echocardiography. 
The occurrence of myocardial ischemia confined to the RCA territory can be 
explained by the smaller size of fistulae of the LAD and the LCX. The lower 
peak exercise compared to peak dobutamine heart rate may explain the 
conclusive findings of myocardial ischemia on dobutamine stress 
echocardiography as opposed to exercise myocardial perfusion scintigraphy. 
Nevertheless, Said et al. reported that exercise MIBI scintigraphy failed to 
reveal myocardial ischemia in a 49 year old woman with atypical chest pain and 
multiple coronaly-pulmonalY fistulae (8). This may point to the importance of 
symptomatic status on the occurrence of inducible ischemia in these patients. 
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Figure 1 A) Left coronary artery angiogram showing mUltiple small fistulae originating from 
the. proximal LAD and collecting in a convoluted vascular aggregation (horizontal arrow) 
which drains into the pulmonary artery (vertical arrow). B) Selective injection of the fistula 
from the right coronary artery ostium showing opacification of the pulmonary arlery (arrow). 
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Figure 2. 2-dimensional echocardiographic images at rest and at high dose 
dobutamine stress from the apical 4 chamber view (top) and apical 2 chamber 
view (bottom), showing dyskinesis of the basal posterior septum and basal 
inferior wall at high dose dobutamine stress indicated by arrows. 
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Myocardial ischemia in patients with coronary fistulae is thought to be 
due coronary steal (6,7). Although myocardial perfusion scintigraphy is a 
relatively sensitive method for detecting flow malperfusion as a result of 
coronaty steal, the presence of flow malperfusion may not always imply the 
occurrence of true ischemia. In contrast, transient mechanical dysfunction 
mostly implies inadequacy of myocardial supply relative to oxygen demand 
during stress and represents a highly specific marker of myocardial ischemia 
(9). For that purpose, in patients with limited exercise capacity, dobutamine 
stress testing may be preferred to vasodilator stress agents as it produces 
hemodynamic changes similar to exercise. Therefore with dobutamine, 
myocardial ischemia is more likely to be provoked under circumstances 
simulating those occurring during life activity in symptomatic patients. 

CONCLUSION 
Myocardial ischemia could be documented in an adult patient with bi

coronary to pulmonary artery fistulae who presented with angina. The 
occurrence of transient wall motion abnormalities during high dose dobutamine 
stress echocardiography in this patient shows that flow mal perfusion may result 
in true ischemia during stress. Tomographic assessment of myocardial ischemia 
with dobutamine stress echocardiography may be helpful in the evaluation of 
anginal symptoms in patients with coronary artery fistulae. 
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Part II ASSESSMENT OF MYOCARDIAL VIABILITY 
CHAPTER 14 

Reprillled with permission from the Am J Cardiol 

Prediction of Improvement of Ventricular 
function After first Acute Myocardial 

Infarction Using low-Dose DobIriamine 
Stress Echocardiogr&phy 

Alessandro Salustri, MD, PhD, Abdou Elhendy, MD, Polyxeny Garyfallydis, MD 
Massimo Ciavatti, MD, Jan H. Cornel, MD, Folkert J. ten Cate, MD, Eric Boersma' SSE 

Antonio Gemelli, MD, Jos R. T. C. Roelandt, MD, and Paolo M. Fioretti, MD, rho ' 

TN_ etudy wu performed to ........ the preva
lence of ..,.,..."...,. Improv_ of regional 
left ventricular function In p.atIenQ after acute 
myocatdlal Infarction, and to avaluai. the role of 
Iow-do .. dobutamIne strese ~y 
for Its predJctlon. In 57 patients wttn a flrst 
acute myocal"dtal Infarction (ttvomboIyala, n :I:: 

27i q.wa .... , n = 49), regional wall motion wp 
evaluated wtth 2dll'MtMlonai ~y 
at rest, during a Io~ cIobutttm1ne IItreU 
tast performed within 1 week after hofr,pItaI 
admission, and at 3-month foIloWtlp. Myocardial 
viability was cons.Idered tf there wu an Improve-ment of;oJ. _ In dy ____ from 

rest to Iow-dose dobutamlne fnfUlIon; recov8f)' 
of regional function was defined as an Improve
ment of ~ grade between rest and follow-up 
echocardlogr&lM. wan motion score Index 
decr&aHd from rut to Iow-doM dobutamIne 
echoCardlography (1.46 ± 0,29 to 1.39 ± 0.30, 
P <0.0001), and this mang. peralsted at follow
up study (1.37 ± O.30). No dtff~ were 
found between patients who did end did not 
undergo thrornboIyIa, or between thoM who had 
Q-wav8 and ~av. Infarction. At baseline 
ecbocardlography, 189 of 627 e.egJnerrts were 
dyuynerg'lc (85 hypokInetlc, 104 akinetiC). VI .. 
bUIty at low-dole dobutantIne &treu echocardf. 
ography was more frequent In hypoklnetlc than 
In akinetic aegmentI (30 of as va 12 of 104, 
odds ratio 4.18, 95% confkhnce Int&n'al1C11 
1.87 to 9.48). Spontaneous reco ... 8fY was more 
frequent In hypoklnetlc than In akinetic seg. 
ments (30 of 85 .... 20 of 104, odds ratJo 2.29, CI 
1.13 to 4.68). Sensffi...tty, specIflcIty, and posI. 
tI .... and negatI .... P«MfktI\'. values of Iow-doN 
_Ino'-~y 10< predkl· 
Ing tat. reco ... ery of reg10naI function were 86%, 
94%, 79%, and 88%, resp&etI\'&Iy. SeMItIvtty was 
lower In akinetic ~ than In hypoklnetlc 
segments (35%, CI 0.14 to 0.56, va 87%, CI 0.78 
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to 0.99). An Improv_ durinl!lowdoN -* 
amine streu ~ witS • atronC pre
cUetor of reversible II OCUtd1e4nkt d)'afunction 
(_ ratio 17.1, CI 3.1 to 97.1). In concIuolon, In 
patients after • flrat, ~ uncoltl ... Ucated _my"-"-"'Iate __ 
recovat)' occutS In 26% of the dy~ .... 
rn&I'1ts. Low-doM dobutamIne .... echocawdlog _y ... vIdos vOf)' _information 10< ""'" 

dieting lack of Impro ... ement and ..... hiatt 
oenoIIIvtty 10< _Improv_ In __ 
netk: ..-bull' not _I In IdentIfyInjj 
Bklnetl<: ___ tI1at will _.1oI1OOUIly 
Improve. 

(Am J _1994;7~) 

Mrocardial stwming is defined as transient pro
longed postischemlc dysfunction that may occur 
after the restoration or a normal coronaI)' Bow. I 

It has been observed in several clinical conditions. includ
ing in patients after acute nr;ocardial infarction treated 
with thrombolysis.2- 5 The natural history in patfents with 
acute myocardial inrarction nol treated with thr6mbolysis 
includes potential improvement in len ventric'lliar func
tion at foUow-up.6 Ir this is true, the evaluatiorl or viable 
myocardium should be desirable in all patients'early after 
an acute myocardial infarction, and could infiuence the 
choice between medical treatment or coronaI)' revascu
larizalion in selected patients, With the combined analy
sis or fiow and metabolism, positron emission tomogra
phy scanning is the rererence nonimmsjve method ror 
assessing the presence or viable mYocardium.7 Recently, 
nr;ocardial perfusion scintigraphy with different isotopes 
and with different protocols has been proposed ror the 
same purpose.8 The administration or dobutamlne in con
junction with echocardiographic wall motion analysis has 
been proposed as a simplet altemati .. 'e to the more sophis
ticated and expensive nuclear lechniques.9--12 Despite 
interest in these findings, Little is known about the spon
taneous recovery or segmental left ventricwar function 
and the potential role orlow-dose dobutamine stress echo
cardiography for its prediction. Accordingly, the aims or 
this study were to assess the incidence or late (3 months) 
spontaneous improvement or regional left ventricular 
function in an unselected series or patients after a first 
acute nr;ocardial infarction. and to evaluate the potential 
role or low-dose dobutami.ne stress echocardiography 
(perfonned within 1 week after myocardial inrarction) ror 
its prediction. 
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TABU I Pr&c!ict'on of Recovery of Dyssynergic Segments Using Dobulamine Stress 
Echocardiography 

SensJt;vity 

All dyssynergIc 6<% 
segments (n '" 189) (0.53-0.79) 

AAine!ic 35% 
S&Qm6nts (n '" 104) (0.14-(1.56) 

Hypokin6~ 87% 
segments (n ~ 85) (0.7H.99) 

Vaws ill pate-r,the~\ls ara \he 95% rorl~ ir,!e<¥3\. 

METlIOO& 
PatJent group: Fifty-seven consecutive patients (48 

men and 9 women, mean age 58 ± 10 years, range 25 to 
76) wete prospectively enrolled in this study. Criteria for 
recruitment were: (I) admission at our institutions with 
a diagnosis of first acute myocardial infarction (pro
longed chest pain,:?:1 mm ST-segment deviation in:?:2 
leads on the initial electrocardiogram, and typical crea
tine kinase-MB isoenzyme paltem); and (2) wall motion 
abnonnallties on a resting echocardiogram perfonned 
within 7 days of admission. Patients with valvular hean 
disease (n = 2), prior myocardial infarction (n = 4), pre
vious coronary artery bypass graft or percutaneous trans
luminal coronary angioplasly (n = 3), postinfarction 
angina requiring revascularization procedures (n = 3), or 
infarction complicated by severe hemodynamic instabil
ity (n = 2) were excluded. No palient was excluded 
because of inadequate echocardiogram. l\\'enty-seven 
patients were treated with thrombolytic agents within 6 
hours from the beginning of symptoms, and 30 had con
traindications or late presentation to the hospital. Eight 
patients had a non-Q-wavc myocardial infarction, and 2 
of them underwent thrombolytic therapy. The site of 
myocardial infarction was anterior in 30 patients and 
inferior and/or lateral in 27. 
_dobutamlne_~ 

and foUow-up atudy: After giving verbal infonned con
sent, all patients underwent dobulanline stress echocardi
ography within 7 days after hospital admission. Antiang
in~1 drugs. di~italis, and other drugs that might alter 
myocardial contractility were withdrawn 24 to 48 hours 
before the test. Dohutamine was infused by a volumet
ric pump at incremental doses according to a protocol 
based on 2 stages of 5 and 10 J-lg/kg/min (5 min/dose) 
and 3·minutc stages of 20, 30, and 40 J-lg/kg/min, plus 
the addition of atropine (O.25 to I mg) in patients not 
achieving 85% of their age-predicted maximal heart rate 
who had no symptoms or signs of ischemia. The first 2 
stages were considered a "lOW-dose siress test" and were 
evaluated for the presence of viable myocardium. 
Thoughout the dobutamine infusion, an electrocardio
gram lead was continuously monitored on the echocar
diographic monitor. Twer..'c-Iead electrocardiograms and 
blood pressures were recorded al rest and at the end of 
:ach siage. A 2-dimensional echocardiogram was mon
Itored throughout the test and rccorded on videotape at 
rest and during the last minute of each stage. The lest 
was stopped in case of severe new wall motion abnor
malities, typical angina, significant cardiac arrhylhmia~. 
or any other limiting side effects. At3·month follow-up. 

Positive Negative 
Predictive Predictive 

Spec;f;C;ty Value Value 

94% 79% 88% 
(0 89-M7) (0.66-092) (083-093) 

94% 58% 86% 
(0.89-0.99) (0.3()-Q.6$) (0.79-0.93) 

93% 87% 93% 
(086-1.o) (0.7H.99) (086-1.0) 

2-dimensional echocardiograms were obtained at resl in 
all patients after adequate pharmacologic washout. 
Echocardiograms were recorded on videotape for .~ub
sequent analysis and comparison with the previous 
exanlination. All echocardiograms were reviewed on the 
videotapes and a consensus was achieved by 2 observers 
unaware of the clinical data. For the purposes of this 
study, the left ventricular wall was divided into II seg
ments. t3 Both inward wall motion and wall thickening 
were evaluated, and each segment was graded as I = 
nornlal or hyperkinetic, 2 = hypokinetic, 3 = akinetic. 
and 4 = dyskinetic. Baseline images before dobutamine 
infusion were used as references and compared with the 
corresponding images during low-dose dobutamine infu~ 
.~ion. An improvement of :?: I grade in the dy.~~yJlergic 
segments during dobutamine infusion wa'> considered as 
a marker of viable myocardium. Thus, hypokinetic seg
ments returning to nonnal, and systolic myocardial thick
ening becoming apparent in a segment thai was eilher 
akinetic or dyskinetic were considered a~ a po.~itive le.'it 
for the presence of viable myocardium. Follow-upel.:ho· 
cardiograms were compared with the corresponding reSI 
images before dobutamine infusion for comparative seg
mental analysis. For each segment, :'1 recovery of func
tion wa,> defined as an improvement of:?:1 grade. For 
each study, a wall motion score index wa~ calculated. 
dividing the sum of the scores by the number of the seg
ments. Because hyperdynamic left \'e~.lricular )'egments 
during low-do.'ie dobutamine stress echocardiography 
were scored a'> Ilonnal (I). wall motion score index wa.~ 
affected only by abnonnally contracting segments. 

Statistical analy"&: Continuous data ure expre.~sed 
as mean ± SO. Continuou<; variable.,> were analyzed ming 
analysis of variance for repeated mea~urements and 
paired Ite~t with the Bonferroni correclion. An unpaired 
t lest wa~ used when appropriate. Sen'iiti\'ity. specificity. 
and positive and negative predictive \'alue.~ rely on the 
standard definition and are reported with Ihe torre
sponding 95% confidence interval (CI). The difference 
in late recovery wa'i expressed a.~ the odd~ ratio with the 
corresponding C/. Differences were con\ider(,d signifi
cant if the null hypothesis could be rejected ul the C)J)5 
probability leyel. 

RESULTS 
The median interval from Ill)"orardial infurrlinn to 

dobutamine te~1 was 4 day.~ (range J to 7). Atropine was 
added to dobutamine in 35 p'ltients. No romplkatioll\ 
occurred during the dnbutarnine slre\s te~t. He;m rale 
and s)'.~lolic b!nod pre;sure wer(' /olO ± III tx-alvmin and 
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143 ± JI't mm Hg at rest and 1't2 ± 20 beats/min and 143 
± 3K 111m Hg aner low-dose dobutanline infusion. Nine
teen p<ltients (33%) had a positive low-dose dobulamine 
~tre;;s echocardiogram, iilld 16 of these (84%) had recov
ery of ,It least 1 segment at follow-up, whereas 29 of the 
3R patients (76Ck) with a negative low-dose dobutamine 
~tress echocardiogram had no impro\'ement (n = 28) or 
even a worsening (n = I) al follow-up. There was a sig
nificant reduction in wall motion score index between 
rest and both low-dose dobutanline infusion and follow
up echocardiograms (1.46 ± 0.29 vs 1.39 ± 0.30 vs 1.37 
± 0.30, p <0.00Cl1). Patients did not differ according to 
the type of treatment (thrombolysis vs no thrombolysis) 
or the type of infarction (Q-wave vs non-Q-wave). 

Analy.r. of ~a: At baseline, 189 of 627 seg
ments were dyssynergic (30%). Eighly-fi\'eofthem were 
hypokinelic and 104 akinetic. Low-dose dobutamine 
stress echocardiography revealed the presence of viable 
myocardium in 42 of 189 segments (22%). At baseline, 
30 of these were hypokinelic and 12 were akinetic (7 
became hypokinetic, 5 normal). Thus, viability was de
tected more frequently in hypokinetic than in akinetic 
segments (35% vs 12%, odds ratio 4,18, CIl.87 to 9.48), 
At follow-up, 50 of 189 segments (26%) recovered: 10 
from akinetic to nonnal, 10 from akinetic to hypokinetic, 
and 30 from hypokinetic to nonnal, Re<:overy occurred 
in 33 of 42 segments (79%) that improved with low
dose dobutamine stress echocardiography, and in only 
17 of 147 (12%) thai did not improve. Re<:overy was 
more frequent in hypokinetic than in akinetic segments 
(35% vs 19%, odds ratio 2,29, CI 1.13 to 4,68) (Figure 
t), When considering only the "viable" segments at low
dose dobutamine slress eChocardiography, there was a 
trend toward more frequent late recovery in the hypoki
nelic than in the akinetic segments (87% vs 58%. odds 
ratio 4.64, CI 0.78 to 29,55). Sensitivities, specificities, 
and predictive values of low-dose dobutamine stress 
echocardiography for the prediction of spontaneous 
recovery at follow-up are reported in Table I. both for 
the overall group and according to the different degrees 
of dyssynergy, 

PredIctOl'& of spontaneous recovery: Improvement 
in wali molion during low-dose dobutamine stress echo
cardiography (odds ratio 17.1. CI 3,5 to 97.1) and 
hypokinesia at rest (odds ratio 2.29, CII.1310.4.68) were 
the unly indicators of reversible po~tischemlc dysfunc
tion .lfter acu;e myocardial illfarctior.. 

DISCUSSION 
To our knowledge, this is the first slUdy in which 

patients with a first, relatively uncomplicated a:ute myo
cardial infarction were evaluated by dobutamme stress 
echocardiography and followed up to ohser.e the spon
taneous recovery of function, independent of treatment 
with tluombolytic agents, Moreover, the potential con
founding effects of antianginal therapy were avoided, 
Thus, we attempted to describe the natural history of 
dyssynergic segments. The main findings of the present 
study can be summarized as follo\\'5: (I) Approximately 
one fourth of the dyssynergic segments after acute myo
cardial infarction show a spontaneous recovery al ~
month follow-up. (2) The incidence of the recovery IS 

higher in hypokinetic than in akinetic segments, (3) Low
dose dobutamine stress echocardiography is very spe
cific for predicting the lack of improvement in segmen
tallef! ventricular function (94%), (4) The sensitivity is 
high (87%) in hypokinelic segments, and lowest (35%) 
in akinetic segments. Among the affected left ventricu
lar segments in our population, the prevalence of akine
sia and hypokinesia was similar (55% vs 45%, respec
ti\'ely), However, improvement during the low-dose 
dobutamine stress test and late spontaneous recovery 
occurred more frequently in the hypokinetic segments. 
This is not surprising, since it seems logical 10 hypoth
esize that hypokinelic segments contain a mixture of 
scar, nonnal, and viable myocardium, whereas in the aki. 

