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Increased TIMI Frame Countsin CocaineUsers: A Casefor Increased
Microvascular Resistanceinthe Absence of Epicardial Coronary

Diseaseor Spasm

RusseLL F KELLY,M.D.,*T VINEEL SOMPALLI,M.D.,* PAYMAN SATTAR, M.D.,* KISHORE KHANKARI, M.D.*
*Division of Cardiology, Cook County Hospital; TSection of Cardiology, Rush Medical College, Chicago, lllinois, USA

Summary

Background: Cocaine produces adverse cardiovascular &f-
fects, some of which cannot be explained by epicardia coro-
nary artery disease (CAD) or spasm.

Hypothesis: The hypothesis of this study wasthat cocaine
userswould haveincreased coronary microvascular resstance,
even in the absence of recent myocardia infarction (Ml),
CAD, or spasm.

Methods. Microvascular resistance was assessed by the
corrected Thrombolysis in Myocardid Infarction (TIMI)
frame count (cTFC) method in a consecutive series of 59 co-
caine userswithout acuteor recent M1 or angiographicaly sig-
nificant epicardid stenosis (>50%) or spasm. The cTFCsin
these patients were compared with 21 normal controls and
with published normal cTFC values.

Results: ThecTFC wassgnificantly elevated (by 26-54%)
in cocaine users. The cTFCsin the left anterior descending
(LAD), circumflex (LCx), and right coronary (RCA) arteries
incocaineuserswere30.0+10.9,34.1+ 11.5,and28.6+ 11.8,
respectively, compared with valuesin normal controlsof 21.3
+4.3(p=0.001),24.4+7.2(p=0.001),and22.7+ 5.1 (p=
0.04), respectively, and published norma cTFC values (dl
p<0.01). An abnormally high cTFC was present in 61% of
patientsinthe LAD, 69%intheLCx, and 47%intheRCA.
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Conclusions. Markedly decreased coronary blood flow ve-
locity, indicating increased microvascular resistance, ispre-
sent in cocaine users, even in the absence of acute or recent
Ml, or significant epicardial CAD or spasm. Increased mi-
crovascular resistance may explain many important cardio-
vascular manifestations of cocaine use and has therapeutic
implications. Slow coronary filling may also suggest the pos-
sihility of cocaine usein patientsin whom it was not other-
wise suspected.
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Introduction

Chest pain isacommon reason for emergency room visits
and hospitalization in cocaine users.l: 2 Acute cocaine use is
known to be associated with avariety of cardiovascular com-
plicationsincluding cardiac ischemiaand myocardial infarc-
tion (MI), even in the absence of obstructive coronary artery
disease (CAD).3 Proposed explanaionsfor thisinclude coro-
nary artery spasm, diffuse vasocondtriction, sinustachycardia
and other tachyarrhythmias, and augmented myocardial con-
tractility; these effectsmay produceade eteriousimbalancein
myocardial oxygen supply and demand.34

Although the systemic, myocardial, and coronary vascular
effectsof cocaine have been well documented,>7 the chronic
effectsof cocaine useon coronary microvascular function have
not been studied extensively. The purpose of the present study
wasto assess microvascular resistancein cocaine users under-
going coronary angiography using thecorrected Thrombolysis
inMyocardid Infarction (TIMI) frame count (cTFC).

Materialsand M ethods

The study group was drawn from a consecutive series of
110 cocaine users undergoing coronary angiography at Cook
County Hospitdl . Patientswith acute or recent M| or cocaine
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usewithin 12 h (n = 30) were excluded. Vessals with angio-
graphically significant epicardia stenosis (>50%) or spasm
were excluded, as were vessalsin which cTFC could not be
measured; thisexcluded 21 patients, |eaving 59 patientswho
comprised the study population.

