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Although exercise stress echocardiography is currently
used to evaluate coronary artery disease (CAD) patients,
the best exercise methodology is still undefined. The
objectives of the study were: (1) to compare supine
bicycle stress echocardiography (SBSE) and treadmill in
the evaluation of CAD; and (2) to define, in normal
subjects, the different behavior of factors determining
MVO, with treadmill and SBSE. We selected 10 male
patients with CAD (group A), and 10 male control sub-
jects (group B). Each patient underwent SBSE and tread-
mill testing in random order. We studied heart rate,
systolic blood pressure, heart rate x systolic blood pres-
sure, and end-diastolic and end-systolic volume indexes.
In group A, we also studied wall motion score index
(according to the American Society of Echocardiogra-
phy) and in group B, systolic blood pressure/end-sys-
tolic volume index. The results were as follows: Group A:
SBSE resulted in significantly lower work load, heart
rate, and significantly higher systolic blood pressure,
heart rate x systolic blood pressure, end-diastolic vol-
ume index, end-systolic volume index, and wall motion

each patient, whereas treadmill did not detect wall mo-
tion abnormalities in 4 patients (3 single-vessel; 1 mul-
tivessel); of the other 6 patients, 2 showed a lower wall
motion score index and 4 did not show any difference in
left ventricle kinetics with the 2 methodologies of exer-
cise. Mean acquisition time for postexercise images was
72 + 6 seconds. Group B: SBSE resulted in lower work
load, heart rate, heart rate x systolic blood pressure,
systolic blood pressure/end-systolic volume index, and
higher end-diastolic volume index and end-systolic vol-
ume index. Systolic blood pressure was similar with
SBSE and treadmill testing. In conclusion, our experience
suggests SBSE is a highly accurate diagnostic tool for
evaluating CAD compared with treadmill testing; the
maximum cardiovascular performance can be achieved
with lower values of heart rate, suggesting the echo test
is more feasible. Treadmill testing could lose important
information about the existence, extension, and location
of CAD; in contrast, SBSE detects even small, quickly
reversible wall motion abnormalities. ©1998 by Ex-
cerpta Medica, Inc.
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Exercise stress echocardiography is currentlyional wall motion; however, the delay okl
used to evaluate risk for inducible ischemiaminute between the end of exercise and echocardio-
This method has achieved more widespread accepaphic image acquisition may leave quickly revers-
tance only in the past few years with the advent gble wall motion abnormalities undetectédé On
digital acquisition and classic loop for quadranthe other hand, supine bicycle exercise permits im-
display, facilitating comparison of rest and postexaging to be performed during and at peak exercise
ercise images. . ) rather than only during the recovery period. Since
_Stress echocardiography may involve either treag,|| motion abnormalities may sometimes recover
mill or supine—upright bicycle. These methodologle,sapidw' peak exercise imaging may increase sensi-

allow the acquisition of echo images during differenf ity for the detection of coronary artery disease

periods and, in addition, a different body positioncApy 9-13 Fyrthermore, compared with treadmill
could determine important effects on cardiovascular §

function. With treadmill exercise, more muscle group(sfnOI upright bicycle exercise, supine bicycle exer-

are recruited, many adults are more familiar with thi ise increases venous return as well as central blood
type of exercise, and it is also less dependent éqd left ventricular volumes, consequently lowering

subject’s cooperation to maintain a constant workloetj chetmlc hﬁart rattr? '{hreshc??d?“g rteV|eW of thle b
during a specific protocol. Therefore, higher workload'€'ature Shows ; v?ry ea/v ac? ‘?‘I:e a\éalra' N
and greater maximal heart rate are typically achievé@MParing supine bicycle and treadmill modalities
with treadmill exercisé:3 in the same group of subjectd>17 Accordingly,

