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Summary

Background: Although the protectiverole of collateralsin
coronary artery disease (CAD) iswdl known, theinfluence of
drugson collateral function remainscontroversial.

Hypothesis: We aimed to investigate prospectively the
prevalence of spontaneoudly visible and recruitable coronary
collateralsin consecutive patientswith single-vessdl CAD and
the effect of systemic administration of nitroglycerin onthese
typesof collateral sduring percutaneoustrand umina coronary
angioplasty (PTCA).

Methods: |psi- and contralateral coronary artery contrast
injections were performed before and during PTCA. Simul-
taneoudy with balloon occlusion, we measured coronary
artery occlusion pressure via the balloon catheter. All mea-
surementswererepeated after administration of 0.5 mg of ni-
troglycerinintravenoudly.

Results: Of 101 consecutive patients, 24% had sponta-
neoudly visible and 30% had recruitable collaterals. Contra-
laterd collateralswerefivetimesmorefrequent thanipsilater-
al collaterals. Presence of collaterals was highly associated
withthedegreeof coronary stenosis. Coronary occlusion pres-
surewas higher in patientswith thanin those without collater-
als. Collaterds prevented pain and ischemia during PTCA,
andinthisrespect spontaneoudy visiblecollaterd sweremore
effective than recruitable collaterals. There was no effect of
systemic administration of nitroglycerin on appearance or oc-
clusion pressure of coronary collaterals.
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Conclusion: Coronary collateralswerefound in morethan
half of patientswith single-vessel CAD, asthe prevaence of
recruitable collateral swasdightly higher than that of sponta-
neoudly visible collaterals. Nitroglycerin did neither recruit
nor augment coronary collaterals.
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Introduction

Coronary collateras are thin-walled, nonfunctional con-
duitsin healthy subjects. Oncethey arerecruited secondary to
failure of the native vessel to supply sufficient flow, collater-
as undergo histologic and anatomic transformation.! The
presenceof collateralsmay preservefunctioninmyocardium
supplied by diseased coronary arteries, limit infarct size, and
prevent |l eft ventricular aneurism formation following acute
myocardial infarction.? The effectiveness of variousdrugsin
the development and function of collaterals remains contro-
versia. Although nitroglycerin has been suggested to dilate
collateral vessals, most of thisinformation comes from ani-
mal experiments or indirectly from perfusion studiesin hu-
mans.3-8 In this prospective study, we aimed to characterize
patientswith and without coronary collateralsand to evaluate
the effects of systemic administration of nitroglycerinon both
visibleand recruitable coronary collaterals.

Methods
Patients

Consecutive patientswith stableanginapectorisand single-
vessel CAD (>50% luminal diameter stenosis) undergoing
elective percutaneous tranduminal coronary angioplasty
(PTCA) were studied. Antecedent angiograms were per-
formed 3 days to 4 months (mean 1 month) before PTCA.
Exclusion criteriacomprised previous coronary artery bypass
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surgery or PTCA, multilesion single-vessdl disease, valvular
disease, overt heart failure, bundle-branch block inthe el ectro-
cardiogram (ECG), periphera artery diseaselimiting accessto
both femoral arteries, rend failure, severe hypertension, and
inability to giveinformed consent.

