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1. Investigarors:

Ronald L. McGowan, Colonel, USAF, MC
Ronzald R. Hall, Major, USAF, MC

2. Studles to completion of research proposal:

a. Tnrough 31 June 1975, 407 potassium-43 studies and 326 rubidium-81
+tudies were accomplished at rest or exercise on 411 rnatients. Six
hundred seventy-five studies were accomplished using the rectillinear
scanner and Y8 with scintillation camera. Patients studied have included
those with the follo~ing diagnoses:

(1) Normal subjects

(2) Myocardial infarction

(3) Post myocardial angina pectoris

(4) Angina pectoris withbout myocardial {infarction

(5) False-positive electrocardiographic interpretatlions

(6) Cardiomyopathy

(7) Barlow's syndrome

(8) Conduction abnormalities including left bundle branch block,
right bundle bLranch block, hemiblocks and atrial ventricular
blocks

(9) Pre-excitation syndromes including Wolff-Parklnson-White and
Lown-Genonge-l.evine

(10) Pericardicis

(11) Postoperative aortocoronary saphenous vein bypass graft in
patients with and without . :operative angina pectoris.

N Results and conclnsions:

4. A5 a direct result ~f{ this projecr, noninvasive myocardial imaging
with potaseivm=43 in the assessment of patlents with coronary artery
disease at rest and with exercisce was initiated as a new technique for the
evaluation »f heart patients. Our initial publications on this subject
wete met with a great deal of interest and enthusiasm. Following our

inirul, | reports several other major medical centers began thelr own in~
et ipations atillzing this technlque. Although noninvasive myocardial
wlne tor mvocardial wnfarcrion had been well established, this technique
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e developed at the David Grant USAF Medical Center created a method for the
L e¢valuation of patients for coronary ischemia without resorting to coronary
L anglography. Extensive international research has followed the intro-

2 duction of this new technique and the results are reflected in the radio-
- - logic and cardiovascular literature.

b. Because of the prolonged half-life, difficult imaging character—
o istics, high cost and limited availability, investigation was directed
i toward substituting rubidium-81 for potassium-43 for the purposes of myo-
cardial imaging at rest and with exercise. We found rubidium-81 to be
cowparable to potassium~43 in the quality of images obtained. Because of
its tmproved imaging characteristics, rubidium~81 permitted rapid sequential
studies, shorter imaging time and adaptability of the techniqne to the ¥
scintillation camera, Combined with a reduced cost and more ready avail- A
abf{lity, these characteristlics caused us to convert from potassium-43
to rubidium-31 as our primary imaging agent at this facility. The demon- .
stration thaf rubidium-&' and potassium~43 were comparable also allowed The
N more widespread use of this technique and prompted even further investi- '
. gation into noninvasive myocardial imaging by other research centers. S
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i ¢. The adaptability of the technique to the scintillation camera,

3 which is the standard imaging device uszed by deparctments of nuclear
medicine, made possible computer analysis of imaging results. This iun .

: turn permitted an objective analysis of myocardial peifusion at rest and J

N with stress. As a result, major university departments of nuclear medicine

. have become interested in the technique and made further investigation
into improved imaging agents 2nd techniques. At present, thallfum-201 o
has become the standard imaging agent, having replaced both rublidium-€1 P
and potassium—~43. Since our request for continued investigation in non~ S
invasive myocardial imaging utilizing these newer agents was disapproved
by Headquarters USAF for FY 1976, we have found it necessary to terminate
further research in this area.

d. One hundred 3ixty of the subjects studied by noninvasive myocardial
imaging at rest and with exercise had been evaluated with coronary angio- E
graphy. 1In the 98 patients with angiographically significant coronary :
artery disease, there were 81 posilive imaging studies for a sensitivity
of 83%. Fifty-one of the 62 patients with angiographically insignificant
coronary artery disease had negative imaging studies for a speclficity of
82Z. Excluding those patients with myocardial infarction, the sensitivity
ot myocardial imaging was 75% while that of standard electrocardiographic
exercise testing was 72%. In this same group of patients the overall
specificity of electrocardiographic testing was 50%. Ucilizing a combination
of myocardial imaging and exercise, ECG testing resulted in a sensitivity

of 92% in identifying significant coronary artery disease and 88% sensitivity N
fdentifying angiographically significant coronary artery disease. Thus, L
the diagnostic accuracy of noninvasive myocardial imaging for coronary .
artery disease shows excellent angiographic correlation and a clearly o~
superior diagnostic specificity to standard stress electrocardiographic .

3 testing. Details are specified in the attached report.
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¢. Patients with left bundle branch block were found to represent
a sub-group with very specific imaging characteristics. All patients with T
left bundle braanch block, whetiher associated with coronary heart disease
or angivgraphically normal coronary arteries, had image defects in the A
region of the interventricular septum with potassium-43 and rubidium—41,
When imaged with exercise, left bundle branch block patients with normal
coronary arteries were found to have pormal studies, while those with
sigrnificant coronary artery disease gshowed an increase in the abnormality
found {n all left bundle branch block patlents at rest, This special
Broup resulted in a separate report which is attached. Patients with right
bundle branch block and other conduction abnormalities, including
pre-excitation, showed none of the changes found with left bundle branch .
block patients. -

4. Data presentation in conjunction with protocols #389 and #499:
a. Publications:

(1) H. William Strauss, Barry L. Zaret, Neil D. Martin, Harry P.
Wells, Jr., and M.D. Flamm, Jr.: Noninvasive evaluation of regional myo- -
cardial perfusion with potussium-43: Technique in patients with exercise- C
induced transient myocardial ischemia. Radiology, Vol. 108, No. 1, Pages
85-90, July 1971.

(2) Barry L. Zaret, H. William Strauss, Neil D. Martin, Harry P.
Wells, Jr., and M.D. Flamm, Jr.: Noninvasive regional myocardial perfusion
with radiocactive potassium: Study of patients at rest, with exercise and ]
during angina pectoris. NEJX 288:809-812, April 19, 1973. o

(3) Barry L. Zaret, Robert E. Stenson, Neil D. Martia, H. Wiliiam o
Strauss, Harry P. Wells, Jr., Ronald L. McGowan, and M,D. Flamm, Jr.:
Potassium-43 myocardial perfusion scanning for noninvasive evaluation of
patients with false-positive exercise tests. Circulation, Vol. XLVIII,
pages 1234-1241, Dec 1973,

(4) Barry L. Zaret, Neil D. Martin, Ronald L. McGowan, H. William
Strauss, Harry P. Wells, and M,D. Flamm, Jr.: Rest and exercise potassium-43
myocardial perfusion imaging for the noninvasive evaluution of aortocoronary
bypass surgery. Circulation, Vol. XLIX, pages 688-695, April 1974.

(5) Neil D. Martin, Barry L. Zaret, Rorald L. McGowan, Harry P.
Wells, Jr., and M.D. Flamm, Jr.: Rubidium-81, a new myocardial scanning
agent: Noninvasive regional myocardial perfusion scans at r2st and exer-
cise, and comparison with potassium-43. Radiology, pages 651-65¢ June 13974.