A delay of postexercise echocardiographic imthis study aimed to define: (1) supine bicycle stress

age acquisition allows a better visualization of reechocardiography (SBSE) diagnostic accuracy in
detecting myocardial ischemia with all images ac-

quired during exercise, compared with treadmill
exercise echocardiography, and with all images ac-
quired after exercise, in a population of CAD pa-
tients; and (2) the different behavior of factors
determining MVQwith treadmill and supine bicy-
cle exercise, in a population of healthy subjects.
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METHODS axis views and apical 2-, 3-, and 4-chamber views
The study group consisted of 20 subjects; 10 masequired in the supine position. A Vingmed cineview
patients (group A) were selected from a group of 150as used for 4-quadrant display of digitized images
subjects referred to the stress echo laboratory of diar simultaneous comparison of rest, peak-exercise,
institute for evaluation of possible CAD precordiabnd postexercise studies. Eight frames per cardiac
pain. Selection criteria were as follows: (1) recurrerttycle, triggered from the R wave at intervals of 67, 50,
chest pain; (2) absence of previous myocardial infaror 33 msec depending on heart rate, were displayed.
tion; (3) absence of wall motion abnormalities a€ontinuous 3-lead electrocardiographic monitoring
determined by two-dimensional (2D) rest echocardiovas used with a 12-lead electrocardiogram during
gram; (4) positive exercise electrocardiograms (l&€ach stage with precordial electrodes moved to avoid
standard leads) defined as development0f01 mV encroachment on the transducer.
horizontal or downsloping ST-segment depression at The entire study was continuously recorded on
0.08 seconds after the J point in a lead with a normaliper VHS tape. Endocardial visualization was re-
baseline ST-segment development of severe ventri@uired for analysis to proceed. According to our pre-
lar arrhythmia; and (5) presence of significant CAD agous experience, wall motion was quantitatively as-
defined by a>70% reduction of lumen area in any ofsessed by the evaluation of systolic thickening as
the 3 coronary arteries or their primary branches, aormal (<5 mm excursion), hypokinetic (2-5 mm
>50% lumen narrowing of the left main coronaryexcursion), akinetic (absent thickening), or dyskinetic
artery. (systolic wall thinning and outward motiofj. Fur-

A control group, consisting of 10 male subjectshermore, each segment was qualitatively scored by 2
(group B), were matched for age; they were consiihdependent observers without knowledge of clinical
ered healthy on the basis of symptoms, risk factorand angiographic data, with differences in opinion
and exercise electrocardiography and did not undergesolved by consensus, as follows:=Inormal,
cardiac catheterization. 2 = hypokinesia, 3= akinesia, 4= dyskinesia. An

Each subject underwent, in random order, SBS&bnormal study was defined by onset of segmental
and treadmill exercise, performing the 2 tests on difvall motion abnormalities during or after exercise. To
ferent days within a 5-day period, at the same hofurther evaluate the resolution of ischemia from peak
and under the same environmental conditions. kxercise to the recovery period, the 5 views were
group A, all exercise tests were obtained within 2onsolidated into the standard 16 segments adopted by
weeks of cardiac catheterization. In patients receivitge American Society of Echocardiography to avoid
treatment B-adrenergic blocking agents were disconduplication of the same areas on multiple views.
tinued for >48 hours and long-acting nitrates andechocardiographic recordings were previously coded
calcium antagonists for 24 hours before the test. Theand interpreted at random in our laboratory by 2 of the
study protocol was approved by La Sapienza Univeinvestigators, who were blinded to clinical data, with
sity Ethical Committee on Human Research and imaterobserver agreement on 92% of the examined seg-
formed written consent was obtained from all subments. One observer reviewed a random sample of 80
jects. studies twice, with intraobserver agreement on 98% of

Stress echocardiography: SBSE was performed the examined segmerits.
with supine bicycle ergometry on a tilting exercise All patients underwent standard Bruce protocol
table, with the table tilted to 30° of the left lateratreadmill exercise testing to a symptom-limited max-
decubitus position. Exercise started with a workloaidhal exercise with continual 3-lead monitoring and
of 25 W that increased by 25 W every 2 minutesl2-lead electrocardiography performed during each
When testing was not symptom-limited, the value aftage of exercise. Clinical and blood pressure re-
85% of maximum age-predicted heart rate was alwagponses were monitored and assessed during each
reached. Echocardiographic and electrocardiograplsimge of exercise. Echocardiographic monitoring was
monitoring and symptom notation were performegderformed before and after exercise in the supine
throughout testing, with blood pressure determingabsition; mean acquisition time for postexercise im-
every 2 minutes. Endpoints for test termination werages was 72 6 seconds.
as follows: (1) echocardiographic detection of wall Endpoints for test termination were the same as
motion abnormalities not present at baseline; (2hose adopted for SBSE with the exclusion of echo-
symptoms judged to be unacceptable by the supervisrdiographic detection of wall motion abnormalities
ing cardiologist (angina, severe fatigue, or dyspneat peak exercise.