A 

~ ! rOllOW·!;? I ~ 
NO RECOVI"Rv RECOVERED AEOOI'fREO NO AECOHRY 

IN WAll "OTlo" WAllIlOflD)I WAllIlOTIO~ 1>1 WALt 1I0l!OH 

9 (21 %) 33 (79%) 17 (12%) 130 (88%) 

B 

NOAECOVERY AI"COYEREO IItcO'"!AEO I'iO RECOVERY 
III Wl<llIlOT,O,", WAllIlOTIO>l WAlll>OTlON 1>1 WAll. "OllON 

4 (13%) 26 (81%) 4 (7%) 51 (93%) 

c 

12 (12%) ==cc-_~ 

~ I FOllOW·U? I ~ 
IIOIIECO,>,EI'IY AECO\'ERED RECOVl'IIW ~D RECOVERY 

IN WAll \lOTION WA~lIlOlIOH WAll \lOTION IN WAlt 1I0nON 

5 (42%) 7 (58%) 13 (14%) 79 (86%) 

FlOUR( 1. Respon&e of the ~ to Jow.doH debut
amln& w... ~Iopapby and the fHUHa at fo1. 
low-\lp for .n tho dy .. ~ ~ (A), I~udlnr: 
onty hypoldnetlc (8) or aklnatlc (0) Mpn.rrt .. 
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netic segments the amount of scar is predominant. The 
time course of recovery of the hypokinetic segments 
demonstrates that in one third of the cases, the dysfunc
tion was probably based on the presence of myocardial 
stunning. This phenomenon is less frequent when aki
netic segments are considered. Among the segments that 
were viable during low-dose dobutamine stress echo
cardiography, there was a clear trend toward less fre
quent spontaneous recm'ery in akinetic than in hypoki
netic segments (58% vs 87%). It is conceivable that some 
of these akinetic segments sustain incomplete reperfu
sion, resulting in a combination of myocardial stunning 
and hibernation. with less chance of spontaneous recov
ery. 1lte comparative role of low-dose dobulamine stress 
echocardiogmphy and positron emission tomography for 
detecting viable myocardium was first assessed by Pier
ard el a1.10 Viability was found in 10 patients with acule 
anterior myocardial infarction, and recovery occurred in 
6 of them; patients with no viable myocardium detected 
by echocardiography had no functional recO\'ery at fol
low·up. Patients in whom echocardiography revealed 
viable myocardium bUI who did not have lale function
al recovery were characterized by an abnornlally high 
glucose-to-perfusion ratio, suggesting jeopardized myo
cardium and persistent ischemia. This pattern may ex
plain our finding of absence of recovery in some seg
ments that showed "viability" with lOW-dose dobutamine 
stress echocardiography. 

The role of low-dose dobutamine stress echocardi
ography for identifying viable myocardium and predict
ing improvement after coronary revascularization (either 
with percutaneous transluminal coronary angioplasty or 
coron~ artery bypass grafting) was assessed by Baril
la et al, 2 In Ihis study, 21 patients with anterior non--Q
wave myocardial infarction or post·thrombolytic thera
py, or both, were evaluated. Wall motion improved 
during dobutamine stress echocardiography in all but I 
patient, as indicated by a reduction in wall motion score 
index. At follow-up, all patients had an improvement in 
contractility, although the magnitude was greater in the 
13 patients who underwent revascularization. Recently. 
Smart et alII investigated the role of different indicators 
of reversible postischemic dysfunction (wall motion at 
differenl doses of dobutamine, non--Q-wave myocardial 
infarclion, peak creatine kinase) in 51 patients after 
tiuombolytic therapy. ww-dose dobutamine stress echo
cardiography had a sensitivity of 86% and a specificity 
of 90% for reversible dysfunction. and was sensitive in 
all infarcllocations. Of the other variables not related to 
stress echocardiography, non--Q-wave myocardial infarc
lion was sensitive only in anterior infarction. However, 
in that study, 22 patients underwent revascularization 
before hospital discharge on the basis of angiographic 
findings alone, and this can affect the real assessment of 
myocardial stunning. Although these data indicate that 
low·dose dobutanline-induced wall motion improve
ment may be sensith'e for reversible postischemic dys
function. all these studies focmed on patients after 
1~0-:nboIYI.ic therapy. often limited to anterior myocar
dial II1farctlOn; furthennore, the role of revascularization 
is dif6cultlo evaluate. and the relative importance of the 
pattern of dyssynergy at rest has not been considered. 

Study limitations: Several limitations of the present 
study deserve further consideration. Coronary arteriog
raphy was not perfooned in our patients on a routine 
basis and neither positron emission tomographic scan
ning for metabolic activity nor thallium scintigraphy was 
perfonned. However, we believe that the reference 
method for stunned myocardium should be spontaneous 
reco\'ery of wall motion as we ha\'e evaluated. Echocar
diograms were evaluated qualitatively and digital cine
loop systems were nol used. In a previous study using 
dobutamine stress echocardiography, digital techniques 
did not offer advantages over analysis on videotapes in 
leons of diagnosis of myocardial ischemia. 14 Changes in 
regional wall motion, and particularly hypokinetic seg
ments becoming noonal, are subtle and difficult to eval
uate. Dohutamine stress echocardiography was per
fonned within 7 days of hospital admission. Thus, some 
segments could have already recovered, lowering the 
prevalence of a positive low-dose dobutamine stress 
echocardiogram. Finally, the results of this study cannot 
be extrapolated (0 patients with complicated acute myo
cardial infarction, who represent the ideal target popu
lation and for whom proper identifi~-ation of myocardial 
viability is clinically most relevant. 
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CHAPTER 15 

LOW-DOSE DOBUTAMINE ECHO CARDIOGRAPHY AND 
REST-REDISTRffiUTION 201-THALLIUM TOMOGRAPHY 

IN THE ASSESSMENT OF SPONTANEOUS RECOVERY OF 
LEFT VENTRICULAR FUNCTION 

AFTER RECENT MYOCARDIAL INFARCTION! 
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MD, PhD, Jan H Cornel, MD, Jos RTC Roelandt MD, PhD, 

Eric Boersma, MSc, Ron T van Domburg, MSc, 
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Paolo M Fioretti, MD, PhD. 

From the Thoraxcenter, Division of Cardiology, and 'Department of Nuclear 
Medicine, University Hospital Rotterdam-Dijkzigt and Erasmus University, 
Rotterdam, The Netherlands. 

SUMMARY 
Spontaneous improvement of contraction and perfusion occurs after 

acute myocardial infarction. The relative merit of low-dose dobutamine 
echocardiography (LDDE) and rest-redistribution thallium scintigraphy (RR TI) 
in this setting has not been evaluated. We studied 30 patients at 7 ± 3 days 
after acute myocardial infarction with LDDE (5-10 I'g/kg/min) and RR TI 
SPECT. Viability was defined as improvement of wall thickening at LDDE and 
the presence of redistribution or a defect with uptake ;" 50% of peak activity 
at RR Tl. Baseline echocardiogram and RR TI were repeated after 3 months. 
In 112 dyssynergic segments, viability was detected in 60 (54%) by RR TI and 
in 39 (35 %) by LDDE (p < 0.005). Spontaneous improvement of function was 
detected in 35 (31 %) segments. In the same region, TI uptake increased 
significantly. The sensitivity, specificity and accuracy of LDDE for the 
prediction of late improvement of wall motion were 77 %, 84 % and 82 %. Those 
of RR TI were 77 %, 57 % and 63 % respectively. Specificity and accuracy of 
LDDE were higher than RR TI (p<0.005). It is concluded that myocardial 
viability pattern after acute myocardial infarction is more frequently detected by 
RR TI than'by LDDE. Both techniques are equally sensitive but LDDE is more 
specific predictor of spontaneous recovery of regional left ventricular function. 

1 Am Hearl J; ill press. PresellIed ill parI at the 68th Scielllif./ic 
Sessiolls of the Americall Heart Associatioll, Allaheim, Califomia. 
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INTRODUCTION 

thallium SPECT - dobutamine 

Recent clinical studies have shown that after a recent myocardial 
infarction, late spontaneous recovery of regional left ventricular function and 
myocardial perfusion occurs in a substantial percentage of patients (1-7). This 
finding is consistent with the concept of myocardial stmming (8,9) and may have 
important clinical implications for an improved risk stratification (10,11) and for 
a more proper selection of patients for coronary revascularization procedures 
(12-16). Therefore, the prediction of late functional outcome of left ventricular 
function would be desirable, if this could be obtained with a noninvasive, 
simple, accurate, reproducible method. Low-dose dobutamine stress 
echocardiography (LDDE) and rest-redistribution thallium scintigraphy (RR Tl) 
have the potential of fulfi11ing most of these pre-requisites (2-7,10; 17-18). 
However, the relative value of both techniques in the detection of viable 
myocardium after a recent myocardial infarction has not been compared in the 
same patient population. Accordingly, the aim of the present study was 
threefold: I) to study the agreement between LDDE and RR Tl on the diagnosis 
of myocardial viability in patients with a recent myocardial infarction, 2) to 
describe the spontaneous changes of regional left ventricular function and 
perfusion at 3 months after myocardial infarction, 3) to assess the relative 
predictive value of LDDE and RR TI to predict the late spontaneous 
improvement of regional left ventricular function. 

METHODS 
Study population: Thirty two consecutive patients with a recent myocardial 
infarction and uncomplicated early clinical course were included in the study. 
The mean age was 61 ± 11 years (range 37-78) and 21 (70%) were males. The 
diagnosis of myocardial infarction was based on the presence of at least two of 
the following criteria: prolonged chest pain (> 30 min), deviation ;;0, 1 mm in 
at least two leads on the standard electrocardiogram and significant increase (at 
least twice the upper normal limit) of selum creatine kinase. The site of the 
infarction was inferior or infero-postero-Iateral in 20 patients, and anterior or 
anteroseptal in 12. Intravenous thrombolysis was given in 17 patients; Ole delay 
in the hospital admission or other clinical conditions were the contraindications 
in the others. A non-Q wave myocardial infarction was present in 5 patients. 
Fourteen patients underwent a diagnostic coronary angiography. All patients 
underwent LDDE at a mean of 7 ± 3 days (range 5 to 14 days) after the 
infarction. The anti-anginal therapy was not discontinued before the test and 
included beta-blockers in 5 patients. RR Tl was performed in all patients at a 
mean time interval of 1.2 days (range 1-2 days) from LDDE. All patients gave 
a written consent to participate in the study. 
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Dobutamine stress-echocardiography 
Dobutamine was infused with a volumetric pump at incremental doses 

(S - 10 I'g/kg/min) with steps of 3 minutes. A 12-lead electrocardiogram and 
arterial blood pressure were recorded at basal conditions and at the end of each 
stage. Patients were monitored with 3 ECG leads and two-dimensional 
echocardiography throughout the test. Echocardiogram (in standard multiple 
short and long axis views) was recorded on video tape at rest and during 
dobutamine infusion. The images were also digitized and stored on an optical 
disk (Vingmed CFM 800) for a display in quad-screen format. A l6-segment 
model of the left ventricle, according to the recommendations of the American 
Society of Echocardiography (19) was used for the evaluation of left ventricular 
wall motion. Both inward wall motion and systolic myocardial thickening were 
considered for the assessment. Each segment was graded with a 4-point score 
grading, from I to 4 (1 = normal or hyperkinesis; 2 = hypokinesis; 3 = 
akinesis 4 = dyskinesis). Wall motion score index was calculated dividing the 
sum of the scores by the number of the segments analyzed. Echocardiographic 
images were interpreted by two observers blinded to the patients' scintigraphic 
data. A third observer was asked in cases of disagreement and a majority 
decision was reached. In our laboratory, the inter-and intraobserver concordance 
on the response of wall motion during LDDE are 92% (Kappa 0.84) and 94% 
(Kappa 0.86) respectively (20). The test was considered positive for the 
presence of viable myocardium if ;;" I dyssynergic segment had ;;" 1 decrease of 
wall motion score compared with resting echocardiogram during dobutamine 
infusion. 

Rest-redistribution thallium SPECT 
On fasting, 110 MBq of 201-TI were injected intravenously at rest, S 

minutes after sublingual adminstration of 1 mg of nitroglycerin. The acquisition 
of the SPECT images was started within 10 minutes after the injection and 
repeated 4 hours later. A Picker 3 headed Camera (Prism 3000, Ohio) equipped 
with low energy, high resolution parallel hole collimators was used. One 
hundred twenty projections were obtained, over 360 degrees (3 degrees step
wise increment), with an acquisition time of 4S seconds per head. The 
interpretation of the images was based on 6 short-axis, 3 longitudinal and 3 
transverse long-axis slices. The analysis was performed visually with the 
assistance of quantitative measurements (circumferential profile analysis). Rest 
and redistribution images were displayed side-by-side for comparison. Analysis 
was performed by an experienced observer blinded to the results of LDDE. In 
order to obtain a matched regional assessment of wall motion and TI uptake, the 
same 16-segment model used for interpretation of the echocardiogram was 
applied for the interpretation of the SPECT images. The area falling more than 
two standard deviations below mean normal values was calculated at each level 
and the sum of the values was considered as the severity of global Tl uptake 
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defect. Myocardial viability in dyssynergic segments was considered in the 
corresponding segment at RR Tl in presence of normal perfusion, a reversible 
defect or a fixed moderate defect with regional Tl uptake ;e, 50 % of maximal 
(100%) uptake. 

Follow-up studies 
A rest echocardiogram was performed in all patients at three months. 

The echocardiographic images were acquired in digital format and stored on the 
same optical disk used for the pre-discharge study. The images of the baseline 
and follow-up eChocardiogram were visualized side-by-side in a quad-screen 
format allowing a proper assessment of segmental changes. A ref,:Jnal 
improvement of left ventricular function was defined as a decrease Of :,all 
motion score ;e, 1 grade. A rest-redistribution Tl SPECT was performed in 18 
of the 32 patients and the analysis of the results was made as described before. 
The results were compared with those of the initial study to assess spontaneous 
changes of myocardial perfusion. 

Statistical analysis: Continuous data were expressed as mean ± SD. Baseline 
and follow-up wall motion score index and Tl defect were compared by paired 
Student's t-test. Differences were considered significant when p<0.05. The 
diagnostic accuracy of LDDE and RR Tl was evaluated by calculating the 
sensitivity, specificity, positive and negative predictive value and the 
corresponding 95 % confidence interval. Agreement between the two methods 
was expressed by the kappa-value. Values between 0.75 and 1 were considered 
indicative of good, between 0.40 and 0.75 of moderate and between 0 and 0.40 
of poor agreement. 

RESULTS 
No complications occurred during dobutamine infusion. Heart rate and 

systolic blood pressure at rest were 69 ± 14 beats/min and 120 ± 13 mIn Hg 
respectively and they did not change significantly during dobutamine infusion 
(73 ± 14 beats/min and 127 ± 18 mm Hg respectively). During follow-up, two 
patients underwent coronary angioplasty for angina and were excluded from the 
analysis, while the other 30 had an uncomplicated clinical course up to the 
repeated tests at three months after the infarction. Eighteen of these 30 
remaining patients were studied at follow-up with RR Tl. 

Regional myocardial function and perfusion: Twenty segments were excluded 
from analysis due poor quality. At baseline echocardiogram, 112 of the 460 
segments analyzed were dyssynergic and 35 (31 %) of them had a late 
spontaneous improvement (in 14 patients). Viable myocardium was detected in 
39 segments by LDDE (35%) and in 60 (54%) by RR Tl (agreement 56%, 
kappa 0.15; Figure 1). The prevalence of a viability pattern on RR Tl was 
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+ 

LODE 

+ RR TI 

25 14 

35 38 

Agreement g 56% 
Kappa g 0.14 

Figure l.Agreement for the detection of myocardial viability 
by low-dose dobutamine echocardiography (LDDE) and rest
redistribution thallinm SPECT (RR T\). 

significantly higher compared to LDDE (p<0.005). Out of the 39 dyssynergic 
segments with an improvement of wall motion during LDDE, 27 (69%) 
recovered at the follow-up whereas 8 out of the 73 segments with a negative 
LDDE (11 %) improved at follow-up (Figure 2). A viability pattern on TI 
SPECT was present in 60 of the 112 dyssynergic segments (54 %). Wall motion 
at follow-up improved in 27 (45 %) of these segments. Fifty two dyssynergic 
segments (46 %) were not viable on RR TI; 8 of them (15 %) showed 
improvement of contractility at follow-up (Figure 3). Sensitivity, specificity, 
predictive values and diagnostic accuracy of LDDE and TI SPECT for the 
prediction of late improvement of regional wall motion are reported in table I. 
Sensitivity of both techniques was comparable; whereas specificity and accuracy 
of LDDE were higher (p < 0.0005 and < 0.005 respectively). Sensitivity, 
specificity, predictive values, and accuracy of LDDE and RR TI for the 
prediction of functional recovelY are also shown in table I. 

Percentage TI defect in dyssynergic segments was significantly lower 
in segments with than without improvement at low-dose dobutamine (34 ± 27 
vs 52 ± 22 %, p < 0.0005) and in segments with than without late functional 
improvement (38 ± 27 vs 60 ± 14%, p<O.OOOI). Resting wall motion score 
pindex in the entire study group did not change significantly from baseline 
echocardiogram to follow-up (1.40 ± 0.29 vs 1.32 ± 0.28). 

144 



112 dyssynergic segments 

+ LODE . LODE 
39 (35%) 73(66%) 

~Improvement ~ 

+ + 
:7 (69%) 12(31%) 8 (11 %) 65 (89%) 

Figure 2. Flow-chart with the results of low-dose 
dobutamine echocardiography (LDDE) for the detection of 
myocardial viability in the dyssynergic segments and the 
improvement of contractility at follow-up. 

112 dyssynergic segments 

+ RR TI . RR TI 
60 (54%) 52 (46%) 

~Improvement ~ 

+ + 
27 (45%) 33(55%) 8(15%) 44 (85%) 

Figure 3. Flow-chart with the results of rest-redistribution 
thallium SPECT (RR TI) for the detection of myocardial 
viability in the dyssynergic segments and the improvement 
of contractility at follow-up. 
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Sequential changes of thallium uptake 
In the 18 patients in whom RR TI SPECT at follow-up was performed, 

the mean value of the quantitative defect in the 66 dyssynergic regions analyzed 
decreased from 50% ± 19% to 45% ± 18% (p<O.OOI). There was a trend 
towards a greater reduction of TI defects in the regions with compared to those 
without a late recovery of contractility (6.2% ± 14.2% vs 4.9% ± 13.8%, P 
= NS). The index of severity of total thallium uptake defect decreased in the 
whole study group from 2137 ± 1321 to 1438 ± 947 (p<0.05). 

Table I. Diagnostic accuracy with 95% confidence intervals of low-dose 
dobutamine echocardiography and rest-redistribution thallium SPECT for 
the prediction of late spontaneous improvement of dyssynergic segments 
after acute myocardial infarction. 

LDDE 
95% C.1. 

RR TI 
95% C.1. 

SENS 

77 
69-85 

77 
69-85 

SPEC 

84 
78-91 

57 
48-66 

PPV 

69 
61-78 

45 
36-54 

NPV 

89 
83-95 

85 
78-91 

ACC 

82 
75-89 

63 
54-72 

ACC = diagnostic accuracy; C.1. = confidence intervals; LDDE = low-dose 
dobutamine echocardiography; NPV = negative predictive value; PPV = 

positive predictive value; SENS = sensitivity; SPEC = specificity; RR TI = 
rest-redistribution thallium SPECT. 

