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DEPARTMENT OF THE AIR FORCE
DAYID GRANT USAF MEDICAL CENTER {MAC)
TRAYIS AIR FORCE BASE, CALIFORNIA 94515

SGE/2573
Final Report on Clinical Investigation Research Project The
Effects of Perhexiline Maleate Upcn Regicnal Myocardial RarfGsion

S&

18 September 1975

1. Please find attached the clinical research report on The Effects
of Perhexiline Maleate Upan Regional Myocardial Perfusion and the
Extent of Transient Myocardfal Ischemia as Assessed by Potassium-43
Myccardial Perfusion Imaging. This project was completed July 1975
and the final formal report fs submitted in accordance with AFR 169-6.
The final conclustons are outlined briefly in the summary, page 10,

2, A copy of this same report has been forwarded to Merrell-Naticnal
Laboratories, Cardfovascular Clinfcal Research Division, and an
abstract of the results will be published 1n the October 1975
Supplement of the American Heart Assocfation Jourral, Circulation.
Approval for the publicatfon has been granted by MAC/SGP.

3, Clinfca? Research Proisct No. 500, David Grant USAF Medical Center,
15 hereby cog;)uded.

1 Atch

R%G WAN, Colorel, USAF, MC

Cardioingist Final Rpt, Clinical Research
Project #500
Ist Ind Cy to: MAC/SG
HQ AMJ/RD

David Grant USAF Medical Center/SG

TO: HQ USAF/SGPR AIR1 941130 064h

Forwarded for your information.

/ " "

