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

~ Quantitstlon of Regional Ejection Fractions Using 
Gated Tomographic Imaging With 
l¢-ggm-Sastamibi  

E t ~ t h  Kfodas, Paul J. Rogers, Lawrence J. Sinak, Thomas C. Hammall, 
Michael K. O'Connor, Raymond J. Gibbons. Mayo Medical Center, 
Rochester, MN 

Gated single photon emission computed tomographlc (SPECT) sastamibi 
imaging allows eimultaneous assessment of myeoer0~ pedusion and left 
ventdcular function. We evaluated a technique based upon edge detection to 
quantify regional eJeefion fre~ons (El=) in 15 ~ubjecta without cerdias pathol- 
ogy and 24 patients following myocardial infarction (5/11). After tomngrsnhic 
reconstruction o! gated short axis slices, identification of endoeardial borders 
was mode by a standard edge datan~on program in systole and diastole in 
each of five sel~'~ed slices. Regional EPs were cafouls:ed for five regions 
within each slice. Myocardial parfusfon was quantitated in the same reqions. 
Ten patients unclatwent echocerdlegraphfo regional wall motion (RWM) an~l- 
yals which was compared to corresponding regional EF results. Results: A 
high degree of interobserver repredu(~'billty In the assessment of regional 
EF's was found with r values ranging from 0.94 to 0.98. In patients with ante- 
fior and infedor MI., regional EPs were abnormal in the anterior and septal, 
and infedor and lateral regions, respectively. Regional EF's correlated sig- 
n a l l y  with regional parfusion 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 echoce~iagrephio RWM 
assessment at the base (p < 0.0001), mid ventricle (p = 0.004), and apex 
(p = 0.0003). Conclusions: Gated tomographlc images with technatium-99m- 
ssalamibi can provide reproducible quantitative segmental regional EF's for 
muif@e left ventdcular slices that are significantly associated with subjective 
RWM assessment by echosardingrsphy. 

~ Art i f ic ial  Neural Network  f o r  Automatic 
interpretat ion o f  Myocard ia l  Perfusion $PECT 

Jacob Erel, Parker Waschter, Joseph Areeda, Kenneth Van Train, 
Hossn Kiat, John Friedman, Daniel Berman, Guido Gem~no. Cedars-Sine/ 
Med'~al Center, Los Angeles, CA 

Interpretation of myocardial perfualon SPECT (MPS) is mainly subjective, 
whereas quantitative programs (QP) are currently still not in widaspresd 
clinical use. We developed a novel, flexible, non-rule based artificial neural 
network (NN) which can uniquely "learn" from experience. A group of 140 pts 
who underwent exercise sestsndbi SPEGT comprised our training set (TRG), 
and a different group of 97 pts was used for tasting {TSG). Defeot extent and 
severity data were dedvod from raw circumferential profiles, produced by an 
optimized QP (CEqual), and ussd 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 to," >__ 2 segments. NN output scores were compared 
to visual scores. The NN results were also compared to CEqual outputs for 
the same TSG. The overall sensitivity/specificity for the NN and CEqual were 
85/83% and 92/77%, respectively (p = no). Overall acoureo/results are as 
follows: 

Accu, rncy (%). Total ant ant.sept,, Inf.sept int Inf-lat ant-lot apx 
NN B3 77 80 77 e6 85 88 76 
CC--quat 81 eS e2 7s ss 7s 77 7s 

ROC curves for the NNand for CEqual show comparably highvelees. 
Conclusion: these initial results suggest that our NN issultable for accurate 
ldantiltcation of MPS defects. 