Procedure

All patientstook aspirin and were given an intravenous bo-
lusof 10,000 U of heparin pre-PTCA. Angioplasty was per-
formed with over-the-wire systems (Baxter Healthcare Corp.,
Irving, Calif., USA; Scimed, Gaway, Ireland; Medtronic,
Inc., Minneapoalis, Minn., USA, baloon sizes 3.0-3.5 mm).
Ipsi- and contralateral coronary artery injections were per-
formed pre-PTCA to demonstrate spontaneoudy visible col-
laterals. After PTCA, theballoon catheter wasreintroduced to
the site of thelesion. After morethan 30 sof low pressure (2
bars) balloon inflation, repeated ipsi- and contralateral coro-
nary artery contrast injectionswere performed s multaneous-
ly with measurements of coronary artery occlusion pressure
and aortic pressure measured at thetip of theguiding catheter
(no side holes). After remova of the guidewire, coronary
artery occlusion pressure was measured via the fluid-filled
catheter lumen during balloon inflation by means of a 59-
UCAL Uniflow pressuretransducer smulator/tester (Baxter
Healthcare Corp.); the simulator incorporated aspecially de-
signed pressure cylinder and precision solid-state transducer
for generating and measuring pressures in the range 0-300
mmHg, with a resolution of 1 mmHg. Accuracy with this
equipment is+ 1% of readings and repeatability and hystere-
sis0.15% of full scae output. All pressureswere simultane-
oudy recorded on aSiemens ElemaMingograph 7 multichan-
nel recorder (sensitivity 1-2 mmHg) (Siemensplc., Hamburg,
Germany). The coefficient of variation of 36 duplicate coro-
nary artery occlusion pressure measurementswasfound to be
0.01. Interobserver variability tested in 10 patientswas + 1
mmHg. Per-procedure ST-segment depression =0.1 mV, 80
ms after the J point, in at least two leads (12-lead ECG) was
considered significant. Painintensity wasrecorded ona0-10
scale. Recruitable collaterals were not visible on the routine
angiogram, but visibleduring proximal occlusion of therecip-
ient coronary artery. Spontaneoudly visible or recruitable col-
laterals= grade 1 (range 0-3) in accordance with the Rentrop
classification” were noted by three independent observers.
After PTCA and al measurements had been performed, we
gavenitroglycerin 0.5 mg intravenoudly and repested the en-
tire procedureand dl measurements.

Satistics

Mean or median values are shown. Differences between
continuous variableswere eval uated using the Student’st-test
or Mann Whitney U-test, while differences between categori-
cal variables were tested using the chi-square test. Associa
tions between continuous outcome variabl esand explanatory
variablesweretested usng ssmpleor logistic regressiontech-
niques. Independent determinants of collaterals, including

univariate determinantswith p< 0.2, were evaluated by step-
wise multivariable elimination from the saturated modd. The
significance level was p<0.05. All patients gave informed
consent and the study was approved by thelocal ethics com-
mittee. Theinvestigationswerein accordancewith the Decla-
ration of Helsinki.

Resaults

Of 121 consecutive patients with single-vessel CAD, 101
patients fulfilled the inclusion/exclusion criteria. We found
spontaneoudy visible collateras in 24 patients, recruitable
collateralsin 30, and no collateralsin 47. Of the 54 patients
with collaterals, 45 had contralateral collateralsonly, 3hadip-
dlaterd collateralsonly, and 6 had both. Therewereno major
basdline differences between patientswith spontaneoudy vis-
ible, recruitable, or no collaterals, except that fewer women
than men had collaterals (Tablel). Presence of collateraswas
not rel ated to thetype of diseased coronary arteries(Tablell).
However, the presence of collaterals was highly associated
with the degree of coronary artery stenosis’occlusion (Fig. 1).
Of 43 patientswith previous myocardia infarction, 30% had
spontaneoudy visibleand 30% had recruitable collaterals.