(3) myocardial ischemia or serious arrhythmia at elec- Study parameters: At baseline and at peak exercise,
trocardiography; (4) systolic blood pressuf220 mm the following parameters were evaluated: heart rate,
Hg or diastolic blood pressure120 mm Hg; and (5) systolic blood pressure, rate—pressure product, left
exercise-induced muscular fatigue. ventricle end-systolic volume index, and left ventricle

A 2D echocardiographic examination was perend-diastolic volume indé® in group A only, we
formed with the use of a commercially available widealso evaluated wall motion score index. In group B,
angle, phased array imaging system (Vingmede also studied the “systolic blood pressure/left ven-
Sonotron CFM800) with a 3.25 mHz transducer, imtricle end-systolic volume index” ratio (systolic blood
mediately before and throughout the entire test amdessure/end-systolic volume index) as a noninvasive
recovery period, with standard parasternal long—shantdex of the left ventricle contractile stai®\We stud-
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TABLE | Characteristics of Patient Population TABLE Il Group A: Wall-Motion Score Index (WMSi)
Group A Group B Patient
Number SBSE Treadmill CAD (Vessel)

Age (yrs) 54 +7 518
Chest pain history 10 0 ; } %g } }
Diabetes 4 0 3 1 12 1 1
Antianginal drugs 10 0 4 1.25 1 2
Calcium antagonists 6 0 2 }g; }%g ;
Nitrates 10 0 7 1 :50 1 :50 2
Coronary arteriography 8 1.56 1.56 3

Single vessel 4 — 9 1.50 1.50 2

Double vessel 4 - 10 1.43 1.43 3

Triple vessel 2 — CAD = coronary artery disease; SBSE = supine bicycle stress echocardiog-

raphy.
TABLE Il Group A: Exercise Test Results TABLE IV Group B: Exercise Test Results
SBSE Treadmill SBSE Treadmill

Work load (kg/min) 488 + 187* 973 = 8 Work load (kg/min) 854 + 106" 1,694 = 293
HR (beats/min) 134 = 197 162 =19 HR (beats/min) 142 + 147 166 + 20
SBP (mm Hg) 191 = 22% 180 £ 17 SBP (mm Hg) 200 = 25 193 £ 13
Rate—pressure product x 10° 26 = 6* 296 Rate—pressure product x 10° 28 = 5* 32x4
EDV; (cm?) 102 = 31* 99 + 29 EDV, (cm?) 107 = 24* 95+18
ESV, (cm?) 55 +12% 49 + 12 ESV; (cm?) 39 =12 33=13
WMS, 1.4=0.2% 1.2+0.2 SBP/ESV, 55+ 1.5¢8 6322

: p <0.005. * p <0.005.

p <0.001. .

i 008, P <0001,

EDV; = end-diastolic volume corrected for body surface area; ESV, = p <0.05.
end-systolic volume corrected for body surface area; HR = heart rate; SBP = § p <0.0005.
systolic blood pressure; SBSE = supine bicycle stress echocardiography; SBP/ESV; = Systolic blood pressure/end-systolic volume corrected for body
WMS; = wall-motion score index. surface area. Other abbreviations as in Table II.