Accuracy and Reprodualb l l l ty  o f  Automated 
Tomographle Venf f icu lar  F u n n i e s  Measurements 

Kenneth Nichols, Alan Rozanski, Helena Salenaky, E. Gordon DePuey. St. 
Luke's.Roosevelt Hospital and Columbia University, New York, NY 

Both manual and automated methods for comping left vsntflcuiar (LV) end- 
diastolic (ED) volume, end-systolic (ES) volume and ei.,~ction frection (EF) 
from s¢lntigraphle gated tomogrems have been developed but reproducibility 
and ~¢curacy of measurements versua other methods are not well known, 
particularly since automated programs =an be confounded by conditions 
such 8s reduced regional myocardial perfualon. In automated processing of 
hodzontBI ~ vertical long axis Tc-99m sestamlbi gated myocardial perfusion 
tomogrems of 145 patients (pts), experienced observers judged it necessary 
to alter: (I} ED or ES frames in 7% of pts, (2) endocerdlal borders in 14%, 

and (3) LV cavity center locations !n 28%o. Agreement among independent 
observers using the software demonstrated correlation by linear regression of 
r = 0.92, and compared to manual EF determinations as r = 0.90. Regression 
analysis yielded r = 0.87 for tomegrephic EF vs. first pass EF in 67 pts. 
Unear regression for tomegraphic EF vs. gated equilibrium EF in 77 pts was 
r = 0.87, and similar correlation coefficients were computed for these pts 
when subgrouped according to whether changes were or were not needed 
for LV Center location (r = 0.91 vs. r = 0.881, or .~.~Xlocardial borders (r = 
0.87 vs. r = 0.89); arid were likewise similar for k~ ~,rouperl according to 
ED volume greater or less than the median value of 87.5 mt (r = 0,89 vs. 
r = 0.87). We conclude 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 lots cause no degradation in EF accuracy. 

~ Abselute Right and Loft Ventricular Volume and 
_Ejection Fract ion Measurements by  Tomograph ic  
MUGA 

Bennett B. Chin, Daniel C. eloomgardan, Wetshi Xia, Hee-Joung Kim, Zabi 
A. Fayed, VictOr A. Fen'aft, Leon Axal, Abass Alevi. University of 
Pennsylvania, Philadellohia" PA 

To validate tomogrephic radionucllde gated equilibrium blood pool seintigra- 
phy (TMUGA) absolute volume arid ejection fraction measurements, gradient- 
echo MRI, conventional first pass radionuclide (FP) and planar gated equi- 
I~fium blood pool (PMUGA) scintigrephy were performed. Ten patients with 
normal and abnormal ventricular funo~an hod TMUGA and MRI. Ten pa~ents 
also had TMUGA and FP. TMUGA was acquired using a 3-heeded cam- 
em and lb  gated intervals. TMUGA ventricular volumes ware calculated by 
Simpson's role with regions defined by 1) phase analysis to separate atria 
and ventricles 2) threshold to define ventrleular free borders and 3) visual 
inspection to define Interventdcular septum. Cardiac phantom studies were 
performed to obtain appropriate volume threshold for patient TMUGA. As 
previously validated, MRI studies were acquired on a 1.5 Teala system with a 
multiphase, breath-hold, segmented k-space technique. MRI volumes were 
calculated by Stmpson's rata using 12--16 6 mm thick parallel short axis slices 
and regions defined by a semi-automatic contour tracking routine. Gated FP 
rad'ronuslide asgiogrephy and PMUGA ware perfonoed for RVEF and LVEE 

Volume measurements at end-syatole 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 LVER 

TMUGA RVEF TMUGA LVEF 
r slope SEE r slope SEE 

MRi 0.88 0.79 6.0 MRI 0.94 1.10 9.0 
FP 0.88 1.2 7.9 PMUGA 0.97 1.23 6.2 

TMUGA almws good accuracy in simultaneous measurements of absolute 
fight and left ventficuiar volumes and election kactions. 
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~ ' ~ - ~  Outseme in MedJcsily Managed Second Opin ion 
Patients With Coronary  Artery Disease and Short  
Exercise Durat ion 

Chdstion S. Bmburda, Cling Yao, Thomas B. Oreboys. Lown Card/ovascular 
Center, Harvard University, Boston, MA 

