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Morphological Characteristics of Intimal Hyperplasia in Stented Coronary
Arteries Assessed with Intravascular Ultrasound

Namsik Chung, M.D., Bum-Kee Hong, M.D., Se-Joong Rim, M.D.,
Sung-1l Baik, Moon-Hyoung Lee, M.D., Yang-Soo Jang, M.D.,
Won-Heum Shim, M.D., Seung-Yeon Cho, M.D., Sung-Soon Kim, M.D.

Cardiology Division, Yonsei Cardiovascular Center, Yonsei University, Seoul, Korea

Background[ Intravascular ultrasound {VUS) provides high resolution cross-sectional images of
the vessels and permits the quantitative and qualitative assessment of coronary artery disease. Stent is
arigid endovascular lattice that effectively prevents elastic recoil at treated sites, but in-stent restenois
is a major limitation. The purpose of the current study is to assess the contribution of neointimal
hyperplasia for in-stent restenosis and the distribution and morphological characteristics of neointimal
hyperplasia in deployed stents.

Methods[] Thirty patients(male 25 & female 50 31 lesions) deployed with intracoronary stents
underwent intravascular ultrasound imaging at follow-up at least 4 months after stenting((meanz+
SD] 8.3% 2.9 months).

Results[]

1) In-stent restenosis occurred in 15 lesions out of 31 lesions at follow-up coronary angiography.
There was no difference in clinical characteristics between the restenotic and the non-restenotic
groups.

2) There was no difference in angiographic profiles between two groups. Deployed stents were as
follows[] 16 Palmaz-Schatz(P-S) stents, 12 Gianturco-Roubin(G-R) stents, 2 Cordis stents, and 1
Microstent II. Average diameter of stents in the restenotic and the non-restenotic groups were 3.07+
0.26mm and 3.16x 0.30mm, respectively(p] 0.38).

3) There was no difference of stent cross-sectional areas(CSA) between the non-restenotic and the
restenotic groups(pd 0.476), but luminal CSA of the restenotic group was significantly smaller than
that of the non-restenotic group(p] 0.006).

4) In the restenotic group, there were no differences of the maximal and the minimal diameters of
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stents, and the mean CSAs of stents among proximal, mid, and distal segments. But the mean CSA
of neointimal hyperplasia at the mid segment was larger than that at the distal segment(p<0.05).
There was a tendency that the mean CSA of neointimal hyperplasia at the mid segment was larger
than that at the proximal segment(pJ 0.187). These findings were the same in the non-restenotic
group.

5) In the restenotic group deployed with P-S stents, there were no differences of the maximal and
the minimal diameters of stents, and the mean cross-sectional areas(CSA) of stents between each
segment. But, the mean CSA of neointimal hyperplasia at the mid segment was larger than that at the
distal segment(p<0.05) and there was a tendency that the mean CSA of neointimal hyperplasia at the
mid segment was larger than that at the proximal segment(p[] 0.354).

6) In the morphology of neointimal hyperplasia of the restenotic group, eccentric form(77%) was
more common than concentric form(22%). Neointimal hyperplasia occurred in focal or diffuse
patterns(7 versus 8 cases).

Conclusions[] In-stent restenosis resulted from neointimal hyperplasia which almost mainly
occurred eccentrically at the mid segment of stents and in focal or diffuse patterns. Intravascular
ultrasound imaging was a useful method for recognition of distribution and morphological

characteristics of neointimal hyperplasia at follow-up of deployed stents.

KEY WORDSLI Intravascular ultrasound - Stent restenosis - Neointimal hyperplasia.
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Fig. 1. Schematic intravascular ultrasound view of cross
sectional structures of stented coronary arteries.
The outer thick & inner thin circles represent st-
ent struts(stent cross sectional area(CSA)) and
perimeter of neointimal hyperplasia/blood inte-
rface(lumen CSA), respectively. The CSA of
neointimal hyperplasia is calculated from the
difference between stent CSA and lumen CSA.