(6) Martin, N'D'& Zaret, B.L., Strauss, H.W., Wells, H.P., Albers, J.: "
Myocardial imaging using 3K and the gamma camera. Radiology 112:446-448, .

Aug 1974,
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(7) McGowan, R.L.: Radioisotope techniques for the evaluation of
myccardial perfusion in patients with coronary artery disease. Medical
Service Digest (in press) February 1973. S

(8) McGowan, R.L., Welch, T.G., Zaret, B.L., Bryson, A.L., Martin, N.D.,H
and Flamm, M.D. Noninvasive myocardial imaging with potassium~43 and
rubidium-81 in patients with left bundle branch block. American Journal o
of Cardiology, October 1976. ;‘~;~

(9) McGowan, R.L., Martin, N.D., Hall, R. R., Brysom, A.L., -
Zaret, B.L., Strauss, H.W. and Flamm, M.D.: The diagnostic accuracy of .
noninvasive myocardial imaging for coronary artery disease: An electro- N
cardiographic and anglographic correlation. (Accepted with revision by S
the American Journal of Cardiology) D

b. Data from various segments of clinical investigation proposals
#389 and #499 presented at the following meetings.

(1) Fourth Annual Meeting of the Northern and Southern California ]
Chapters, Socilety of Nuclear Medicine, San Francisco, California, September .
1972, N

(2) 45th Annual Scientific Session, [he American Heart Associatioen,
Dallas, Texas, November 1972.

(3) Western Section, American Federation of Clinical Research, R fi.
Carmel, California, February 1973. ;

(4) Annual Scientific Session of the Society of Nuclear Medicine,
Miami, Florida, June 1973.

(5) 46th Annual Scientific Session of the American Heart Agsocciation,
Atlantic City, New Jersey, November, 1973.

(6) Advances in Heart Disease 1974, American College of Cardiology, .
6th Annual Symposium On Clinical Cardiology, San Francisco, California, n. )
December 1973, S

(7) Institute of Medizal Research of Pacific Medical Center, San
Francisco, California, January 1974.

(8) Nuclear Medicine Institute, Cleveland, Ohio, January 1974.

(9) Seminars on '"Myocardial Scanning With Potassium-43" have been g
presented by the David Grant USAF Medical Center staff at several university .
medical centers, both locally and throughout the country. e

(10) 23rd Annual Scilentific Session of the American College of
Cardiology, New York City, February 1974,

(11) Society of Air Force Physicians (American College of Physicians
Regional Meeting), March 1974,




(12) 47¢h Annual Scientific Session of the American Heart Association,
Dallas, Texas, November 1974.

(13) 48th Annual Scientific Session of the American Heart Association,
Anaheim, California, November 1973.

(14) Society of Air Force Physicians (ACP), San Antonio, Texas,
February 1976.

5. This is an important new diagnostic test for the assessment of patients
for coronary artery disease; clearly superior to standard ECG testing.

The USAF in its effort to accurately screen personnel for the presence

or absence of sigrnificant coronary artery disease should continue its
efforts to perfect this noni sive procedure and make it readily available

for clinical applications
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Noninvasive Myocardial Imaging - McGowan, et al.

ABSTRACT

From 1972 through 1975, 781 noninvasive myocardfal jimaging studies were
performed at rest and with exercise in 345 patients using potassium-43
and/or rubidium-8l. The tracer was given intravenously at rest or after
submaximal exercise on a motorized treadmill and the myocardium imaged in
the anterior and left anterlor oblique positions using a five inch rect-
1linear scanner or acintf{llation camera. Resultant images were interpreted
by three observers unaware of the clinical data on each patient. One
hundred-sixty of these patients had coronary angiography performed and were
arbitrarily divided into those with coronary obstructions of 70X or greater
(significant disease) or less than 70% obstructions (insignificant coronary
artery disease) for the purposes of determining sensitivity and specificity
of noninvasive myocardial imaging. In the 98 patients with angiographically
significant coronary artery disease there were 81 positive imaging studies
for a sensitivity of 83%. Fifty-one of the 62 patients with angiographically
insigrificant coronary artery disease had negative imaging studies for a
specificity of 82%. Excluding those patients with myocardial infarction
the sensitivity of myocardial imaging was 75%, while that of standard electro-
cardiographic exercise tolerance testing was 72X%. 1In this group of patients
the overall specificity of electrocardiographic testing was 50XZ. Utfilizing
a combination of myocardial imaging and exercise ECG testing resulted in a
senasitivity of 927 in identifying significant coronary artery dlsease and
88% sensitivity in identifying angiographically significant coronary artery

disease in non-infarcted vascular beds.




gl

Noninvasive Myocardial Imaging - McGowan, et al.

INTRODUCTION

Non~invasive myocardial imaging following the intravanous injection
of radiocactive tracers is becoming more frequently utiliz=d s a procedure
for the evaluation of patients for the presence or absence of coronary
artery disease.1—6 When patients are studied at rest a reduction i: rog—
ional tracer activity in the resultant myocardial images corresponds to
areas of fibrinous scar due to myocardial infarction and evidence for
Jcelusive rather than obstructive coronary artery is obtained. When pa-
tients are exercised and radioactive tracers injected intravenoualy after
the onset of angina pectoris, regions of decreased radioactivity in sub-
sequent myocardial images identify igchemic vascular beds beyond hemo-
dynamically significant coronary artery obstructions (Figure 1). Because
of an extremely rapid myocardial extraction, a high intracellular accumu-
lation, and a relatively short half 1life potassium-43 and rubidium-81 have
teen utilized for this purpose. Since 1972 we have used these agents to
perform 781 imaging studies at rest and exercise on 345 patients. In
order to evaluate the sensitivity and specificity of this technique in
assegssment of patients for coronary artery disease, noninvasive myocardial
imaging was correlated with the electrocardiographic findings in the 160

nf these patients studied anglographically.
METHCDS

The results of myocardial imaging and stress electrocardiography were
assessed in patients who were also studied anglographically as part of a
clinical evaluation for coronary artery disease. Included 4in this study

was a proportional finding of all patients evaluated anglographically at

this medical center from September 1972 through October 1975. Patlents
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with lcft bundle branch block were excluded because of the unique imaging
characteristics of these subjects reported elsewhere.7 No correlations
were attempted in patients who had prior aortocoronary bypass surgery.
Stress electrocardlography was performed utilizing a maximal graded tread-
mill exercise test and continuous electrocardiographic monitoring with a
standard multilead system. A positive exerclse ECG test was established
by flat or downsloping ST depression of 1 mm for at least 0.08 seconds on
three or more consecutive beats. Abnormalities of the ST segment of T
waves on the control electrocardiogram resulted in an equivocal interpret-
ation of the exercise ECG and were considered negative for correlation
purposes. Patients were exercised to the point of fatigue or chest pain,
at which time one mCi of potassium or 2 mCi of rubidium-8l1 was injected
intravenously. Exercise was continued for an additional 30 to 45 seconds e
after which the patient was promptly transported to the adjaceut nuclear .
medicine laboratory where duplicate images were obtained in the anterior

and 45° left anterior oblique positions using a standard rectilinear scan-

ner with a 5 inch crystal and both 3 inch and 5 inch focused high energy

collimators. Scintillation camera imaging was performed using a pin-hole

collimator and a 3 mm insert to obtain unprocessed Polaroid scintiphotos. .
Additional lead shielding was utilized as previously described.8 Detailed

methodology concerning imaging techniques and dosimetry has been published

elsewhere.a’9 Rest images were obtained three to six days later following

a 12 to 14 hour fast and standing for 10 ~ 15 minutes in the erect position

to reduce gastric and hepatic tracer uptake and background interference. .;