Coronary angiography wasperformed in standard viewsby
manual injection of 5-10 ml of nonionic contrast with cine
frames captured at 30 frames/s. The cTFC was measured as
thenumber of cineframestakenfor injected contrast toreacha
defined distal landmark intheleft anterior descending (LAD),
left circumflex (LCx), and right coronary arteries (RCA), ac-
cording to the method described by Gibson, et al 18 ThecTFC
was counted in at least two projections whenever possible,
with the average taken to be the cTFC for each patient. The
CTFC wasaso measuredin 21 patientswith normal coronary
angiogramsto providea“normal” control group.

Dataare presented asmean + standard deviation. Two-sid-
ed t-testswere used to compare the cTFC values obtained in
cocaineuserswiththosein normal controlsand with published
vaues for cTFC in norma coronary arteries. Chi-square or
Fisher'sexact test were used as appropriate to compare cate-
gorical variables between the cocaine and norma groups. A
p vaue< 0.05wascons dered to besignificant. Informed con-
sent was obtained for the procedure in all patients, and the
study was approved by the Scientific Committee of Cook
County Hospitd.

Reaults

Thecharacteristicsof thecocaineusersand normal controls
are shown in Table |. Of the cocaine users, 54 patients were
black (92%), 2 were white, 2 were Higpanic, and one was
AdanIndian. Tachycardia(heart rate>100) waspresent insix
patients (10%). Systalic blood pressure was > 160 mmHg in
three patients (5%), and diastolic blood pressure was >100
mmHg in five patients (8%). Mean left ventricular gection
fraction was56 £ 16% in the 46 patientsin whom contrast ven-
triculography was performed. Thetiming of the last dose of
cocainein these patients ranged from approximately 24 h to
several weeksprior to angiography.

TaBLE | Basdinecharacteristics

No. of patients 59
Age(years, mean+ SD) 444+7.6
Male (%) 53(90)
Hypertension (%) 44(75)
Diabetesmellitus (%) 6(10)
Smoker (%) 47(80)
Hyperlipidemia (%) 3(5
Family history of early CAD (%) 13(22)
Heart rate (beats/min) 83+21
Systolic blood pressure (mmHg, mean £ SD) 134+21
Diastolic blood pressure (mmHg, mean + SD) 86+19

Abbreviation: CAD = coronary artery disease.

Of the 59 patients, cTFC values were excluded for 15 pa
tientsintheLAD (3 duetosgnificant CAD intheLAD, 12 be-
cause cTFC could not be measured); for 5 patientsinthe L Cx
(1 dueto significant CAD inthe LCx, 4 because cTFC could
not be measured); and for 10 patientsintheRCA (6 dueto sig-
nificant CAD inthe RCA, 4 because cTFC could not be mea-
sured). ThecTFC wasthereforeavailableinthe LAD in44 pa-
tients, inthe LCx in 54 patients, and inthe RCA in49 patients.
No epicardia spasmwasevident inany of the study patients.
Of the 21 normal controls, cTFC values were excluded for 1
patient each in the LAD, LCx, and RCA (all because cTFC
could not bemeasured); no patient in the control group had an-
giographically apparent CAD.

Mean cTFCsintheLAD, L Cx, and RCA were30.0+ 10.9,
34.1+11.5, and 28.6 £+ 11.8 frames, respectively, in cocaine
users(Fig. 1). Thesevaluesweresignificantly higher than val-
uesintheLAD (21.3+ 4.3frames, p=0.001),LCx (24.4+ 7.2
frames, p=0.001), and RCA (22.7 + 5.1 frames, p=0.04) in
thenormd controls. Vauesin cocaine usersweresignificantly
higher than published normal values for cTFC in the LAD
(21.1+ 1.5frames), LCx (22.2 + 4.4 frames), and RCA (20.4
+ 3.0frames)!8 (dl p<0.01). Compared with normal controls
and with published normals, the cTFC in cocaine users was
41-42% higher inthe LAD, 40-54% higher in the LCx, and
26-40% higher intheRCA.