DISCUSSION 
Several clinical observations have confirmed the experimental data on 

the frequent occurrence of a spontaneous recovery of myocardial contractility 
during the first days after an acute myocardial infarction (21 ,22), consistent with 
the presence of a substantial amount of stunned myocardium. However, few 
clinical studies have been addressed to describe the late functional recovery of 
the infarcted area that occurs between I week and 3 months after the infarction 
(2-7), if such improvement is accompanied by a concomitant improvement of 
myocardial perfusion (23), if it is predictable, and by which method. 

In the present study, LODE and quantitative RR TI SPECT at a mean 
of I week after infarction were used to predict the late spontaneous recovety of 
regional left ventricular function after 3 months. The main findings of the 
present study are the following: I) 31 % of dyssynergic segments have a 
spontaneous improvement; 2) there is an improvement of TI uptake in the 
dyssynergic regions, by 10% (5% from 50% defect size) on average; 3) a 
contractile reserve of the dyssynergic regions detected by LDDE is a powerful 
predictor of late recovery of regional left ventricular function; 4) a RR TI 
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pattern of myocardial viability is equally sensitive but less specific for late 
spontaneous recovery of contractility. 

Spontaneous improvement of left ventricular function and perfusion 
Although this study includes a small population, there is no previous 

clinical study with serial assessment of left ventricular function and Tl uptake 
from the first week up to 3 months after an acute myocardial infarction. The 
incidence of functional improvement of the dyssynergic segments of 31 % was 
similar to that reported in other studies (7,8). Global left ventricular function, 
assessed by wall motion score index showed a trend towards a slight 
improvement, but did not reach a statistical significance, possibly due to the 
small size of the study group. Myocardial regional Tl uptake in dyssynergic 
regions improved significantly at follow-up. In our study, a state-of-the-art 
method was used to assess myocardial viability, including RR Tl SPECT 
(10,24), multiple head camera, quantitative assessment of regional uptake and 
premedication with nitrates (25). The data of our study are consistent to the 
results recently published by Galli et al with 99m Tc sestamibi (23). This is not 
surprising, since recent data have demonstrated a great similarity between TI 
and sestamibi for the assessment of myocardial viability (26). Spontaneous 
improvement of perfusion may be attributed to a late resolution of myocardial 
and vascular stunning (23), the creation of new macro or micro collateral 
circuits and spontaneous thrombolysis (9). A late resolution of TI defects has 
been also described in clinical models of hibernating myocardium, after 
successful coronary angioplasty (27). 

Predictors of improvement of regional left ventricular function 
LODE was a strong predictor of spontaneous improvement of regional 

wall motion (Table I). These data are aligned with those of previous reports (2-
7). In contrast, the assessment of myocardial viability by TI scintigraphy could 
only identify segments with low but not those with high probability of 
spontaneous improvement. The explanations for these discordant results are 
difficult to find. It can be speculated that the time course of improvement of 
myocardial perfusion and function might be different, unabling a proper 
prediction of one parameter from the other. The low specificity of TI to predict 
improvement of wall motion can be also partially related to the presence of 
hibernating myocardium, subtended by severely stenotic coronary lesions which 
is amenable to improvement after revascularization. However, this assumption 
entails a limited sensitivity of LODE for the detection of myocardial viability 
in a hibernating myocardium, since most of the non-recovered segments with 
evidence of viability on RR TI were identified as non-viable by LODE. Despite 
the advantage of TI scintigraphy over echocardiography in term of quantitative 
assessment of abnormalities, it has inherent technical limitations since it 
provides relative and not absolute information on myocardial uptake. It can not 
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be excluded that pre-medication of nitrates may improve the sensitivity of RR 
TI at the expense of specificity. Because of the potentials for hypokinesis to 
occur in normal subjects (28), some hypokinetic segments may not be related 
to the acute coronary events. Consequently, these segments may show evidence 
of viability without improvement at follow up and compromise the accuracy of 
the 2 techniques. 

Comparison with previous studies 
Lomboy et al. (29) studied 31 patients 2 days after acute myocardial 

infarction with planar RR Tl. Twenty-two patients underwent radionuclide 
angiography 3 days after infarction and at variable follow-up period. The 
presence of viability pattern in the infarct zone was predictive of improvement 
of ejection fraction and regional function on follow-up radionuclide angiogram 
as opposed to patients without viability pattern who had worsening of ejection 
fraction and regional function. These different results compared to our study can 
be explained by the difference in patient population and methodology. In the 
study of Lomboy et aI., revascularization, performed in 17 patients may have 
enhanced the accuracy of RR TI due to recovery of a hibernating myocardium. 
A limitation of that study is the lack of consistency in the time of obtaining 
follow-up studies of myocardial function by radionuclide angiography, which 
ranged from 6 - 270 days, with 64% of the studies performed before discharge 
(8 ± 2 days after infarction). It has been previously demonstrated that a 
substantial proportion of myocardial segments may recover spontaneously from 
7 days to 2-3 months after acute myocardial infarction (6,7). These segments 
would be considered as non-viable if the follow-up studies are performed 
earlier. Despite that radionuclide angiography is a good method for the 
assessment of global function, its value in the assessment of regional function 
may be limited by the inability to assess wall thickening. The latter is important 
in the assessment of myocardial viability because endocardial excursion alone 
may be passively altered by an adjacent segment. The echocardiographic 
technique is more useful in the tomographic evaluation of regional wall motion 
and thickening and consequently provides tomographic abilities equivalent to 
those of RR TI SPECT imaging. 

The agreement between thallium scintigraphy and low-dose dobutamine 
echocardiography on the presence of myocardial viability 

Two recent studies on patients with chronic left ventricular dysfunction 
and reduced ejection fraction have shown that a viability pattern is more 
frequently obtained with stress-reinjection TI techniques than with LDDE 
consistent with our findings on RR TI after acute infarction (20,30). Arnese et 
al. (20) have recently reported that in patients with chronic left ventricular 
dysfunction, LDDE and dobutamine stress-reinjection TI scintigraphy have a 
comparable sensitivity for the prediction of regional myocardial recovery after 
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surgical revascularization whereas specificity of LDDE was significantly higher 
than Tl scintigraphy. Panza et al. (30) reported that a positive inotropic response 
to dobutamine was directly related to the magnitude of Tl uptake. In our study, 
thallium uptake in dyssynergic segments was significantly higher in segments 
with than without improvement at LDDE and in segments with than without late 
functional improvement. It was suggested that the cellular mechanisms 
responsible for a positive inotropic response to adrenergic stimulation requires 
a higher degree of myocyte functional integrity than those responsible for Tl 
uptake (30). This may explain the lower specificity of Tl scintigraphy in the 
study of Arnese et al. and in this study by the possibility that only myocytes 
with a high degree of functional integrity are capable of restoration of function 
spontaneously or after revascularization. 

Limitations of the study 
The study group is limited to patients with relatively uncomplicated 

clinical course and mildly or moderately reduced left ventricular function. The 
extension of these information to a group of patients with more advanced left 
ventricular dysfunction would be desirable and clinically more relevant. 
CoronalY arteriography was performed in a minority of patients and therefore 
the association between angiographic anatomy and the functional outcome could 
not be performed. It can not be excluded that some of the dyssynergic segments 
classified as viable by RR Tl, which did not improve at follow-up represent 
myocardial hibernation due to the presence of significant stenosis of the related 
coronary artery. Regional function was assessed at baseline and at follow-up 
studies rather than global function which represent an important determinant of 
prognosis after acute myocardial infarction (31). However, the occurrence of 
compensatory hypertrophy after acute infarction tends to preserve the global 
ejection fraction (8-32). This hypertrophy may resolve when improvement of 
regional function occurs and thus ejection fraction may not change from baseline 
to follow-up despite of regional improvement (8). Identification of myocardial 
segments of interest was based on echocardiographic analysis. This may seem 
to be in favour of a better accuracy of LDDE. Since echocardiography is an 
accurate method for the assessment of regional function, we believe that 
identification of dyssynergic myocardial segments using a baseline 
echocardiogram is feasible for the selection of myocardial regions of interest. 
A recent study by Panza et al. (30) used a similar approach. 

Conclusions 
The prevalence of a viability pattern on RR TI is higher than on LDDE 

in dyssynergic segments after acute myocardial infarction. About one third of 
these segments shows spontaneous improvement of wall motion from day 7 to 
3 months and this improvement is paralleled by an improvement of TI uptake. 
Our study also demonstrates that both LDDE and RR TI are equally sensitive 
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but LDDE is more specific predictor of late spontaneous recovery of regional 
function. 

Acknowledgement: we are grateful to !lonka Hoffmanns-van den Ancker for the 
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CHAPTER 16 
Reprinted with permission /rom the Am J Cardio! 

T.Wave Normalization During Dobuiamlne 
Echocardlography for Diagnosis of Viable Myocardium 

Alessandro Saluslri, MD, polr.xeni Garyfallidis, MD, Abdou Elhendy, MD, 
Massimo CioYotti, MD, Jan H. Corne I MD, Antonio Gemelli, MO, Folkert J. Ten Cate, MD, 

Jos R.le. Roelandl, MD, and Paolo M. FioreHi, MD 

low-dose dobuiamine ~trcss cchocardiography has 
.. bl:ell proposed as it useful 1001 for assessing rever
sible dysfunction uner myocardial infarction,l] Howev
er •. \ublle regionul wall motion improvement during low
tlose dobutarninc infusion can be difficult to evaluate, 
e .. pet:ially in <lkinelic segments;l In our experience with 
dobutamine ~Irc.~s t('siing in poslinfarclion patients, we 
frequently ob\en'ed the occurrence of T-wavc normal
ii'alion wilh low-lime dobulamine without signs afmyo
eanJiul i~chemia. Becau~c we were puzzled by Ihis elec
(HK:ardiographk (ECG) finding, we wondered whether 
(hb: pauem (;QuId reflect the presence of reversible 
lIledwnicill dysfunction. In particular, we wanled to test 
(he hypothesis th,lt nonnalization of the inverled T wave 
during low-dme dobutamine infusion represents a sign 
of dy.\functioning but ,\till viable myocardium in patients 
alkr recent myocardial inf,lrclion. 

With this aim in mind, we enrolled in a prospeclive 
~tudy CX) comecutive patients admined to our institutions 
who fulfilled the following admission criteria: (l) 6rsl 
Q-wavc myocardial infarction (as documented by histo
ry. typic<tl i.\oenzymes cUr.'es, and ECG changes); (2) 
Ill'gativc T waves in 2'2 infarct-related ECG leads; and 
(.1) segnlenlal wall motion abnonnalities on the resting 

f,u" II-e JI,,,,<.,,ce,,'o. D"i"'2Jl 01 Co'ddog)" Un,,€!s;1)' HOIp.101 
Pt'.~~·rJ.~m D'I\"'91, Dr 1\\>'e.\'O'i'rp'e:n 40. 3015 GO, RO-"$oom, The 
N~J,-clkln(J,. and t;-,,~ D .• ;s;on 01 Co,,Jdcg),. Sondra Per/,n; Hospi
I'll P'-<1,e,il.Jl,' 1\·.ar,us.:rip"o.::e.\w .... _I.'9l.,1 11. 1994: re"sed monv
,. ,,~.! """"eel I'-b-."r,.l>e' 17. 1994, o'Xl <xcep'€-d N:;r.emro 21 

echocardiogmm. Patients with O\'erl heart failure and 
early postinfarction angina requiring revascularization 
were excluded. Fifty patients were treated with throm
bolytic agents. The ECG location of the infarction was 
anterior in 39 and inferior and/or lateral in 51 patients. 
Low-dose dobulamine stress «hocardiography (5 and 
10 J.lgJl\g/min, each slage lasting 5 minutes) Was per
fonned within 7 days after hospital admission, with ade
quate withdrawal of all anlianginal and olher cardioac
live drugs. Regional wall motion was evaluated on an 
II-segment 4-grade scale, where I "" nonnal, 2 "" hypoki
nesia, 3 "" akinesia, and 4 "" dyskinesia. Any improve
ment in wall motion during low-dose dobutamine infu
sion in ~I segment already dyssynergic at rest was 
considered positive for the presence of viable myocardi
um. A wall motion score inde.'( was derived by dividing 
the sum of the individual scores by the number of the 
segments. A 12-Jead electrocardiogram was recorded at 
rest and every minute during the test. T-wave nonna!
izalion was defined as negative T waves becoming 
upright in 2'2 infarct-related ECG leads during dobUla
mine infusion. Both echocardiograms and electrocar
diograms were reviewed and a consensus reached by 2 
obsen'Crs unaware of the resulls of the other lest. In 59 
patients a resl echocardiogram was obtained after 3 
months. During this period, no cardiac events (unstable 
angina, myocardial infarction, revascularization proce
dure) occurred. Late spontaneous recovery of function 
was defined as any improvement of wall motion in the 
infarct area from predobutamine to follow-up echocar-
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TA8tE I Re~~J:gie$ ond lmprOYemeol in Woft Motion in 29 Patients w.1Il Po\;,iw Relvils on low-Vose 
DobvIomil'lo$ Ec iog1op/1y 

GIOVp 1 Glovp2 
(n .. 18)' (n .. 11)1 

3.\ (1.9-.t3) 3.5 {2.3-4.8J Mean 00. of dyuywgic !&gment$ (95% CIJ 
.'Moll 00. 01 dylsywgic ~ment\ improving wilh toO (95% (I) 2.2 (1.6-2.8) 1.7\1.3-2.2) 
% 01 dynYI"tefg!c $e9ments Improving with lDD 195% ClJ 8<1 (73-95) 58 (37-76) 
Mean W~1 01 re~ (95% Cij 1.58 !l.34-1.81) 1.7\ (1.4<1-1.99) 
Mean WMSl ollDD 19.5% C!J 1.32\1.12-1.51) 1.44\1.18-1.70) 
Mean u.ongM In WMSI hom 16lll<) lOO \95% CI} 0.26 (0.19-0.33) 0.27 (0.18-O.35) 

'Pot~~" w;!I. T......,W1 ~o<mol;zot~ <N<i1\Ql¢w.doloe dol;.v!omi"" i~f""lo."I 
tpot;.~" wi!!. p6ill>1ffl MgO'ive T ""'"'e. d...rl1\Qlow-d¢~ dobulo"..:e ... tn!,...ion. 
0 .. con!\d.t",o lr.w.ol; lOP .. Iow.do~ d¢bo..fomi"" infu'ion; WMSt .. well mot'oto $(0'. ;c-deJL 

diograms, The agreement between echocardiography 
and electrocardiography was defined as the percentage 
of concordant diagnosis, and it was also assessed by cal
culating the K value and its standard error; K values 
between 0.50 and 0.75 were considered indicative of 
good agreement. Sensitivity, specificity. accuracy, and 
positive and negative predictive values of both echocar
diography and electrocardiography for predicting late 
spontaneous recovery of function relied on standard def
initions, and their values were expressed as percentage 
with 95% confidence intervals. 

All patients completed low-dose dobutamine stress 
testing without adverse effects, Both heart rate and sys
tolic blood pressure were similar at rest and at low-dose 
dobutamine infusion (16 ± 18 vs 78 ± 18 beats/min; 140 
± 36 vs 140 ± 36 mm Hg, respectively), Impro\'ement 
in wall motion in the infarct area during dobutamine 
infusion occurred in 29 patients (32%), while the T wave 
nonnalized in 23 (26%), An example of T-wave nor
malization during dobutamine infusion is shown in Fig
ure I. TIle overall agreement between echocardiogrophy 
and electrocardiography was 82% (I< = 0.57) (Figure 2). 
Patients with improvement in wall motion and T -wave 
nonnalization (group I, n = 18) were compared with 
those with improvement in wall mol ion but no change 
in the negative T waves (group 2, n:= II). In these 2 sub
groups, both the number of dyssynergic segments at rest 
and the changes in wall motion score index during low
dose dobutamine infusion were similar. However, the 
percentage of resting dyssynergic segments that im
proved during low-dose dObutamine infusion was high
er in patients with T-wave nonnalization (Table n, At 
follow·up, spontaneous recovery in the infarct area was 
present in 21 of 59 patients (36%). In these 21 patients. 
agreement between echocardiography and electrocardi-

ography was 62%. Echocardiography and electrocardi
ography had similar values of sensitivity, specificity. 
accuracy, and positive and negative predictive values for 
predicting late spontaneous recover)' of function. When 
either improvement in wall motion or T-wave nonnal· 
ization was considered, there was a trend toward high
er sensitivity, without loss of specificity (Table II). 

In recent years there has been an increasing interest in 
the detection of viable myocardium. inotropic challenge 
with low-dose dobutamine infusion has the (Xltenliai to 
recruit the contractile reserve of dysfunclioning but still 
viable myocardium which can be recognized by 2-dimen
sional echocardiography. The results of Ihis approach are 
encouraging, both for stunned and hibernating myocardi
um, However. the prevalence of this phenomenon as eval
uated in previous studies by low-dose dobutamine stress 
echocardiography is differenl. l -4 This may be due to the 
difficult and subjective eValuation of subtle changes in seg
mental wall motion and thickening during dobulamine 
infusion. FurthemlOre. wall motion can also be affected 
by factors not primarily related to the inotropic slate. Thus, 
eva1uation of other nonechocardiographic parameters may 
be helpful for identifying viable myocardium during low
dose dobutamine infusion. 

The underlying pathophysiology of negative T waves 
in ischemic heart disease is not completely understood. 
There is clinical evidence that T-wave inversion is asso
ciated with viable myocardium in patients with unstable 
angina, being an electrophysiologic correlate of myo
cardial stunning.5 In this clinical setting, negative T 
waves rellect primary changes due 10 an abnonnal path
way of electrical repolarization. In Q·wave myocardial 
infarclion. negative T waves in the infarct ECG leads 
may result from change in the order of repolarization 

T~ R Reloli~ Volve of.Echocol<Jfogrophy ~nd Eleclrocord;ogrop/oy During Dobuk>-
mli"\{l Shu T61~ng for Predicting lole Spontoneovs RecoYery of fvn(Jion Mer Acule 

secondary to alterations of the se· 
quence of depolarization. However. 
experimental and clinical data indicate 
that sympathetic denervation of viable 
myocardium distaito the area of necro
sis also may delay repolarization and 
result in primary negative T waves.6 ln 
patients with recent myocardial infarc
tion. inotropic stimulation with low
dose dobutamine may have the poten
tial to normalize primary T-wave 
changes (unmasking the pre.'icnce of 
viable myocardium). while secondary 
T -wavc changes are not affected. 