Neointimal hyperplasia

OO0

- Stent strut

Fig. 2. Morphological characteristics of neointimal hy-
perplasia classified into concentric(C) and ec-
centric(E) forms. Eccentric forms are further
classified into E1, E2, E3, and E4 according to
the arc of neointimal hyperplasia in degree as
followsd E10 less than 90°, E20 more than 90°
and less than 180°, E30 more than 180° and less
than 270°, E40 more than 270° and less than 360°.

1). 0000000 oo0o000 000 0o oooo
00000 Uoooo 000 ooo ooo(conc—
entric form)DJ 000 O00O OO OO0 OO O
0 O0O0(eccentric form)O O O0OOO0O, OOO
0 00O 000 OO 000 00 90°00(EL), 90°
0000 18o°00(E2), 180° 00O 270° 0O (E3)
0 270°0000 360°00(E4)DO 0O0OOO(Fig.
2). 00,000 0DO000D0O0 ODOODoOOO0O ooO
0000 000000000 ooo ooo oo
O (focal form)O O, O OO0 0OO0OO0 OO0 OO0
000 (diffuse form)0 0 OOO0O.

5) SHEAM

00 0000 oo+00000 ooooo, oo
000 WIN SPSS PC 0O0O0O0 OOOO paired
t—test 0 Chisquare test 0 O0O0OO0O. 000 O
000 p-valueD 005000 O 0OOO OO OO
0O oog.

AHE WHEE Y HHHAR UM
SN BEUDE A Y AHE A
of chet Ha 2

000 00 0O 0000 oooo obooooo
0 00000 83+2900(4.3015.300)000
00000 000 000 OO0 56.0+ 9.80(32
g7e0)dO. 0000 OO0 OO OO OOOO
00 000 ODoOoOoo bobobooo oo i1s0
(000D 1500, 00000 16e00)d0 OO0
00,0 ooo oooo, oo, oooogoao o
00000 0000 oooooo oooo oo
0 000O(Table 1). OO0O0OOOO OO OO O
00 1010(@©0190)0 DOOO DOOOOO O
0 100@0OD000 Oooo)o oo oogogo
(Palmaz—-SchatzO O O)0 O0OO0O0O. ODOOOO
00 1100 00 00000 oO00dRA, Infa—
rct—related artery)0 0 0.

oooo ooo ooo oo boo oo bogo
000 ooooo 100 74, 200 ed O 3000
0 20000,000 ODOOOOO 100 20,200

U 854 U



60( 0000 0000 OO 0O oooo oo oo
00 0O00) 0 30000 20000. 0000 OO0
O OO0 (arget artery) OO0 000 000000
0O 000000 (left anterior descending artery)d
110@ 0), 0o OO0 (left circumflex artery)d 1
0O O 0000 ((right coronary artery)d 3000,
000 00000000 ooooooo 100, OO
0000 10 O 00000 s000. O targetO O
0O O0O0O0O OO0 Oooooo 894%w00 Coo
000000 869%0 OO OOO OOO. ACC/

Table 1. Clinical characteristics in the restenotic versus
the non-restenotic group

Restenosis Non-restenosis

Age(years) 56.0+ 9.8 54.6+ 9.4
Sex(MO F) 1401 1104
Follow-u

durotion?months) 8.3+ 2.9 8.0+ 3.2

Type of ischemic heart disease(lesion)

AMI with thrombolysis 1 3
AMI without thrombolysis 3 4
Recent Ml 2
Angina pectoris, stable 3 2
Angina pectoris, unstable 8 5

AMIO Acute myocardial infarction

Table 2. Coronary angiographic findings in the rest-
enotic versus the non-restenotic group bef-
ore stent deployment

Restenosis Non-restenosis

Extent of coronary artery disease

1 VD 7 7
2 VD 6 72
3VD 2
Target lesion for stent deployment
LAD 11 10
LCX 1 1
RCA 3 5
Lesion characteristics!
A 1 4
B1 7 5
B2 5 5
C 2 2

