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Changes in Epicardial Coronary Arterial Diameter Following 
lntracoronary Papaverine in Man 

Eric 6. Carlson, MD, F. Roosevelt Gilliam, 111, MD, and Thomas M. Bashore, MD 

The effect of intracoronary papaverine administration on epicardial coronary arterial 
diameter was examined in 18 male patients. Coronary-artery cineangiograms were ac- 
quired with a power injector before intervention, 20 sec after intracoronary saline (con- 
trol), and 20 sec after administration of papaverine into either the left (12 mg) or right (8 
mg) coronary artery. Absolute coronary arterial diameter of a normal-appearing segment 
was quantlfled using a previously validated, fully automated digital edge detection 
program with an ADAC digital radiographic unit. Baseline coronary arterial diameter of 
3.1 f 0.8 mm did not significantly change after saline administration (3.1 f 0.9 mm) 
but did significantly increase (p < .001) to 3.4 f 0.9 mm after papaverine administra- 
tion. No significant percent change in diameter occurred in either the left anterior 
descending ( -  .5 & 1.7%), left circumflex ( -  .2 f l.l%), or right ( -  3.0 f 3.8%) coro- 
nary arteries with saline, but significant (p c .001) increases occurred with papaverine 
(7.2 f 4.l%, 7.0 f 4.50/0, 6.8 f 2.7%, respectively). The response of 7 coronary arter- 
ies examlned immediately proximal to a significant lesion was not significantly different 
from the response of the remaining 11 coronary arteries. In conclusion, intracoronary 
papaverine causes a significant increase in coronary arterial diameter. This has clinical 
implications for assessing coronary flow reserve with devices that detect flow velocity. 
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INTRODUCTION 

Coronary flow reserve, despite its limitations, is rec- 
ognized as one measurement of the physiologic signifi- 
cance of a coronary stenosis [ 1.21. In man, coronary 
flow reserve has been determined with devices that mea- 
sure coronary blood-flow velocity at rest and following 
pharmacologically-induced hyperemia [3,4]. Extrapola- 
tion of absolute coronary blood-flow velocity measure- 
ments to obtain absolute coronary blood-flow volume 
requires knowledge of the arterial dimensions at the site 
of flow measurement. Intracoronary papaverine has 
gained popularity as a pharmacologic agent to induce 
hyperemia because of its short onset-to-peak effect, su- 
perior hyperemic effect, short duration of action (making 
it useful for repeated determinations in the same patient), 
and its lack of significant side effects compared to other 
available agents [5) .  

Current applications of coronary blood-flow velocity 
to measure coronary flow reserve assume that epicardial 
coronary arterial dimensions remain constant during pa- 
paverine administration [3,4]. Critical assessment of the 
clinical value and limitations of using papaverine to mea- 
sure coronary flow reserve with devices that only mea- 
sure coronary flow velocity must analyze the extent to 
which this assumption introduces error. This study ex- 
amines the effect of intracoronary papaverine administra- 
tion on epicardial coronary arterial diameter. 
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METHODS 

All patients undergoing elective cardiac catheterization 
for angina pectoris at the Durham Veterans Administra- 
tion Medical Center were eligible for inclusion in this 
study. Patients with left ventricular hypertrophy by elec- 
trocardiographic criteria, prior thoracotomy, valvular 
heart disease, cardiomyopathy, or rhythm other than nor- 
mal sinus rhythm were excluded from analysis. Follow- 
ing routine right or left coronary angiography, the section 
of artery for analysis was chosen, prior to subsequent 
study angiograms, based on the ability of arterial sections 
to be visualized during diastasis in the same frame as the 
coronary catheter without overlying side branches. All 
analyzed arteries were patent. The view thought to be 
most optimal was selected for subsequent study angio- 
grams. Three coronary-artery cineangiograms were ac- 
quired 5 min apart before intervention, 20 sec after 
intracoronary saline (control), and 20 sec after adminis- 
tration of papaverine (2 mg per cc of saline) into either 
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Fig. 1. Individual and group mean changes in absolute coro- 
nary arterial diameter during initial coronary-artery angiogra- 
phy, following intracoronary saline, and following intracoronary 

the left (12 mg) or right (8 mg) coronary artery. No 
patient received atropine or supplemental vasodilators in 
the cardiac catherization laboratory. Informed written 
consent was obtained from all patients for a protocol 
approved by the Human Studies Subcommittee of the 
Institutional Review Board. 

