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Influence of Balloon Size and Morphology of Coronary
Stenosis on Elastic Recoil after Percutaneous
Transluminal Coronary Angioplasty

Kyo Won Choi, M.D,, Jun Young Kweon, M.D., Young Jin Kim, M.D,,
Tae II Lee, M.D., Dong Gu Shin, M.D., Young Jo Kim, M.D,
Bong Sup Shim, M.D., Hyun Woo Lee, M.D.
Department of Internal Medicine, Yeungnam University Colledge of Medicine, Taegu, Korea

Background : The immediate result of coronary balloon angioplasty was influenced by plastic
and elastic changes of the vessel wall. After successful coronary angioplasty, the minimal luminal
diameter of the dilated coronary artery segment was generally smaller than the diameter of
the largest balloon catheter at the maximal inflation pressure. Several mechanisms could explain
this phenomenon, including vasoconstriction, subintimal or intraplaque bleeding or edema
and platelet or thrombus deposition. In addition, whenever balloon inflation results in overdiste-
nsion of elastic components of the arterial wall, some degree of elastic recoil may occur.

Methods : To evaluate magnitude of elastic recoil after percutaneous transluminal coronary
angioplasty in relation to lesion morphology and other procedure —related variables, 141 coro-
nary lesions were selected from patients with acute myocardial infarction, stable angina, unstable
angina and post myocardial infarction angina undergoing successful coronary angioplasty. Co-
ronary angiograms were recorded before and after angioplasty, and during dilatation of balloon.
The computer measuring program was used for the assessment of balloon diameters and coro-
nary luminal diameters.

Results :

1) Of all 141 coronary lesions, percent diameter stenosis before angioplasty averaged 742 %
and after angioplasty averaged 22.5%.

2) Residual diameter stenosis was directly related to the degree of elastic recoil, the greater
the elastic recoil the more severe the residual lesion immediately after angioplasty. The increase
in elastic recoil corresponded to a increase in the balloon/artery ratio(p<<0.05).

3) The residual diameter stenosis tended to decrease in segments dilated with an oversized
balloon than with an undersized balloon(p<{0.05).
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4) The elastic recoil increased significantly in the subgroups of coronary segments dilated
with an oversized balloon, of eccentric lesion, and type C lesion(p<<0.05).
5) Percent residual stenosis was more severe in eccentric stenosis dilated with undersized

balloon than in concentric stenosis.

6) Elastic recoil was greater in type C coronary segment dilated with an oversized balloon

than with an undersized balloon(p<<0.05).

7) The lesion dilated with oversize non-compliant balloon showed more elastic recoil than

with oversize compliant balloon(p<{0.05).

Conclusion : Factors such as oversized balloon, eccentric lesion, type C lesion, and non—co-

mpliant balloon significantly affected increase of the elastic recoil.

KEY WORDS : Percutaneous transluminal coronary angioplasty * Elastic recoil.
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Table 1. Clinical characteristics in 141 coronary le-

sions

Men/Women 103/38
Age(year) 56.7+ 0.9
Duration of angina symptom(months) ~ 46.2+ 6.2
Clinical diagnosis(%)

Unstable angina 35(24.8%)

Stable angina 25(17.7%)

Acute myocardial infarction 59(41.8%)

Post myocardial infarction angina  22(15.6%)
Risk factors( %)

Systemic hypertension 49(34.7%)

Diabetes mellitus 28(19.8%)

Smoking 92(65.2%)

Cholesterol ~>200(mg/dl) 55(39.0%)
Serum cholesterol(mg/dl) 194.5+ 3.9

Data are mean valuet standard error.
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Mg da 1089, o7} 389el4 237}
AF Hded dd &2 HF Yol 56.7£0.88
Adct 943 JAdF F4 ASAAFT] 5982
b BRI I ggoE BBy d4E 4Ry
HHF ol
AgAARE ¥ 1 FH2HEGF BUG
(Table 1). 474 Ao & & iz ZAF
FAFQ BelM 1891 24%2 /M XA F
94L& gAch(Table 2).