MONTE B. MILLER, Color=1, USAF, MC
Commander

Global 1a Mission — Professienal in Acnon
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:‘ CTLNICAL RESLARCH REPCRT
): - on ‘
- . My ryyrers aF PRRUEXILINE MALEATE LPON REGIONAL M{CCARDIAL PERFUSTON A%y | ,'.‘:,i
s " THE FATENT [F TIRANS LENT MYOCARDIAL ISCHEMIA AS ASSESSED DY POTASSIUM-43 .’:::;2
S SFOUARDTAL PERFUSION IMACING . «.,3"":,3,
§ iy
- ) L":%:.fi‘
3 INVLSTICATORS ‘, .,\ {.’
- Stephien V. Savran, Major, USAF, MC (as of July 1975, Scott AFB, Illinols) ( ) t:
""1'l,." Ronald L. McGowan, Coleonal, USAF, MC N J-E
g ‘ Nefl D. Martin, Colenel, USAF, MC
‘ A
. M. D. Flamm, Jr., Colonel, USAF, MC (as of Septemher 1974, Cardiovascular oo
. Pulmonary tabovatory, Sutter Momoringl Hospital, Saocramente, CA) . . _,;‘._j:,;{
' A. Latird Deyson, Lt Colonel, USAF, MC ' Lo ) ‘:'f):
' Darry L., Zaret, ﬁajor, USAF, MC {as of September 1973, Asaistant Pro}essor J
_ N . . 'cf Medicine, Yale University School of Medicine) ‘
:. V‘ ' ) " OBIECTIVE \ ‘.:
g ’ ©." To assess tho affacts of perhoxiline maleate upon reglonal myocnrdiz;l o N '_‘
; 71 . A ) pulrf'usion and cxlercise—induced transient myocardial lschemia in patients ‘*
“".' | , with typical angina pectorisa. ‘ ,:"v
) _ PATILNT SCLECTION - ' B
2 : The inftial atudy group was comprised of 10 patients with angina pecteris = 5 .-
| 'duc to coronary atherosclerosis. {Attachment I) The angina pectorls was - 4‘,-1
‘ . defined by a careful history, which agrecd clescly wit:!; llehcrden's elindcenl ‘.‘,_;v
,o ' . description, particularly as to location and character ol the pain i!.sz:l-f. ’ xa};
t";. B o In every case angina wns atu‘ble for at least G wonths Pfinr Lo cntr;' into }:,;AIE;
.':, | : " tha study, None of the pnticnta had evidence fc - a prio' myocardi::], ‘:Ln— M é},
::: R é : 3 ‘A " wfarcticn. I’atienta were scre\:c;ned with m::ximal LT adnill‘ u;‘.e_rc'_i'ﬂﬁr tp:st:s.“‘; - ,l:-t:.\
S - B ) ” !
?JJ " it rk~ ‘h.-ar..i‘}#’i :*"ﬁ“am., ié‘m W..4. V¢ ; _ s “Qm}ﬁ‘
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| . nccordlingg to the Truce protocel to anglna pectoris sspociated with is- ;'_|. {:}E
. | chemte STepegrent Jhanped defined by at least 1 mm of flat or dawn- o .\‘:-"
. wloplng ST-eepment dopression laating at leacst 0.U8 accondy in 3 cou- ';LH;;
aveutive heats in a lead with a normal control conflguratien., The :f‘ﬂ
3 . natlentm ranged in age from 38 to 56 years and lncluded 9 males and ' ‘iﬁﬁ;.
) one post-menapausal femala. TFor personal ceasons, oue male patient ':}Efg
g
wis not able to complete the seccond half of the protocel Gnd, there- .‘&ééf
. fare, was dropped from the study, ruducing the investigational group n‘i
- L
- to niaa,
Y H
This study conformed to tha Declaration of Iteluinki and had the R
‘" apor: val of the institutional review cemmittee of theo David Grant USAT ) %ﬁ
o
Medical Center and the Ufflce of the Surgeon Geueral, United States Alr :Tﬁ;
Force. The experimental nature of the mtudy wos explained to each patient "';::G
;. ‘ and Informed conaent obtained. : K
o | PROCEDURE
3 ._‘ Thia waa o double-blind crossover, randomlzed study. C(Attachment II}.
': ‘ Nuring the screening period, each patiant was subjected to a graded max- . [,-f';'l,la
Li; . tmzl exercise testing to the end polnt of angina pectorls. Studles woere \Z’i
M . [
;;f ; . performed with a multi-lead electrode system atie a motorized tre 111 ' ‘
-?f adhwrring to a standard Bruce protocwl. Cach putient was subjoect Jd to .
- [ control potassiuc=-43 myocardial imaging at rest wnd with exercise-lnduced e
; ‘:'\ _ anglna pectorie, * A1l patienta included 1n thiy _udy manifcuat an abnormal _,'
-'f; J C ryocardial scan after exarcise when compared to . wormal resting.scan.
) t N n -
‘f& g " Bload pressura and heart rate were monitored diifny exercisc and appropriate :'.fé?:
i . R S
‘i rate-pregsure products tabulated, Sufficient trocdmill teating.was"pnr— o ':‘f’\f.:s::
' . [EEERESL)
. a . formed to clearly egtablish a baseline exercisc .olera. co for each patian-
. . *Sea footnotc Table II.. " :;
."':" . ' o LTI QLE. ; 1*'*
é_.'-*rlj”;vf& o ”'Mul\mﬁtm'« N % MLM!"“" A ir’"’“"‘" “‘:""‘*:;""“""'“" WM J'M
, \ N . " i -
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M 1 A4 patlents entered Ui atudy they were plven cither pechrxdline 400 mg -_¢'é‘
- ; . ' T
. 'y
. Cdnlly €200 m o taby b.1.d.) or an identical gppearing placcloe, by randam ' ff;z
N oy
direrdbutlon, Tha drug was packaged in bottles of GO0 tablets with tedr- o
! LN RET . B ' PR N

of f ¢hincse labels, Patlents were piven a A-week supply at cach vialt and

-3
treatment continued for 7 to 8 weeks, Paticnts wera clinically evaluated -.-

At 4 woeka and a eclinical asscsament form filled out. AU 7 weeks into

thorapy patients were once again subjected to a graded maximal exercise .7

A

. L4

test catablishing a pulse-preasure product and an exercise myccardial S
B 5
porfunion acan, If the maximal pulse pressure product during this exer- ‘,iT{%’

clige test wag more than 107 greater than that of the screening pericd,

another exercise teat was rerformed at 8 wecka into therapy with an end - "'ﬂtfﬂs

