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transmission imaging does not adversely effect the emission data. Addition-
ally, AC results in more individual segments and overall pt studies being
Interpreted as normal.

l 951-105 I Quantitation of Regional Ejection Fractions Using
=TT Gated Tomograrhie Imaging With
Te-99m-Sestamibi

Elizabeth Klodas, Paul J. Rogers, Lawrence J. Sinak, Thomas C. Hammell,
Michael K. O'Connor, Raymond J. Gibbons. Mayo Medical Center,
Rochester, MN

Gated singfe photon emission computed tomographic (SPECT) sestamibi
imaging allows simultansous assessment of myocardial pertusion and left
ventricular function. We evaluated a technique based upon edge detection to
quantify regional ejection fractions (EF) in 15 subjects without cardiac pathol-
ogy and 24 patients following myocardial infarction (Ml). After tomographic
reconstruction of gated short axis slices, identification of endocardial borders
was made by a standard edge detection program in systole and diastole in
each of five selected slices. Regional EF's were calcuiated for five regions
within each sfica. Myocardial parfusion was quantitated in the same reqions.
Ten patients underwent echocardiographic regional wafl motion (RWM) anat-
ysis which was compared to corresponding repional EF results. Results: A
high degree of interobserver reproducibility in the assessment of regional
EF's was found with r values ranging from 0.94 to 0.98. In patients with ante-
rior and inferior M., regional EF's were abnormal in the anterior and septal,
and inferior and lateral regions, respectively. Reglonal EF's correlated sig-
nificantly with regional perfusion in anterior {r = 0.63, p < 0.0001), lateral (r
= 0.40, p < 0.0001), and inferior walls (r = 0.38, p < 0.0001). There was
a significant association between regional EF and echocardiographic RWM
assessment at the base (p < 0.0001), mid ventricle (p = 0.004), and apex
{p =0.0003). Conclusions: Gated tomographic images with technetium-99m-
sestamibi can provide reproducible quantitative segmental regional EF's for
multiple left veniricular slices that are significantty associated with subjective
RWM assessment by echocardiography.

Artificial Neural Network for Automatic

Interpretation of Myocardial Perfusion SPECT

Jacob Erel, Parker Waechter, Joseph Areeda, Kenneth Van Train,
Hosen Kiat, John Friedman, Daniel Berman, Guido Germano. Cedars-Sinai
Medical Center, Los Angeles, CA

Interpretation of myocardial perfusion SPECT (MPS) is mainly subjective,
whereas quantitative programs (QP) are currently still not in widespread
clinical use. We developed a novel, flexible, non-rule based artificial neural
network (NN) which can uniquely "lear” from experience. A group of 140 pts
who underwent exercise sestamibi SPECT comprised our training set (TRG),
and a different group of 97 pts was used for testing (TSG). Defect extent and
sevetity data were derived from raw circumferential profites, produced by an
optimized QP (CEqual), and usad as NN inputs. Exercise scans were visually
scored (2 experts) in 20 myocardial segments (5 point score: 0 to 4 = normal
to no uptake) for use as NN and QP targets. Abnl scan was defined by a
summed score of > 2 foi > 2 segments. NN output scores were compared
to visual scores. The NN results were also compared to CEqual outputs for
the same TSG. The averall sensitivity/specificity for the NN and CEqual were
85/83% and 92/77%, respectively (p = ns). Overall accuracy results are as
follows:

Accuracy (%)  Total ant  ant-sept Inf-sept int inf-lal antlat  apx

NN 83 77 8 L4 88 85 88 76
CEqual 81 g8 B2 76 8 78 77 78

ROC curves for the NNand for CEqual show comparably highvalues,
Conclusion: these initial results suggest that our NN issuitable for accurate
identification of MPS defects.

951-107 ) Accuracy and Reproducibility of Automated
Tomagraphic Ventricular Function Measurements

Kenneth Nichols, Alan Rozanski, Helene Salensky, E. Gordon DePuay. St.
Luke's-Roosevelt Hospital and Columbia University, New York, NY

Both manual and automated methods for computing left ventricular (LV) end-
diastotic (ED) volume, end-systolic (£S) volume and ejaction fraction (EF)
from scintigraphic gated tomograms have been developed but reproducibility
and accuracy of measuremants varsus other methods are not well known,
particularly since automated programs can be confounded by conditions
such as reduced regional myocardial perfusion. In automated processing of
harizontal and verticat long axis Tc-89m sestamibi gated myocardial perfusion
tomograms of 145 patients (pts}, experienced observers judged it necessary
to alter: (1} ED or ES frames in 7% of pts, (2) endocardial borders in 14%,
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and (3) LV cavity center locations in 28%. Agreement among inde N
observers using the software demonstrated correlation by Iinea?- regrepsi?g:o:
r=092, apd compared to manual EF determinations as r= 0.90. Regression
apalysis yleldgd 7 = 0.87 for tomographic EF vs. first pass EF in 67 pts.
Linear regression for tomographic EF vs. gated equilibrium EF in 77 pts was
r = 0.87, and similar comefation coeflicients were computed for these pts
when subgrouped according to whether changes were or were not needed
for LV center focation (r = 0.91 vs. r = 0.86;, or sndocardial borders (r=
0.87 vs. r = 0.89); and were likewise similar for 1.5 grouped according to
ED volume greater or less than the median value of 87.5 mi (r=089 vs.
r = 0.87). We canclude that our automated algorithms are reproducible and
accurate compared to independent EF methods, and that changes needed in
LV center location for over 25% of pts cause no degradation in EF accuracy.