All study coronary-artery angiograms were acquired 
on cine film at 30 framedsec using the 5” mode of the 
image intensifier. A power injector delivered 6-9 cc of 
meglumine diatrizoate at 3-6 cc per sec for each coro- 
nary-artery angiogram, with identical volumes and injec- 
tion rates used for all three angiograms in each patient. 
Acquisition of each coronary-artery angiogram occurred 
during held inspiration without panning, making sure to 
keep the coronary catheter in the field of view. No 
movement of the image intensifier or the table occurred 
between coronary injections. 

A single frame from each unsubtracted coronary-artery 
cineangiogram was selected during diastasis just prior to 
atrial contraction to ensure that coronary-artery diameter 
measurements occurred at the same time during the car- 
diac cycle. An ADAC digital radiographic unit digitized 
this frame on a 512 X 512 matrix with 256 gray levels. 
A previously validated, fully automated, center-line dig- 
ital edge detection program [6] quantified absolute 
coronary arterial diameter. Calibration occurred by mea- 
surement of the catheter diameter. One normal-appearing 
proximal or midsection of one coronary artery was cho- 
sen for analysis from each patient, to prevent multiple 
measurements in the same patient from skewing the 
results. 

All data are expressed as mean values k standard 
deviation. Paired analyses used the Wilcoxon signed- 

Saline Papaverine 
papaverine. The textured squares and bars represent the mean 
f standard deviation, respectively. 

rank test, and unpaired comparisons used the Wilcoxon 
rank-sum test. 

RESULTS 

The 18 male patients enrolled in the study had an 
average age of 61 f 14 years and an average ejection 
fraction of 64 _+ 15 96. No patient had a recent myocar- 
dial infarction. Two patients had an old myocardial in- 
farction remote from the myocardium supplied by the 
analyzed artery. The analyzed arteries did not supply 
angiographically visible collateral vessels to the infarcted 
myocardium. Thirteen patients had significant coronary 
artery disease, defined as a greater than 75% luminal- 
diameter narrowing in at least one vessel. Three-vessel 
disease was present in one patient, two-vessel disease in 
five patients, and single-vessel disease in seven patients. 
Five patients had insignificant coronary-artery disease, 
one of whom had angiographically normal coronary ar- 
teries. The response of papaverine was evaluated in five 
left anterior descending, six left circumflex, and seven 
right coronary arteries. 

All patients remained on their anti-anginal and anti- 
platelet medications. The administration of these medi- 
cations remained unaltered by the study. The medications 
being taken included beta blockers in 13, calcium channel 
antagonists in 12, long-acting nitrates in 9, and aspirin in 
10 patients. One patient was not taking any medication, 
5 patients were taking only one anti-anginal drug, and 12 
patients were taking multiple anti-anginal drugs. 

The absolute coronary-artery diameter following the 
initial, saline, and papaverine injections is displayed for 
all patients in Figure 1. No significant change in diameter 
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occurred between the initial (3.1 f .8 mm) and saline 
(3.1 f .9 mm) coronary injections. However, a signifi- 
cant increase in diameter occurred between the initial and 
papaverine (3.4 k .9 mm) coronary injections. The per- 
cent change in coronary-artery diameter from the initial 
injection was not statistically significant following intra- 
coronary saline (- 1.4 f 2.8%). Intracoronary papav- 
erine administration, however, resulted in a significant 
(p < .001) 7.0 k 3.5% increase in epicardial coronary 
arterial diameter. Analysis of the individual coronary 
arteries revealed no significant percent change in diame- 
ter in either the left anterior descending (- .5 A 1.7%), 
left circumflex ( - .2  k l . l%) ,  or right coronary 
(-3.0 k 3.8%) arteries with saline. However, similar 
and significant (p < .001) increases in coronary arterial 
diameter occurred with papaverine in all arteries 
(7.2 f 4.l%, 7.0 A 4.5%, 6.8 k 2.776, respectively). 

The response of 7 coronary arteries examined imme- 
diately proximal to a significant lesion was compared to 
the response of the remaining 11 coronary arteries. In the 
group with a significant lesion, a -1.4 f 3.5% change 
in diameter (p = NS) followed intracoronary saline, and 
a 5.9 f 2.8% increase in diameter (p < .00l) followed 
intracoronary papaverine. In the group without a signifi- 
cant lesion distal to the analyzed portion of the coronary 

coronary vasoactive drugs on the magnitude of the ob- 
served change in coronary diameter could not be assessed 
due to the various combinations of medications in this 
patient population. 