. . :t 'n "

; peint of the pulse pressure product obtained during tlic screening period. =~ .‘}5:4;
. . N

RN

. Aftor the 8 weeks of therapy, medicaticn was discentinued for 4 wecks., ., '
During tha fourth week patifents ware again tested cn the treadmill to the .

point of ongina pectoris in order to establish a new bascline heart ratec.

‘ A potassium-43 scan was performed in conjunction with Lhe exercise testing. : jtF
A
The laboratory tests were rcpeated and a clinical evaluotion form filled ‘Vﬂ'iﬁ'
':;"] : out., Medicatlon was then inatituted utilizing the alternate therapy te ) :f;;;‘
- that received during the firat B-weeck period. Patlents were again eval~ "}‘“?3
" ’ unted at 4 weeks (week 16) gnd exercise testlupg and myocardial scanning _",iAMﬁf
;T, : with potassium~43 accomplished after 7 and 8§ weeks of continuous therapy, o Tii
‘ . . . f L3
’ : ‘ according to the same program used during the f:-st peried of drug ther- '_::f;$i

H . o I

N . \ ANNETC IR
. AT ‘ s 'l;fFT:? 1m%%%§
v Prior to the time that each exercise potasuiuu—43 pean was, accomplishcdru,lgﬁ
: , PR S A PR

- _at wecks -1, 7, 12 and 19, a 10-ml blood sample wLLh EDTA Bsﬂ el co;gulunt lﬁiﬁﬁg
. - ' R l,‘_w,\ﬂ-,_,.‘,.'.:.;-" '
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. WU he doawn.  flaama was scparated from pacled cells aund the frezen ' <l
. planga whicped to Lhe Drug Herabolfgm Department of Merrell-tlutlonal ) o
Lo
[ - A
. *ahoraturies. A urine sample (more than 100 ml) waa collected at the same ,-:}cﬂ
PR
~ E ;n
i . [l
: Fime and shipped frozem to the Drupg Metabollism Department flor analyaisg _ \i?
r . Lol
P
of motaholites of perhexiline to confirm drup regimen compliance and . ﬁ'{h
) . ' [ -?'
aderquacy of the waalout during the interim peried. Luboratory work con=- ; RN
- T
. ol
stlating of a complete blood count, urinalysis and 5MA 12-60, which in- -
SN
cluded 55CT, LDH and alkallne phosphatase was accomplished at the start P
PR

of the study and at the end of ecach 8 week study pericd., A resting ECG

3 wag obtained at the beginning and cnd of the astudy, '_' S
% Coneccmitant medication was noted prior to the start of thﬁ:PEudy[‘
1 and either discon=inued bofore mtarting on the test drug or kepét;é the
}4 ;a . same dosage througﬂout the study. S | . : g p
‘.:4 " - Subjectiva and sami—q:lmntitnti.va-a—malysis waa applied to the results . :‘Tr‘j’;‘
o ’ ! J
.i ) ' cf myocardial {maging using potasfium-43 and a rectilinear scanner. A1l '?%Eé
é 1 . ‘ scan Interpretationa were accomplished by three qualiflcd obacrvers., At ;ﬁ%&i .
5 no time were these observers informed of the clinical or therapeutic ,‘.:szz
% atatus of the volunteers, although they were oware that the scans hud bren %ﬁﬁg
B obtalned on patients engaged in the perhexiline proteocol. Tach indlvidual | :.'?1
13 L
% : study was presented for interpretation in a co d folder. Without any ' ':‘fk
=~ u
_% ' : other asscclated data availeble, regions of abny mal tracer uptake were | 1;}T
: - "' [l
N ' identified utllizing both image projections, hun, usling only the LAO S _;M;g
- . . X ’, ]
:i l ' images, the outer margin of the left ventricle wos Ifdentificd _nd qutlineq fﬁhlrﬁﬁ:
. | [ N . "
_ﬁ ‘. - . ) with a crayon. Similarly, any region of reduced tracer UptumL, 1nclud%ng "';%i§;§
: CoT the left ventricular cavity, was identified srd outlined. ~i$ﬁ:?ﬁﬁﬁ
. i
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A ratia of the regional defect area to the left ventricular area wes cal-