One patient suffered a Q-wave myocardia infarction 18 h
after PTCA. Successful PTCA wasfollowed by theimmedi-
atedisappearance of spontaneoudy visiblecollaterals. During
renewed balloon occlusion, the collaterals were recruited to
the same extent asbefore PTCA. Pain> grade 2 (range 0-10)
during balloon occlusion occurred in 26% of patientswith re-
cruitableor spontaneoudy visiblecollateralsandin 72% of pa-
tients with no collaterals (p = 0.00001). Petients with re-
cruitable collaterals had a higher incidence of chest pain
during PTCA than did patientswith spontaneoudy visiblecol-
laterals(p=0.048) and alower incidencethan patientswith no
collaterals (p = 0.001). Ischemic ST-segment changes during
PTCA were observed in 13% of patientswith spontaneoudy
visible, in 30% of patientswith recruitable, and in 89% of pa
tientswith no collaterals (Fig. 2). Coronary artery occlusion
pressurewas stable 30 safter balloon occlusion and correlated
with the grade of angiographic evidence of collaterd circula-
tion (Fig. 3). Mean occlusion pressure was 40 mmHg in the
group with spontaneoudly visiblecollaterd's, 31 mmHgin pa-
tientswith recruitable, and 20 mmHg in patientswith no col-
laterals (p<0.0001). An occlusion pressure of =36 mmHg
wasfound exclusvely in patientswith collateras. Thediscrim-
inatory occlusion pressurefor no collateralswas< 17 mmHg.
Fifteen patientswho devel oped spasmsduring PTCA andwho
received nitroglycerin for that reason werenot included in the
nitroglycerin part of the study. In the remaining 86 patients,
mean base line occlusion pressures of 40, 32, and 21 mmHg
did not differ fromthevauesof 42, 30, and 19 mmHg after ni-
troglycerin administration in the groups with spontaneoudy
visible, recruitable, and no collaterals, respectively. Further-
more, nitroglycerin did not recruit collaterals (ipsi- and con-
trdateral angiograms). The gradient between simultaneoudy
measured coronary occlusion pressure and mean aortic pres-
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TaBLE | Clinical characteristicsof 101 patientswith absent, recruitable, or spontaneoudy visiblecollaterals

Absent Recruitable Spontaneoudy visible pVaue
Number of patients 47 30 24
Age(years) 54(39-71) 50 (28-64) 53 (40-68) 0.06
Femaegender (n) 12 3 1 0.04
Family history (n) 41 28 24 0.16
Digbetesmellitus(n) 2 1 1 0.42
Smoking history (n) 12 27 23 0.64
Hypertension (n) 9 4 5 0.73
Cholesterol (mmol/l) 6.34 6.05 6.18 0.19
Heartfaillure(NYHA 1+1) (n) 9 6 6 0.84
Myocardid infarct (n) 17 13 13 0.35
Q-wave(n) 9 7 8 0.37
Anginaduration (months) 13.6 (0-60) 18.5(1-96) 12.9(1-60) 043
Anginaat rest (n) 31 16 12 0.35
Anginaepisodes per week 20(0-45) 7(042) 4(042) 0.53
Betablockade (n) 26 17 12 0.88
Calciumantagonists(n) 31 21 14 0.67
Nitrates(n) 26 18 14 034
Dataare expressed asmean (range) or n=number of patients. Therewasno intake of medicinethe day of examination.
Abbreviation: NYHA = New York Heart Association functional class.
TaBLE Il Angiographic characteristicsof 101 patientswith absent, recruitable, or spontaneoudly visiblecollatera's

Absent Recruitable Spontaneoudy visible pVdue
Number of patients 47 30 24
Diseased artery 0.10
LAD (n) 32 18 10
RCA (n) 8 6 9
Cx(n) 6 5 3
Obtusemargina (n) 1 1 0
Diagonal branch (n) 0 0 2
EF (%) 69 (39-80) 65 (41-80) 64 (37-77) 0.10
LVSPmmHg 146 (90-200) 127 (92—-200) 126 (93-185) 0.10
LVEDPmmHg 15(6-28) 15(10-26) 15(8-28) 0.83
Occluded vessdls(n) 2 10 17 0.0001
Stenosispre PTCA (%) 81(50-100) 87 (65-100) 94 (60-100) 0.0001
Stenosispost PTCA (%) 17(0-35) 17 (0-40) 18(0-35) 0.45

Abbreviations: n=number of patients, Cx = circumflex coronary artery, EF = gection fraction, LAD = eft anterior descending coronary artery,
LVEDP = eft ventricular end-diastolic pressure, LV SP=|eft ventricular systolic pressure, PTCA = percutaneoustranduminal coronary angio-

plasty, RCA =right coronary artery.

surewas 61 mmHgin patientswith spontaneoudy visible, 68
mmHg in patientswith recruitable, and 77 mmHg in patients
with no collaterals (Fig. 4); therewasasignificant difference
between patientswith spontaneoudy visibleand no collaterals
(p=0.0007) and between patientswith recruitableand no col-
laterals (p=0.02), but not between patientswith spontaneous-
ly visbleand recruitable collaterals (p = 0.13). Inthelogistic
regressionandysis, only coronary occlusion pressureand pain
during PTCA were independently associated with the pres-
enceof collateralswith oddsratios (95% confidenceinterval)
of 1.87(1.25-2.78) and 0.02 (0.00-0.78), respectively.