VDO Vessel disease

LADUO Left anterior descending artery

LCXO Left ciricumflex artery

RCAO Right coronary artery

10 Classified by ACC/AHA Task Force criteria
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Table 3. Indications of coronary stenting

Restenosis Non-restenosis

Bail-out 7 7
Suboptimal result 8 6
Elective 3

Table 4. Types and diameters! of deployed stents in
the restenotic versus the non-restenotic group

Restenosis Non-restenosis

Stent type
Palmaz-Schatz 10
G ianfurco-Roubin
Cordis
Micro |l

— N N o

Stent diameter'(mm)
2.5 1
3.0 11 12
3.5 3 3
4.0 1
Mean 3.07+ 0.26  3.16+ 0.30

10 Diameter at nominal balloon pressure of each stent
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Table 5. Intravascular ultrasound analysis according to stent segments in the non-restenotic group

Stent Diameter of stent! Stent Lumen Neointimal
segment Maximal Minimal CSA? CSA hyperplasia CSA3
Proximal 3.0£ 0.4 2.8+ 0.3 6.2+ 1.2 5.4% 1.6 0.8 1.1
Mid 3.0 0.4 2.9+ 0.4 6.6 2.0 5.3+ 1.8* 1.3 1.6**
Distal 3.1 0.4 2.9+ 0.3 6.7+ 1.6 6.2+ 1.9* 0.5+ 0.9**

10 Diameter of stent(mm) 20 CSADO Cross-sectional area(mm?) - 30 Neontimal hyperplasia CSAO Stent CSA-Lumen CSA
*0 p<0.01 &, **0 p<0.05,in-stent mid versus distal segment

Table 6. Intravascular ultrasound analysis according to stent segments in the restenotic group

Stent Diameter of stent! Stent Lumen Neointimal
segment Maximal CSA? CSA? CSA hyperplasia CSA3
Proximall 3.0+ 0.3 2.8+ 0.4 62+ 1.5 4.4+ 1.9 1.8+ 1.9
Mid 2.9+ 0.3 2.8+ 0.3 6.3+ 1.3 3.2+ 1.2% 3.1£ 1.5%
Distal 2.9+ 0.4 2.8+ 0.3 6.1 1.1 5.2+ 1.5* 0.9+ 1.5**

10 Diameter of stent(mm) 20 CSAO Cross-sectional area(mm?) - 30 Neontimal hyperplasia CSAO Stent CSA-Lumen CSA
*0 p<0.01 &, **0 p<0.05, in-stent mid versus distal segment
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Table 7. Intravascular ultrasound analysis according to stent segments in the restenotic group deployed with

Palmaz-Schatz stent

Stent Diameter of stent! Stent Lumen Neointimal
segment Maximal Minimal CSA? CSA hyperplasia CSA3
Proximall 2.9+ 0.3 2.7+ 0.2 6.0+ 1.1 4.1+ 1.7 1.9+ 1.8
Mid 2.8+ 0.3 2.7+ 0.3 6.0+ 1.4 3.5+ 1.4* 2.6+ 1.5%*
Distal 2.9+ 0.3 2.7+ 0.3 6.0+ 1.3 5.2+ 1.4* 0.8+ 1.1**

10 Diameter of stent(mm) 20 CSAD Cross-sectional area(mm?) - 30 Neontimal hyperplasia CSAO Stent CSA-Lumen CSA

*0 &, **0O p<0.05, in-stent mid versus distal segment

Table 8. Intravascular ultrasound analysis according to stent segments in the restenotic group deployed with

Gianturco-Roubin stent

Stent Diameter of stent! Stent Lumen Neointimal
segment Maximal CSA? CSA? CSA hyperplasia CSA3
Proximall 3.1+ 0.5 3.0+ 0.4 69+ 23 5.2+ 2.3 1.7+ 2.5
Mid 3.1£ 0.2 2.9+ 0.2 6.7+ 1.0 2.6 0.6 4.2+ 1.1%
Distal 3.1£ 0.5 3.0£ 0.2 6.3+ 0.8 5.1+ 1.7 1.3+ 2.5%