The number of cocaine userswith norma cTFC (715 and
527 frames!8) or dbnormally high or low cTFC are shownin
Tablell. A cTFC higher than normal was present in 61% of
patientsinthe LAD, 69%intheL.Cx, and 47%inthe RCA.

Similar results were obtained when the analysis was re-
stricted tothe 44 patientsin thestudy with no significant CAD
inany epicardial vessd. Mean cTFC inthe LAD, LCx, and
RCA were 30.2 £ 10.6, 33.9+ 12.0, and 29.3 £ 12.1 frames,
respectively, inthesepatients. A cTFC higher than normal was
present in 62% of patientsinthe LAD, 68%in the LCx, and
46%intheRCA.

Discussion

In this study, significant dowing of coronary artery blood
velocity was observed inthe LAD, LCx, and RCA coronary
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Fic.1 Corrected TIMI framecount (CTFC) in cocaineusers (black
bars), normal controls (white bars), and published normal values!8
(hatched bars). LAD = left anterior descending, LCx = left circum-
flex, RCA =right coronary artery.
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TaBLE Il Number of arterieswith normal or abnormal corrected
TIMI framecounts

LAD LCx RCA

n n n
HighcTFC (> 27 frames) (%) 26(61) 34(69) 20(47)
Normal cTFC (115and 827 frames) (%) 13(32) 17(31) 20(45)
Low cTFC (< 15frames) (%) 3(7) 0(0) 4(8)

Abbreviations: TIMI = Thrombolysis in Myocardia Infaction,
CTFC = corrected TIMI frame count, LAD = left anterior descend-
ing, LCx =Ieft circumflex, RCA =right coronary artery.

arteries of cocaine userswithout recent MI or epicardial coro-
nary stenosisor spasm, asassessed by thecTFC. A substantial
proportion of patients had abnormally high cTFCs (>60%in
theLAD and LCx, and 47%inthe RCA). These dataindicate
that increased microvascular resistanceis present in the coro-
nary bed in cocaine users, even after the acute effects of aco-
cainedose haveresolved.

Acute adminigtration of cocaine is known to produce a
number of physiologic effectsthat may promote the devel op-
ment of myocardial ischemia Cocaineinhibitscentral and pe-
ripheral neuronal catecholamine reuptake, which can cause
coronary vasospasm, periphera vasocondgtriction leading to
systemic hypertension, increased myocardia contractility, and
sinustachycardiaand other arrhythmias; thelocal anesthetic
effectsof cocainea so may precipitatearrhythmias. 8 In addi-
tion, platel et activation and thrombosis may produce myocar-
dial ischemiain cocaineusers.”. 8 12-14

Laboratory studiesin animalst® 16 and humans'®- 17 have
demonstrated that cocaine administration produces an acute
increasein coronary microvascular resistance, probably by in-
creased stimulation of a pha-adrenergic receptors, which are
plentiful inthe myocardium.® Therisk of MI has been report-
ed to be greatly increased (more than 20-fold) withinthefirst
hour after cocaine use, 12 in part because of the relatively short
half-life of cocaine (approximately 1 h after inhalation or in-
travenousinjection, 2-3 h after nasd ingestion®). Evenwithre-
peated doses of cocaine, however, toleranceto the cardiac ef-
fectsof thedrug develops. 2

Although much of the cardiotoxicity of cocaine occurs
acutely, prior studies have shown that evidence of myocardial
ischemiaor infarction may appear long after the acute effects
of thedrug haveresolved.1: 2-2 Delayed onset of M| (18-24h
or more) has been reported,t: 2226 and ST-segment changes
have been recorded 2 weeks after thelast cocaine dose. 2 We
are not aware of any prior studies that have demonstrated a
chronic effect of cocaine use on coronary microvascular tone.