The physiologic significance of a coronary arterial 
obstructive lesion frequently does not correlate with the 
subjective interpretation of the coronary angiogram [7]. 
Although quantitative analysis of coronary arterial le- 
sions in selected patient populations correlates more 
closely with their physiologic significance [8,9], alter- 
native methods for evaluating the limitation in coronary 
flow reserve due to coronary arterial obstructive lesions 
have been sought. 

Currently, coronary flow reserve in man may be deter- 
mined from devices that measure coronary blood-flow 
velocity [3,4]. Devices that only measure coronary blood- 
flow velocity, and fail to account for increases in epicar- 
dial coronary arterial diameter with papaverine, will un- 
derestimate coronary blood-flow volume changes by an 
average of 14%. These changes, as well as individual 
variability, must be taken into account if precise measure- 
ment of coronary blood-flow volume are to be derived 
with intracoronary papaverine from devices that measure 
only coronary blood-flow velocity. 

ACKNOWLEDGMENTS artery, a - 1.4 k 2.5 %change followed intracoronary 
saline (p = NS), and a 7.7 k 3.9% increase in diameter 
(p < .&l) followed intracoronary papaverine. The re- We are grateful to Sherry Barker and Mary Lou 
sponses of these two groups were not significantly Holman for their excellent secretarial assistance in the 
different. preparation of this manuscript. 

DISCUSSION REFERENCES 

This study revealed that administration of intracoro- 1 .  Hoffman JIE: Maximal coronary flow and the concept of coronary 
nary papaverine, in the dosage used for evaluation of vascular reserve. Circulation 70: 153-159, 1984. 
coronary flow reserve, results in approximately a 7% 2.  Klocke FJ: Measurements of coronary blood flow and degree of 
increase in epicardial coronary arterial diameter or a 14 % stenosis: Current clinical implications and continuing uncertain- 

ties. J Am Coll Cardiol 1:31-41, 1983. 
increase in luminal area. The responses of the left ante- 3,  Wilson RF, LaugMin DE, Ackell pH, Chilian WM, Holida MD, 
rim descending, left circumflex, and right coronary ar- Hartley CH, Armstrong ML, Marcus ML, White c w :  Translu- 
teries were not significantly different. Likewise, the minal, subselective measurement of coronary artery blood flow 
response of arterial segments analyzed proximal to a velocity and vasodilator reserve in man. Circulation 72:82-92, 

1985. subtotal lesion was statistically comparable to the re- 
4. Sibley DH, Millar HD, Hartley CJ, Whitlow PH: Subselective sponse of the remaining arterial segments. measurement of coronary blood flow velocity using a steerable 

This study used an automated quantitative digital an- doppler catheter. J Am Coll Cardiol 8: 1332-1340, 1986. 
giographic analysis program, making the unblinded eval- 5. Wilson RF, White CW: Intracoronary papaverine: An ideal coro- 

nary vasodilator for studies of the coronary circulation in con- 
coronary angiographic injections with a power injector, scious humans. Circulation 73:444-451, 1986. 

6. LaFree MT, Simon SB, Mancini GBJ, Vogel RA: Digital radio- 

sWed adequate OPacification of the arteries during hyper- videodensitometric cross-sectional area. Proc SPIE 626:334-341, 
emia. Careful selection of single frames from the 1986. 
coronary artery cineangiograms for analysis ensured that 7 .  White CW, Wright CB, Doty DB, Hiratzka LF, Eastham C L  
coronary arterial diameter was measured at he Same time Harrison DG, Marcus ML: Does visual interpretation of the cor- 

onary arteriogram predict the physiologic importance of a coro- 
during the cardiac cycle. Each patient in this study served nary stenosis? Engl Med 310:819-824, 1984, 
as his own control, minimizing variability due to the 8. wilson RF, M~~~~~ ML, White c w :  prediction of he physiologic 
effect of continuing medications. The effect of individual significance of coronary arterial lesions by quantitative lesion 

uation as objective as possible. Performance of all 

set at a high rate, avoided streaming and en- graphic assessment of coronary arterial geometric diameter and 



Papaverine and Coronary Arterial Diameter 153 

Vogel RA: Comparative study of coronary flow reserve, coronary 
anatomy and results of radionuclide exercise tests in patients with 
coronary artery disease. J Am Coll Cardiol 8:1022-1032, 1986. 

geometry in patients with limited coronary artery disease. Circu- 
lation 75:723-732, 1987. 

9 .  Legrand V, Mancini GBJ, Bates ER, Hodgson JMcB, Gross MD, 