- culated pnd recorded.
R ) After egrasure of crayon outlines the scanyg were relnterpreted and
the cutlines redrawn by the same observers, On this sccond revicw the
geans wera grouped by patient and studiea {deneified as rest or cxerclae
to allow comparisen of regicnal defecers. The clinlcal and therapeutic
atatusz at the time of accomplishing the excrolue scans temalined unknowi.
“nece again the defect teo total image area ratlios woere calculated. The
i
chacrvers also subjectively evaluated the exercise scans {or any change
in regional defect between individual studies on the same pattent, ALl -
1«7+ ¢ geans with defects and left ventricular outlines demarked by crayom were .0 o mfz?
. . w.o T
.‘f‘ “ ' ‘. - % il
A TR : ot
IR recorded photographically for refercnce, N . R
e e ’ : ) BRI -
. e

Statiaticul nnnlysis of data obtained f{rom this study was hccomplish--;ﬁ}iiir
. LN

L

. ed utili*ing two way variance en a Wang Modcl 2200 compuzer, the para-

b 4
"oy e 3 '-. - .‘
! . meters analvzed included the following: ST
N ] . = - R ' ' .
P . -
oo T 1, Duratlon of exercisn, heart rate, bloecd pressu.c, and pulse B
Tea ! ' ' ‘ LI )
. v N N ;
presaura product at the cccurrence of angina pectoris and ischemic 5T- '
‘ segment changes, -
- {\’ 0 LN
e n‘ - i - ) { “1
AT 2. Durption of exercise, heart rate, blood pressure, and ptlae pres- . :k;ﬁgt
. v ) ) P
Poov T sure product at meximal exercise. : .o
‘-..“‘ ! i
- ‘ +..3, Differencea betwecn tha rest scan defect ratio and tha tontrol
1 " v )
Lo v L o -’ .,.:g , - T s
“.. =" period exercise scan defect ratio. i AT S Lu Tt
Bk _ ‘ . 2y e e
.o 2" . . " ’ ! 'f:r ".-s:'r-” o "'l.:'. ‘5
e ! . 4., Diffecrence between nll exercise gean lcfuct ratica on thurhane U
' . N I w roait e L
R O R A \,,f.‘a‘:m&*,"',f; .
. [ oat iewt etﬂludiﬂg thoge obtatr 2d during the ;ﬂ xilinu i:riod L W,
" - Lmte " ’ulu““\h' .
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5., [lf{fereace betweoen the exorclise gcan defect ratios durirg, theo i ,""“ "{'
T
control perlod and the placebo perviod. ' e
. "”4;
[
fi. 0i{ffercioce bebween the exerclse dcan dcfect ratica durinp the e e
‘-_ Y . ' --“J‘-""-.‘i
- control period and the perhiexiline period. o : i ek
N [ . ‘.‘ r"‘-."a,"ﬁ"
N T .
7. Difference between the change in exercise scuan defect slze ob- - RS

served during the perhexiline period with that observed during the placebo 'iffﬁ 2

P .f :Q
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poriod, e
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SUBITCTIVE CHANATS IN SVMPTOMS: - -

T L

. o y

Six of the nine patienia noted symptomatic dmprovement while toking _‘;:if

. ;v-_J';'

perhexiline, The frequency of anginal cpilsgcdes wuag reduced by at least -'[ﬁ'ﬁh

half {n these six paticnts and as a result they were able to correctly ‘A‘Qﬁ

."‘j;zi

o predict the perhexiline pericd upon completion of the study. Ore patient | ‘ft%:
. H o R