Myooordkll1nfordion 

Senl. 51"'. h,. PP'I NPV 

Echo' 57 134-78) 89 (75-97) 78 (65-87J 75 (47--92) 79\64-90) 
ecG' 47125--70) 92 (78~98) 76163-S6) 76/46-95) 76 {61-S7] 
Echo ond/ 71 (45--86) 69 (75-971 83 171-91) 79154-94) 65170-941 

or eCG 
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FIGURE 2, Agreement between improvement 
in conlroctilily (ECHO +1 ond T....wve nonnol· 
irotion {KG +} during Iow-dose doWtomine 
slreu telling in !he originol grouP' of 90 
~onts. KG = eIoctroCardiogroPhYi ECHO = 
echocon;/iogropny. 

mine echocardiography in our study C.om
pared with available data' can be ex· 
plained by several factors: the different 
patients selected. the different echocar
diographic left ventricular model and def
inition of improved wall molion and re
\'crsible dysfunction. and the prevalence 
of akinetic segments at rest, which has 
been shown to lower sensitivity of Ihe 
test.] 

fiGURE I. Twelve-lead eledrocardlogram oJ resl fA} and dvnng f.ow-&o~ doW· 
Iomine infusion (B} in a poli~nl with lateral Q.wove myocordiol infarction. Neg
olive T wave~ 01 resl in i«KIs I and aVL normolile during inotropk stimulation. 

These preliminary data Indicate Ihat 
T·W8\'C normaJization during low-dose 
dobutamlne stress testing Is an ancillary 
sign of \'lable myocardium after acule 

The resuhs of the present study indicate a good agree
ment betwccn improvement in wall motion and nonnal
ii:llion of ncgative T waves during low-dose dobutamine 
infu~ion. Wc have also found that. conditional to patients 
with po~ilivc results on low-dose dobutamine stress 
cchocanJiography, the percentage of dyssynergic seg
ments improving during dobutamine infusion was high
er in those with a concomitant T-wavc nonnalization. 
However. and mo.,t interesting, 5 patients with negative 
re . ...-ults on low-dose dobutaminc et.:hocardiography had 
T-wavc nunnalization as well, with late spontaneous 
improvcml'm in wall motion in all 3 who were evaluat
ed at follow-up. Thus, thc main finding of the present 
~tudy is the additional value of this ECG pattern for pre
dicting late ~pontaneous recovery of segmental wall 
Illolion. The higher sensitivity of electrocardiography 
addcd to echocardiogruphy compared with thaI of echo
cardiography alone was not corroborated by a clcar sep
:Iration of the corresponding 95% confidence intervals. 
Howcvcr, from this figure we e.'itimated that ",,1,000 
p:lticnls should be nceded to reach a statistkal signifi
cance. The result" of the present study may also explain 
the low :-.pecificily for myocardial i~chcmia of nomlal· 
izali(ln of negath'e T waves during exercise reported in 
previous ",tudies.1 This finding may represent viable 
myoc:lrJiurn nol at risk. Finally, the relatively low sen
\ilivity for predicting recovery with low-dose dobuta-

myocardial infarction and increases the 
sensUi ... ity of «hocardlography for predicting late 
spontaneous reco\'ery of function. 
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CHAPTER 17 

RELATIONSHIP BETWEEN ST-SEGMENT ELEVATION 
DURING DOBUTAMINE STRESS TEST 

AND MYOCARDIAL VIABILITY 
AFTER A RECENT MYOCARDIAL INFARCTION1 

Abdou Elhendy MD, PhD, Jan H Cornel MD, Jos RTC Roelandt 
MD,PhD, Ron T van Domburg MSc, Marcel L Geleijnse MD, 

Antonio Sciarra MD, Paolo M Fioretti MD, PhD. 

From the Thoraxcenter, University Hospital Rotterdam-Dijkzigt and Erasmus 
University, Rotterdam, the Netherlands. 

ABSTRACT 
Though exercise-induced ST-segment elevation (STE) in patients with recent 
myocardial infarction has been related to residual myocardial viability, the 
relation between this pattern and late improvement of function has not been 
evaluated. Aim of the study was to assess the relation between STE during 
dobutamine stress test and late improvement of function after acute Q-wave 
myocardial infarction. Seventy patients were studied 8 ± 3 days after acute 
myocardial infarction with high dose dobutamine stress echocardiography (up 
to 40 {tg/kg/min) and a follow-up echocardiogram at 85 ± 10 days. A 16 
segments-4 grade score model was used to assess left ventricular function. 
Functional improvement was defined as a reduction of wall motion score ;0, I 
in ;0, I segments at follow-up. Myocardial revascularization was performed in 
23 patients (33%) before follow-up studies. STE occurred in 40 patients (57%). 
Late functional improvement occurred in 35 patients (50%). Patients with STE 
had a higher prevalence of functional improvement (68% vs 30%, p<0.005) 
and a higher number of improved segments at follow-up (1.9 ± 2.2 vs 0.5 ± 
1.1, p<0.005). Wall motion score decreased from baseline to follow-up in 
patients with STE (24.7 ± 8 vs 23.6 ± 6.9, p<0.05) but not in patients 
without STE (22.3 ± 9.7 vs 23.2 ± 7.5). The accuracy of STE for the 
prediction of functional improvement was similar to that of low-dose dobutamine 
echocardiography in patients with anterior infarction (80 % vs 83 %) and in 
patients who underwent revascularization (78% vs 83% respectively). It is 
concluded that in patients with a recent Q wave myocardial infarction, 
dobutamine-induced STE is a valuable marker of myocardial viability 
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particularly when the test is performed without or with suboptimal 
echocardiographic imaging. 

Key words: Dobutamine stress test, ST-segment elevation, myocardial viability 

INTRODUCTION 
The detection of myocardial viability after myocardial infarction is 

important for the proper selection of patients in whom myocardial function is 
more likely to improve after revascularization (1-3). Thallium scintigraphy, 
positron emission tomography and low-dose dobutamine (LDD) 
echocardiography are useful methods for that purpose (1-7). In a recent study, 
exercise-induced ST-segment elevation (STE) was reported as a specific marker 
of residual viability (8). However, these results have not yet been confirmed by 
other studies. Dobutamine stress test (DST) is an exercise simulating stress 
modality which is increasingly used for the functional assessment of patients 
after myocardial infarction (9-11). We have previously reported that 
normalization of negative T-waves in the electrocardiogram during LDD 
infusion in patients with a recent myocardial infarction is a marker of 
myocardial viability and a predictor of late improvement of function (12). STE 
is a common finding in this popUlation during DST (9). However the 
relationship between this pattern and late functional improvement has not been 
studied. Consequently, the aims of the study were: 1) to find the relationship 
between STE during DST after a recent myocardial infarction and myocardial 
viability assessed by LDD echocardiography. 2) to compare the value of STE 
and LDD echocardiography in the prediction of late improvement of left 
ventricular function. 

METHODS 
Patient selection 

The study comprised 70 consecutive patients with a recent myocardial 
infarction who were studied by DST for the diagnosis of residual myocardial 
viability and ischemia. All patients fulfilled the following criteria: I) A recent 
myocardial infarction ,,; 2 weeks diagnosed by standard criteria of chest pain, 
a diagnostic rise and fall of the seillm creatine kinase and electrocardiographic 
changes. 2) The absence of severe heart failure, hypotension, high grade 
ventricular arrhythmias or chest pain not responding to medical therapy. 3) The 
presence of pathological Q waves and wall motion abnormalities in the 
corresponding segments at the day of the study. 4) Absence of myocardial 
aneurysm, left ventricular hypertrophy or bundle branch block. All patients gave 
a consent to participate in the study. There were 49 men (70%) and 21 women 
(30%). Mean age was 58 ± II years. Thirty one patients (44%) were receiving 
oral nitrates and/or calcium channel blockers. If administered, beta blocking 
agents were stopped I day before the test. 
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Dobutamine stress test: DST was performed 8 ± 3 days after infarction (range 
= 6-14 days). Dobutamine was infused through an antecubital vein starting at 
a dose of 5 fig/kg/min for 3 minutes, 10 fig/kg/min for 3 minutes, increasing 
by 10 fig/kg/min every 3 minutes to a maximum of 40 fig/kg/min. Atropine (up 
to I mg) was given in patients not achieving 85 % of their age predicted 
maximal heart rate (13). The electrocardiogram (3 leads) was monitored and a 
12-lead electrocardiogram was recorded each minute. The level of ST-segment 
was calculated, after signal averaging by a computer-assisted system (Cardiovet 
CSGI12, Schiller). Cuff blood pressure was measured every 3 minutes. The 
electrocardiograms were reviewed by 2 cardiologists unaware of the 
echocardiographic data. STE was defined as new or additional ~ O.lmV 
elevation of the J point with a horizontal or upsloping ST -segment lasting 80 ms 
during stress in 2 or more leads with Q waves considering the PQ segment as 
the isoelectric line (14). ST-segment depression was defined as ~ O.lmV 
horizontal or downsloping depression 80 ms after the J point, below baseline 
level. The test was interrupted if severe chest pain, ST -segment depression > 2 
mm, significant arrhythmia or systolic blood pressure fall of > 40 mm Hg 
occurred during the test. 

Stress echocardiography: The echocardiogram was performed and recorded on 
video tape at rest and during stress. Rest, LDD and peak stress images were 
also digitized and stored on an optical disk (Vingmed CFM 800) for a display 
in quad-screen format. A 16-segment model was used to assess left ventricular 
function (15) was used. Both inward endocardial motion and myocardial 
thickening were considered for analysis. Each segment was graded with a 4-
point score grading (1 = normal or hyperkinesis; 2 = hypokinesis; 3 = 
akinesis; 4 = dyskinesis). Wall motion score was derived by the summation of 
the score of the 16 segments. The test was considered positive for the viability 
if ~ 1 dyssynergic segment had ~ I decrease of wall motion score during LDD 
(5-10 fig/kg/min). Viability index was defined as the number of dyssynergic 
segments with improvement at LDD divided by the total number of dyssynergic 
segments. The diagnosis of ischemia was based on the occurrence of new or 
worsening wall motion abnormalities in one or more segments. As previously 
reported, ischemia was not considered when akinetic segments at rest became 
dyskinetic without improvement at LDD (16). Assessment of images was 
performed by 2 experienced investigators without knowledge of the patients' 
electrocardiographic data. In case of disagreement, a majority decision was 
achieved by a third investigator. In our center, the inter- and intra-observer 
variability for the interpretation of dobutamine stress echocardiographic studies 
are 92 % and 94 % respectively (3). 

Follow-up studies: A rest echocardiogram was performed in all patients 85 ± 
10 days after infarction (range 71-98 days). The images of the baseline, LDD 
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and follow-up were compared side-by-side in a quad-screen format. Regional 
improvement of function was defined as a decrease of wall motion score ;:" I 
grade in ;:" I segments. Improvement index was derived by dividing the number 
of improved segments at follow-up by the total number of dyssynergic segments 
in the initial study. 

Coronaw angiography: Coronary angiography was performed using the Judkins 
technique, within I month after infarction in 34 patients (49%). Significant 
coronary artelY disease was defined as a diameter stenosis ;:" 50 % in one or 
more major epicardial arteries. 

Assignment of the electrocardiogram to myocardial segments and coronary 
arteries: Two electrocardiographic segments were identified: I) the anterior 
segment which included leads VI-V4 and was assigned to the anterior wall, the 
interventricular septum and the apical anterior and apical septal segments, and 
to the left anterior descending coronary artery at angiography. 2) the 
inferolateral segment which included leads II, III, aVF, I, aVL, V5, V6 and was 
assigned to the inferior and posterolateral wall and to the left circumflex and/or 
the right coronary artelY at angiography. The apical lateral and apical inferior 
segments were considered as overlap segments between the anterior and 
inferolateral locations and were assigned to the segments with concomitant 
abnormalities. Regional wall motion score was derived by the summation of the 
score of the segments in the corresponding location of Q waves at rest, LDD 
and follow-up. Regional viability and improvement indices were derived in each 
location as previously mentioned. 

Statistical analysis: Unless specified, data are presented as mean values ± SD. 
The chi square test and Fisher exact test were used to compare differences 
between proportions. The Student t test was used for analysis of continuous 
data. A p < 0.05 was considered statistically significant. Sensitivity, specificity, 
predictive value and accuracy were derived according to the standard definition 
and were presented with the corresponding 95% confidence intervals (CI). 

RESULTS 
Dobutamine stress test 

There was a significant increase of heart rate, systolic blood pressure 
and rate pressure product from rest to peak stress (71 ± 13 vs 136 ± 18 
beats/minute; p<O.OOI, 121 ± 27 vs 137 ± 30 mm Hg; p<O.OI and 8,631 ± 
1,543 vs 18,619 ± 4,325; p<O.OOOI respectively). 

Stress echocardiography: All patients had wall motion abnormalities at rest. 
Among 377 dyssynergic segments in regions corresponding to Q waves, 106 
segments (28%) improved at LDD. Wall motion score decreased significantly 
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from rest to LDD (23.8 ± 5.3 vs 22.3 ± 5.7, p<O.OOOI). Ischemia was 
detected in 32 patients (46 %). 

number of 
improved - 8T elevation 1m! no 8T elevation segments 

3<00 

p<O.OO6 p<O.OO6 p - NS 

2.40 ~ ~ ~ 

1.60 

1.20 

O.fiO 

0.00 

all patients anterior MI inferior MI 

Figure 1 The number of dyssynergic segments with late functional 
improvement in patients with recent Q wave myocardial infarction (MI) with 
and without ST -segment elevation during dobutamine stress test. 

Rate pressure product did not change significantly from rest to LDD. 
In 9 patients (13 %), the test was interrupted prematurely. Reasons for premature 
termination were angina in 7 patients, ST -segment depression in 1 patient and 
hypotension in 1 patient. One patient had atrial fibrillation at peak dobutamine 
dose. He was successfully treated by pharmacological cardioversion. Ventricular 
premature beats occurred in 24 patients. Two patients had a short ventricular 
tachycardia « 10 complexes). Fifty four patients (77%) achieved 85% of the 
maximal heart rate predicted for age and sex. Atropine was administered in 22 
patients (31 %). Angina occurred in 15 patients (21 %) and ST-segment 
depression in 29 patients (41 %). STE was present in 24 patients (34 %) at rest. 
New or additional STE in Q leads occurred in 40 patients (57%) during stress 
(group A). The remaining 30 patients (43 %) constituted group B including 5 
patients with STE at rest who had no further elevation during stress. The mean 
heart rate at STE was 109 ± 24 beats/min (p<O.OI vs resting heart rate) and 
mean dobutamine dose was 31 ± II I'g/kg/min. 

Echocardiographic data (table Ill: There was a trend to a higher resting wall 
motion score and a higher number of dyssynergic segments in group A. There 
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was no significant difference between both groups with respect to prevalence of 
ischemia. Group A patients had a higher prevalence of viability pattern at LDD. 
At follow-up patients of group A had a higher prevalence of regional 
improvement and a higher number of improved segments. Wall motion score 
decreased from baseline to follow-up in group A (24.7 ± 8 vs 23.6 ± 6.9, 
p<O.05) but not in group B (22.3 ± 9.7 vs 23.2 ± 7.5). 

In patients of group A, there was no significant difference between 
patients with and without late functional improvement with respect to heart rate 
at STE (108 ± 25 vs 112 ± 22 beats/min) or dobutamine dose at STE (31 ± 
1l vs 31 ± II I'g/kg/min). 
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Figure 2 Regional wall motion score at baseline. low-dose dobutamine and 
follow-up in patients wilh recent anterior infarction with and without ST
segment elevation. 

Follow-up echocardiography: Twenty three patients (33 %) underwent 
revascularization of the infarct related artery before follow-up (15 with anterior 
and 8 with inferior infarction) which was performed before DST in II patients. 
At follow-up, improvement of thickening occurred in 95 of the 377 dyssynergic 
segments (25%; in 35 patients). 

Comparison of patiellIs with (group A) and without (group B) ST segmelll 
elevation 
Clinical and hemodynamic data (table n: There was no significant difference 
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between group A and B with respect to thrombolytic therapy, angina during 
stress, peak systolic blood pressure, peak rate pressure product and percentage 
of patients achieving 85 % of the target heart rate. Patients of group A had a 
higher peak heart rate and a higher prevalence of ST-segment depression. 
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Figure 3. Regional wall motion score at baseline, low-dose dobutamine and 
follow-up in patients with recent inferior infarction with and without ST
segment elevation. 

Anterior versus inferior myocardial infarction: In patients with anterior 
infarction (table III), there was a trend to a higher regional wall motion score 
at rest and a higher number of dyssynergic segments in group A. Prevalence of 
viability pattern and number of viable segments at LDD were higher in group 
A. At follow up, the prevalence of functional improvement, number of 
improved segments (figure 1) and improvement index were higher in group A. 
Wall motion score decreased from baseline to follow-up studies (figure 2) in 
group A (19.9 ± 4.3 vs 17.9 ± 5.9, p<0.05) and showed a slight non 
significant increase in group B (18.6 ± 6.6 vs 19.0 ± 7.3). 

In patients with inferior infarction (table IV, including 4 patients with 
STE in anterior leads as well), none of these previous variables was different 
in both groups. There was a slight, non significant decrease of wall motion 
score (figure 3) from rest to follow-up in group A (9.4 vs 9.0) and a slight non 
significant increase in group B (9.1 vs 9.3). The prevalence of overall, 
homozonal or remote ischemia was not significantly different between group A 
and B regardless of the site of infarction. The sensitivity, specificity and 
accuracy of STE and LDD echocardiography for late functional improvement 
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in the whole population and in the subgroups with anterior and inferior 
infarction are shown in table V. Accuracy of STE was higher in patients with 
anterior versus inferior infarction (80% vs 57%, p <0.05). In patients with 
anterior infarction, accuracy of LDD echocardiography was similar to that of 
STE (83 % vs 80 %); whereas in patients with inferior infarction, accuracy of 
LDD echocardiography was higher than STE (77% vs 57%, p<0.05). 

Table I: Clinical features and hemodynamic data in patients with recent Q 
wave myocardial infarction with (group A) and without (group B) ST
segment elevation, 

Group A Group B 
N = 40 N = 30 

Age (years) 57 ± 11 61 ± 11 

Male gender 31 (78%) 18 (60%) 

Anterior infarction 18 (45%) 12 (40%) 

Inferior infarction 26 (65%)' 18 (60%) 

Thrombolysis 21 (53%) 13 (43%) 

Peak HR 141 ± 18 130 ± 18' 

Peak SBP 134 ± 25 142 ± 36 

Peak rate-pressure product 18,775 ± 3,806 18,384 ± 5,129 

85 % of target HR achieved 32 (80%) 22 (73%) 

Maximal dobutamine dose 38.8 ± 4.0 37.0 ± 7.7 

Angina during the test 7 (18%) 8 (27%) 

ST -segment depression 22 (55%) 7 (23%), 

SBP = systolic blood pressure (mm Hg), HR = heart rate (beats/min), WMA 
= wall motion abnormalities, * p<O.OI, # 4 patients had ST-segment elevation 
in anterior leads as well. 