Interpretation of the resultant images was accomplished by three experienced

observers in a blinded manncer. Selective coronary cilneanglography and left
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ventriculography was performed by the brachial arteriotomy or percutaneous
femoral artery approach, usually within two weeks of the imaging studies.
Coronary arteriograms were filmed at 60 frames per second on 35 mm film
using both the six and nine inch fields of a variable field image intens-
1fier. Biplane left ventricular cineangiography was accomplished following
the {ntracavitary injection of 45 cc of contrast medium over three seconds.
Angiograms were reviewed by at least three staff cardiologists and an
average luminal narrowing was obtained for each anglographic lesion. For
purposes of this study an average luminal narrowing of 70% or greater was
arbitrarily considered hemodynamically aignificant.lo A diagnosis of myo-~
cardial infarction was accepted only when regional akinesis or dyskinesis
was noted on left ventriculcgraphy in the distribution of a totally occluded
coronary artery.

Angiographic interpretation resulted in five patient groups: Group I =~
normal coronary arteries, Group II ~ hemodynamic insignificant coronary
artery disease, Group III ~ significant coronary artery disease without
myocardial infarction, Group IV - significant coronary artery disease with
myocardial infarction, and Group V ~ significant coronary artery disease
with myocardial infarction plus additional coronary disease involving non-
infarcted myocardium., (Table I)

Significant obstructive coronary artery disease was defined by a prior
myocardial infarction, an angiographically significant coronary obstruction,
or both. Those subjects not meeting these criteria were considered normal.
Using these criteria the following formulae were utilized to determine the

sensitivity and specificity of myocardial imaging and stress electrocardio-

graphy in identifying the presence of angilographically significant obstructive
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coronary artery digease.
DECISION MATRIX

Coronary Artery

Disease Normal
Positive tegt = a c
Negative test = b d
Sengitivity = _2_
a+b
Specificity = 4
c+d

a = True positive results

b = False negative results

2]
L}

False positive results

d = True negative results

RESULTS

Myvocardial Imaging:

Diagnostic studies were obtained in all patients and no untoward side
effects were encountered in the course of this atudy. Patients fell into
one of four categories based upon a comparison of the rest and exercise
images: Normal homogeneocus tracer distribution at rest and with exercise;
normal images at rest and a regional defect with exercise; an abnormal de~
fect at rest unchanged with exercise; and an abnormal image defect at rest
but an additional regional defect observed when imaging with exercise,
(Table II) Of the 50 patients with angiographically normal coronary arteries
in Group T, eight had abnormal images with exercise and 42 were normal.

There were 12 patients in Group II with angiographically insignificant cor-

onary artery disease and of these, nine had negative and thiree had positive
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studies with exercise. All Group I and II patients were normal when imaged
at rest. Those 50 patients included in Group II had one, two or three
vessels demonstrating obstructions of equal to or greater than 70% luminal
narrowing without prior myocardial infarction. All were normal at rest but
with exercise imaging 36 of the 50 were abnormal. Fifteen studies remained
normal with exercise and were interpreted as negative for significant cor-
onary artery disease. Twenty~four of the 27 Group IV patients with myo-
cardial infarction had abnormal images which were unchanged when rest and
exercise studies were compared. Three demonstrated normal studies at rest
and with exercise. All 21 angiographic Group V patients with myocardial
infarction and significant obstructive lesion(s) in noninfarcted bed(s) had
abnormal images both at rest and with exercise in the area of infarction.
Seventeen of these 21 patients had image defects with exercise additional
to those regions of infarction demonstrated at rest. (Table III).

Using the specified formulae, the sensitivity and specificity in determin-
ing the presence or absence of angiographically significant coronary artery
disease was analyzed. The overall sensitivity in identifying significant
coronary digsease was 83X (31/81+17) and the specificity in excluding coronary
artery disease was 827 (51/51+11). The greatest diagnostic accuracy (94%) was
in identifying a prior myocardial infarction (Groups IV and V) and the test
was least accurate (727%) in identifying patients with coronary obstructions
of greater or equal to 70% luminal narrowing without prior myocardial in-
farction (Group III). The sensitivity in determining the presence of ad-
ditional reglons of ischemia in patients with prior myocardial infarction

was 81% (Group V) and when combined with those patients with coronary ob-

structions without infarction, the sensitivity in identifying coronary
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luminal narrowings greater than or equal to 70% in noninfaccted vascular
beds by noninvasive myocardial imaging was 75% (Groups III and V). Non-
infarcted vascular beds with angiographic cbstructions of greater than or
equal to 707 in the 71 Group III and V patients numbered 127. Of these,
41% were correctly lucalized by imaging with the greatest accuracy in ident-
1fying left circumflex leaiona. Reglons of myocardial infarction of the
48 patients in Groups IV and V were correctly localized in 85X.

Of singular importance are nine patients from Group III with stable
angina pectoris subjected to one rest and four exercise studies over a
13 week period. Total defect areas were outlined and planed in a blinded
manner to assess the reproducibility of results in repetitive studies per-
formed on each individual patient. Analysis was confined to the left
anterior oblique image where the average central cavity defect area at rest
was 11.35cm?. After exercise the defects enlarged incorporating an exer-
cise induced area with the central cavity for an average total defect area
of 21.87cm? or an average 92% change from reat to exevcise. Subjectang
this data to two way analysis of variance, it was found that the experimental
error (chance) was 10%, the variance between patients studied was 87%, and
the percen. of total variance observed between exercise studies on each in-
dividual was 3%Z. (Table 1V).

Camera lmaging:

Because of the thin crystal and resultant poorer detection efficiency

4
when using higher energy photons, the feasibility of using 81pp and “3k
with the scintillation camera was tested in 27 of the 160 patients in this

study. Previous work revealed that a high energy parallel hole collimator

was unsatisfactory because of lateral penetration, but that satisfactory




images could be r.tained using a pin-hole collimator which was in turn
provided with additicnal lead shielding. (Figure 2)

Eight of the 27 pacients had normal coronaries and seven were correctly
ldent{fied as normal using the scintillation camera. The two angiographic
Group 1I patients also had normal imagea at rest and with exercise. Two
patients from Group V were correctly identified as having had a prior myo-~
cardial {nfarction and an additional region of stress induced ischemia.