An exercise ~eadmi, test (ETT) duration of less than 6 mins (standard Bruce 
protocol) is viewed as a poor sunMal predictor in patients with coronary 
arrow disease (CAD). To determine the prognosis of short exercise duration 
(SED) in patients with documented CAD, mfaned for a second opinion prior 
to bypass grafting, we analyzed El-r and clinical data with a mean follow up 
period of 6.1 yrs (SD 5.7) in SO consecutive pts (mean age was 69.3 yrs, 
46 M), who received medical treatment. Clinical and ETT data revealed ador 
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 I ram. A cardiac event was defined as cardiac death, nonfatalmyocardial 
infamt, congestive heart failure (CHF) or revascula~zatian procedure: PTCA 
or CABG. Results: Cardiac events occurred in 22 pts, with nonfatal MI (n = 
7), CHF (n = 6) and revascul~dzation (n = 15). Cardiac mortality was 12% 
(n = 6), with ~tal MI (n = 1), 2 death ped-angloplasty and 3 peri-uperetivety. 
Multtvefiale significant (p < 0.05) adverse prognostic predictors (Cox) were 
presence of rest angina, b-blocker therapy end pro ETT use of s.L nitro. 
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The actual exercise duration, ETT vadablas, other clinical history or medical 
regimens were not predictive. Free of cardiac events were =J6% (C153-82) at 
5 yrs and 47=/= (C133-68) at 10 yrs. The survival rate was 98% ((310.89-1.0) 
at 5 yrs and 85% (CI 0.71-1.0) 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. 

~ Dlpyridamole Induced ST-segment Depression 
Predicts Isehemla in Patients With Left 
Ventricular Hypertrophy by ECG 

Dennis A. Tighe, Barbara A. Faile, Said M. Zu'bl, James R. Cook. Baystate 
Medical Center, Springfi,}l~ 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 pedusion imaging (0,57 mg/kg over 4 min 
with sestamibi injection at 8 rain) 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 cdteda. Ischemia 
was defined as any new peffusion defect compared *q the resting scan. Pts 
with LBBB or ventricular paced rhythm (n = 31) were excluded. Four groups 
were identified: 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 351375 (9.3%) lots without LVH 
(p < 0.001). Ischemia occurred in 15/22 (68%) LVH pts with STdpr versus 
14/56 (25%) LVH pts without STdpr (p = 0.002). Ischemia frequency was sim- 
ilar in STdpr lots 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 lots 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 V s without STdpr (11122 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 Lots with LVH by ECG is predictive of iechemia. 

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

Yoshlo Kobayashi, Yoichi Gore, Yoshiaki Okano, Yasunofi 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 irwasive cardiopulmonary exercise test with a 
cycle ergometer in a supine position. Patients were divided into two groups 
according to LV ejection fraction (EF) at rest; Group A (n = 20): EF > 40% (avr. 
56 4- 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 stiffness index was calculated as 
(left vantflcular end-diastolic pressure - minimum prassure)/atroke volume 
index (St), 

CI SI ' HR a-vDO2 VO2 Stiffness 

AReal 4.1±0.8 5 6 ± 9  754-11 3.24-0,8 3.64-0.8 0.2±0.1 
Peak  8.1±1.9 65±12 125±20 8.1:1:1,8 16.54-4.9 0,3:1:0.1 
BRest 3,7+0,8* 4 8 ± 8  # 76±10 3.7±0.9 # 3,5±0,7 0.3±0.1 # 
Peak  6,7±1.5 # 534-10 # 128±18 9.0±1.5" 16,3±4,4 0,4±0.1 # 

Cl: cardiac index (I/minim 2), SI (ml/m2), HR: heart rate (bpm), a-vDO2: arterlovenous O~ 
d=fference (ml/dll, VO2:02 uptake (rnl/min/kg), Stiffness: LV stiffness index, Peak: peak 
exercise. *p < 0.05, #p < 0.01 vs. Group A. 

Patients with reduced EF showed not only reduced CI and SI but also 
impaired diastolic function both at rest and during exercise. However, peak 
VO2 was comparable to that of the patients with higher EF, because a-vDO2 
fully compensated the reduced CI. Conclusion: In patients with reduced LVEF, 
exercise 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. 