Figure 4 demonstrates the distribution of functional recovery in various 
combinations of STE and viability pattern at LDD echocardiography in patients 
with anterior myocardial infarction. It shows that in the 14 patients with ST
elevation and viability pattern at LDD echocardiography, late improvement of 
function occurred in 12 patients (positive predictive value of the combination = 
86%), whereas no improvement occurred in any of the 9 patients withont STE 
or viability at LDD echocardiography (negative predictive value = 100%). 
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Table II. Echocardiographic data of dobutamine stress test and follow-up 
hi patients with Q wave myocardial infarction with (group A) and without 
(group B) ST -segment elevation. 

Group A Group B 
N = 40 N = 30 

Dyssynergic segments, nr 5.9 ± 3.8 4.7 ± 3.9 

Resting WMS 24.7 ± 8.0 22.3 ± 9.7 

LDD WMS 17.9 ± 4.8 18.4 ± 6.8 

Follow-up WMS 23.6 ± 6.9 23.2 ± 7.5 

Viability at LDD, pts 27 (68%) 12 (40%)' 

Viable segments at LDD 1.8 ± 2.2 1.1 ± 1.6 

LDD viability index 0.34 ± 0.36 0.33 ± 0.42 

Improvement at follow-up, pts 26 (68%) 9 (30%)' 

Improved segments, nr 1.9 ± 2.2 0.5±1.1' 

Improvement index 0.38 ± 0.36 0.22 ± 0.40 

Ischemia at high-dose, pts 20 (50%) 12 (40%) 

LDD = low-dose dobutamine echocardiography, WMS = wall motion score, 
pts = patients.* p<0.05, # P<0.005. 

CoronalY angiography and revascularization procedures 
Coronary angiography was performed in 19 patients of group A and in 

15 of group B. Coronary angioplasty of the infarct related artery was 
successfully performed before DST in 6 patients in group A and 5 patient in 
group B. There was no significant difference between both groups with respect 
to prevalence of multivessel disease (42 % vs 33 %) or significant stenosis of 
infarct related artery (68% vs 67%). Twelve patients underwent a 
revascularization a procedure 15 ± 8 days after DST. In these patients, the 
interval between intervention and follow-up ranged from 35 to 83 days (mean 
72 days). Intervention included coronary angioplasty (3 patients of group A and 
3 patients of group B) and coronary artelY bypass graft (4 patients of group A 
and of 2 patients of group B). In the 34 patients in whom coronary angiography 
was performed, functional improvement occurred in 12 of 23 patients (52%) 
with and in 5 of 11 patients (45 %) without revascularization (p = NS). In 
patients who underwent revascularization, the accuracy of STE for the 
prediction of late functional improvement was comparable to that of LDD 
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echocardiography (78% vs 83% respectively; table V). 

Table III. Regional echocardiographic data of dobutamine stress test and 
follow-up in patients with anterior Q wave myocardial infarction with 
(group A) and without (group B) ST -segment elevation. 

Group A Group B 
N = 18 N = 12 

Dyssynergic segments, nr 6.3 ± 2.4 4.7 ± 3.1 

Resting WMS 19.9 ± 4.3 18.6 ± 6.6 

LDD WMS 17.9 ± 4.8 18.4 ± 6.8 

Follow-up WMS 17.9 ± 5.9 19.0 ± 7.3 

Viability at LDD, pts 14 (78%) 3 (25%), 

Viable segments at LDD 1.7 ± 2.2 0.2 ± 0.4" 

LDD viability index 28.8 ± 34.8 12.2 ± 33.1 

Improvement at follow-up, pts 15 (83%) 3 (25%), 

Improved segments, nr 2.2 ± 2.2 0.1 ± 0.3" 

Improvement index 0.40 ± 0.37 0.11 ± 0.33' 

Homozonal ischemia, pts 5 (28%) 4 (25%) 

LDD = low-dose dobutamine echocardiography, WMS = wall motion score, 
pts = patients, * p<0.005, ** p<O.OOOI, # p<0.05. 

DISCUSSION 
The functional evaluation of patients with recent myocardial infarction 

before hospital discharge aims at the detection of peri-infarction and remote 
ischemia, the assessment of baseline ventricular fUllction and the identification 
of viable myocardium in the infarct region. Recent studies have inferred the 
value of dobutamine stress echocardiography in that clinical setting (5-7,10-12). 
Some recent observations pointed out that electrocardiographic changes during 
stress testing may also provide useful information on myocardial viability. We 
have recently shown that normalization of inverted T-waves in patients with a 
recent myocardial infarction during LDD infusion is a marker of myocardial 
viability as well as a predictor of functional improvement (12). Margonato et aI. 
reported that exercise-induced STE is a specific marker of myocardial viability 
assessed by positron emission tomography (8). 
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Figure 4. Distribution of late functional recovery in patients with anterior 
myocardial infarction in various combinations of ST -segment elevation and 
viability at low-dose dobutamine echo (LDDE). 

Our study is the first which evaluates the relation between stress
induced STE and improvement of function after a recent myocardial infarction. 
The results of our study show that in patients studied 8 days after a recent Q
wave myocardial infarction, dobutamine-induced STE is associated with a higher 
prevalence of late functional improvement of dyssynergic segments 2-3 months 
after infarction as well as a higher number of improved segments compared to 
patients without STE. This difference was remarkable in anterior compared to 
inferior infarction. The accuracy of STE for the prediction of functional 
improvement was comparable to that of LDD echocardiography in patients with 
anterior infarction and in those who underwent revascularization. Despite that 
patients with STE had a relatively more extensive regional wall motion 
abnormalities, they had a higher prevalence of functional improvement. Since 
revascularization was performed only in 33 % of patients, it can be postnlated 
that in patients with more extensive wall motion abnormalities who developed 
STE, myocardial stumllng was more severe and required a longer time to 
functional improvement (17). Consequently these patients had more extensive 
wall motion abnormalities 1-2 weeks after infarction and a higher rate of late 
functional improvement compared to patients withont STE in whom myocardial 
stunning is presumed to be less severe and might have completely or partially 
resolved before DST. 

166 



The heart rate and dobutamine dose at ST -segment elevation 
STE was associated with a significant increase of heart rate and 

occurred mostly at doses higher than 10 I'g/kg/min. This is not surprising, since 
the heart rate does not increase significantly at LDD (7). Previous studies have 
shown the importance of heart rate increment for the occurrence of STE during 
exercise (18). In our study the mean heart rate and mean dobutamine dose at 
STE were not different in patients with or without functional improvement. 

Table IV. Regional echocardiographic data during dobutamine stress test 
and follow-up in patients with inferior Q wave myocardial infarction with 
(group A) and without (group B) ST-segmcnt elevation. 

Group A (N = Group B (N 
26) = 18) 

Dyssynergic segments, nr 2.5 ± 1.6 2.7 ± 1.5 

Resting WMS 9.4 ± 2.2 9.1 ± 1.6 

LDD WMS 8.5 ± 2.4 7.9 ± 2.1 

Follow-up WMS 9.0 ± 2.6 9.3 ± 2.8 

Viability at LDD, pts 15 (58%) 10 (56%) 

Viable segments at LDD 1.0 ± 1.1 1.0 ± 1.3 

LDD viability index 38.1 ± 39.2 48.2 ± 49.1 

Improvement at follow-up, pts 13 (50%) 6 (33%) 

Improved segments, nr 0.9 ± 1.2 0.7 ± 1.1 

Improvement index 0.32 ± 0.39 0.31 ± 0.46 

Homozonal ischemia, pts 10 (38 %) 5 (28 %) 
LDD - low-dose dobutamme echocardlOgraphy, WMS - wall motion score, 
pts = patients. 

Prevalence of stress-induced ST-segment elevation after acute myocardial 
infarction 

Exercise-induced STE has been reported to occur more frequently in 
patients with recent than with old myocardial infarction (8). The difference may 
be explained by a high prevalence of myocardial viability in patients with recent 
infarction. This viable myocardium may improve (spontaneously or after 
revascularization), undergo necrosis or continue as an ischemic hibernating 
myocardium. In the first two situations, viable myocardium will no longer exist 
and consequently the prevalence of STE will decrease as the infarct gets older. 
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This theory is supported by a previous study which has shown that the majority 
of recently infarcted myocardial regions retain residual metabolic activity, the 
extent of which was inversely related to the time elapsed from the occurrence 
of acute event. Exercise-induced STE was more common in patients with than 
without flourodeoxyglucose uptake in the underperfused regions (19). 

Table V. Diagnostic accuracy (%) with 95% confidence intervals oflow-dose 
dobntamine echocardiography and ST -segment elevation during dobutamine 
stress test (overall and regional) for the prediction of late improvement of 
left ventricular function after a recent myocardial infarction. 

SENS SPEC PPV NPV ACC 

LDDE overall 83 71 74 81 77 
95% C.1. 74-92 61-82 64-85 71-90 67-87 

LDDE anterior 83 83 88 77 83 
95% C.1. 70-97 70-97 77-100 62-92 70-97 

LD D E inferior 89 68 68 89 77 
95% c.1. 80-99 54-82 54-82 80-99 65-90 

STE overall 74 60 65 70 67 
95% C.1. 64-85 49-71 54-76 59-81 56-78 

STE anterior 83 75 83 75 80 
95% C.l. 70-97 60-90 70-97 60-90 66-94 

STE inferior 68 48 50 67 57 
95% C.1. 55-82 33-63 35-65 53-81 42-71 

LDDE (revasc) 83 82 83 82 83 
95% C.1. 68-99 66-98 68-99 66-98 67-98 

STE (revasc) 83 73 77 80 78 
95% C.l. 68-99 54-91 60-94 64-96 61-95 

ACC dlagnoslic accuracy; C.1. conhdence mtervals; LDDE low-dose 
dobutamine echocardiography; NPV = negative predictive value; PPV = 
positive predictive value; SENS = sensitivity; SPEC = specificity; STE = ST-
segment elevation, Revasc = revascularized patients (N = 23). 

Relationship between ST -segment elevation and myocardial ischemia 
In our study, there was no significant difference between patients with 

or without STE during DST with regard to prevalence of homozonal or remote 
ischemia on echocardiography. We have previously shown that dobutamine
induced STE in patients with recent or old myocardial infarction is compatible 
but not specific for ischemia on simultaneous myocardial perfusion SPECT 
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imaging (20). The higher prevalence of ST -segment depression in patients with 
than without STE can be explained by the occurrence of reciprocal changes 
without true ischemia (21). 

Similar findings have been reported by Coma-Canella et al. (22). They 
reported a poor response of regional ejection fraction in patients with recent 
myocardial infarction and STE during DST. These findings do not preclude 
myocardial viability, since imaging was performed at high dose dobutamine 
which may lack the sensitivity for eliciting a contractile reserve and may 
provoke ischemic dysfunction. Furthermore, radionuclide angiography is not the 
method of choice for the assessment of regional function due to the limited 
tomographic views and inability to assess myocardial thickening. 

Many other authors have reported that exercise induced STE is not 
specific for ischemia in patients with myocardial infarction (18, 23,24). In 
contrast, Shimonagata et al.(25) and Margonato et al.(26) reported that exercise
induced STE after a recent myocardial infarction is specific for ischemia on 
thallium scintigraphy. 

Exercise-induced ST-segment elevation as a marker of viability 
Margonato et al. (8) reported that exercise-induced STE in patients with 

previous myocardial infarction is highly specific for viability assessed by 
positron emission tomography. The accuracy of STE was higher in anterior 
versus inferior infarction. However, there are some limitations of that study 
including the heterogeneity of population with respect to the time from 
infarction. Myocardial regions of interest were defined as those with perfusion 
defects on rest sestamibi SPECT. This approach does not consider dyssynergic 
segments with normal perfusion. These segments are likely to be viable and if 
included, the prevalence of viable myocardium may increase in patients without 
STE who had less severe coronary stenosis and possibly normal perfusion in 
dyssynergic segments at rest. The low accuracy of STE in inferior versus 
anterior infarction in our study and in the study of Margonato et al. (8) may be 
explained by the need of a critical mass of dyssynergic myocardium for the 
occurrence of STE which is more available in anterior compared to inferior 
infarction. The similar accuracy of LDD echocardiography and STE for the 
prediction of functional recovery in patients with revascularization in our study 
may be related to the relatively higher prevalence of anterior infarction in the 
latter group. 

Mechanism of ST-segment elevation 
STE was believed to result from an electric gradient created between 

normal and ischemic or necrotic myocardium that can be aggravated by exercise 
(23). It may be postulated that in patients with viable myocardium, sympathetic 
stimulation as occurs during exercise or dobutamine infusion creates 
heterogeneity of contraction in the infarct zone between the viable segments that 
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improve and the non-viable segments that do not improve or move 
paradoxically. This heterogeneity of contraction may be the underlying 
mechanism of STE in patients with viable myocardium. 

Limitations of the study: The anatomy of infarct related artery was not 
delineated in all patients. The majority of patients did not undergo a 
revascularization procedure. It can not be excluded that some of the persistently 
dyssynergic segments may improve after revascularization. However, there was 
no rationale to catheterize asymptomatic patients with uncomplicated clinical 
course. Late functional improvement was spontaneous in most of patients 
consistent with myocardial stUiullng. The value of dobutamine-induced STE in 
the setting of myocardial hibernation has to be expanded in a large number of 
patients. It is to be noted that in patients with recent myocardial infarction, 
improvement of function after early revascularization does not rule out 
myocardial stumung as a mechanism of reversible dysfunction since we have 
previously shown that about one third of dyssynergic segments detected at a 
mean of 1 week from the onset of infarction recover spontaneously after 3 
months (7). 

Clinical implications: In patients with recent myocardial infarction undergoing 
pre-discharge high-dose DST, STE in Q leads during the test occurs in patients 
with a higher prevalence of viable myocardium identified at LDD 
echocardiography and a higher prevalence and extent of late functional 
improvement than patients without STE. The accuracy of STE for the prediction 
of functional improvement is comparable to that of LDD echocardiography in 
patients with anterior infarction and in those with myocardial revascularization. 
Although some authors discourage the use of electrocardiographic recording 
during dobutamine stress echocardiography (27), we recommend that more 
attention should be given for the proper positioning of electrocardiographic leads 
and obtaining high quality tracings, particularly when the test is performed 
without or with suboptimal echocardiographic imaging. 
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CHAPTER 18 

STRESS-INDUCED ST-SEGMENT ELEVATION AFTER A 
RECENT MYOCARDIAL INFARCTION: 

MYOCARDIAL NECROSIS, VIABILITY OR BOTH?! 

Abdou Elhendy MD, Paolo M Fioretti MD, PhD. 

From the Thoraxcenter, University Hospital Rotterdam-Dijkzigt and Erasmus 
University, Rotterdam, the Netherlands. 

INTRODUCTION 
The assessment of residual myocardial ischemia and viability is 

important for the management of patients after acute myocardial infarction. 
Recent data have inferred the value of dobutamine stress echocardiography for 
that purpose (I ,2). ST-segment elevation is frequently induced by dobutamine 
or exercise stress testing in these patients. Therefore, it is important to evaluate 
the functional significance of this electrocardiographic finding and its relation 
to the presence of jeopardized myocardium in the infarct region. 

Relationship between stress-induced ST-segment elevation and myocardial 
ischemia 

While available data agree on the specificity of stress-induced ST
segment elevation for ischemia in patients without previous myocardial 
infarction (3,4), the significance of this findings in patients with myocardial 
infarction is controversial (4-8). Margonato et al. (7) found reversible defects 
on exercise thallium scintigraphy inl6 of 17 patients with exercise-induced ST
segment elevation after acute myocardial infarction. However, there was no 
control group without ST-segment elevation to exclude that the high predictive 
value of ST-segment elevation for ischemia is related to the selection of patients 
with high likelihood of manifesting peri-infarction ischemia. Fox et al. (8) 
reported that in patients with myocardial infarction, exercise-induced ST
segment elevation could by abolished in II patients after coronary artery bypass 
grafting even in absence of improvement of global left ventricular function after 
surgery suggesting that ST-segment elevation was related to myocardial 
ischemia. 

J EliI' Hearl J; ill press. 
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In contrast, Elhendy et al. (4) reported a specificity of ST-segment 
elevation during dobutamine stress test of 56% and 50% for myocardial 
ischemia assessed by myocardial perfusion scintigraphy and echocardiography 
respectively in 34 patients with recent myocardial infarction. Similarly, 
Lanzarini et al. (5) reported" specificity of 50% of ST-segment elevation for 
myocardial ischemia asse,sed by echocardiography in 42 patients. In these 2 
studies, the prevalence of ischemia was not different with or without ST
segment elevation, whereas patients with ST -segment elevation had more severe 
resting left ventricular dysfunction. Similar findings were reported by Coma
Canella et al. (6) in 88 patients with recent myocardial infarction undergoing 
dobutamine thallium scintigraphy. 

The apparently discordant conclusions regarding the significance of 
stress-induced ST-segment elevation in patients with previous myocardial 
infarction may reflect differences in patient population or methOdological 
deficiencies. Most of the clinical studies which investigate the significance of 
ST -segment elevation are performed in patients with high pretest likelihood of 
manifesting inducible ischemia, a finding that may damp a significant difference 
in the prevalence of homozonal ischemia between patients with or without ST
segment elevation. Despite the reasonable overall sensitivity of the currently 
used methods for the assessment of ischemia, mainly echocardiography and 
perfusion scintigraphy, the sensitivity for detecting ischemia in individual 
vascular territories is not actually high. In a study by Marwick et aI., (9) the 
sensitivity of dobutamine MIBI SPECT and echocardiography in patients with 
single vessel disease ranged between 62 and 76 % in different vascular 
territories. Sensitivity for individual vessel stenosis may be further reduced in 
presence of multivessel disease due to different ischemic threshold and in the 
presence of resting wall motion and perfuSion abnormalities, almost always 
encountered in patients with ST -segment elevation in the peri-infarction leads 
(4). This contention is supported by the high predictive value of ST-segment 
elevation for significant, mostly severe stenosis of the related coronary artery 
as shown in different studies (4-7). Despite that resting wall motion 
abnormalities are more severe in patients with ST-segment elevation, these 
abnormalities seldom involve the entire vascular territOlY particularly in the 
LAD related infarction, a findings that heralds a high prevalence of jeopardized 
myocardium. Animal studies have shown that acute ischemia adjacent to a 
chronic infarction induces ST -segment elevation at the surface of the scar 
despite the virtual absence of viable tissue within the infarction, suggesting a 
passive ST-segment potential transmission through the infarction (10). Whether 
the absence of inducible ischemia on the standard techniques denotes the absence 
of functional significance of coronalY stenosis, or underestimation of 
dysfunction, cannot be determined due to the lack of golden standard in the peri
infarction area. 
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Relationship between ST-segment elevation and myocardial viability 
In the study of Lanzarini et a!. (5), the prevalence of myocardial 

viability pattern at low-dose dobutamine was not different with or without ST
segment elevation (1). Conversely, Margonato et a!. (11) reported that in 34 
patients with previous myocardial infarction, myocardial viability assessed by 
positron emission tomography was more frequently encountered in patients with 
than without exercise-induced ST-segment elevation. In 21 patients with anterior 
myocardial infarction, the sensitivity, specificity and accuracy of exercise
induced ST -segment elevation for detection of residual viability were 82 %, 
100 % and 86 % respectively. The difference in the methods and patient 
population may again playa role in these controversial conclusions. Despite the 
similar prevalence of viability pattern found by Lanzarini et a!. with or without 
ST -segment elevation, myocardial viability was highly prevalent with ST
segment elevation (87%). If ST-segment elevation reflects myocardial viability, 
a more sensitive technique, like positron emission tomography may further 
detect viability in the remaining 13 % of patients. As we have previously shown 
(I), the sensitivity of low-dose dobutamine echocardiography in the detection of 
stumled myocardium after a recent myocardial infarction is relatively low in 
akinetic segments. Furthermore, the presence of more extensive akinesis as in 
patients with ST-segment elevation may hinder the development of systolic 
thickening at low-dose dobutamine by tethering of a necrotic segment on the 
adjacent akinetic but viable segments. Additionally, it cannot be excluded that 
in presence of severe coronary stenosis as in case of patients with ST -segment 
elevation, ischemia may develop at low-dose dobutamine preventing the 
occurrence of a contractile response in dyssynergic segments. 