10 Diameter of stent(mm) 20 CSAO Cross-sectional area(mm?) 30 Neontimal hyperplasia CSAD Stent CSA-Lumen CSA

*0 p<<0.05, in-stent mid versus distal segment
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Table 9. Morphological characteristics of neointimal
hyperplasia according to stent segments in
the restenotic group

Stent segment C El E2 E3 E4 N
Proximal 1 3 1 3 7
Mid 5 2 3 4 1
Distal 3 1 11

CUO concentric form of neointimal hyperplasia

EDO eccentric form of neointimal hyperplasica O
classified by the arc of neointimal hyperplasia
in degree as followsO

E10 the arc of neointimal hyperplasia<%0°

E20 90°< the arc of neointimal hyperplasia<180°

E30 180°< the arc of neointimal hyperplasia<270°

E40 270°< the arc of neointimal hyperplasia< 360°

NO No neointimal hyperplasia

Table 10. Patfterns of neointimal hyperplasia in the
restenotic group

Stent type
Pattern! Total
Palmaz-Schatz  Gianturco-Roubin
Focal 4 3 7
Diffuse 6 2 8

10 Number of in-stent segment(s) involved with
neointimal hyperplasial onel focal patternz twol
diffuse pattern

Oo0o0O 00 000 0 0O 00d(Table 8).
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0 bare aread] 0000 000 000 0000 O
00 0 00 0D0O00D 00000 000 O 00
000 00 000 0000 00%%.0 0000
0 1500 P-SO0O0 0OOOO0 O 10000 OO0
00 00 0000 00000 000 0O 000 14
00000 0000 00000 D000 O 000,
00 D000 000D 000 0000 00000
00000 OO0 000D D00 000, 0000
0000 00000 0000 00000 0000
0 00 00D 0D 0000 000.0,0 000
000 0000 000 000 000000 OO0
0000 OO0 OO0 0000000 0000000
00 00 0000 000 O 000.000 000
000000 00 colDO OO0O0O Gianturco—
Roubin 000000 000D 0OOOODO OO O
0000 0000 000 000 00 0000 O
00,000 00 0 0000 00000 00 00
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000 00 00 OO0 0000 0000 000, O
0000 0000 OO0 000 00 00 000 O
0 0000 00000 00 00 00000 00
00 000 0000. 000, Nakamura OO OO0
0 0000 OO0 0000 00000 0000 O
000000000 000 000 0000 00
00 000 00000, D0 00000 400 00
0000 000 00000 0O OO0 000 000
0 0000 0O OO0 000 OO0 000 000 O
ooo®.

0 D00 0000000 0000 00000 O
0 000(77%)00 0000, 000(@7Z0)0 00
0(80)0 000 000 00000, Palmaz—Sc—
hatz 000 O0OOO OO0OOO0 OO0 000 OO
0 0O 00000 0000 4000 0000 e00
0000 00 000 O0OO0. 000 OO0 100
(Dussaillant 0, 540)0000 OO0 0O0OO0O O
000 OO0 00000 0000 0000 00 O
00 00 000 000 00 000 0oo00?.0
0000 0D0O00 000 0000 00 00000
OO0 (burden)d OO, 0000 O OO0 0000
00 000 000 00 000 000 00%. Gi-
anturco—Roubin 000 0000 O0OO@O)O O
00(0)00 00 000 0000,0 000 00
0000 0000 00000 0000.

00000 OO0 000000 000 00 00
00 OO0 OO 000 ooodecho reflectance)
000 OOO0OO000(hard atheroma)dJ 0O OOO0O
OO (soft signa) OOOOO OOOOOO(soft
atheroma)l 0 000 0000, 00000 OO0
0 00 0O 0000 000 000000 000 O
0. 0 OD0O 00 8000 OO0 ODOOD O
0 0000 0O 0000 000 00 000 000
ooo.