The two Group IV patients demonstrated a rezion of infarction but no addi-
tional stress Iinduced defects. Images obtained on 12 of the 13 patients
from Group III correlated with the angiographic findings with only one
false negative result, The capability of obtaining diagnoatic scintiphotos
without contrast enhancement is demonstrated by the results on these 27
patients and diagnostic accuracy was comparable to imaging these same pa-
tients with the scanner. Wa continue to prefer the scanner because the
contrast enhancement has made image interpretation easier and more consis~
tent and the additional lead shielding required for satisfactory camera
imaging with these agents has been cumbersome,

Electrocardiography:

Four electrocardiographic groups comparable to the four imaging groups
can be identified: a normal resting electrocardiogram with no aignificant
ST changes with exercise, a normal rasting elecrrocardiogram with significant
exercise induced ST changes, an electrocardiogram with diagnostic Q waves
at rest and no ST changes with exercise, and Q waves at rest but the addition-
al development of ST changes with exercise. Equivocal or non-diagnostic

electrocardicgrarhic alterations were considered negative for purpcses of

thi. study. (Table 1I). Applying the same criteria for sensitivity and
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specificity to electrocardiographic interpretation, the overall sensitivy

in fdentifying significant coronary artery disease was 80%. The specificicy
of the electrocardiogram in excluding significant coronary artery disease,

a normal resting twelve lead electrocardiogram and the absence of exercise
induced ST abnormalities was S50%. As with imaging, the greatest electro-
cardiographic accuracy (24%) was in {dentifying the presence of a myocardial
infarction (Groups VI and V) and was least accurate (66%) in identifying
coronary obstructions in the absence of a prior myocardial infarction.
(Group III). The sensitivity in determining the presence of ischemia in
patients with prior infarction was 86X and when these patients were combined
with those with 1schemia but no prior infarcfion, the sensitivity in ident-
1fying coronary artery narrowings of greater or equal to 70% by stress electro-
cardiographic testing was 72%. (Table V).

Combined Studies:

Although the sensitivity achieved using either myocardial imaging or
electrocardiographic testing was comparable, the electrocardiographic stan-
dards required to obtain this degree of sensitivity resulted 4n a low speci-
ficity., On the other hand, imaging standatds resulted in a specificity
commensurate with its sensitivity. Siuce imaugirg with exercise was performed
in conjunction with a stress eleiLtrocsrdiogran, these tests were assessed
for a possible complementary valuec in the identification of coronary artery
disease in patients. Using an abnormal execcise image or stress electro-
cardiogram as a positive test and requiring both the exercise images and
streas electrocardiogram to be normal for an interpretation of negativity,
we found an 88% mensiti{vity in the identification of coronary occlusive
discase of greater or equal to 701 in non-infarctea vascular heds (Groups

ITI and V). A sensitivity of 97% in the identification of myocardial
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infarction was obtained when either abnormal rest scans or classic Q waves
on the resting ECG were utilized (Groups IV and V). The overall sensitivity
in identifying significant coronary artery disease was 92%, but because

of the number of false positive stress electrocardiograms, the specificity
of 45X was 1little different from that of exercise tolerance teating alone

in identifying patients with coronary artery disease. (Table VI).
DISCUSSION

We have attempted to demonstrate the sensitivity and specificity of
myocardial imaging at rest and with exercise in the identification of hemo=-
dynamically signifficant coronary artery disease. Although the degree of
anatonical luminal narrowing as determined by coronary anglography is im-
perfect in the quantitative assessment of myocardial perfusion, it is
presently the most acceptable standard available. Realizing that defining
a greater or equal to 70X anglographic luminal narrowing of a coronary artery
as hemodynamically significant is arbitrary, we have used this standard as
the most likely to be accepted. Out of interest, we did identify thosce
patients with coronary lesions of approximately 50% as a separate group,
but for purposes of this study they were included with patients considered
to be anglographically normal. The angiographic standard is also defined on
the basis of a clinical asscssment rather than a precise measurement of
luminal narrowing in multiple planea. It is also understood that in assessing
coronary artery disease the anglogram defines an anatomic alteration. Myo-
cardial imaging with the tracere utilized in this study are primarily de-

pendent upon changes in cellular physiclogy secondary to ischemia. This

19 al4o the case with stress Induced electrocardiographic abnormalltles
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where a physioclogic alteration in myocardial cell membrane potential

resulting from myocardial ischemia 18 used to identify the presence of

hemodynamically significant coronary artery disease. We propose the use of
noninvasive imaging as an objective screening test for identifying signif-
icant coronary artery disease, confirming suspected myocardial infarction,
following patients subjected to saphenous vein byrass surgery, and eval-
uating the long term disease process in patients with established coronary
artery disease. The sensitivity and gpecificity of this technique are quite
A good and clearly superior to any other presently available noninvasive

B tests for the purposes noted above, The reproducibility has been excellent
in the small number of patients subjected to multiple studies using ident-
ical techniques. The additional benefit of localizing the involved vascular
beds has at times been helpful, but the accuracy in localizing and quanti-
tating obstructive lesions has been disappointing. In December 1973 rubid-

{um-Bl was substituted for potassium~-43 as our primary imaging agent and

6 »' concurrently a five inch focused high energy collimator was substituted for
the previously utilized three inch high energy focused collimator for imaging
in the left anterior oblique projection. These changes in technique and
radionuclide improved the overall sensitivity from 80Z to 90%. This im-

;i provement is significant since the earlier studies were more likely to be

. performed on patients with well defined disease in order to establish the
accuracy of the technique. Later tests were performed for diagnostic pur-

o poses as part of the clinical evaluation of patients when the presence or

{ absence of significant coronary artery disease was in questdon. 7Jf consider-

able importance is that the number of coronary anglographic studies for

diagnostic purposes have been reduced since myocardial imaging has been
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made a readily availlable clinical test in our medical center. Preliminary
reports by others on the use of rubidium-81 11 and thallium—ZOl,lz util-
izing the scintillation camera have shown equally satisfacfory results.
The further development of more ideal myocardial imaging agents hopefully
would permit even greater sensitivity and specificity in the clinical
assessment of patients for coronary artery disease.

Noninvasive myocardial imaging is safe, with no untoward side effects
and a low radiation dose. The overall sensitivity has been quite good at
832 and comparable to the 80X sensitivity using electrocardiographic testing.
The specificity associated with these comparable sensitivities was 82X for
myocardial i{maging but only 50% when relying upon the electrocardiogram
alone. The sersitivity in identifying significant coronary artery disease
when combining the resulta of noninvasive myocardial imaging with electro-
cardiographic findings was 88% but the frequent occurrence of false-posi-
tive stress electrocardiographic tests held the apecificity to less than
50% when combining results, Recent changes in technique have improved

the diagnostic accuracy of noninvasive myocardial inaging and newer tracers

promise to make the procedure more readily available.

¥
-
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Figure 1.

Figure 2.
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LEGEND
Rubidium-81 myocardial scans obtained at rest (upper panels)
and after exercise to angina pectoris (lower panels). The
central defect noted at rest in both positions is somewhat more
well defined than usual. The extensive posterclateral defect
seen after exercise is consistent with the 90X proximal obstruc-

tion of the circumflex artery demonstrated by coronary angiography.