The relation between exercise-induced ST-segment elevation and 
myocardial viability reported by Margonato et a!. is supported by their previons 
study (12) in which they found that the majority of recently infarcted myocardial 
regions retain residual metabolic activity, the extent of which was inversely 
related to the time elapsed from the occurrence of acute event. Exercise-induced 
ST-segment elevation was more common in patients with than without 
flourodeoxyglucose uptake in the underperfused regions (12). However, 
exclusion of dyssynergic segments with normal perfusion in that study (11) may 
underestimate myocardial viability in patients without ST -segment elevation who 
had less severe coronary stenosis and are likely to have normal resting 
myocardial perfusion in dyssynergic segments. Myocardial stunning may 
represent the underlying pathophysiology of ST -segment elevation after 
myocardial infarction. Resolution of myocardial stunning may be a factor 
contributing to the lower prevalence of ST -segment elevation in patients with old 
infarction (11). In this situation, the presence of myocardial viability in 
dyssynergic regions with ST-segment elevation in the related leads may 
represent myocardial viability without ischemia. 
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Coma-Canella et al. (6) reported an inverse linear correlation between 
ST -segment elevation and increase of regional ejection fraction assessed by 
dobutamine radionuclide angiography after a recent myocardial infarction. This 
finding cannot preclude the presence of myocardial viability in regions 
corresponding to ST -segment elevation because imaging was acquired at high 
dose dobutamine, which may be insensitive for eliciting contractile reserve in 
viable segments and may induce ischemic dysfunction. Furthermore, 
radionuclide angiography cannot assess regional myocardial thickening which 
is required for the diagnosis of myocardial viability. 

While the previous studies aimed at the assessment of the relation 
between ST-segment elevation and myocardial viability (5, II), these studies are 
limited by the small number of patients included and inability to assess the 
prevalence and extent of spontaneous or post-revascularization improvement of 
left ventricular function with or without ST-segment elevation, which is more 
clinically relevant than a correlative study with markers of viability. 

SUMMARY AND CONCLUSIONS 
Stress-induced ST-segment elevation after acute myocardial infarction 

cannot identify patients with a higher prevalence of peri-infarction ischemia 
based on reversible wall motion or perfusion abnormalities. Whether this finding 
reflects poor sensitivity and specificity of ST-segment elevation for ischemia or 
methodological problems in the selection of patients or the techniques of 
assessment of peri-infarction ischemia cannot be precisely concluded. Because 
of the high prevalence of severe coronary stenosis in patients with ST-segment 
elevation, a large prospective study before and after revascularization would 
help in a better understanding of its significance. Despite the high prevalence 
of viability pattern in patients with ST -segment elevation after a recent 
myocardial infarction, the relationship between this pattern and late functional 
improvement has not been evaluated. Therefore, a large study is needed to 
assess the prevalence and extent of late improvement of left ventricular function 
in patients with or without stress-induced ST-segment elevation after acute 
myocardial infarction. 
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CHAPTER 19 

AKINESIS BECOMING DYSKINESIS DURING 
DOBUTAMINE STRESS ECHO CARDIOGRAPHY: 

A PREDICTOR OF POOR FUNCTIONAL RECOVERY 
AFTER SURGICAL REVASCULARIZATION1 
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Ron T van Domburg MSc, Paolo M Fioretti MD, PhD. 
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University, Rotterdam, the Netherlands. 

ABSTRACT 
Background. Akinesis becoming dyskinesis at high dose dobutamine stress 
echocardiography (DSE) has been disregarded as a marker of myocardial 
ischemia. However, the relationship between this pattern and myocardial 
viability has not been assessed. 
Methods. We studied 42 patients with myocardial infarction who underwent 
DSE (up to 40 "g/kg/min) before coronary artery bypass surgery, and resting 
echocardiogram 3 months after surgery. Viability in akinetic segments was 
considered if systolic thickening occurred at low-dose dobutamine (LDD). 
Results. During high dose DSE, dyskinesis occurred in 35 of the 164 akinetic 
segments (group A). The remaining 129 segments comprised group B. Segments 
of group B had a higher prevalence of viability pattern at LDD (18 % vs 0 %, 
p<O.OI) and a higher prevalence of functional improvement (20% vs 0%, 
p<0.005) compared to group A. In absence of viability pattern at LDD, 
postoperative improvement occurred in 10 % of segments in group B and in none 
of segments in group A, resulting in a higher negative predictive value of LDD 
in group A versus B (100% vs 90%, p<0.05). 
Conclusion. The phenomenon of akinesis becoming dyskinesis at high dose DSE 
is associated with absence of viability pattern at LDD and poor functional 
outcome after surgical revascularization. Observation of this pattern provides 
additional data to those obtained only at LDD echocardiography. 

Key words: Dobutamine stress echocardiography - Myocardial viability -
coronalY artery bypass surgery. 
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INTRODUCTION 
In patients with coronary artery disease and left ventricular dysfunction, 

the detection of myocardial viability is important for the proper identification 
of patients in whom left ventricular function may improve after revascularization 
(1,2). Recent studies have demonstrated the value of dobutamine stress 
echocardiography for the detection of myocardial viability at low-dose (2,3) and 
ischemia at high dose (4,5). We have recently reported that akinetic segments 
at baseline echocardiogram, developing dyskinesis at high dose dobutamine, 
without improvement at low-dose dobutamine (LDD) represent a mechanical 
phenomenon unrelated to myocardial ischemia assessed by simultaneous 
perfusion scintigraphy (6). However, the relationship between this pattern and 
functional improvement after revascularization has not been studied. Therefore, 
the aims of this study were: I) to assess the relationship between the pattern of 
akinesis becoming dyskinesis at high dose dobutamine stress echocardiography 
and functional improvement after surgical revascularization. 2) to find if 
observation of t11is phenomenon improves the value of LDD echocardiography 
for the prediction of postoperative functional improvement. 

METHODS 
Study population 

Study population comprised 42 patients with coronary artery disease and 
left ventricular dysfunction, undergoing coronary artery bypass surgery who 
fulfilled the study inclusion criteria: 
- history of previous (> 3 months old) myocardial infarction. 
- two or more akinetic segments on preoperative resting echocardiography. 
- Absence of unstable angina, severe heart failure, or significant valvular 
disease. 
- Absence of perioperative myocardial infarction. Mean age was 59 ± 9 years. 
There were 33 males and 9 females. Thirty nine patients had typical angina and 
9 patients had exertional dyspnea before the test. Single vessel disease, defined 
as diameter stenosis of a major coronary artery > 50%, was present in 6 
patients, 2 vessel disease in 15 patients and 3 vessel disease in 21 patients. The 
mean ejection fraction determined by angiography was 39 ± 14 %. Thirty nine 
patients were receiving antianginal therapy. In patients receiving beta blocking 
agents, the latter were withdrawn 2 days before stress testing. 

Dobutamine stress test 
The test was performed according to a previously described protocol 

(2). Dobutamine was infused through an antecubital vein starting at a dose of 
5 I'g/kg/min for 3 minutes, 10 I'g/kg/min for 3 minutes, increasing by 10 
I'g/kg/min every 3 minutes to a maximum of 40 I'g/kg/min. Atropine (up to I 
mg) was given in patients not achieving 85 % of their age predicted maximal 
heart rate (7). The electrocardiogram was monitored throughout dobutamine 

179 



infusion and recorded each minute. Cuff blood pressure was measured every 3 
minutes. The test was intenllpted prematurely if severe chest pain, ST-segment 
depression > 2 mm, significant ventricular or supraventricular arrhythmia or 
systolic blood pressure fall of > 40 mm Hg occurred during the test. 

Stress echocardiography 
As previously described (2), the echocardiogram in standard views was 

performed and recorded on video tape at rest and during stress. Rest, low-dose 
and peak stress images were also digitized and stored on an optical disk 
(Vingmed CFM 800) for a display in quad-screen format. Left ventricular 
function was assessed using a 16-segment model. Both inward endocardial 
motion and myocardial thickening were considered for analysis. Each segment 
was graded with a 4-point score grading (1 = normal or hyperkinesis; 2 = 
hypokinesis; 3 = akinesis 4 = dyskinesis). Akinesis was considered in the 
absence of systolic wall motion and thickening. Dyskinesis was defined as 
absence of systolic thickening with outward bulging away from the center of left 
ventricular cavity in systole. To reduce the confounding effect of tethering, 
segmental wall thickening was analyzed frame by frame during the first half of 
systole. Wall motion score index was derived by dividing the sununation of the 
16 segments by 16. Viability in akinetic segments was considered if myocardial 
thickening was observed during LDD infusion (5-10 I'g/kg/min). Ischemia was 
defined as the appearance of new wall motion abnormalities or worsening of a 
hypokinetic segment. 2 experienced investigators assessed the images. In case 
of disagreement, a third investigator viewed the images and a majority decision 
was achieved. We have previously reported a good inter- and intra-observer 
agreement on the assessment of rest and stress echocardiographic images in our 
laboratory (2,8). 

Follow-up studies 
A rest echocardiogram was performed in all patients, 3 months after 

surgery. An improvement of akinetic segments was considered if systolic 
thickening occurs postoperatively. Absence of improvement was considered in 
case of surgical excision of the segment or absence of systolic thickening at 
follow-up. Myocardial segments which were not revascularized were not 
included in analysis. 

Statistical analysis 
Continuous data are expressed as mean ± standard deviation. 

Univariate analysis for categorial variables was performed using the chi-square 
test with Yate's correction or Fisher's exact test. Differences were considered 
significant if the null hypothesis could be rejected at the 0.05 probability level. 
Sensitivity, specificity and positive and negative predictive values were based 
upon their standard definitions and are reported with the corresponding 95 % 
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confidence intervals (C.l.). 

RESULTS 
Dobutamine stress test 

Heart rate increased from 71 ± 12 at rest to 139 ± 13 beats Imin at 
peak stress (p<O.OOI) and rate pressure product from 9112 ± 2744 to 16776 
± 4126 (p < 0.001). Rate pressure product did not change significantly at LDD 
(10 I'g/kg/min). Angina occurred in 29 patients (59%). In 10 patients (24%), 
the test was interrupted prematurely before reaching the maximal dose or the 
target heart rate. Reasons for premature termination of the test were angina (3 
patients), ST-segment depression (I patient) and hypotension (6 patients). 

Low-dose dobutamine echocardiography 
Wall motion score index decreased significantly from rest to LDD (1.82 

± 0.4 to 1.57 ± 0.38, p<O.OI). Among 164 akinetic segments at baseline 
echocardiogram which were revascularized, improvement at LDD was observed 
in 23 segments (14%). 

Table 1. Diagnostic accuracy of low-dose dobutamine echocardiography for 
the prediction of functional improvement of akinetic segments after surgical 
revascularization. 

% 
95% C.l. 

SENS 

58 
50-65 

SPEC 

94 
91-98 

PPY 

65 
58-73 

NPY 

92 
88-96 

ACC 

88 
83-93 

ACC = diagnostic accuracy; C.l. = confidence intervals; NPY = negative 
predictive value; PPY = positive predictive value; SENS = sensitivity; SPEC 
= specificity. 

High dose dobutamine echocardiography 
Ischemia (new or worsened wall motion abnormalities) was detected in 

38 patients (90%). Dyskinesis a peak stress developed in 35 of the 164 akinetic 
segments (group A). This pattern was observed in 12 patients. The remaining 
129 akinetic segments constituted group B. Systolic thickening at LDD was 
observed in 23 segments of group B (18 %) and in none of segments in group 
A (p< <0.01). There was no significant difference between both groups with 
regard to the corresponding rate pressure product at rest, LDD or peak stress. 
Baseline wall motion score index was not different between patients with or 
without akinesis becoming dyskinesis in one or more segments (1.84 ± 0.41 vs 
1.81 ± 0.40 respectively). 
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Postoperative results 
A significant improvement of symptoms occurred after surgery. At 

follow up echocardiography, improvement occurred in 26 of the 164 akinetic 
segments (16%). Improvement occurred in 26 segments in group B (20%) and 
none of segments in group A (P < 0.005). Eight segments in group A (23 %) and 
12 segments in group B (9%) were excised due to the presence of gross 
pathology identified during surgery (p <0.05). Functional improvement occurred 
in 15 of 23 segments with and in 11 of 141 segments without viability pattern 
at LDD echocardiography. The sensitivity, specificity, predictive value and 
accuracy of low dose dobutamine echocardiography for the prediction of 
postoperative functional improvement in akinetic segments are shown in table 
1. The negative predictive value was significantly higher in group B compared 
to group A (100% vs 90%, p<0.05; figure 1). 

p<O.05 

Negative predlcliv9 value 

No Ve, 

Akinesis becoming dyskinesis 

Figure 1. Figure 1. The negative predictive value of low dose dobutamine 
echocardiography for postoperative functional improvement in akinetic 
segments with and without dyskinesis at high dose dobutamine. 

CoronalY angiography 
Coronary angiography was performed in IS patients (5 patients with and 

10 patients without akinesis becoming dyskinesis) after surgery and revealed 
patency of grafts to analyzed segments in all patients. 

DISCUSSION 
In symptomatic patients with coronary artery disease and left ventricular 

dysfunction, myocardial revascularization aims at improvement of baseline 
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function, amelioration of symptoms, and improvement of prognosis (9). For that 
reason, the non invasive assessment of myocardial viability and ischentia before 
revascularization is important for the selection of patients who will benefit from 
the procedure. Dobutamine stress echocardiography is increasingly used for the 
functional assessment of patients with ischentic left ventricular dysfunction (2-5). 
The diagnosis of myocardial viability relies upon the occurrence of a contractile 
response of dyssynergic segments during LDD infusion (2,3). Myocardial 
ischemia is considered when new or worsening of wall motion abnormalities 
occur during the test (4,5,7). We have previously reported that akinetic 
segments which do not respond to LDD meanwhile develop dyskinesis at high 
dose are associated with absence of perfusion scintigraphic evidence of ischemia 
(6). In the previous study, we could not identify any segment showing the 
pattern of akinesis becoming dyskinesis with improvement at LDD. 
Consequently, the question remains whether this pattern is compatible with the 
presence of myocardial viability or not and awaits extension of the previous 
study. Furthermore, the detection of reversible perfusion defects in presence of 
severe resting hypoperfusion represent a technical challenge (10). Therefore, we 
assessed, in a new series of patients, the relationship between the pattern of 
akinesis becoming dyskinesis and myocardial viability at LDD and we studied 
the more relevant issue of post revascularization outcome of these segments. 

Our data show that in symptomatic patients with coronary artery 
disease, the phenomenon of akinesis becoming dyskinesis at high dose 
dobutamine stress test is consistently associated with absence of viability pattern 
at LDD as well as absence of functional improvement after surgical 
revascularization. Some of these segments were excised due to gross pathology 
identified at surgery and the remaining segments failed to exhibit systolic 
thickening 3 months after surgery. Furthermore, the observation of this pattern 
at high dose gave additional information to those obtained only at LDD. In 
absence of this pattern, 10% of akinetic segments identified at LDD as non 
viable showed functional improvement after surgelY. Thus the negative 
predictive value of dobutamine stress echocardiography for postoperative 
improvement was significantly higher in association with this pattern (100% vs 
90%). 

The steady increase of myocardial contractility in normal segments 
(11,12), and possibly in viable dyssynergic segments during dobutamine infusion 
may cause flappy akinetic segments with severe necrosis to bulg paradoxically 
in systole. Therefore, akinetic segments showing this pattern failed to 
demonstrate systolic thickening at LDD or after revascularization. Despite that 
myocardial ischemia is considered when a normal or hypokinetic segment at rest 
become dyskinetic at peak stress, this condition did not seem to apply to akinetic 
segments. It can be postulated that dyskinesis developing in a normal or 
hypokinetic segment represents severe ischemia, which in turn requires a 
substantial mass of preserved myocardium that may not be available in akinetic 
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segments. 
We have previously reported the value of LDD echocardiography for 

the prediction of recovery of regional function after recent myocardial infarction 
(3) and after coronalY artery bypass surgery in patients with chronic left 
ventricular dysfunction (2). The results of this study demonstrate an additional 
value of observation of worsening of akinetic segments at high dose dobutamine 
for the prediction of functional recovery. 

Limitations of the study 
Coronary angiography was performed only in 36 % of patients after 

surgery. However, in all of these patients, sustained patency of the grafts to the 
analyzed segments was demonstrated. Additionally, symptomatic improvement 
occurred in all patients after surgery denoting successful revascularization. 