~ Maximal Testing Early Myocardial Exercise After 
infarction - -  Better to  Predict  Cardiac Events? 

Miguel A. Pereira, Francisco Femandes, Adilia Repelo, Os6rio Ara0jo, 
Pedro Redrigues, Servi~o de Cardto/ogia, Hospital de S. Marcos, Braga, 
Portugal 
The aim of this prospective study was to evaluate if predischarga maximal 
exercise treadmill testing (ETT) after myocardial infarction (MI) is supedor to 
the classic low level (HR < 70% of age predicted) ETT, for risk stratification, 

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 infedor, 48 an- 
terior, 24 non-Q) who pedormed a predischarge (10.4 4- 2.3 days) symptom 
limited ETT, without antHschemi¢ medication, using a modified Bruce pro- 
tocol. There was no maj~or complicatlons. We have registered in all pattants 
some vadablas (exercise duration, symptoms, HR, systolic BP, double prod- 
uct, ST segment depression and arrhythmias) at HR == 73% and at peak 
exercise. Only 13 P had not achieved a HR > 700 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%0, In the follow-up 
(mean 20.7 4- 5,2 months) 51 P suffered cardiac events (recurrent angina, 
reinfarctlon, cardiac death, PTCA, CABG). Of these 51 P only 18 had a 
positive test at low level but 32 P had positive test at peak exercise. 33 P 
with negative ETT at HR < 7(P/= had suffered events versus only 19 P with 
negative maximal ETT, 14 of the 18 P (78%) with positive ETT only after HR 
> 7(P/o (P with negative low level ETT) had cardiac events in the follow-up. 

Prediecharge ETT for detection cardiacs events in the follow.up: 

HR < 70°/0 Maximal 

Sensitivity 0,35 0,63 
Specificity 0.93 0.88 
Predictive Value (+) 0,78 0.78 
Predictive Value ( - )  0.67 0.77 

Conclusion: Prodischarge maximal E'Fr appears to be safe and better than 
low level ETT for risk stratification a~er MI. 

~ Relationship Between Resting Blood Pressure 
and Perception of Angina Pectorls During 
Exercise 

Rungrej Kdttayaphong, David S. Shape. University of North Carolina, 
Chapel Hill, NC 

Previous studies in animals and humans have shown decreased pain per- 
ception in hypertensives. To test the hypothesis that rssting blood pressure 
influences anginal pain perception during exercise, we reviewed 4723 exer- 
cise treadmill test results performed at UNC Hospitals dudng 1990-1994. 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 wt,r= 
positive tests remained after exclusion. Hemodynamlc 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 4- 1,6 vs 128 ± 2.2 mmHg, p ,, 0.02) and 
diastolic (83 ± 0.8 vs 80 + 1.3 mmHg, p -- 0.04) blood pressure without any 
differences in resting heart rate (79 ± 0.9 vs 78 ± 1.Sbpm, p = ns). "Rme 
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 (19%) with 
resting SBP < 140 mmHg had angina dudng exercise whereas 51 out of 
161 (3L:~,,) 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, 

~ Prediction of  Maxima' Oxvn,m Consumption by 
Six Minute Walk Testing in'Patients With 
Congestive Heart Failure 

Rochelle L Goldsmith, James R Whelan, Alan D. Weinberg, Amy 
A, Whelan, Milton Packer, Keith D. Aarenson. Columbia, University NY, NY 

Maximal oxygen consumption (VO2max) is widely used for dsk stratification 
in CHF but is expensive and not widely available. The 6 minute walk test 
(6MW) provides an inexpensive and readily available measure of submaximal 
exercise capacity, and may be closely correlated to VO2max. Therefore, we 
measured 6MW and VO2max during treadmill exercise on CHF patients 
referred for functional assessment; data on 237 lOtS (190 men, 47 women; 
age 50.2 ± 11.4 years) who achieved R values > 1.1 were included in this 