29 NEAY 5 S BE o
AARe] 4522 81.9% S AAFAL FAY Huf
B4 e P 6.9+ Lbam oYX A¥&EA A&
¥ 2 (percent diameter stenosis)& 74.2+ 1.3% 9 0.0}
HY&F o AEPIELS 225+ 0.8% QH(Table 3).

o BNz HA¥eF AF A S Y A (residual
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Me 83 auert 248 A58 EL F7edx
(Fig. 1), F4/8 8 v|7} $7Hd+ & g3 g4dvter)
AAE & BAE BAo(Fig. 2), 34/8¢ w7}
ST E AF AFEHE FJoRe 4% AV}
ASATH(Fig. 3).
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(Table 4).
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Table 2. Association between elastic recoil and clinical diagnosis

Elastic recoil( %)

Clinical diagnosis

Total group

Oversize ballon group

Unstable angina

17.5% 2.0(N=36)

19.0% 3.2(N=20)

Stable angina 18.5+ 2.7(N=25) 14.9% 3.4(N=13)
Acute MI 17.4+ 2.5(N=59) 20.2+ 1.5(N=35)
Post MI angina 18.9+ 2.4(N=21) 23.61+ 4.2(N=10)

Data are mean valuex standard error
MI : myocardial infarction
N : number
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Table 3. Angiographic and procedural characteristics
in 141 coronary lesions

Lesion eccentricity( % ) 45(31.9%)
Lesion calcium(%) 11( 7.8%)
Length of narrowing(mm) 7.66+0.35
Maximal inflation pressure

6.9 +£0.1

(atmosphere)

Total inflation time(second) 377.69+ 23.8
Percent diameter stenosis( %) 742 £1.3

Residual percent diameter stenosis(%) 22.5 +0.8
Post PTCA minimal luminal
. 2.06+ 0.03
diameter(mm)

Diameter of normal segment(mm) 2.71%0.04

Data are mean valuet standard error.
PTCA ! Percutaneous transluminal coronary angiopla-

sty

Residual diameter stenosis(%)

Elastic recoil(%)

Fig. 1. Correlation between elastic recoil and residual
diameter stenosis immedately after angioplasty.

+1.0%, p<0.05)(Table 5).
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Fig. 2. Elastic recoil after angioplasty correlated with

ratios of inflated balloon diameter to the normal
arterial segment.
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Fig. 3. Residual coronary stenosis after angioplasty cor-
related with ratios of inflated balloon diamter
to the normal arterial segment.

YWyoe Fd FHE ARE AL 2 HAA
Yy 33 gANEr ¥k (119+1.5%) 3F
AEHELE 42 FAS AT 75 UYL HoA
A JJebGch(24.94+ 2.0%)(Table 6).

Table 4. Elastic recoil after coronary angioplasty in relation to morphologic and procedural variables

Variable present Variable absent p value
Balloon/artery rato 1 22.6% 1.0 11.8t 1.5 p<0.05
(Oversized balloon)
Eccentricity 195+ 1.9 1551 1.1 p<0.05
Calcum deposition 20.3+3.3 162+ 1.0 NS
Long stenosis(">10mm) 13.5%£1.9 18.7+ 1.1 NS
Total inflation time
(>240sec) 17.3x1.6 1541+ 1.1 NS

Data are mean valuex standard error
NS : not significant
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Table 5. Effect of balloon size on elastic recoil and procedural vaiables

Ballooon size

Undersize Oversize p value

Number of lesion 63 78
Balloon/artery ratio 0.82+ 0.01 1.11£ 0.01 p<0.05
Reference diameter(mm) 2.95+0.05 2.49+ 0.05 p<0.05
Balloon diameter(mm) 2.48+0.03 2.49% 0.04 NS
Elastic recoil( %) 118 1.5 226 £ 1.0 p<<0.05
Minimal luminal diameter(mm) 2.13%0.04 1.99+ 0.03 p<0.05

(post PTCA)
Residual diameter stenosis( %) 24.2 £1.1 21.1 £1.0 p<0.05
Balloon diameter

-minimal luminal diameter(mm) 0.34+0.03 0.50% 0.04 p<0.05

Data are mean valuet standard error
NS : not significant
PTCA ! percutaneous transluminal coronary angioplasty

Table 6. Different variable parameters in subgroups of concentric or eccentric stenosis dilated with an undersi-
zed or an oversized balloon

Undersize balloon Oversize balloon
Conc(N=39) Eccen(N=24) Conc(N=50) Eccen(N=28)

Balloon/anery ratio 0.84% 0.02 0.821+ 0.02 1.11£0.01 1.12+0.02
Elastic recoil( %) 119 +1.5 148 24 18.3 +1.4% 254 +2.8%*
Residual stenosis( % ) 23.2 £1.2 249 +20 20.7 £1.0 227 £29
Minimal luminal

diameter(MLD)(mm) 2.22+ 0.04 2.061 0.07 1.99+ 0.04 1.87£0.21
Balloon diameter

-MLD 031+ 0.04 0.36+ 0.06 0.47% 0.04 0.65+ 0.08

Data are mean value* standard error.