The present study indicates that cocaine use may have
long-lasting effects on coronary microvascular resistance.
Marked increasesin cTFC in the coronary arteries were ob-
served, even though angiography was performed many hours
or even weeks &fter the last dose of cocaine. The cTFC mea
surescoronary artery blood flow velocity.2” Themajor deter-
minantsof coronary flow velocity areresisanceand perfusion

pressure. In the absence of aflow-limiting epicardial stenosis
and under hemodynamically stable conditions, small-vessd
res stanceisthemajor determinant of coronary blood flow ve-
locity. Thus, inthisstudy, increased cTFCismost likely dueto
elevated microvascular resstance. Other reasons for high
CTFC are unlikely, as most patients had normal blood pres-
sures and normal heart rates, and no patient had experienced
anacuteor recent MI.

An observation by Mgjid et al 2 may provideamechanism
for the chronically devated microvascular tone in cocaine
users. These authorsfound severethickening of small muscu-
lar arterieson myocardia biopsy in 7 of 11 cocaineuserswith
noepicardia CAD. Another possibleexplanationisthepersis-
tence of ethyl methyl ecgonine, benzoylecgonine, and other
active metabolites of cocaine for up to 3 weeks; 2 perhaps
coronary microvascular vasocongriction is initiated by co-
caine and maintained by the metabolites.3 This may account
for thefindingsin someof our patients, but el evated cTFC was
present even in patients whose last dose was > 3 weeks ago.
Other potentia explanations, not assessed inthe present study,
include upregulation of adrenergic receptors, chronic cate-
cholamine depletion, effects on mast cells, and stimulation of
endothelinrelease. 1. 22,3132

Clinical Implications

The heightened microvascular resistance in cocaine users
may explain the development of chest pain and myocardid is-
chemiain many patientswho do not have epicardia stenosis
dueto CAD or spasm. Asstudies of cocaine userswith chest
pain have not found ahigh prevaence of CAD 1924 thesmadll-
vessd effects of cocaine may in fact be more important. Be-
causetheprocessisdiffuserather than confined to onevascular
territory, electrocardiographic findingsmay not belocaizing.
Furthermore, the abnorma microvascular tone seems to be
present long after the acute effects of cocaine have dissipated.
It hasal so been suggested that chronically reduced flow veloc-
ity inthe coronary bed may be animportant contributor to the
development of left ventricular dysfunction in many cocaine
users.® Therefore, medical therapy directed against vasocon-
grictionin cocaine users should beintense and should be con-
tinued for extended periods, perhapsindefinitely.

Anather clinical implication relatesto the recognition of co-
caine use. The dowing of coronary flow velocity inthese pa-
tientsisfrequently severe enough to be apparent tothe angiog-
rapher. Attention to the speed of coronary filling may improve
the detection of cocaineusein patientsinwhomit wasnot oth-
erwisesuspected. When coronary angiography reved smarked-
ly dow filling, cocaine use should be considered.

Limitations

Themajor limitation of this study istheinclusion of some
patientswith CAD. Although thevesselswith CAD were ex-
cluded fromthemain andysis, it is possible that angiographi-
caly inapparent CAD may have affected the cTFC vauesin
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nonstenosed vessels in these patients. However, when the
anaysiswasrestricted to patientswith no evident CAD inany
vessdl, theresultswerenearly identical.

Standardized injection rates were not utilized in these pa
tients(cocaineusersor controls), but other sudieshavereport-
ed that TIMI frame counts are relatively independent of the
variability inherent in hand injections.18 32 Nitroglycerin was
not systematically administered to these patients; however, be-
cause of the recognized utility of nitratesin patients with co-
caine-asociated chest pain, itislikely that the mgjority of co-
canepaientswerereceiving nitrateset thetimeof angiography.

Conclusions

Markedly decreased coronary blood flow velocity, indi-
catingincreased resistanceto coronary flow at the microvas-
cular level, ispresent in cocaine users, evenin the absence of
acute or recent M, or significant epicardial CAD or spasm.
Increased microvascular resistance may explain many im-
portant cardiovascular manifestations of cocaineuseand has
therapeutic implications. Slow coronary filling may also
suggest the possibility of cocaine usein patientsin whomit
was hot otherwi se suspected.
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