951-108 | Absolute Right and Let Ventricular Volume and
Eﬁglﬁ?n Fraction Measurements by Tomographic

Bennett 8. Chin, Daniel C. Bloomgarden, Weishi Xia, Hee-loung Kim, Zahi
A. Fayad, Victor A, Ferrari, Leon Axel, Abass Alavi. University of
Pennsylvania, Philadelphia, PA

To validate tomographic radionuclide gated equilibrium blood poot seintigra-
phy (TMUGA) absolute volume and ejection fraction measurements, gradient-
echo MR, canventional first pass radionuclide (FP) and planar gated equi-
librium blood pool (PMUGA) scintigraphy were performed. Ten patients with
normal and abnormal ventricular function hard TMUGA and MRI. Ten patients
also had TMUGA and FP. TMUGA was acquired using a 3-headed cam-
era and 16 gated intervals. TMUGA ventricular volumes were calculated by
Simpson’s rule with regions defined by 1) phase analysis to separate afria
and ventricles 2) threshold to define ventricular free borders and 3) visual
inspection to define interventricular septum. Cardiac phantom studies were
performed to obtain appropriate volume threshofd for patient TMUGA. As
previously validated, MRI studies were acquired on a 1.5 Tesla system with a
multiphase, breath-hold, segmented k-space technique. MRI volumes were
calculated by Simpson’s rule using 1216 6 mm thick parallel short axis slices
and regions defined by a semi-automatic contour tracking routine. Gated FP
radionuciide angiography and PMUGA were performed for RVEF and LVEF,

Valume measurements at end-systole and end-diastole by TMUGA showed
good correlation with MRI for RV (r = 0.91, slope = 0.90, SEE = 15.7) and LV
(r = 0.96, slope = 0.88, SEE = 18.2). TMUGA also showed good correlation
for both RVEF and LVEF.

TMUGA RVEF TMUGA LVEF

r slope SEE 4 slope SEE
MRI 088 079 6.0 MRI 094 110 9.0
FP 088 12 7.9 PMUGA 0.97 1.23 6.2

TMUGA shaws good accuracy in simultaneous measurements of absolute
right and left ventricular volumas and ejection fractions.
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Outcome in Medically Managed Secand Opinion

Patients With Coronary Artery Disease and Short
Exercise Duration

Christian S. Breburda, Qing Yao, Thomas B, Graboys. Lown Cardiovascular
Center, Harvard University, 8oston, MA

An exercise treadmill test (ETT) duration of less than 6 mins (standard Bruce
protocol) is viewetl as a poor survival predictor in patients with coronary
artery disease (CAD). To determine the prognosis of short exercise duration
(SED) in patients with documented CAD, referred for a second opinion prior
to bypass grafting, we analyzed ETT and clinical data with 2 mean follow up
period of 6.1 yrs (SD 5.7) in 50 consecutive pts (meanh age was 69.3 yrs,
46 M), who received medical treatment. Clinical and ETT data revealed prior
myocardial infarct (MI) n = 25, a mean EF of 45%, a peak HR of 113.3, mean
resting BP of 134/75, peak BP of 139/74 and a mean ST segment depression
of 1 mm. A cardiac event was defined as cardiac death, nonfatal myocardial
infarct, congestive heart failure (CHF) or revascularization procedure: PTCA
or CABG. Results: Cardiac events occurred in 22 pts, with nonfatal Mi (n =
7), CHF (n = 6) and revascularization (n = 15). Cardiac mortality was 12%
{n = 6), with fatal Ml {n = 1), 2 death peri-angioplasty and 3 peri-operatively.
Muttivariate significant (p < 0.05) adverse prognostic predictors (Cox) were
presence of rest angina, b-blocker therapy and pre ETT use of s.l. nitro.
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The actual exercise duration, ETT variables, other cfinical history or medical
regimens were not predictive. Free of cardiac events were 56% (C153-82) at
5 yrs and 47% (C1 33-68) at 10 yrs. The survival rate was 95% (C10.89-1 .0)
at5yrs and 85% (C10.71—1.0) at 10 yrs. Conclusions: 1. SED alone does not
constitute an adverse outcome. 2. In second opinion CAD patients managed
with medical therapy and a short exercise duration, mortality is not predicted
by ETT variables, but by type of angina and medical regimen.