Discussion

In this consecutive series of patients with single-vessdl
coronary artery disease, wefound spontaneoudy visibleand
recruitable collateralsin 24 and 30% of patients, respectively.
The prevalence of contralateral collateralswas several times
higher thanthat of ipsilateral collaterals. Thestudy confirmed
that collateralsare primarily seenin patientswith severe coro-
nary artery stenoses,® © whereaswe found no association be-
tween presence of collateralsand anginaduration or severity.
Coronary occlusion pressurewashigher in arterieswith spon-
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Fic.1 Relaionship between coronary collaterals and coronary
artery stenosis severity in 101 patients (p < 0.0001). PTCA = percu-
taneoustranduminal coronary angioplasty.

taneoudy visible and recruitable collaterals than in arteries
without collaterals. Therewas, however, aconsiderable over-
lap of occlusion pressures among the three groups (Fig. 3).
Meier et al . found spontaneously visiblecollateral sto befour
timesasfrequent asrecruitable collateralswhen they consid-
ered collaterd filling =>grade 2 (Rentrop classification). In
contrast, Piek et al.10 found recruitable collateral s to be four
times as frequent as spontaneoudly visible collaterals when
using the same criteriaof collateralization. By using Rentrop
>grade 1 criteria, Piek et al.10 demonstrated spontaneously
visblecollaterasin 31% and recruitablecollateralsinthema:
jority of patients, afinding similar toours. Theipsilaterd con-
tribution to collateral flow has been reported to range from
17% (our study) to 53%.° Presence of collaterals prevented
chest painsand ST-segment changesduring PTCA compared
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Fic.3 Relationship between coronary artery wedge pressure dur-
ing baloon occlusion and angiographic presence of collateras
(p<0.0001).
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Fic.2 Relationship between ischemic ST-segment changes and
presence of coronary collaterals during percutaneous transluminal
coronary angioplasty (p<0.0001).

with patientswithout collaterals, as spontaneoudly visible col-
lateralsaremore effective than recruitable coll aterals.

In humans, theeffect of nitroglycerin on collatera function
has mainly been assessed by meansof scintigrams.> 6 Scinti-
graphy, however, does not take into account improved myo-
cardia perfusion secondary to nitroglycerin-induced cardiac
unloading.1+-13 Piek et al. found increased coronary collatera
flow (Doppler wiretechnique) after injection of nitroglycerin
into the donor coronary artery in patientswith spontaneoudy
visiblecollaterals (n = 24), but not in patientswith recruitable
collaterals (n = 11).14 There was no information whether pa-
tientswithipsi- and/or contralateral supply of collateralshad
thetrial druginjectedin either or both donor arteries. If astudy
drugisgiveninonly thecontraatera artery, theipsilaterd ar-
teria contribution (17-53% of cases) will be missed. Further-
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Fic.4 Aortocoronary occlusion pressuregradientsduring percuta
neous tranduminal coronary angioplasty in relation to presence of
coronary collaterals.
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more, in patients with both ips- and contralateral collaterals
(11-39%0),° as multaneous ante- and retrograd flow increase
in the blocked artery may not be observed with the flow
catheter inawatershed position, whereastheresultant increase
in coronary occlusion pressure is likely to be detected. We
found no effect of systemic administration of nitroglycerinon
the angiographic presence of collateralsor of coronary occlu-
sion pressure. Wetherefore specul ate that improved myocar-
dia perfusion after nitroglycerin is most likely secondary to
cardiac unloading.

Conclusion

The prevaence of recruitable collateralswasdightly high-
er thanthat of spontaneoudy visible collateralsinthisconsec-
utive series of patientswith single-vessal coronary artery dis-
ease. However, spontaneoudly visible collateras were better
than recruitable collateralsin the prevention of pain and ST-
segment deviation during PTCA. Systemic administration of
nitroglycerin did not augment or recruit coronary collaterals.
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