Rubid{um-81 scintillation camera images recorded on Polaroid
film (upper panels) and exercise (lower panels) in a patient
with severe angina pectoris. The central defect corresponding
to the left ;entricular cavity in both views at rest is typical
of that seen in normal camera images. With angina pectoris

a large anterior defect is noted in both the anterior and the
left anterior oblique positions. Corcnary arteriograms revealed

a subtotal obstruction of the proximal left anterior descending

artery commensurate with these findings.
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.
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Hyocardial lmeging in Left Bundla Branch Block -~ McCowun, et al, 2
ABSTRACT

Noninvasive myocardial {maging with potansium=43 and rubidium=-81
lian heen used auccamwfully to {dent{fy aream of {nfarction and exercine
tnduved fmehemia an reglons of deurensed radloactivity, ‘hene tmage
defects are felt to be due to a lauk of fsotope uptake by the scar of
myocardial tnfarction or i{mpairad trucer accumulation in {achemioc van=
cular beds, Of 217 patients with lafe bundle branuh bleck studiad with
noninvanive fmaging at rest and exerdine, 1) demonmtrataed reduced radio-
activity at reat {n the region of the {ntraventricular septum similar to the
pattern seen with antervseptal myoveardial tnfarcetion, Clinfecally, only
tvo of these patients had avidence for an antecedant myocardial infaro-
tiots, Of the 13 patfents withcut ali{n{oal evidence for voronary artery
dinennn, 14 were ptudled anglographically, ¥laven patients had normal
voronary arteries, two hiad heradynamlaally tnmigniftoant atherosclerotin
lwatone and ors demoi,strated o significantly obmtruoted left circumflex

artery, Two additional feft bundle branch Llock patlents had clinical

svidenun for curenary artery diseams sonfirmad anglographically. Although
renting anteroneptal defoats ware routinely demonstrated {n patients with
left bumile branuh hloek, ‘a larger, more diastinct defect with uxaraine
curreatly tdentifled the predenae of slgnificant acronary artery diweage.
In the vitnteal appltoation of noninvanive myuburdlal {maging, themne renmt
tmapge dafects can lead to tha falae=porttive Interpretattion of anterodeptal
myveardial infarctton,  An {nereame Lo defect definltion and wive with ax-
violae lmaging muggeats amsovlated goronary obatrustlve dimvane,

Putdle Branch Pleek Myouardlal Tmaglog Rub tdLum=nl

Catonary Anglography Futaamlum=n)
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Myocardial Imaging In Loft Bundle Brunch Block - McCowan, et al, 3

INTRODUCTION
Although courunary artery disanse and hypertenmion wure formerly con-
alderad to be the moni frequent causes of left bundle hranch block, 1.
recent evidence supggemts caution {n the dfagnosims of coronary atherosclor=
onim un the bhaafe of this electrocardlographic finding alone.) Not unly
liave other etiologlen been assocfated with this conduation disturbance,
but {t has frequantly been found {n subjects with no snatomtv cardiac

3-1 tn addition, recent data alase suggests that in the abaence

diseane.
of angiographiicatly demonstrable coronary artery disease, morbidity and
mortality {n left bundle hranch block patients {s no different than in a
general age matched populntlon.b" tt {s important, therafore, to sep=

arate left bundle dranch blook associnted with corenary artery disease

from that resulting from other leams compromlsing causes. Unfortunately,

in this vonduation disturbance, the QU8 abnotmalities interfore with the
radognition of momt infardtion patterns, and the associated 8T=T wave abe
normalities previude the tdentification of thome stress induced electro-
sardtographie changes usually constdered diagnostlia of coronary artery
dineass, Curonary anglography hams uwually been required to establish or
snuluda ar atharonclerottid etfology fur left bundle branch block.

Wa have utilined nuntovasive myoveardial tmaging with potansium=43 or
rubldium=81 Ln the svaluation of more than AOO'pA:Lcntu with nuronary artery
dineans and have demonstrated that this technique Lo susceanful tn the (dent=
trtatfon of myocardial tnfaration amd lnuhomla.lo"’ When patlentm with
angtna pactorts and normal vonduction are atudled at reat, rubldiun-8i

amd potasafium=4) avoumulatlon ta homogenenus and myocardlal (mages are nor-

mal. Duting enetelas (nduced anglna peotarie a4 relative reductlon tn both
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Myocardial Imaging Llu L. wndle Branch Block = McGowan, et al. 4

myocardial catfon uptake and tracer delivery may occur {n vaascular beds
supplied by obetructad coronary artaeries and a regional imnge defact may
define the iachemic vascular bed (F{gure 1), Normal patlencp and those
wvith hemodynamically tnsigniffcant coronary lesions manifest normal {mages
both at rest and exercise (Figure 2), 1In patients with myocardial infarc-
tion, doronary occlusion {mpairs fsotopa delivery and uptake {s minimal
by the phyniologiceally {nert sear, Tha resultant image defeats conform to
the area of infarction with li{ttie or no ahange noted when aorraring rest
and enxercine atudles on the same patient (Pigure 3), Nevause of thase favor=
able results in the study of patients with coronary artery disease, this
techniqua wam applied to the avaluation of 17 patfents with left bundle
branch block in an attempt to estabiish the presenne or abmence of coronary
artery dlsvase without resorting to coronary anglography.
METHODS

Myoaardial {maging was performed on 17 patients with documented left
bundle branch blosk avaluafed batween December 1V7) and May 1973, Kleotro=-
cardlographic oriteria were those of the New York ileart Assodlation, The
ulintual oharacturintice of theme putients with left bundle bransh block,
48 woell am thefr anglo;rnpﬁlc data when obtatned, aie described in Table I.
Patfont age ranged from 18 Lo 57 yearn, Kighteen pavients were males and
nine were fomalea, In eight patisants left hunch branch Llock was inter-
mittent, of which three were haart rate related, VFive patients were ax-
periencing chent patn, howsver, unly one wam felt to have angina pectoris,
Twn had wuntalned 4 well documented myocardlal infaration. Four patients
manifanted atrhythmian) twe demonstrated paruxywmal supraventrioular tachy=
Cardta and two had exsretas Lnduced ventricular actopy, Three left bundle

beanch hlock pattenta demonatrated the Auscultatory sl erhouardiupraphic
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Myocardial Imaging In Left Bundle Dranch Block ~ McCowan, et al. 5

findings of mitral valva prolapse. The remaining 13 patienta were free

from any clinical suggeation of orpanic haart disease. None of the 27 pa-
tients ware known to have been hypertenaiva., During the same period

ol time 20 patiants with electronardiograplite conduation abnormalities other
than left bundle branch bloek were aimilarly studied with myocardial imag-
ing, Thesa control sudjecta inaluded nine patfents with right dundle dbranch
blook, eight patiants with the Wolff=Parkinson=White pre=excitation syndroms,
and three patients with left anterior hemtblouk, Bxeapt for the two right
bundle branch bloek patfents with non=anginal cheat pain and the two Wolffe
Parkinson=wWhite patients with documented parorxysmal tachycardls, this group
of 20 subjeuts wore anymptomatic and had no avidence to suggest clintaeally
signiflicant heart diseass.,