¥ #**p<0.05, significantly different from undersize balloon group.

N I number

Conc : concentric coronary lesion Eccen ! eccentric coronarv lesion

Table 7. Different elastic recoil in groups of coronary artery type

Elastic recoil( % )

Coronary a type

Total group Oversized group Undersized group
Type A 16.9% 2.0(N=45) 19.1+ 3.6(N=23) 14.8+ 2.1(N=22)
Type B 158+ 1.2(N=76) 177+ 1.4(N=39) 18.9+ 1.9(N=37)
Type C 21.2+ 2.3(N=20)"* 246+ 22(N=16)"* 7.5 1.2(N= 4)

Data are mean valuet standard error.
*®, **p<0.05, significanty different from type A.
N . number

American Heart Association/American College of Mg AR Fol M FA TR G AEFSYEYG FH

Cardiology(AHA/ACC) 2] W¥ EFo] 93 wpe C  EAWMEIH24.6+22%, p<0.05) o AT A5
oM @ Bdw=(212+23%)9 FF ASHE  ASHFAE F98 Aolvl UTH(Table 7, 8).
(31.1£2.9% ) 0] type A, type BET} Egt o0, AL &8 W #5H YA e +BAEFY, HFANH A, F3
4 arle wel FESWE ype ColWA o) F ARG o|F Zzt 2R, LR, R g T
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Table 8. Different residual diameter stenosis in groups of coronary artery type

Residual diameter stenosis(% )

Coronary a tvpe

Total group Oversized group Undersized group
Tvpe A 27.3+ 2.2(N=45) 23.1+ 2.1(N=28) 25.1% 2.1(N=22)
Tvpe B 25.1+ 1.6(N=76) 19.3% 1.4(N=39) 23.9+ 1.5(N=37)
Tvpe C 31.1+ 2.9(N=20) 22.7+ 2.4(N=16) 21.8+ 3.6(N= 4)
Data are mean valuet standard error.

N { number

Table 9. Regional distribution of elastic recoil in 141 coronary lesions

Coronary arterv site Elastic recoil( %) Residual stenosis(% )
RCA-proximal (N=18) 154+ 2.7 21.7+£2.0
RCA-middle (N=15) 18.2+24 22.3+2.1
RCA-distal (N=12) 22.9+ 2.2 21.1t 2.1
LAD-proximal (N=30) 15.7£23 24.8+2.1
LAD-middle (N=31) 18.1+2.2 21.5% 1.6
LAD-distal (N= 35) 20.5+3.8 26.2+ 2.4
LCX-proximal (N=12) 11.0£ 4.3 23.1+ 3.0
LCX-middle (N=8) 123+ 1.9 216+ 1.7
LCX-distal (N=10) 18.1+£2.8 209+ 2.6

Data are mean valuet standard error.
N : number

RCA ! right coronary arterv
LAD ! left anterior descending arterv
LCX . left circumflex arterv

Table 10. Regional distribution of elastic recoil in 141 coronary lesions

Coronarv arterv Elastic recoil( %) Residual stenosis(% )

Total group

Proximal (N=60) 14.7+ 1.7 235+ 1.3

Middle (N=54) 17.3% 1.5 21.7% 1.1

Distal (N=27) 20.6+ 1.6 218+ 1.4
Undersizd balloon

Proximal (N=29) 12.1£2.0 253+ 1.7

Middle (N=24) 18.3+2.2 23.4+ 1.6

Distal (N=10) 19.5+2.2 28.1+ 2.7¢
Oversized balloon

Proximal (N=31) 17.1£26 218+ 1.9

Middle (N=30) 20.7+1.8 20.3% 1.6

Distal (N=17) 21.8+2.2 21.0+ 1.7
Total group**

RCA (N=45) 19.8+1.8 23.2+ 1.5

LAD (N=66) 16.1+ 1.4 22,5+ 1.1

LCX (N=30) 14.1+ 2.0* 215+ 1.5

Data are mean valuex standard error.
*p<<0.05, significantly different from RCA, ** Abbreviations are the same as in Table 9.
N ! number
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Table 11. Different elastic recoil between compliant balloon and non-compliant balloon

Elastic recoil( %)

Residual diameter stenosis( % )

Undersized group

Compliant balloon 16.0+ 1.5 257+ 1.5

Non-compliant balloon 102+ 2.1 232t 1.2
Oversized group

Compliant balloon 17.8+£1.8% 209t 1.2

Non-compliant balloon 20.0= 3.6%* 21.5+3.0

Data are mean valuet standard error.
= =%
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