952-110| Dipyridamole induced ST-segment Depression
Predicts Ischemia in Patients With Left
Ventricular Hypertrophy by ECG

Dennis A. Tighe, Barbara A. Faile, Said M. Zu'bl, James R. Cook. Baystate
Medical Center, Springfiald, MA

ST-segment depression (STdpr) in the presence of LVH by ECG is an unre-
liable marker of ischemia during exercise stress testing. Dipyridamole (DP)
induced STdpr is a highly specific marker of ischemia, however its sig-
nificance is unknown in patients (pts) with LVH by ECG. We studied 484
consecutive pts undergoing DP perfusion imaging (0.57 mg/kg over 4 min
with sestamibi injection at 8 min) for development of = 1 mm horizontal
or downsloping STdpr. An additional 1 mm STdpr was required if baseline
STdpr was present. LVH was defined by standard ECG criteria. Ischemia
was defined as any new perfusion defect compared *» the resting scan. Pts
with LBBB or ventricular paced rhythm (n = 31) were excluded. Four groups
were identitied: LVH with STdpr, LVH without STdpr, STdpr without LVH, no
STdpr no LVH. Antianginal and digoxin use was similar among groups. STdpr
occurred in 22/78 (28%) pts with LVH versus 35/375 (9.3%) pts without LVH
(p < 0.001). Ischemia occurred in 15/22 (68%) LVH pts with STdpr versus
14/56 (25%) LVM pts without STdpr (p=0.002). Ischemia frequency was sim-
ilar in STdpr pts regardless of LVH by ECG (p = 0.28). DP infusion increased
heart rate and rate-pressure product (RPP) and decreased blood pressure
in each group. LVH pts with STdpr had higher resting and peak heart rates
and RPP as compared to LVH pts without STdpr (all p < 0.04). No significant
difference in resting and peak heart rate and RPP was present among STdpr
pts with or without LVH. Chest pain occured with higher frequency in LVH
pts with STdpr vs without STdpr (11/22 vs 12/56; p < 0.02) but with similar
frequency compared to STdpr pts without LVH.

Conclusions: (1) DP induced STdpr is more frequent in pts with vs without
LVH by ECG. (2) The frequency of ischemia and hemodynamic effects
induced by DP are similar in STdpr pts independent of LVH by ECG. (3) DP
induced STdpr in pts with LVH by ECG is predictive of ischemia.

Mechanism of Preserved Exercise Capacity in
Patients With Reduced Left Ventricular Function

Yoshio Kobayashi, Yoichi Goto, Yoshiaki Okano, Yasunori Nakayama,
Toyohisa Miyashita, Toru Satoh, Hiroshi Takaki. National Cardiovascular
Center, Osaka, Japan :

To elucidate the mechanism of preserved exercise capacity in patients with
reduced left ventricular (LV) function, 71 patients with myocardial infarction
underwent a symptom-limited invasive cardiopulmonary exercise test with a
cycle ergometer in a supine position. Patients were divided into two groups
according to LV ejection fraction (EF) atrest; Group A (n = 20); EF > 40% (avr.
56 = 6%), Group B (n=51): EF < 40% (avr. 31 :: 7%). Cardiac output and LV
pressure were measured with a Swan-Ganz catheter and a tipped catheter,
respectively, at rest and during exercise. LV stifiness index was calculated as
{la!t ventricular end-diastolic pressure — minimum pressure)/stroke volume
index (Si).

Cl S| - HR a-vD0o2 Vo2 Stifiness
ARest 41x08 56x9 7511 32x08 36+08 02£01
Peak 81£19 65+12 125+20 B1+18 165+49 0301
BRest 3.7:08* 48+8' 76:10 37+09" 35:07 03x04%
Paak 6.7:15% 53+10° 128+18 00+15° 163+44 04x01"

Ct: cardiac index (Vmin/m?2), SI (ml/mz). HR: heart rate (bpm), a-vDO2: ar oz
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Maximal Exercise Testing Early After Myccardial

Infarction — Better to Predict Cardiac Events?