Summary and conclusion 
In symptomatic patients with coronalY artelY disease and left ventricular 

dysfunction, the phenomenon of akinesis becoming dyskinesis at high dose 
dobutamine stress test is associated with absence of viability pattern at LDD 
echocardiography and lack of functional improvement after surgical 
revascularization. Observation of this pattern at high dose provides additional 
data to those obtained at LDD and improves the negative predictive value of 
dobutamine stress echocardiography for postoperative functional improvement 
of akinetic segments. 
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CHAPTER 20 

THE EFFECT OF SEVERITY OF CORONARY ARTERY 
STENOSIS AND THE COLLATERAL CIRCULATION ON THE 
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ABSTRACT 
Background. Patency of the infarct related artery and the presence of high grade 
collateral circulation have been associated with more myocardial preservation 
early after acute myocardial infarction. However, the influence of these 
angiographic parameters on the extent of functional improvement of dyssynergic 
myocardium after revascularization in patients with chronic left ventricular 
dysfunction has not yet been evaluated. Therefore, we assessed the influence of 
these parameters on myocardial viability in patients with chronic left ventricular 
dysfunction undergoing dobutamine stress echocardiography before elective 
coronary artelY bypass grafting. 
Methods. Forty patients (mean age =59 ± 8 years, 30 males) with old 
myocardial infarction and coronary artelY stenosis (;0:50% diameter stenosis) 
sub tending severely dyssynergic segments were studied by dobutamine stress 
echocardiography before coronary artery bypass grafting. Left ventricular 
function was assessed using a 16 segments-5 grade score model. Viability was 
defined as improvement of thickening of severely dyssynergic segments at low
dose dobutamine. Functional recovelY was defined as improvement of 
thickening at echocardiography obtained 3 months after surgelY. 
Results. There were 56 stenotic coronary arteries subtending severely 
dyssynergic myocardial segments, of which 38 were occluded. Among 186 
severely dyssynergic segments postoperative functional recovelY occurred in 42 
(23%). There was no significant difference between myocardial regions with 
patent or occluded COrOll3lY arteries with respect to prevalence of viability or 
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functional recovery, number of viable or recovered segments, and percentage 
of viable or recovered segments relative to the total number of dyssynergic 
segments in the same region. In patients with total occlusion, the previous 
parameters were not different between regions with different grades of collateral 
circulation. Sensitivity, specificity and accuracy of low dose dobutamine 
echocardiography for predicting postoperative functional improvement of 
severely dyssynergic segments were 71 % (Cl. 65-78), 90% (Cl. 86-95) and 
86% (Cl. 81-91) respectively. 
Conclusion. In patients with chronic left ventricular dysfunction following 
myocardial infarction, the presence of total occlusion of coronary ru1eries 
supplying severely dyssynergic regions does not imply a lower prevalence or 
extent of functional recovery following revascularization regardless of the grade 
of angiographically visualised collateral circulation. The benefit of 
revascularization of these segments is equivalent to that of segments with patent 
coronary arteries. Independent on the severity of coronary stenosis in these 
patients, noninvasive evaluation of myocardial viability using techniques like 
low-dose dobutamine echocardiography is required to identify myocardial 
regions with high probability of functional improvement following 
revascularization. 

Key Words: Myocardial viability. Dobutamine stress echocardiography. 
Coronary artery bypass grafting. 

INTRODUCTION 
Previous studies have demonstrated the value of coronary artery bypass 

grafting in amelioration of symptoms, improvement of left ventricular function 
and prolongation of survival in patients with chronic ischemic left ventricular 
dysfunction (1,2). The assessment of myocardial viability is important to predict 
the occurrence of functional improvement of dyssynergic segments after 
revascularization (3,4). The clinical utility of various techniques in this clinical 
setting has been established. These include positron emission tomographic 
assessment of myocardial perfusion and metabolism, 20l-thallium myocardial 
perfusion scintigraphy and low-dose dobutamine echocardiography (2-4). Few 
studies have been addressed to a assess the relationship between coronary 
angiographic findings and myocardial viability in severely dyssynergic regions 
in patients with chronic left ventricular dysfunction (5,6). The value of 
angiographically visualised collateral vessels to occluded coronary arteries in 
maintaining myocardial viability in the related dyssynergic segments is 
controversial (5,6). Furthermore, angiographic findings have been correlated 
with metabolic markers of viability without studying the impact on functional 
outcome of dyssynergic segments after revascularization, which is the ultimate 
target of the identification of viable myocardium. Therefore, the aim of this 
study was to assess the relationship between the severity of coronary artery 
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stenosis in patients with chronic left ventricular dysfunction and myocardial 
viability at low-dose dobutamine echocardiography and to determine the impact 
of the severity of coronary stenosis and collateral circulation in occluded 
coronary arteries on the prevalence and magnitude of functional improvement 
of dyssynergic segments following revascularization. 

METHODS 
Study patients: The study population was derived from a consecutive series of 
patients with left ventricular dysfunction and significant coronary artery stenosis 
who underwent dobutamine stress echocardiography for the diagnosis of 
myocardial ischemia and viability before coronary artery bypass grafting. 
Patients were included if they fulfilled the following criteria: 1) the presence of 
proximal or mid coronary artery stenosis (~50% luminal diameter stenosis) of 
~ 1 major coronary artery sub tending a myocardial region with akinesis or 
severe hypokinesis on resting echocardiogram. 2) coronary artery bypass 
grafting of arteries supplying the dyssynergic regions within 1 month after 
dobutamine stress test without concomitant myocardial resection. 3) absence of 
perioperative infarction. Forty patients fulfilled these criteria and all gave an 
informed consent to undergo dobutamine stress echocardiography before and 
after surgery. There were 30 males and 10 females. Mean age was 59 ± 8 
years. Symptoms before surgery included angina in 37 patients and dyspnea in 
8 patients. Beta blocking agents were stopped 2 days before dobutamine stress 
test. Medications at the day of the test included calcium chancel blockers in 20 
patients, nitrates in 29 patients and angiotensin converting enzyme inhibitors in 
24 patients. All patients had previous myocardial infarction diagnosed by the 
standard criteria of chest pain, diagnostic rise of cardiac enzymes and serial 
electrocardiographic changes. The mean time from the infarction was 4 ± 5.3 
years (range 6 months to 25 years). The infarction was anterior (or 
anterolateral) in 19 patients, inferior (or infero-posterolateral) in 12 patients and 
in both locations in 9 patients. 

Dobutamine stress test: Dobutamine was infused through an antecubital vein 
starting at a dose of 5 followed by 10 I'g/kg/min (3 minutes stages), increasing 
by 10 I'g/kg/min every 3 minutes to a maximum of 40 I'g/kg/min. Atropine (up 
to 1 mg) was given in patients not achieving 85 % of their age predicted 
maximal heart rate at the maximal dobutamine dose. The ECG was monitored 
throughout dobutamine infusion and was recorded each minute. Cuff blood 
pressure was measured every 3 minutes. The test was interrupted if severe chest 
pain, ST -segment depression> 2 mm, significant ventricular or supraventricular 
arrhythmia or systolic blood pressure fall of > 40 mm Hg occurred during the 
test. 

Stress echocardiography: Echocardiographic images were acquired at rest and 
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during stress and recovery. The echocardiograms were recorded on video tapes 
and were also digitized on optical disk and displayed side by side in quad
screen format (Vingmed CFM 800) to facilitate the comparison of rest, low-dose 
and maximal stress images. Left ventricular wall was divided into 16 segments 
and scored using a 5-point scale, where I = normal, 2 = mild hypokinesis, 3 = 
severe hypokinesis, 4 = akinesis, 5 = dyskinesis (4). The interpretation of 
images was performed by 2 experienced observers without the knowledge of the 
patients' angiographic data. In case of disagreement, a majority decision was 
achieved by a third reviewer. In our laboratOlY, inter-and intra-observer 
agreement for stress echocardiographic assessment are 92 % and 94 % 
respectively (7). Both wall motion and thickening were considered for analysis. 
The diagnosis of ischemia was based on the occurrence of new or worsening 
wall motion abnormalities in one or more segments. As previously reported, 
ischemia was not considered when akinetic segments at rest became dyskinetic 
without improvement at low-dose (8). Myocardial viability in akinetic or 
severely hypokinetic segments was considered as ~ I decrease of wall motion 
score during low-dose dobutamine (5-10 I'g/kg/min). 

Follow-up studies: A rest echocardiogram was performed in all patients, 3 
months after surgery. The echocardiographic images were stored on the same 
optical disk used for the preoperative study. The resting pre and postoperative 
images were visualized side-by-side in a quad-screen format allowing a proper 
assessment of segmental changes. An improvement of akinetic or severely 
hypokinetic segments was considered as a reduction of wall motion score ~ I. 
At the day of performing the follow-up echocardiograms, dobutamine stress 
echocardiographY was repeated in 28 patients, using the previously described 
method. The remaining 12 patients did not agree to undergo dobutamine stress 
test. 

Coronary angiography: Coronary angiography was performed, using the Judkins 
technique, within 1 month in all patients. Coronary stenosis was quantified using 
a previously described method from our center (9). All 35-0101 films were 
analyzed using the Cardiovascular Angiography Analysis System II (CAAS II, 
Pie Medical). Measurements were performed from end-diastolic frames with 
optimal vessel opacification. For edge detection, a region of interest of 512 x 
512 pixels was selected and digitized using a high fidelity charge coupled device 
video camera. The lumen edges were detected on the basis of the weighted sum 
of the first and second derivative function of the brightness profile of each scan 
line perpendicular to the vessel centerline. The vessel diameter function was 
determined by computing the shortest distance between the right and left 
contours. Calibration of these measurements to absolute values was achieved by 
using a catheter tip as a scaling device. A computer derived estimation of the 
original arterial dimension at the site of obstruction was used to calculate dIe 
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interpolated reference diameter. This technique is based on a computer derived 
estimation of original values over the analyses region. The calculation is based 
on a first degree polynomial computed through the diameter values of the 
proximal and distal portion of the arterial segment, followed by a translation to 
the 80th percentile level. Significant coronary artery disease was defined as a 
diameter stenosis :2: 50%. Collateral channels to completely occluded coronary 
arteries were assessed by observing the degree of opacification distal to the 
occlusion and was graded using the TIMI classification (5,10): Grade 1: absent 
filling to the distal vessel, grade 2: minimal, in case of faint opacification of the 
distal vessel or visualisation of a small vessel, grade 3: well developed 
collaterals with visualization and dense opacification of the entire distal vessel. 
Coronary arteries were assigned to particular myocardial segments as previously 
described (11). 2 experienced observers who were unaware of the results of 
dobutamine stress test reviewed the angiograms. In case of disagreement, a 
consensus was reached by a third observer. For stenotic coronalY arteries 
subtending severely dyssynergic regions, the following regional 
echocardiographic parameters were studied in the corresponding area: wall 
motion score index (derived by dividing the summation of the score of 
individual segments in the related region by the total umber of segments 
subtended by the related artery), prevalence of ischemia, prevalence of viability 
in severely dyssynergic segments at low dose dobutamine, viability index 
(derived by dividing the number of severely dyssynergic segments with 
improvement at low-dose dobutamine by the total number of severely 
dyssynergic segments in the same region), prevalence of functional recovery of 
severely dyssynergic segments after surgelY and recovery index (derived by 
dividing the number of recovered segments by the total number of severely 
dyssynergic segments in the same region). 

Statistical analysis: Unless specified, data are presented as mean values ± so. 
The chi square test and Fisher exact test were used to compare differences 
between proportions. The Student t test was used for analysis of continuous 
data. A p < 0.05 was considered statistically significant. Sensitivity, specificity, 
predictive value and accuracy were derived according to standard definition and 
presented with their corresponding 95 % confidence interval (CI). 

RESULTS 
Coronary angiography: There were 56 arteries supplying severely dyssynergic 
myocardial regions. The involved arteries were: the left anterior descending (28 
territories), left circumflex (11 territories) and the right coronary artery (17 
territories). Of these arteries, 38 (68%) were occluded. Coronary collaterals 
grade 1 were observed in 7 arteries (18 %), grade 2 in 10 arteries (26 %) and 
grade 3 in 21 arteries (55 %). Eighteen arteries were patent with a diameter 
stenosis :2: 50% (mean of 65 ± 8 %). Of the 40 patients, 7 had single vessel 
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disease (18%), 13 had 2 vessel disease (33%) and 20 (50%) had 3 vessel 
disease. The angiographic ejection fraction in the whole population was 41 ± 
13%. 

Hemodynamics: Dobutamine stress test was performed without serious 
complications in any patient. Heart rate increase significantly from rest to peak 
stress (72 ± 13 vs 141 ± 15 beats/min, p<O.OOOI); whereas systolic blood 
pressure did not change significantly (126 ± 23 vs 122 ± 25 mm Hg). Angina 
occurred in28 patients (70%) and ST-segment depression in15 patients (38%). 

Dobutamine stress echocardiography: At baseline, a total of 186 severely 
dyssynergic segments were detected in the 56 coronary artery regions. The 
mean number of severely dyssynergic segments per region was 3.3 ± 2.3 
(range = 2 - 9 segments). Systolic thickening at low dose dobutamine occurred 
in 25 of 134 akinetic segments (19 %) and improved in 19 of 52 severely 
hypokinetic segments (37%, p = 0.01). The viability pattern was observed in 
21 of the 56 vascular territories (38%) in 17 of the 40 patients (43%). In the 
entire population, wall motion score index decreased significantly from rest to 
low dose dobutamine (1.96 ± 0.37 vs 1.7 ± 0.35, p<O.OOI) and increased 
significantly at high dose (2.24 ± 0.37, p<O.OOOI vs resting value). Ischemia 
was detected in 27 of the 56 vascular territories (48%). 

Table 1. Diagnostic accnracy of low-dose dobutamine echocardiography for 
the prediction of functional recovery of severely dyssynergic segnlents after 
coronary artery bypass grafting. 

% 
95% C.l. 

SENS 

71 
65-78 

SPEC 

90 
86-95 

PPV 

68 
61-75 

NPV 

92 
88-96 

ACC 

86 
81-91 

ACC = diagnostic accuracy; C.l. = confidence intervals; NPV = negative 
predictive value; PPV = positive predictive value; SENS = sensitivity; SPEC 
= specificity. 

Follow-up data: Symptoms of angina improved in all patients after 
revascularization. Regional improvement of ventricular function occurred in 42 
of the 186 severely dyssynergic segments (23 %). This was more frequent in 
severely hypokinetic compared to akinetic segments: 18/52 (35%) vs 24/134 
(18%), p = 0.01. Improvement occurred in 25 vascular territories (45%) in21 
patients (53 %). The distribution of viability pattern at low-dose dobutamine 
echocardiography and functional improvement of severely dyssynergic segments 
after revascularization is shown in figure 1. Sensitivity, specificity, predictive 
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value and accuracy of low-dose dobutamine stress echocardiography in the 
prediction of post-revascularization improvement of severely dyssynergic 
segments are given in table I. In 28 patients who underwent high dose 
dobutamine echocardiography after surgery, angina occurred only in 2 patients. 
No patient developed ischemia at high dose dobutamine echocardiography in the 
studied vascular territories. Coronary angiography was performed in 13 patients 
(33 %) after surgery and revealed no significant graft stenosis in the studied 
regions in all patients. 

Table 2. Regional echocardiographic data in myocardial areas with severe 
dyssynergy in presence· of occlusion or patency of the related coronary 
artery. 

Occluded arteries Patent arteries p 
(N = 38) (N = 18) value 

WMSI at rest 2.74 ± 0.39 2.72 ± 0.39 0.9 

WMSI at low-dose dobutamine 2.51 ± 0.46 2.49 ± 0.44 0.8 

WMSI at peak stress 2.96 ± 0.45 2.89 ± 0.43 0.6 

Nr of dyssynergic segments 3.4 ± 2.4 3.1 ± 2.2 0.9 

Prevalence of viability 14 (37%) 7 (39%) 0.9 

Number of viable segments 0.73 ± 1.19 0.87 ± 1.42 0.8 

Viability index 0.26 ± 0.39 0.24 ± 0.30 0.8 

Prevalence of ischemia 17 (45%) 10 (56%) 0.5 

Functional recovery 16(42%) 9 (50%) 0.6 

Number of recovered segments 0.71 ± I 0.78 ± 0.9 0.8 

RecovelY index 0.24 ± 0.35 0.28 ± 0.37 0.9 

WMSI = wall motion score index. 

The effect of coronary artery patency on myocardial viability and functional 
outcome. 

There was no significant difference (Table 2) between myocardial 
regions subtended by occluded and those with stenotic but patent coronary 
arteries with regard to resting, low-dose and peak wall motions score indexes, 
prevalence of ischemia, myocardial viability and functional recovery, number 
of viable and recovered segments and indexes of viability and functional 

192 



recovery (figure 2) . No significant correlation was found between percentage 
diameter stenosis and viability index (r= - 0.12) or recovery index (r = - 0.18). 

186 dyssynergic segments 

+ LODE 

44 (24%) 

I 
-LODE 

142 (76%) 

~Functional recovery ~ 

+ + 
30 (68%) 14 (32%) 12 (8%) 130 (92%) 

Figure 1. Flow-chart with the results of low-dose dobutamine 
echocardiography (LDDE) for the detection of viability and the prediction of 
functional recovery after revascularization. 

The effect of the grade of coronary collateral circulation in occluded arteries. 
In myocardial regions subtended by occluded coronary arteries, there 

was no significant difference in the previously mentioned parameters between 
regions with different grades of collaterals (table 3). 

DISCUSSION 
There is a growing evidence that patients. with chronic left ventricular 

dysfunction late after acute myocardial infarction may have a variable amount 
of viable myocardium in the infarct region which is amenable to improvement 
after revascularization (3-6). Despite the evidence of favourable effect of infarct
related artery patency and collateral circulation on the functional outcome of the 
infarct region in recent myocardial infarction (12-17), it is not known if such 
favourable effects of these angiographic findings exist in patients with chronic 
left ventricular dysfunction late after myocardial infarction. 

The present study 
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This is the first study which evaluates the influence of patency of 
coronary arteries and the grade of collateral circulation on the functional 
outcome of dyssynergic segments after myocardial revascularization in patients 
with chronic left ventricular dysfunction. Our results show that in patients with 
left ventricular dysfunction late after acute myocardial infarction and significant 
stenosis of coronalY arteries subtending severely dyssynergic myocardium, the 
prevalence and extent of both myocardial viability assessed by low dose 
dobutamine and functional recovery after surgical revascularization are not 
related to the severity of coronary stenosis in the related arteries. Similarly in 
dyssynergic regions subtended by occluded coronary arteries, the prevalence and 
extent of both myocardial viability and functional recovery were not related to 
the grade of collateral circulation. These angiographic findings could not 
identify myocardial segments with a higher probability of functional recovery 
following revascularization. In contrast, low-dose dobutamine echocardiograpby 
could predict improvement of severely dyssynergic segments after 
revascularization with a moderate sensitivity and a high specificity. 

Occluded arteries Patent arteries 
l1li N - 38 Il'lI N - 18 

DAD 
NS NS 

0.30 

0.20 

0.10 

0.00 

viability index recovery index 

Figure 2. Viability and recovery indexes in myocardial regions with severe 
dyssynergy in presence of occlusion or patency of the related coronary artery. 