ied this parameter only in group B because the systoBBSE showed significant lower values of heart rate,
blood pressure/end-systolic volume index ratio is ndiigher values of systolic blood pressure, and lower
a reliable contractility index of an ischemic left venvalues of rate—pressure product compared with tread-
tricle.2? In both groups of patients, we also evaluateghill. SBSE resulted in significantly higher values of
heart rate and rate—pressure product at 75% predicestil-diastolic volume index and end-systolic volume
maximal heart rate (predicted maximal heart ratédex than treadmill exercise. The ability of SBSE to
220 — age). detect CAD was demonstrated by the values of wall
Cardiac catheterization: All group A patients under- motion score index (Table Ill), which were signifi-
went left-sided cardiac catheterization and coronapantly higher than treadmill: in fact, each patient of
angiography before SBSE and treadmill tests. Ftiis group showed left ventricle wall motion abnor-
guantitative analysis of coronary artery stenoses,naalities at peak exercise whereas, at the moment of
previously described and validated method waafter-treadmill image acquisition, 4 patients did not
used?! Significant coronary artery stenosis was deshow any wall motion abnormalities (3 single-vessel
fined as mentioned above. Angiograms were reviewadd 1 double-vessel disease); of the other 6 patients
by 2 angiographers who were unaware of the resultswith wall motion abnormalities at SBSE, 2 showed a
stress echocardiography. lower echo score index (1 single-vessel and 1 double-
Statistical analysis: The Student’s 2-tailetitest for vessel) with treadmill and only 4 patients did not show
paired data for comparison between SBSE and treaafty difference in left ventricle kinetics with the 2
mill tests was performed. Data are presented agethodologies of exercise.
mean= SD. A p value<0.05 was considered statis- Group B: The stress test was interrupted for fatigue

tically significant. in all subjects. SBSE (Table 1V) resulted in signifi-
cantly lower values of workload, heart rate, and rate—
RESULTS pressure product, and higher values of end-diastolic
The clinical characteristics of the study populatiomolume index and of end-systolic volume index. Sys-
are presented in Table I. tolic blood pressure values were similar with SBSE

Peak exercise: Group A: At peak exercise (Tableand treadmill. Systolic blood pressure/end-systolic
II), the mean workload with supine bicycle exercis@olume index ratio was significantly lower at peak
was significantly lower compared with treadmill;supine exercise compared with treadmill exercise.
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TABLE V Submaximal Exercise (75% PMHR) Test Results

Group A Group B
SBSE Treadmill SBSE Treadmill
SBP (mm Hg) 174 = 14.9* 153.5£13.6 183 = 17* 157 = 14
HR x SBP x 10° 21 + 2.57 19 +2.6 25 = 3.3 21 +2.6
* b <0.005.
Tp <0.05.

PMHR = predicted maximal heart rate; other abbreviations as in Table II.

Submaximal exercise (75% predicted maximal heart  exercise testing provides more vigorous exercise even
rate): Group A (Table V): The mean heart rate at 75%hen the patient’s cooperation is less than perfect; and
predicted maximal heart rate was 12112 beats/min. (2) the echocardiographic examination carried out at
SBSE resulted in significantly higher systolic bloodhe end of exercise makes it possible to visualize wall
pressure and rate—pressure product than treadmill exetion abnormalities while eliminating all the techni-
ercise. cal difficulties associated with obtaining an echocar-

Group B (Table V): The mean heart rate at 75%iogram during exercise. Additionally, in our experi-
predicted maximal heart rate was 13312 beats/min. ence, wall motion abnormalities are better visualized
SBSE resulted in significantly higher systolic blooct the end of exercise during the recovery phase.
pressure and rate—pressure product than treadmill élewever, we always considered it useful to carry out

ercise. echocardiographic examination during both exercise
and the entire recovery period, so that any wall motion
DISCUSSION abnormalities could be identified early and its evolu-

Stress echocardiography has received special attéibn could be studied. Our studies showed that wall
tion because of the possibilities it offers for the studsnotion abnormalities disappeared in 26% of cases
of abnormal wall motion after stress-induced ischwithin 1 minute after the end of exercise, conse-
emia. quently preventing the recording of wall motion ab-