Miguel A. Pereira, Francisco Fernandes, Adilia Rebelo, Osério Aratjo,
Pedro Rodrigues. Servigo de Cardiclogia, Hospital de S. Marcos, Braga,
Portugal

The aim of this prospective study was to evaluate if precdischarge maximal
exercise treadmill testing (ETT) after myocardial infarction (MV) is superior to
the classic low level (HR < 70% of age predicted) ETT, for risk stratitication.
We studied a group of 124 consecutive patients (P), 111 men and 13
women, mean age 56.1 + 9.7 years, addmitted with Mi (52 inferior, 48 an-
terior, 24 non-Q) who performed a predischarge (10.4 & 2.3 days) symptom
limited ETT, without anti-ischemic medication, using a medified Bruce pro-
tocol. There was no major complications. We have registered in all patients
some variables (exercise duration, symptoms, HR, systolic BF, double prod-
uct, ST segment depression and arthythmias) at HR = 70% and at peak
exercise. Only 13 P had not achieved a HR > 70% of predicted. 23 P had
positive (ST-segment depression with or without chest pain) ETT at HR <
70% and 18 additional P had positive ETT at HR > 70%. In the follow-up
(mean 20.7 =+ 5.2 months) 51 P suffered cardiac events (recurrent angina,
reinfarction, cardiac death, PTCA, CABG). Of these 51 P only 18 had a
positive test at low fevel but 32 P had positive test at peak exercise. 33 P
with negative ETT at HR < 70% had suffered events versus only 19 P with
negative maximat ETT. 14 of the 18 P (78%) with positive ETT only after HR
> 70% (P with negative fow level ETT) had cardiac events in the follow-up.
Predlischarge ETT for detection cardiacs events in the follow-up:

HR < 70% Maxi
Sensttivity 0.35 0.63
Spaecificity 0.93 0.88
Predictive Value (+) 0.78 0.78
Pradictive Value (-) 0.67 0.77

Conclusion: Predischarge maximal ETT appears to be safe and better than
low level ETT for risk stratification after M.

Relationship Between Resting Blood Pressure

and Perception of Angina Pectoris During
Exercise-

Rungroj Krittayaphang, David $. Sheps. University of Nuith Carolina,
Chapel Hill, NC

Previous studies in animals and humans have shown decreased pain per-
ception in hypertensives. To test the hypothesis that rasting blood pressure
influences anginal pain parcepticn during exercise, we reviewed 4723 exer-
cise treadmill test results performed at UNC Hospitais during 19901994, All
tests were interpreted by one cardiologist. 1144 tests were positive, defined
as 1 mm horizontal or downsloping ST segment depression at 0.08 seconds
after the J-point. Patients with conditions that affect anginal perception (di-
abetes mellitus, post CABG), exercise protocol other than Bruce, who were
taking antianginal medication or digoxin were excluded. Patients with rest-
ing ECG abnormalities (LVH, LBBB, WPW), ECG changes with posture ~r
hyperventilation were also excluded. Two hundred thirty five patients with
positive tests remained after exclusion. Hemodynamic data were obtained at
rest and during exercise (2 minutes into each stage). Angina was reported
in 65 patients. Compared to patients with angina, patients without angina
had a higher resting systolic (135 = 1.6 vs 128 + 2.2 mmHg, p = 0.02) and
diastolic (83 + 0.8 vs 80 =+ 1.3 mmHg, p = 0.04) bicad pressure without any
differances in resting heart rate {79 & 0.9 vs 78 £ 1.8bpm, p = ns}). Time
to onset of 1 mm ST depression and double product at 1 mm ST depres-
sion were the same for both groups. Fourteen out of 74 patients (18%) with
resting SBP < 140 mmHg had angina during exercise whereas 51 out of
161 (32%) patients with resting SBP < 140 mmHg had angina (p = 0.04).
In conclusion: patients with higher resting blood pressure have less frequent
angina during exercise. Thus resting blood pressure appears to be related to
pain perception in patients with CAD.

difference (mi/dl), VO2: 02 uptake (mU/min/kg), Stinass: LV stifness index, Peak: peak

. exercise. *p < 0.05, #p < 0.01 vs, Group A,

Patients with reduced EF showed not only reduced C! and SI but also
impaired diastolic function both at rest and during exercise. Hawever, peak
VO2 was comparable to that of the patients with higher EF, because a-vDO2
fully compensated the reduced Cl. Conclusion: In patients with reduced LVEF,
axercise capacity is preserved by a compensatory increase in a-vDO2. HR
and LV diastolic function are not likely to play a compensatory role in this
setting.

952-114 Prediction of Maxima! Oxvgen Consumption by
Six Minute Walk Testing in Patients With
Congestive Heart Fallure

Rochelle L. Goldsmith, James F. Whelan, Alan D. Weinberg, Amy
A. Whelan, Miltan Packer, Keith D. Aaronson. Columbia, University NY, NY

Maximal oxygen consumption (VOzmax) is widely used for risk stratification
in CHF but is expensive and not widely available. The 6 minute waik test
(6MW) provides an inexpensive and readily available measure of submaximal
exercise capacity, and may be closely correlated to VO,max. Therefore, we
measured MW and VOomax during treadmill exercise on CHF patients
referred for functional assessment; data on 237 pts (190 men, 47 women;
age 50.2 £ 11.4 years) who achieved R values > 1.1 were included in this