All A7 patients were avaluated by noninvasive myovardial imaging at
rent and after maximal exercise on a motorised treadmfll usting either
rubldfum=n1 or potasslum=4) as the radloactive tracer, Utilining a graded
maximal treadmill protuvaol, patlents wure exercised to an end=point of
fatigue or well entablished chest pain at which time 1.0 mC{ of potamsfum=43
or 2.0 mCL of rubidium=tl wam injected {ntravenously. FExarcise was con-
tinued for an additional 30=45 secunds after which the patient was promptly
tranaported Lo the adjacent nuclear medicine laboratory where duplicata
imagss ware vbtalnea (n the anterior und 45%° lbft antertior oblique ponitionnm
uning 4 rect!)inear suanner (FPloker Magnascanner 500 with a five {nah
veyatal) and buth three fneh and flve tnch fosuned high energy volllmaturs,

Nent Jmagen wers obtafned three to nix daym later following a 12-14 lour

faat and atanding 10 minutes In the ereet posttion to reduca gantruintustinal
and lhepatie tracer uptake, lattdal lnterpretation of the reasultant tmages
L]
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Nyocardial Imaging In Left Bundle Branch Block - McGowan, et al. 6
was accomplishad by at least two of the authoros who were net present at the
time of tmaging and were not aware of the clinical diagnosis or laboratory
findinga of the patlents.

Hixtaen of the 27 left bundle branch dlock patients and the two right
hundle branch blnck patientn with chest pain undarwent selective coronary
eineangiography and leJt ventriculography Ly the brachilal artariotomy or
percutaneous femoral artery approach, Coronary artariograms were filmed at
60 framew/wecond on 33 mm £41m uaing both the six and nine inch fields of a
variable field {image intensifter, Biplane left vantiiaular cineangiography
was performed in all patients following the intracavitary injection of 43 ca
of contrast madium over thres seconds, Angliograms were independently reu=
viewad Ly three of the authors,

Your 1eft bundie branch blook patients with anglographically normal core

unary arteries were studied by myocardial perfumton imaging with technetium=-99m

labeled partiales fnjeated direatly into tha coronary circulation according

to the teuhnique of Ashbuen, et nl.lA The bolus of particles was injeoted

tmewdiatoly tollowing an injection of 0,5 = 1,0 au contrast material to assure

an acairate intracoronary delivery of tracer,
RERULTH

OFf the 16 Jeft bundle branch block patients subjected to melective
curonary anglography, 11 presented no uliniaal .evidence of atherosclerotic
heart dimeane and had Anulu;ruphluully normal coronary arterfes and left
ventrivten, ‘Iwo left hundle branch block patients without hiwetorical or
labutatary evidenve of cardiovansular dimeans demonatrated angloxraphlcally
tnalgntfleant coronary artery diseass and normal bhiplane left ventriculo-

grama, Three patlents with left bundle braush block demonatrated savere

obattuettve leatons on anglography, two of whom had nignificant obastruction
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Myocardial Imaging In Left Bundle Branch Block -~ McCowan, ot al. 7

of thae left anterior desmcending artery. Of these patients one was asympto-

matic, one manifested clamaic angina pectoris, and the third devoloped

paroxymmal vontricular tachycardi{a on uxercima., Nons of the three had
evidence for myocardial {nfarction, S8alectiva coronary angioxraphy and
left ventriculography on tha two rigit bundle branch blook patients so
studied vere normal,

In 25 of 27 patients with left dundle dbranch dlock, potamsium=4) or
rubld{um=81 rest imaging demonstrated decreased septal cation uptake con=
nistent with anteromseptal myooardial tnfaration, The abnormality was
ptesent irrespective of the premence or abasnca of coronary artery diseans,
In subjects with {ntermittaent or rat; relatad left bundle branch dloak,
theae {mage défeuts wera demonstrated whether or not the slectrocardio=
praphic conduction disturbance wam present at the time of etudy, (Figure 4),
The wleven patients with anglographically normal coronary arteries and
neven patients without olintfanl avidense for coronary artery diseane mane
Lfent antaroneptal defnaty at remt. When these sighteen subjeats ware
mtudied with exarafse, #ix had normal images, seven ware equivocal and
five ware leas well deftined than at rest (Yigure 3), Patient two wan
equivosal wt reut and normal with exeralse, while patient twenty was normal
buth at remt and with exarcine, ‘Thews wero the only two subjeuts {n which

A reating anteroseptal defeat was not obnorved,

The two anymptomatle patients who had developed left bundle branch
blugk tn gonjunuttion with an anterior myogardial Anfarotlon were not wub-
jer ted to voruuary angtography., Kaeh demonstrated the typleal (mage de-
fact awgociated with an antertor myvcardial near but alae seen 1n patienta

with left bundie branch block tn the ahmenne of lufarction, Hoth patients
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Nyocardial Imeging In Laeft Bundle Branch NBlock -~ McGowan, et al. 8

when etudind with exercige developed a more diatinct antercseptal defect
but no significant change in the area of the defect was obaerved when com-
paring theme images with those obtalned at rest. Tha resulte of tha reat
to esatrcine comparf{mon {n these two pat{ente wae clearly differsnt from
the reaulta observed {n tha twenty compar{son studfes abova. (Figure 0).
Three left bundle branah bloak patfenta with severe obstructive cor=
ottaty artery disease without a prior myoaardial {nfarction demonstrated
the usual image defects of iaft bundle dranch bloak at rest., With axer~
clme, patient four who had a significant obetructive disease of the left
anterior descending artery manifeot an increased area and more alear defin-
ftion of the anteroseptal defect, Patient sia with afgnificant obatructive
disenne of the circumflex marginal artery manifest a posterolateral defeat
with exeruise, while the high saptal defact seen at rewt was no longet
tdentifled, {n the premence of three vessel disvase (patient sixteen),
exvraine lmages demonstrataed an eatensive anteroseptal dnfect as wall as an
inferior defect, Only,a small anteroseptal Jefadt had been present at
rant, (Yigure 7)., Two anymptomatic patients with hemodynamically tnsig-
nificant coronary artary disease by anglography (obstructiion € 30%X) also
demonatrated anteroneptal’ defects at rest, less pronounced with exarciss,
wimilar to findings on left bundle branch blouk patients with normal cor-
unarien., Hubmequent to a traumatic death resulting from a head {njury, one
of thess lattar patients was aubjeated to postmortem axamination, Metlc-
wlous grows and mioromvople examination of the heart found the lnterventriae=
ulat maptum to he normal without evidence ot ciroulatory, microciruulatory

o1 Fihiatte Jiweans wufficient tn cause etther the conductlion abnormality

at the {mage delect previoualy manlfent {n this patient,
(]

L . X W L8
. - ‘:‘n‘l Ll WL“{L'“: [ § .‘\ o

]
Al




.