The first studies date from 1978-1979 and usetrmalities with an echocardiographic examination
M-mode echocardiograpt?#:23 They showed that the carried out shortly after exercigeln addition, this
method was of undoubted diagnostic value but alsnethodology of exercise accentuated the differences
emphasized its limits, especially the lack of spatiddetween well-perfused and poorly perfused myocar-
orientation, which made it possible to explore onlylial segments, increasing the possibility of detecting
limited areas of the myocardial wall. The 2D echocamwall motion abnormalities. Indeed, during sympa-
diography studies seemed to be of wider vaie.thetic stimulation, the well-perfused segments tended
Nevertheless, the technical difficulties of carrying oubward hyperkinesia, whereas the poorly perfused seg-
an echocardiographic examination during exerciseents could present decreased motility. In our expe-
have also been pointed out; in fact, the low feasibilitsience, as well as in that of other investigats$who
of peak-exercise image acquisition broadened the difave used the supine position during exercise with the
fusion of posttreadmill and pharmacologic echocabicycle ergometer, the highest percentage results and
diographic protocols. However, the introduction ofhe best quality images were obtained by placing the
digital imaging techniques (digital acquisition angbatient in the supine position, with the legs raised
classic loop for quadrant display) has lead to signiffrom the bed and the trunk raised to form an angle of
cant improvement in the feasibility of exercise echa0° and rotated slightly to the left. A stress echocar-
cardiography over the past few years, facilitating comiogram is obtained more easily in this position; in
parison of peak and postexercise images. In fact, inra@dition, a higher venous return flow results in aug-
recent study conducted by Quinones ét ah approx- mented heart volumes. Left ventricular wall stress is
imately 300 patients, a 99% feasibility rate for exerthus increased, which means that the threshold for
cise echo was reported. These investigators believiedhemia will be reached at lower arterial pressure and
that feasibility has ceased to be an issue altogether;heart rate product values. This was confirmed by our
our experience, the rate of unfeasible examinations fprevious finding%’ showing that patients performing a
exercise echo has dropped from an initial 30% to stress test in the supine position reached a lower angor
mere 5% today. threshold compared with that obtained with a stress

The exercise methodology of choice for stresgst performed in the upright position.
echocardiography is still undefined, and treadmill and
SBSE have their advocates. After treadmill exerciRREVIOUS STUDIES
testing, the echocardiographic examination is carried More direct comparison between bicycle and tread-
out on the supine position 30—60 seconds after the emill exercise during the degree of submaximal exer-
of exerciset-8 In support of the validity of this cise in the same group of patients has been made in a
method, some investigatérsstate that (1) treadmill previous study where echo stress was not utilized.
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These data showed that at comparable submaxino&l SBSE compared with postexercise imaging, the
heart rates, treadmill exercise in normal subjects ressults of previous studies did not prove the superior-
sulted in significantly lower cardiovascular stress thaty of the SBSE technique, because the same group of
SBSE. patients did not undergo both procedures (treadmill
Similarly, the results of Nieberber et2alshowed and SBSE).
that at equivalent submaximal exercise levels, CAD One of the original aspects of this study was the
patients had higher degrees of cardiovascular strasect comparison in the same subject of these 2
during upright bicycle exercise than during treadmilllifferent echocardiographic modalities. Our data
exercise. A more recent CAD-patient stdél\com- showed that SBSE resulted in significantly higher
pared hemodynamic and electrocardiographic reardiovascular stress than treadmill exercise with
sponse to submaximal treadmill and supine bicycldgher left ventricle end-diastolic and left ventricle
exercise; these data also showed that submaxineald-systolic volumes in both groups of patients. Con-
supine bicycle exercise resulted in significantly highexequently, SBSE allowed a better detection of wall
values of systolic blood pressure and rate—pressumstion abnormalities in CAD patients. Furthermore,
product than treadmill exercise. In addition, supinthe extent of myocardial ischemia (number of wall
bicycle electrocardiographic exercise was determinadbtion abnormality segments) was higher during
to be significantly more sensitive for detecting CACSBSE compared with treadmill exercise; these differ-
than treadmill electrocardiographic exerci8eOur ences could depend on body position, which could
findings on hemodynamic data at comparable suiesultin different effects on cardiovascular function as
maximal heart rates (75%) are consistent with theseentioned above. Our data are consistent with those
results. Few studies focused on the comparison haeviously reported by Badruddin et’@land provide
tween supine bicycle and treadmill tests by detectiabjective validation of the expectation that imaging
of wall motion abnormalities, a highly specific indi-during peak ischemia would yield better results than
cator of CAD. Hetch et dlcompared, in the sameimaging while ischemia is progressively resolving af-
patient undergoing coronary arteriography, SBSE aner exercise.
thallium-201 single-photon emission computerized to-
mographic (SPECT) exercise treadmill testing. ThetONCLUSIONS

physiologic data are consistent with our results even it | conclusion, our experience suggests SBSE is a
they showed no statistical difference of rate—pressuigyhly accurate diagnostic tool compared with tread-

product between the 2 methodologies of exercise. TRg|| exercise. In comparison with treadmill testing,
evaluation of CAD by SBSE and thallium-201 SPECEBSE can reach the maximum cardiovascular perfor-