Comparison with previous studies 
Patency of the infarct-related artery and the presence of high grade 

collateral circulation distal to an occluded coronary artery have been associated 
with more favourable changes of left ventricular function and geometry after 
acute myocardial infarction (12-17). It has been shown that in patients with 
recent anterior myocardial infarction, the severity of the baseline residual 
stenosis of the infarct related artery is an important predictor of change in left 
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ventricular volumes in the first year after infarction. Total occlusion of the 
infarct-related artery was associated with greater left ventricular dilatation and 
functional impairment (15,16). Meijer et al. (17) reported that in patients with 
anterior myocardial infarction studied 3 months after acute anterior myocardial 
infarction, ejection fraction improved in patients with patency of the infarct
related artery but not in patients with reocclusion. They concluded that after 
successful thrombolysis of acute myocardial infarction, reocclusion without 
reinfarction withholds salvaged myocardium from regaining contractility with 
deleterious consequences for regional and global left ventricular function and for 
remodelling. Similarly, the presence of high grade collateral circulation was 
associated with a significant reduction of infarct size and better segmental and 
global left ventricular function (10,12,14). The lack of favourable effect of 
coronary artery patency on the presence and extent of myocardial viability and 
the functional outcome of dyssynergic segments after revascularization in our 
study can be explained by the chronic nature of left ventricular dysfunction and 
coronary angiographic findings in our patients studied at a mean of 4 ± 5.3 
years after infarction as opposed to patients with recent myocardial infarction. 
In patients with recent infarction acute coronary occlusion results in left 
ventricular dysfunction and evolutional changes of left ventricular function 
which are dependent on myocardial flow after recanalisation by thrombolysis or 
through collaterals to occluded arteries. Consequently, the amount of necrotic 
and viable myocardium will vary according to the amount of myocardial flow 
after the initial coronary occlusion (10,12,14). However, in patients with 
chronic left ventricular dysfunction as in our study, the anatomic status of the 
infarct related artery may not be representative of the status in the vulnerable 
early phase of myocardial infarction. Coronary artery occlusion may have 
developed gradually allowing for the development of adequate collateral 
channels which may be visualised or not with routine angiography (18,19). This 
gradual process of occlusion and collateralization may help to maintain adequate 
blood flow to severely dyssynergic but viable myocardium which is capable of 
functional recovery after complete revascularization. On the other hand, the 
presence of a patent artery supplying a dyssynergic area in patients with chronic 
left ventricular dysfunction does not mean necessarily that the artery was patent 
in the early period following the infarction. Late recanalization of occluded 
arteries may have occurred after the development of substantial myocardial 
necrosis. Marzullo et al. (6) showed that in patients with regional left 
ventricular dysfunction studied 19 ± 34 months after myocardial infarction, 
resting coronary flow is equally reduced in viable compared to non viable 
segments identified at positron emission tomography. However, coronary flow 
reserve after dipyridamole adminstration was higher in viable segments and was 
comparable to coronary flow reserve in segments with mild reduction of resting 
perfusion. These data show that in patients with chronic left ventricular 
dysfunction, the vasodilator reserve constitutes an important factor in 
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maintaining myocardial viability rather than resting flow which is already 
reduced in both viable and non viable dyssynergic regions. Finally, the selection 
of patients with severe regional dyssynergy in our study would result in 
exclusion of patients in whom the less severe residual coronary artelY stenosis 
resulted in considerable myocardial salvage and consequently they had normal 
or mildly impaired regional left ventricular function. 

Table 3. Regional echocardiographic data in myocardial areas with severe 
dyssynergy snbtended by occluded coronary arteries in presence of different 
grades of angiographically visualised collateral circulation. 

Grade 1 Grade 2 Grade 3 
(N = 7) (N = 10) (N = 21) 

WMSI at rest 2.76 ± 0.40 2.82 ± 0.31 2.66 ± 0.42 

WMSI at LOO 2.57 ± 0.46 2.60 ± 0.50 2.34 ± 0.52 

WMSI at peak stress 3.01 ± 47 3.07 ± 0.49 2.85 ± 0.41 

Prevalence of viability 2 (29%) 4 (50%) 8 (38%) 

Nr of viable segments 0.65 ± 1.12 0.73 ± 1.40 0.75 ± 1.61 

Viability index 0.23 ± 0.39 0.26 ± 0.37 0.30 ± 0.43 

Prevalence of ischemia 3 (43%) 5 (50%) 9 (43%) 

Functional recovery 2 (29%) 4 (50%) 10 (48%) 

Nr of recovered segments 0.61 ± 1 0.80 ± 0.93 0.71 ± 1.15 

Recovery index 0.20 ± 0.35 0.29 ± 0.42 0.23 ± 0.39 

WMSI = wall motion score index. 

The influence of collateral circulation to occluded arteries 
We found that in patients with chronic left ventricular dysfunction and 

occluded coronary arteries subtending regions with severe dyssynergy, the 
grade of collaterals visualized by angiography was not related to the prevalence 
or extent of myocardial viability assessed by low dose dobutamine 
echocardiography. Oi Carli et al. (5) reported similar findings in 42 patients 
with chronic left ventricular dysfunction in myocardial regions subtended by 
occluded coronary arteries undergoing positron emission tomographic imaging 
for the assessment of myocardial viability. Sambuceti et aI. (18) reported that 
in 19 patients with angina and isolated occlusion of the left anterior descending 
or left circumflex coronary artery who had no previous myocardial infarction, 
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the angiographic score of collateral circulation was not associated with 
differences in myocardial function or perfusion at baseline or during pacing. 
However, a trend to a higher maximal blood flow after dipyridamole 
adminstration and a higher coronary reserve was found in patients with than 
without high grade collaterals. Our study is the first to demonstrate that the 
prevalence and extent of post revascularization regional improvement of 
dyssynergic segments subtended by occluded coronary arteries are not related 
to the grade of the collateral circulation identified by routine angiography. This 
may be explained by the fact that angiography can detect epicardial collateral 
channels with a luminal diameter > 100 I'm, while most of the subendocardial 
and intramural chamlels may be as small as 20 I'm (19). Sabia et al. (20) 
reported that in 33 patients with recent myocardial infarction and occluded 
infarct-related artery, there was no significant correlation between angiographic 
collateral garde and myocardial perfusion assessed by myocardial contrast 
echocardiography, inferring the importance of small collateral circuits that can 
not be visualized at angiography in maintaining myocardial perfusion in 
myocardial regions with occluded coronary arteries. 
These non visualized channels may keep adequate myocardial flow to prevent 
permanent damage of the hibernating dyssynergic segments which might 
improve after restoration of normal coronary flow with revascularization as 
demonstrated in our study. In contrast to our findings and those reported by Di 
Carli et al.(5), Marzullo et al. (6) found that non viable segments were more 
likely to be perfused by an occluded vessel and less collateralized than viable 
segments. However, the number of coronary arteries analyzed in that study was 
small comprising 14 arteries of which 6 were patent. 

Limitations of the study: Most of the analyzed myocardial regions were 
subtended by occluded coronary arteries (68%). However, we did not select 
patients on basis of the severity of coronary stenosis. This high prevalence of 
occluded coronary arteries represents the severity of coronary artery disease in 
a population selected for coronary artery bypass grafting. Among occluded 
coronary segments, only few segments showed absent collaterals. This may be 
explained by chronic ischemia in this symptomatic population allowing for the 
development of high grade collaterlas in most of the occluded arteries. In the 
study of Di Carli et al. (5), only 18% of occluded arteries subtending severely 
dyssynergic regions had absent collateral circulation, which is similar to our 
findings. Follow-up coronary angiography after coronary artery bypass grafting 
was performed only in 33 % of patients. However, adequacy of revascularization 
of the analyzed segments is demonstrated by the abolition of ischemia and 
angina during dobutamine stress echocardiography and symptomatic 
improvement following coronary artery bypass grafting. Furthermore, the 
parameters of myocardial viability at low-dose dobutamine were comparable in 
regions with or without occluded coronary arteries. 
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Conclusion 
In patients with chronic left ventricular dysfunction following 

myocardial infarction, the presence of total occlusion of coronary arteries 
supplying severely dyssynergic regions does not imply a lower prevalence or 
extent of myocardial viability or functional recovery following revascularization 
even in absence of high grade collaterals visualized at angiographY. The 
potential benefit of revascularization of these segments is equivalent to that of 
segments with patent coronalY arteries. Independent on the severity of coronary 
stenosis in these patients, noninvasive evaluation of myocardial viability using 
techniques like low-dose dobutamine echocardiography is still required to 
identify myocardial regions with high probability of functional recovery 
following revascularization. 
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SUMMARY AND CONCLUSIONS 

Dobutamine stress testing is a safe, feasible and accurate method for the 
diagnosis and functional assessment of coronary artery disease especially in 
patients with limited exercise capacity (1-12). In patients with left ventricular 
dysfunction, low-dose dobutamine echocardiography is a useful method for the 
assessment of myocardial viability and the prediction of functional improvement 
spontaneously (13,14) or after revascularization (15). In this work, the value of 
various electrocardiographic, echocardiographic and scintigraphic markers of 
myocardial ischemia and viability was evaluated. Furthermore, we demonstrated 
the value of dobutamine stress testing in particular clinical indications that have 
not been previously assessed including symptomatic patients with previous 
myocardial infarction and patients after coronary artery bypass surgery. 

Dobutamine electrocardiography 
Despite that a recent study disregarded the value of electrocardiographic 

recordings during dobutamine stress testing and recommended to save the cost 
of recording (16), our study underscores the value of electrocardiographic 
observation during dobutamine stress testing for the detection of myocardial 
viability and ischemia. The occurrence of ST-segment elevation during 
dobutamine stress testing after a recent Q- wave myocardial infarction was 
associated with a higher prevalence and extent of late functional improvement 
of both regional and global left ventricular function compared to patients without 
ST-segment elevation (17). The accuracy of ST-segment elevation for the 
prediction of late functional improvement was comparable to that of low-dose 
dobutamine echocardiography in patients with anterior myocardial infarction and 
in those who underwent myocardial revascularization. Similarly, in patients with 
recent Q wave myocardial infarction, T-wave normalization at low-dose 
dobutamine was associated with echocardiographic markers of myocardial 
viability and improved the accuracy of low-dose dobutamine echocardiography 
for the prediction of spontaneous improvement of regional left ventricular 
function (18). 

The value of some electrocardiographic changes induced by dobutamine 
in the diagnosis and assessment of the severity of myocardial ischemia has been 
investigated. The significance of exercise-induced T-wave normalization is 
controversial (19,20). Most of the previous studies were performed in a 
heterogenous population. Our study indicates that in patients with non Q-wave 
myocardial infarction and negative T-waves undergoing dobutamine stress 
testing for evaluation of myocardial ischemia, the prevalence of ischemia 
assessed by myocardial perfusion scintigraphy and echocardiography was 
significantly higher in patients with than without T-wave normalization. This 
unique electrocardiographic finding has a moderate accuracy for the diagnosis 
of ischemia in this selected patient population (21). 
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In patients without previous myocardial infarction, dobutamine-induced 
ST-segment elevation was a specific marker of ischemia on echocardiography 
and myocardial perfusion scintigraphy. Although this finding was uncommon in 
patients without previous myocardial infarction, it was associated with more 
severe ischemia in this small group of patients compared to patients who had 
ischemia without ST-segment elevation (22). 

Similarly, we have demonstrated that in patients with coronary artery 
disease and transient wall motion abnormalities during dobutamine stress 
echocardiography, the occurrence of ST -segment depression is associated with 
more severe ischemia in myocardial segment with normal baseline contraction 
(23). 

While these electrocardiographic findings do not always provide 
additional data to those obtained by simultaneous imaging techniques, they may 
be of greater interest in presence of equivocal changes or subopitmal imaging 
quality. 

Particular aspects in the detection of myocardial ischemia in patients with 
myocardial infarction 

The detection of significant coronary stenosis of the infarct related 
artery on basis of inducible ischemia is important to clarify the relationship 
between the patient' symptoms and myocardial ischemia and to predict 
improvement of symptoms after revascularization. Unfortunately the 
echocardiographic detection of additional wall motion abnormalities may be 
limited by the pre-existence of resting wall motion abnormalities. It has been 
suggested that myocardial perfusion scintigraphy should be preferred to 
echocardiography in patients with previous myocardial infarction (2). Our study 
shows that while the sensitivity of echocardiography is lower in regions with 
severe compared to mild and moderate wall motion abnormalities, the sensitivity 
was similar in normal myocardial regions compared to those with severe wall 
motion abnormalities. The presence of regional wall motion abnormalities was 
not particularly related to a false negative study. Additionally, the sensitivity of 
dobutamine stress echocardiography for detecting remote and infarct-related 
coronary artery stenosis was similar. Thus, we demonstrated a good overall 
accuracy of dobutamine stress echocardiography in patients after myocardial 
infarction with similar regional accuracy in infarct and remote segments. 

Similarly, dobutamine thallium scintigraphy had a good accuracy for 
detecting coronary artery disease on basis of reversible hypoperfusion in this 
population. The severity of fixed perfusion abnormalities was a limiting factor 
for detecting infarct-related artery stenosis only in the left circumflex and right 
coronary artery territories, probably due to a larger myocardial mass in the left 
anterior descending coronary artery territories which tend to maintain an 
adequate normal myocardial mass functioning as a substrate for ischemia. 
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An interesting finding of our study in patients with previous myocardial 
infarction undergoing dobutamine stress testing is that left ventricular function 
at rest is a powerful predictor of systolic blood pressure response to high-dose 
dobutamine as opposed to the findings of previous studies in a heterogenous 
population which failed to detect a difference in functional abnormalities with 
or without dobutamine-induced hypotension (24,25). This may be explained by 
the low likelihood of developing cavitary obst11lction in patients with left 
ventricular dysfunction in contrast to patients with normal left ventricle who 
may develop hypotension due to marked increase of contractility and cavity 
obliteration during dobutamine infusion. 

Additional values of sequential chauges of contractility from low to high 
dose dobutarnine 

The classic timing of echocardiographic assessment of myocardial 
viability and ischemia is at low and high dose dobutamine echocardiography 
respectively. In this study we have demonstrated that observation of contractile 
response of akinetic segments at both low and high dose dobutamine may 
provide additional data regarding myocardial ischemia and viability that calOlot 
be obtained by one stage assessment. Akinetic segments exhibiting a biphasic 
response, defined as improvement at low-dose, followed by worsening at high 
dose dobutamine demonstrated the highest prevalence of ischemia assessed by 
simultaneous thallium SPECT imaging (26). This observation may help to 
improve the sensitivity of dobutamine stress echocardiography for the detection 
of functionally significant coronalY artery disease in patients with myocardial 
infarction. 

The phenomenon of akinesis becoming dyskinesis at high dose 
dobutamine stress echocardiography has been disregarded as a marker of 
myocardial ischemia in absence of improvement of thickening at low-dose 
dobutamine (27). In this work we demonstrated that this pattern is constantly 
associated with absence of echocardiographic signs of viability at low dose 
dobutamine as well as absence of functional improvement after surgical 
revascularization (28). The negative predictive value of low-dose dobutamine 
echocardiography for post-operative functional improvement was significantly 
higher in akinetic segments with than without dyskinesis at peak stress. Thus, 
2 stages assessment of viability in this setting provided additional data to those 
obtained only at low-dose stage. 

Combination of ischemic markers as a predictor of more severe ischemia 
In patients with coronalY artery disease and inducible ischemia during 

dobutamine stress echocardiography or myocardial perfusion scintigraphy, the 
absence of angina pectoris during the test may be interpreted as an indictor of 
less severe functional abnormalities. In our study we demonstrated that in 
patients with anatomically and functionally significant coronalY artery disease, 
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the extent and severity of myocardial ischemia are not different with or without 
angina during dobutamine stress test (23,29). Consequently, in patients with a 
positive echocardiographic or scintigraphic test for ischemia, it would be 
inappropriate to underestimate the severity of myocardial ischemia in absence 
of inducible angina. 

The significance of a negative dobutamine stress echocardiographic 
study for ischemia in patients with coronary artery disease and reversible 
perfusion defects on simultaneous myocardial perfusion scintigraphy has not 
been investigated. Theoretically this may imply that ischemia was not of enough 
severity to provoke left ventricular dysfunction. Our study shows that in patients 
with coronary artery disease and reversible perfusion defects on dobutarnine 
MIBI SPECT, the extent and severity of reversible hypoperfusion and 
presumably myocardial ischemia are not different with or without transient wall 
motion abnormalities (30). A negative echocardiographic study in this 
population was more common in females and was associated with a lower peak 
rate pressure product. This confirms the lower sensitivity of echocardiography 
compared to myocardial perfusion scintigraphy in sub maximal stress tests and 
can be explained by the late occurrence of mechanical dysfunction following 
impairment of perfusion in the ischemic cascade (31). The clinical implication 
of this study is that MIBI imaging may be required in patients undergoing 
dobutamine stress echocardiography in whom the test ends at submaximal level 
without evidence of myocardial ischemia. 

CONCLUSIONS 

1) Dobutamine stress echocardiography is an accurate, safe and relatively cheap 
method for the diagnosis of significant coronary artery disease and the 
assessment of myocardial viability in patients with left ventricular dysfunction. 

2) Dobutamine perfusion scintigraphy may be recommended in conjunction with 
negative submaximal dobutamine echocardiographic studies. 

3) The absence of symptoms during a positive dobutamine echocardiographic or 
scintigraphic study in patients with coronary artery disease should be 
disregarded as a marker of less severe ischemia. 

4) Observation of contractile response of akinetic segments at both low and high 
dose dobutamine echocardiography provides additional data regarding 
myocardial ischemia and viability that cannot be obtained by evaluation of only 
one stage. 

5) Dobutamine stress echocardiography is an accurate method for the diagnosis 
of coronary artery disease in symptomatic patients after myocardial infarction, 
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with comparable sensitivity for the detection of remote and infarct-related artelY 
stenosis. 

6) Left ventricular function after myocardial infarction is a powerful predictor 
of systolic blood pressure response to high dose dobutamine stress test. 

7) Electrocardiographic changes during dobutamine stress test can provide 
important clues regarding the presence and extent of both myocardial ischemia 
and viability in patients with coronary artery disease. 
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SAMENV ATTING EN CONCLUSIES 

De dobutamine stress test is een veilige en geschikte methode voor 
de diagnose en funktionele inschatting van coronairlijden, in het bijzonder 
bij patienten met een onvoldoende inspanningstolerantie. Ook bij patienten 
met een doorgemaakt hartinfarct heeft de test waarde voor het inschatten 
van de uitgebreidheid van het coronairlijden. Bij patienten met een 
gestoorde hartspier functie in rust, is lage dosis dobutamine 
echocardiografie een nuttige methode voor de bepaling van hartspier 
vitaliteit en de voorspelling van herstel van funktie. Bij hartspierdelen die 
stilstaan (akinetisch) is zowel stress met lage als hoge dosis dobutamine 
essentieel voor de diagnostiek van ischemie en vitaliteit. Indien de 
dobutamine echocardiografische studie normaal is, maar de stress 
submaximaal, wordt perfusie scintigrafie aanbevolen. 

De afwezigheid van typische druk op de borst tijdens een positieve 
dobutamine test is niet gerelateerd aan minder zuurstoftekort van het hart. 
Electrocardiografische veranderingen tijdens de dobutamine test knnnen 
belangrijke aanwIJzmgen geven betreffende de aanwezigheid en 
uitgebreidheid van zuurstoftekort en vitaliteit van de hartspier. 
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