- SR IR > " Te T Ten v OoRrT c-rz;~':~,-. [ > /

Mvocardial luaging In Left Bundle Branch Blouck - McCowan, et al. 9

All four patients with left bundle branch block and anglographically
normal coronary arteriem mubjlected tou imaging after selective right and
left tntracoronary injectinna ut technatium99m labeled microspheres demon=
mtrated a homogenaous diatribution of radioactive partlclea throughout the

meptal myocardium {n contraast to the abnormal anteroseptal uptake noted
when ({maging thesa same patients with atther rubidlum=H1 or potassium=4),
(Vigure 8). The 10 patienta with eonduction disturbances other than loft
bundle branch blouk (right bundie dransh biouk, WolffeParkinson=White,
laft anterior hemiblock), when atudied noninvasively with rubidium=81 or
potasmium-43, had normal images at rest and with ensrcise. (Figure 2).
pracugston

The etfologies of left bundle branch blook have been reported to be
coronary artery disease, hypartensinn, valvular heart dleease and cardio-
1,2,6,7,16

myopathy in the majority of {nstances, In addition, aunganital

heart dlnnul..z a "primary" wolerv=degenarative p.ocenn.17'1°'19 myouarditis,

20,11

16 i congenital left buddle branch block, have alwo been documented

an otiologlen,
The early raports on laft hundle branch block etinlogy showed arterio-
1,2

aulerotiu heart dimease to be prusant in 35X to 68X of the patients, but

a numher of early case rcportla" documented that left bundle branch Llock
could veeur tn the abwence'of heart disvase., Pathologlc studlems in patienta
with left bundle branch block alwo were reported as showing lovalleaed
fthroete of bundle hranchen In the abmence of vhatrustlive voronary artery
RERLIEN, Lewin, et al.,h repurted on 12 pattents with left bundle

7
branch bluck etglit of whom had vormal coronary anglograme, Haft, et al.,

dineane,

damct thed angtographlie data on 24 pattents with lelt bundla branch block,
of whom meven had mevere coronary dimease, while the remalnder had anglo

Riaphteally normul coronary arteries. lu addition, the proghosia of patients
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Myocardial Llmaging In Leaft Bundle Branch Block.~ McGowan, et sl, 10

with left dundle branch block without any demonstrable cardiovapcular diseasa
ham bLeen excellent, as shown by the study of lewis, et ll..6 and other

142,8,9 Interamntingly, althouph the aetiologlc fac-

epldemiologic atudies,
tare {n hoth tranefent and fixed formn of luft bundle branch block wurta
thought to be the same, In the atudy of Lewis, et al, the patiants with

the tranalent form of bloek were equally divided hetwesn thowe with signif=
fcant cotonary dimease and those without.

Of our 27 patients with left bundle branch bloek, eleven had anglo-
graphically normal corviary arteries and ail hut five were free of any alin-
fcal evidence of significant coronary atheromclerveis. Although three have
been diagnosed clinically as having mitral vaive prolapae, none of the
patienta with left bundle branch blook had theumatlc valvular heart dlseanse
or congenital haart dimeame, None of the 27 had a himtory to support a
diagnonis of hypertension or mynsarditis, The absance of x~ray evidence
for left ventricular hypertrophy, tha lack of elinlual data to sugpest
sardiac decompanaut fon a&h. whett pacfotmned, normal left ventricular per-
forman » by left ventricular end dlamtolice pressure and anglography, pre=
uluden the prenenve of uqy nignlficant degree of cardlomyopathy. The patho=
Jogtns sxamination of the stngle patient coming to autopmy did not find small
venasl dimeans of the laft ventridle and no ffbrotic replacament of the myo-
cardlum wan {dentifiaed,

Negardleamn of the presence or abasnce of coronary artery dimeans, pa=
tients with left bundle Lraneh bhlodkh demutistrate lmage deinctn al rent
atmliar to thome nesn tn patients with anterior myocardtal tufarction. Al=-

though the detinttton of this anterossplal defect ham been varfable, the

abuormal it fen other than left hundle hranceh block have not demunwtrataed any
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ragional i{mage dafacts. Thum left bundle branch block mumt be added Lo the
1ist of conditions which can produce falas=-ponitiva myovcardial (magas,

0f enual elintcal relevance {a thae abiiity to fdentify the presoncae
of atgnt{ficant obmtructive coronary artery diseana in patlentm with left
bundle branch bleak by comparing the rest and exercise {mages on each patlent
studied, There is a clear increase i{n defent definit. on with axercice
{magling {n patlents with left bundle branch block and obstructi{ve coronary
artery diseawe, tn addition, laft bundle dbranoh bdlock patients with aigntf«
feantly ohatructed cotonary artetles aupplying non=infarated vascular beds
demonstrate an increans in the defect ares appropriate to the distribution
of the uvbntructed vesnal, tmages obtailned on patients with left bundle
branch block {n the absance of coronary obstruative disease typlcoally show
an abnorwal weptal uptake of traver at rast which im lews well defined or
even normal with wxernise, 7To dateu we liave seen this tendetisy to tiotmallse
a reet defect with exaralse only f{n patients with left bundle branch block
and normal coronaries,

Comparative myvuvardial i{maging with intracoronary tracer labeled part-
teten and tntravenvus rubldium=81 and potaasium=43 hams demonstratad oxoel-
letit currelattion of thené tachnliques in the tdentificatlon of patlenta wlth
normal and abnormal curonary clreulation, Although performed in only four
uf the patients with normal coronaries and lgft bundle branch block, imaging
after aeleulive right and lefy Intraseronary injectlions of technstium~99m
labieled mleronpheres demunatrated a huomogeneoun dimtrihutton of particlen
to contrant to the abnormal antervseptal tracer uptake noted when Imaging
nontnvaalvely with rubtdtum=#1 and putammium=41 (n thawe mame patienta, in-
Like technet tum=99m wicroaphares, rubfdium=01 and potanstum=4} are phyato-

logteally auctive and regional tracer accumulation iw dependent upon the
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{deo functional fntagrity of the myocardial cell membranu, Tho remsults of thiw
] atudy allow us to thaoriza that the defecta notad with noninvesive {maging
o

of aubjecta with left bundle branch block are not thu ramult of impalred
perfusjon, but rather a cellular abnormality resulting in the altered tntra-
rellular aceumulation nf monovalent cattona,

Wackerm, et nl..IB reportad that nine patiente with left bundle branch
bloek, but without evidence for acute myocard{al infarcotion, had noimal
scintiscans with thailium=201, while those {eft dundle branch blouk patients
with acute myoeardial f{nfarction manifest dafeats which localised the regxion
of myocardfal damage. One can only speculate am to the reason for normal
{mages {n left bundlie branch bHlock patients when using Lhallfum=20Li, FParhaps
the difference (n technique wam suffisient to disallow identification of the
anteroneptal defacts so conaf{stently demonstrated with potassium=43 and
rubldium-81 at rest., It {w attractive, however, to hypothesiae a phymsio-
logiceal difference betweon thallfvwm=20! and the travers uttlimed (n thin study,
IT trus, this would auppurt the theory that left bundle branch blouk image
dalfecta nbaervad whan potassfum=43 and rub{dium=81 are unad as tracers origi=
nates nt the uellular level,

fn mummary, 22 uf thin wertes of 27 patfents with feft bundle branch
Wlouk dtd net have any of ‘thone gonditionn gonnidered to be responsible
tor the gsonductlon dlaturbanve and mont would be claswified an fdlopathiu.