(90% vs 92%), but a higher specificity (80% vs 65%)acho test is more feasible. In addition, treadmill test-

and predictive accuracy of SBSE (87% vs 85%). FUlng could lose important information about the exis-
thermore, SBSE was more sensitive for evaluation @ince, extension, and location of CAD: on the con-

the left anterior descending CAD (97% vs 82%ygary, SBSE detects even small, quickly reversible
p <0.005) and more specific in evaluating the righkali motion abnormalities.

CAD (88% vs 66%, p<0.01) and for evaluation of
the vessels involved in the triple-vessel disease (93%
Vs 69%, p<0-01).
Furthermore, few data compared the ability of peakDagianti A. Stress echocardiography from the outset to date: evolution of its

; ; ; ; H mical application over timeCardiovasc Imagindl996;8:7—-14.
and postexermse Imagmg n evaluatlng CAD. SaWa(;.ﬁ]Maur(-:‘r G, Nanda NC. Two dimensional echocardiographic evaluation of
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also showed, in the same group of patients, the surﬂcgrdiol lobotora 8L

riority.of Peak _exerCise imaging Compa_red _With POSk. marwick TH, Anderson T, Williams J, Haluska B, Melin JA, Pashkow FJ,
exercise iImaging because of a normalization of 40%omas J. Exercise echocardiography is an accurate and cost-efficient technique
of the segments from peak to postexercise imagjrngfor detection of coronary artery disease in womé&mm Coll Cardiol1995;26:
. A 335-341.
Furthermore, the postexercise SBSE sensitivity aRiecht Hs, DeBord L, Shaw R, Chin H, Dunlap R, Ryan C, Myler RK. Supine
speciﬁcity were similar to those reported in othelicycle stress echocardiography versus tomographic thallium-201 exercise imag-
studiest? ing for the detection of coronary artery disea3eAm Soc Echocardiogt993;
L . ) .. .6:177-185.
However, despite the generally superior sensitivity. Hecht HS, DeBord L, Shaw R, Dunlap R, Ryan C, Stertzer SH, Myler RK.

66G THE AMERICAN JOURNAL OF CARDIOIOGY®  VOL 81 (12A) JUNE 18, 1998



Digital supine bicycle stress echocardiography: a new technique for evaluatitagive exercise echocardiography and comparison with quantitative arteriography.
coronary artery diseasd.Am Coll Cardiol1993;21:950-956. Am J Cardiol1991;67:1201-1207.

11. Hecht HS, DeBord L, Sotomayor N, Shaw R, Dunlap R, Ryan C. Supin®2. Mason SJ, Weiss JL, Weisfeldt ML, Garrison JB, Fortuin NJ. Exercise
bicycle stress echocardiography: peak exercise imaging is superior to pasthocardiography: detection of wall motion abnormalities during ische®iia.

exercise imagingd Am Soc Echocardiogt993;6:265-271. culation 1979;59:50-59.
12. Dagianti A. Le provocazioni dell'ecocardiografia: sforzo-dipiridamolo-dobu23, Fedele F, Arata L, Giannico R, Pastore L, DiRenzi L, Penco M, Agati L,
tamina.Cardiologia 1995;40:451-459. Dagianti A. Comportamento ecocardiografico durante proveergometriche nei

13. Dagianti A, Penco M, Agati L, Sciomer S, Dagianti A Jr, Rosanio S, Fedelgoggetti con angina stabile da sforgiorn Ital Cardiol 1981;11:310-320.

F. Stress echo_cardlography: comparison of exercise, dyplrlda\_mole and dob: Quinones MA, Verani SM, Haichin RM, Mahmarian JJ, Suarez J, Zoghbi
amine in detecting and predicting the extent of coronary artery disédse.Coll A Exercise echocardiography versus 201 thallium single-photon emission
Cardiol 1995;26:18-25. ) o computed tomography in evaluation of coronary artery disease. Analysis of 292
14. Dagianti A, Penco M, Arata L, Agati L, Fedele F. Reliability of two- patients Circulation 1992;85:1026.

dimensional exercise echocardiography in detecting coronary artery diseagg.\nann LS, Faris JV, Childress RH, Dillon JC, Weyman AE, Feigenbaum H.