. " noted no significant change in symptoms between the placebo and perhex~ -;":

{line periods. Two patients manifest some increasc in [requency ¢. angin=- . .v

v
L

al eplsodes during the perhexiline perlod. Uf interest is the onc patlent 7

vhe not canly manifest sipgnificont relief of his angina pectoris, bLut also ' ,f
neted a camplete absence of previously expericnced palnitations kae /. . :jf;
to be related to venirieular premature contractle . V‘T:T
g Four patients manifes:s undesirable side efflc .Li < taling poc- ’ :z

+ hexlline., Two patients experienced nausea, one o. wuor iad cccasloual
1A,

. ,vertigo. Wirhh reduced desage, thesa symptoms cle ved w.d both had aigw‘

- -
e

‘ . ‘ nificant improvement in their anginal pattern. Cuo paticnt eﬁpsrignccu- Qtﬁigﬁﬁf
. . . g, .
: e N rog*easiva symptons of nausca, lightheadcdness, weamwcss, und nt&xia
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to the inveatiaators until this perlod wag cemplezed.  Thia patlens algo :
. ’

manfifedt a slgalfizant elevation of 5G0T. Theue untoward effectn of » o ea
- - w

pechoxiline clearnd within 3 davs alter ceasatlen ol therapy. This pa- R

tlent also f2lr that his anpgina worscned during the perhexiline period. 7.
The Fourth patient experienced severe nausea, weakneas and finally, veomi-

ting.,, resgulting 4n reduction of her dosage to one fourth the standard ..

dose to roduce her untzward symptoms.  She did not experdence any alig=" "'

]
niflcant baref4r 4in her angina control at thila reduced dosage level. - ;
CYOPOTST TOLIRANCT THSTING: :

o
Hone of tho nina patienta demonatrated a statdstically glgnificon:t T
: )
chane in any of the pnramcters mcasuroed wheun comparinp excrcise toler- . .f1ﬁf
\ ey
. S
ancae testing during tha perhexiline period with exercise tolerance - '229
v L I
: . e B
testing during the control and placelo periods, Thuse parameters in- ° R
. ‘ Y 3
cluded duration ef execrcise, heart rate, bloed pressure and pi Lue pressure - JJ
product at cnset of anpina pectoris and ischemie &1 change o. ECG.
Thaere was also no change in maximal exercise tole ;unce as measured by s
A uw
N [ - ‘h .
theoge same paramcoters, (Attachment IIT) ) .
MYNDCARDTIAL PLERTUSIOH SCANNING WITH DPOTASSTUM=AT, : "h"% B
PP,
A1l rest scans were normal and those obtal with exi <lue deflned - omaey
regilonal defects conforming to the vascular be .n the diLtribution of S
one or more majer cororary artaeries, The rege . ool the scun Inter re- ’ ‘;ﬁ

tatisnas when asgessed individually in a nonco. .ratlve Tashion, were

. [ SO -y
entirely uvnaantisfactory. The wide scatter ol ceglonal defect to totul “{J,hr
T ‘.‘";Q‘r-"
LI
mvoecardial fmage ratios, when plocting the decoded gerlal studies on ecach , - 7o 4]
Cr - . “'_"u;l‘a,,;
.. ) - oy R AL 1
patient, made this technique unacceptable. When each exercise sgan_wda- ~a¢}%hufﬁ
cempared with that patlent's rest scan, there was in all cpages- a dif zence W‘ -i %
. i Vool wp
, ot « t s f
. . ) V. ,,“G "" f i“\n
., . . o -..‘- ..,__--.r._ A
. . . L K . --ﬁ M T "Alf“.‘l",“én:s.* v
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4 ode