In parforming nonluvanive myouardtal Lmaglog wlth rubldlum=81 and potamwium=4)
oh there pattenta it faft bundle bransh block, we have found that antero-
woptal fmage defeuln al resl nut obmerved {n normal aubjects ur (0 patlents
with other aafected vonductton abnormaltt ten, are routfnely demonatrable

topaldleny of the presspnrse of abaende of vrganie heart dlasass, Theas lnape
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dafects can lead to the false-poaitive interpratation of anterossptal myo-
cardial {nfarction and only the demonstration of larger or more distinct
reglune of reduced trager uptake with exercise can correctly identify the
prepence of obstructive coronary artery diseamse. 1In addition, this abnormal
uptake of physiolngically active radionuclides in the reglon of the ventricular
maptum suggests & cellular metadolia adnormality which may in some way de

reaponaible for the conduction disturbance in left bundlae branch bloak,
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vMyocardial Ilmaging In Left Bundle Branch Block - McCowan, at al.
LECEND
lgura 1. Thema Llmagas domonmtrate the rubidium=Hl fLr.dingm or a patloent

with angina pactoris rasmilting from an tanlated 90X ohatruction
of (he left anterior dencending avtery, ‘The reat {maxea (uppar
paneln) are normal but after ewercinae tn angina peatoria the
images (lower panels) demonstrate reduced tracer activity in
the anterveseptal reglon in the laft anterior odildque profection,
Tita defedt L8 not defined {n the anterlor projection, (his
patlent had no elestrocardlographile aonduction disturbance,

Flgure 2, This patient with right bundle brench blogk (ABBY) and anglo-
praphifcally normal coronary arteries demsnatrates a homogeneous
distribution of vibidtum=-81 throughuut the myocurdium The
myocardinl {mages are normal both at cont and exercvime

Figure J, Hest snd oreraine totassfum=43 {nages ohtatned ovn this anymplo=
matic patisnt with a remote anterossptal myvcardial {nfarction
demonatrate Lhis abnormallty an a reglon of reduded tracar
adtivity, 1hlw anterosaptal defeat iw sunowhat more well definaed
with eneralne, The patient dld not manlfe t any form of bundle
branuh bloek,

Yignre A, Myoveardial Lmapems ohtalned at rest on patfent twenty=aix {n
the anterior (ANT) and left anterior obliquue (LAO) projectionn
with vhe patfent tn Lleft bundle branch block (LAWY upper panels,
amd narmal sonduet fon, lower panels, The same anterveeptal de=

fuel b noted whether the vonduct ton disturbance (& present or not

whan (maged nonfnvagively with rubtdium=#t,
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Yigure 3, Rast and exorcime myocardial scans in the anterfor (ANT) and
left antarfor oblique projections (LAO) (n a patiant with left
bundle hranch block (LMIN), Theme i{magum obtatned un patiaent
eleven utilining potasunium=47 demonntrate the typfcal antero=
saptal defaat aamactated with this conduction dlaeturbanae.

Note that the defaat s more preminent at rest than with exaralise,

Flgure 6, Myocardial {moges obtained at resat and with exerciwe on patient 9,
This patient had developid left bundle branch block (LHBD) in
conjunction with a remote (location) myocardlal {nfaretion. Like
patlents with myocardifal tnfaretion but without left bundle branc!
block (Figure 1) the defeat observed at reamt (s more clearly de-
fined with exarcine,

Pluture 7, Patlent sixteen with left bundle branch bhlock (LBABB) and angina
pectorin was Lmaged at reat (upper paneln) and exerclaae (lower
patala), The reat scanmw ahow the antervaseptal delect typical of
LABD but with e'uen:tu to anglna peatoris an additional inferior
vall defect {» uvbsorved, These wcans demunstrate how signif-
foant cvoronary artery diseane can be {dentifled in the premence
of the LEBY anmpetated Image defoeot,

Pigure B, Patient eighitaen wan tmaped after an Lntravoronary tnjeatlon
of teohnet fum=09m labaleod wicroapheren, A lelt antaertior obltque
(LAO) mturoaphare avan ta sliown (left panel) In comparfmfon with
atv LAG aeanner (mage obtatned on this same patient nuninvaaively

with potanmium=41,
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LEFT BUNDI.E nRANCH BLOCK PATIEN:I"‘SN‘SMEED WITH RUBIDIUM=-81 AND POTASSIUM-4

PATIKNT AGL SEX KCG CLINICAL CARDTIOVASCULAR ANGLOGRAPIHIT
e e _ JTATVS PIND1NGS

1 JA h? Y Int LODD Normal -

2 RA 1 M Int LhDD Normal Normal

) DA 46 4 Lhon harlew's Hyndrome Normal

4 RrC 39 " Int LBBD Exercive tndudad 80X LAD Ous

Ventricular Tachyecardia

5 ¢C 57 M 188, Q's tn Poet-myousrdial -
iateral leads iulfaration

n Jo 52 M 1.hhn Normal 90X LLA and
L.AD Obat,
v e 7 14 i6 | § int LBBB Normal Normal
8 ¢ 19 M Lann Normal Nurmal
e v M 44 M LB, Long PR Postemyocardial -
interval Infaration
10 Gl 37 M 1.hhh Notrmal 3T LGCA and

1LAD Obet.

bhoon an 4 Lasn Barlow's syndrome/PAT Normatl
. 12 Jx Y] L Limp Barlow's Byndrome/PVC's  Normal
13 bk 39 M Ly Mormal -
PR th bM 1) ¥ LABY Normal -
1y M L} 4 Lhb Normal Normal

16 HM 3) M A1) )] AMgina Feutoris 90% LAD, 73}

N ' #85% RCA Obal
. 17 M0 hd ¥ Lhhn Nurimnal Normal
) Ih wp k1% H LA, Lo PR Normal Nertmal

hy interval

Ly AP 14 M Int LRnH Normal Normal
JOOAY in M Int LA faroxynmal -

atrtal fthrillatton
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TABLE 1 (Cont'd)

PATLIENT ACE SEX ECG CLINICAL CARDIOVASCULAR ANGIOGRAPIIC
STATUS ____FINDINGS

21 Mp 49 M LAY Normal Normal

24 B ht M Int LBOD Noemal 501 Obet. lat
dlagonal branch ¢
LLAD

13 Mt hA 1 4 1#111}1] Normal -

140 Jw 33 M 19:1:1:] Normal -

2 BW 19 4 Lanh Normal -

26 JW 50 M tnt LBRB Normal Normal

27 oW 4y [ 4 Lann Normal -

Int LBBD = Intermittent left bundle branch blook
LAD = Left anterior descendling coronary artery
Lot o Non=f{ntermittent laft bundla branch block
1.CA » Left oiroumflex coronaty artery

OMIT « Obatruation

PAT = Puroxyamal atrial tachycardla

pved « Promatute ventricular vontrautions

RCA = Right coronar) rtery