Ao Mg

0 ooo ooo oo o oooooo boogo
ooooob ooboo boo Oo Ooobobo Ooo
ooooo oo ooo 0o bobobo ooo oo

(expansion)0 0 OO0 OOOO OO (apposit—
ionN0 0000 000 000 00 000. 000
0000 OO0 recoild OO OO OO OO0 O
0 00 000 000 0O 0o0.o000,00000
000000 0O0Do0o0 o000 ooooo oo
0 00 00O 0000 0booooo ooooo o
000 00 OO0 0000 Ooo0ooo oogd re—
coild OO0 O OO OO0 OOO0O. 00,00
00 0oo0ooo ooo oo@oooo Imm/
sec)0 000 0O0O0O0O OOOOO OOO0OO OO
0 automatic pullback devicel OO0 O0O0O0O
000 0000 0000 00 O0 ooo ooo
0 000,0 00000 0000 ooOo. oo,
fluoroscope0 OO0 OO0O0O OO0 OOOOO O
00 0Oooooo 200 00 000 Ooooo oo
0000 0000 000 oooooo ooo o
000 000 OD0O00O0O0O 000 ooo ooo
00 000 oooo.

(@] OF
I =

YA :

000 000 (intravascular ultrasound, 1IVUS)O
gooob 0O obooo ooboo ooo oo,
gooobo 0O 0ooo Oooo oo ooooog o
o0 god ogoo ocoooob ob o goo
0 00bo o000 ob.o ooobo oooo o
uoo gobdob oobo bobo oboboobo oo
g0 0oob Oobdb oobobob oo ooo
gooooono oooo ooboo b O ogoog
gbodo ogobodoo goo.

-k

00000 19940 10000 19960 20000 O
g0 0o 0booobooo ooooboo oo o oo
0 0000 0000 o000 oo goooodg o
goo oo, 00 4000 Ubo 0 boboo o
000 000000 oooo 3o0(@o 250,00
50,3100)0 0000 00O0.

4 1:

1) 00 000000 000 Ooooo aso, oo
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000 1600 0O OO 00, 00,0000 00 0O
000 000 000 000 o0oo ooo ooo.

2) 000 00 OO0 000000 00 (extent),
000 000 target00 O OO0 O0OO O OO
0O 000 0O00. 000 000 ood palmaz—
Schatz(P-S) 160, Gianturco—Roubin(G—-R) 120,
Cordis 20 O Microstent Il 100 P-SO G-R O
000 90% 000 O0O0O00. ooOo goooo
Oooog 3.07+ 0.26mm0 OO0OOO 3.16+ 0.30
mmO O 00 000 000 ((p00.38).

3) 000 000000 O 00 00O ood
00 000 O00@O0o0476) OO OO0OO OOOO
00 0000 000(pO0.006).

4) 000 00000 0000 000 Ooog O
000 OO0 O 00000 ooo oooo o oo
0O 000 0O0OO0O. 000 ooooooo oooo
000000 00 00 00 0O ooooo ooo
00 000000, 00000 0000 oo oo
000 00O00O(@<0.05), 000 OO0OOO0 OO0
0 OO0O0 000 0000 O od@edo.as7)o
000,000 OO0 ODOoOooo0o0 ooog o
oooao.

5 000 000000 000 000 oood
000 000 Palmaz—Schatz O00O0O0 OO OO
0000 0000 Dooooo oo oo oo o
00000 000 00 000000, 0000ooo
000000 0000 00000 00 000do O
000(@<0.05), OO0 00000 OOO0OO0 OO0
0O 000 0000 O 0O0@O0o0.354)0 ooo.

6) 000000 000Ooooo oooo ood
000 00070 000@3%)00 0o0o, 0
000 0000 0O 700 800 O0OO0OO OO0
oo.

4=

000 0000 000 00000 oopooo
OO0 00 000, 00 00000 Ooooo oo
000 00000, 0000 o000 ooo oo
0 O00O0OO0O. 000 Oooooo ooo oo
0 OO0ooO oo, 0o, ooooooo oo o
0O 0000 000 00000 000 ooo o
ooa.
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