of 59% or preater in the defcet to tutal scon ratien which {3 stavtlatically

stanillicant (¢ .0NL). heore was no atatistical Jdiflerence bLetween the
- acan ratios obtnined when comparing the reat scan to the gercening period 3“;.;
.o k.”.-j 1.'
- Y1
. oxerzise gcan arnd the rest gean to the interim perfod exercise gecan. o
O I
I Thia tcchninque was therefore considered sufflelently reproducable to Lt '”:
| TR )
atacug the eifects of perhexlliase nnd placebe on the slize of cxerclse .fﬁ; Y.
R
WV
induced regional image defects. When evaluated in this Lachlen thers waa .;; £
. i~
' + ..
. P
no slendficant diffcrenca between the scrcening and dnterlm exerclse gean o
o7 d
B .
ratfvs and the perhoexiline period excreise ncan raties. There was no aignif;-;-;;{ i‘. .
e gt h g- .
- ! .| B
icont difference when comparing these same control peried caercise '4'3(;
‘ By e
scan ratfos with the exercisc senn ratfos during the placebo period. Thus, ,f'I{ﬁ
T ' ! 'l\t"i‘ !'_J
' bv quantitative annlysis of defect size, no significant change could be ;yfﬁ %f
] ' . -
! o I
! egtablished between control parileds, placebo perlods, and periosda of per— - )77 i B
' A
| - R
i hexiline therapy. In addition, none of the vbaervers could define any Lt
L - qualitative changes when subiectively comparing the serfal studies on any @ .. .
- . N o us
cf the nina subjects, ‘ . ST
DTSCUSSTON . o
—_— " ' D
Previcus studies have demcnstrated beneficinl effects of perhexiline ' .. 7
. .k
in the treatment of patients with coronary artery discase. Subjectively, o
aix of the nine patients in this group expevienced a 1 'uetloun in fro- }I‘V.'
' quency of angzfnal attacks aud a sense of well belng. . Idltieon, one pa- n«uﬁ‘:
. I .
. DR LI
tient noted an ahsencs of nreviously troublesome palpitacions, felt Loy
_. Loty
ta be reolated to PVC's,while on perhexiline therapy. The remaining threa RAEEUY o
L AT
R T
- patients reported no benefis during the perhexiline period and two ﬂfﬁ,_-'_#q..hf
FECT T Tt
. . L P I
It A
. ‘ these had side effects sufficiently severe t  warrant discontinuztion QEﬁv-ﬂT o
PR
) ' .. -“-{.-J"'q*“
L T . , } . . L ) Ados ..;‘:""‘ s I
L. T ) O R TR S b ot
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- therapy. Two patienta witiy symptomatic Improvement also experlenced I

A { ,J_,LT untownrd side effect, but these cleared wiih a reductlon in perhex!iline
- IR therapy witlhiout alteratien of the therapeutie benelfit. No signfflcant .
L labovratory abnormalities were encountered other than the temporary

elevaticn of SGOT in a paticnt with severe touxic aymptoms.
' In contrast to the subjeective dimprovemcnts ncted, the more objectlve
paramctars were disappointfng, The heart rate, blood pressure and pulse
p pressure product at time of conset of angina pectorls and dschemle 5T
daprossicon were not appreciably altered by perhexiline Maximal exercise
2 tolerance 'was not improved. The planed arcas of excreise induced myo- | 7+
s ',’<

cardial perfusion scan defects were not signfilicantly changed whenhéom-

' paring studies obtained during perhexilina, placebo and controcl pertfods.

¥

Althouph the completely blinded individual study analysis consistently

; {7+~ . lacalized arcas of exercise induced ischemia, this method did not permit

2 "| oo -
’ . ¢ quantification of relative defect aize.‘ Because of tie innbi'j y of the

.f _:, ohmservers to correctly determine the extent of the defeet, let | ventricular

t - :

Ny

cavity and myccardlial cutline in the exercisc images witHout di ~ect com

parison with each patients regting imrge, a wlde variance betw con the

exercise defz2et rating on the same suhject rendered this tecln jue un- T

-, ) accentable for the determination of posaible perhexilize eflce . When
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