(Abstr.) Eur Heart J1984;5(suppl 1):249. xercise cross-sectional echocardiography in ischemic heart digies@ation
15. Coplan NL, Sacknoff DM, Stachenfeld NS, Gleim GW. Comparison 0% 979-60:1300—1308. grapny

submaximal treadmill and supine bicycle exerciéen Heart J1994;128:416— 26. Morganroth J, Chen CC, David D, Sawin HS, Naito M, Parrotto C

418, ) . ) : Lo .
. . . eixell L. Exercise cross sectional echocardiographic diagnosis of coronary
16. Wetherbee JN, Bamrah VS, Ptacin MJ, Kalbfleish JH. Comparison of S rtery diseaseAm J Cardiol 1981;47:20—26.

segment depression in upright treadmill and supine bicycle exercise tesAng. 27. Fedele F, Vizza CD, Sciomer S, Daniele M, Ricci A, Gaudio L, Gasparini L

Coll Cardiol 1988;11:330—337. -, -~ > L L
17. Badruddin SM, Mickelson JK, Nagueh SF, Zoghbi WA. Post-treadmill versu’l'\umI R Dagianti A'. Tgst ergometrico in posizione sedqta} € supina: !nfluenz‘a del
y . ’ 3 cubito sulla soglia ischemica nell'angina stabile. Clinica e terapia cardiocas-

supine bicycle exercise echocardiography in detecting myocardial ischemia: =
randomized, single-blind crossover trial. (Abstd) Am Coll Cardiol 1997; colare 1988;7:215-219. . . . L .
38A(suppl):917-954. 28. Nlederperger M, Bruce RA, Kusulml F, Whitanack S Disparities in ventila-
18. Dagianti A, Rosanio S, Penco M, Dagianti A Jr, Sciomer S, Tocchi M, Agaﬁory and circulatory responses to bicycle and treadmill exerdéseHeart J

L, Fedele F. Clinical and prognostic usefulness of supine bicycle exercidd 74:36:377-382. . . .
echocardiography in the functional evaluation of patients undergoing electi¢d- Sawada SG, Ryan T, Fineberg NS, Armstrong WF, Feigenbaum H. Exercise
percutaneous transluminal coronary angioplaSiyculation 1997;95:258—267.  €chocardiographic detection of coronary artery disease in wothém Coll

19. Schiller NB, Shah PM, Crawford M, De Maria M, Devereux R, Feigenbaunfardiol 1989;14:1440-1447. ) )

H, Gutfesell H, Reichek N, Sahn D, Schnittger |, Silverman NH, Tajik AJ30. Sawada SG, Judson WE, Ryan T, Armstrong WF, Feigenbaum H. Upright
Recommendations for quantitation of the left ventricle by two-dimensional echicycle exercise echocardiography after coronary artery by-pass graftingl
cardiography. American Society of Echocardiography Committee on Standar§rdiol 1989;64:1123-1129.

Subcommittee on Quantitation of Two-Dimensional Echocardiograpyn Soc  31. Dohan A, Ryan T, Sawada SG, Segar S, Smart S, Duchak J, White E,

Echocardiogr1989;2:358-367. Armstrong F, Feigenbaum H. Detection of coronary artery disease using bicycle
20. Sagawa K. The end-systolic pressure-volume relation of the ventricle: defitress echocardiography. (Abst€jrculation 1990;82(suppl 111):111-191.
nition, modifications and clinical us€irculation 1981;63:1223-1227. 32. Presti CF, Armstrong WF, Feigenbaum H. Comparison of echocardiography

21. Agati L, Arata L, Luongo R, lacoboni C, Renzi M, Vizzac D, Penco M,at peak exercise and after bicycle exercise in evaluation of patients with known
Fedele I, Dagianti A. Assessment of severity of coronary narrowings by quant¥ suspected coronary artery diseas&m Soc Echocardiogt988;1:119-126.

A SYMPOSIUM: ADVANCES IN ECHOCARDIOGRAPHY  67G



