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injury, drug-eluting Aims: We investigated the impact of arterial injury on neointimal hyperplasia following implantation of drug-

stent, neointimal eluting stents (DES).

hyperplasia Methods and results: A total of 196 patients with 223 segments (sirolimus-eluting stents [SES]: 104,
paclitaxel-eluting stents [PES]: 119) underwent intravascular ultrasound eight months after DES
implantation. Arterial injury was defined as the balloon-to-artery ratio (BAR). Segments were categorised into
two groups: high BAR defined as BAR>1.1 (120 segments), and low BAR defined as BAR <1.1 (103
segments). Baseline clinical characteristics were similar for both groups. Although reference vessel diameter
was smaller, stent diameter, maximal balloon pressure and balloon diameter were higher in the high BAR
compared with the low BAR group. Lumen (7.10+£1.91 vs. 6.25+1.69, p=0.001), stent (7.31£1.95 vs.
6.41+1.80, p=0.001), and external elastic membrane (17.1+4.9 vs. 14.8+4.0, p<0.0001) areas (mm?) were
higher, but neointimal hyperplasia (0.21+0.36 vs. 0.16+0.48, p=0.42) area (mm?) was similar in the high
BAR compared with the low BAR group. Arterial injury as assessed by BAR was not associated with the
amount of neointimal hyperplasia (R?=0.003, p=0.40).
Conclusions: Arterial injury does not correlate with the amount of neointimal hyperplasia following DES
implantation. Conventionally aggressive DES implantation techniques do not adversely affect long-term
outcome with respect to restenosis.
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Arterial injury and neointimal hyperplasia

Abbreviations

BAR balloon-to-artery ratio

CSA cross sectional area

EEM external elastic membrane

IVUS intravascular ultrasound

MACE major adverse cardiac events

PES paclitaxel-eluting stents

PCI percutaneous coronary intervention

RVD reference vessel diameter

SES sirolimus-eluting stents

TLR target lesion revascularisation
Introduction

Coronary artery stent implantation results in arterial overstretch or
even deep arterial injury initiating a vasculoproliferative cascade
characterised by platelet adhesion, leucocyte diapedesis, smooth
muscle proliferation and migration resulting in neointimal
hyperplasia. The amount of neointimal proliferation and therefore
restenosis has been shown to correlate with the degree of arterial
injury following implantation of bare metal stents (BMS) in both
experimental models and humans.'® These pathophysiological
considerations may have clinical implications since stent
implantation is usually guided by visual rather than quantitative
angiographic or intravascular ultrasound (IVUS) and may give rise
to a mismatch between stent and arterial dimensions. On one
extreme, stent overstretch potentially promotes neointimal
hyperplasia for the reasons mentioned above, which may be
particularly problematic in patients with small vessels or diabetes
owing to their higher propensity for restenosis.”® Conversely, stent
under-expansion has been associated with a higher rate of
restenosis, target lesion revascularisation as well as early stent
thrombosis, owing to the smaller cross-sectional stent area.®!3
Drug-eluting stents (DES) releasing antiproliferative agents directly
into the arterial wall effectively reduce neointimal hyperplasia and
therefore restenosis compared with bare metal stents. However,
stent overstretch or stent under-expansion may result in altered
pharmacodynamics of local drug delivery and therefore may impact
on the efficacy of DES.'* Moreover, the relationship between arterial
injury and neointimal hyperplasia following implantation of DES is
not well established. We therefore aimed to investigate the impact of
arterial injury, approximated as balloon-to-artery ratio (BAR), on the
amount of neointimal hyperplasia as assessed by IVUS following
implantation of DES in patients with coronary artery disease.

Methods

Patient population

Patients of the present study constitute a subpopulation of the
SIRTAX trial.’® In this prospective, single blind, randomised
controlled study, 1,012 patients were randomly assigned to receive
either a sirolimus-eluting stent (SES) (Cypher, Cordis, Miami Lakes,
FL, USA) (503 patients) or a paclitaxel-eluting stent (PES) (Taxus
Express, Boston Scientific Corp., Natick, MA, USA) (509 patients).
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Of the overall population 540 patients underwent repeat angiography
at eight months. From these, the first 236 patients underwent IVUS
at the time of the 8-month angiographic follow-up (Figure 1). They
constitute the patient population of the present study.

Eligible patients provided written informed consent. The study
complied with the Declaration of Helsinki regarding investigations in
humans and was approved by the ethics committees at the
University Hospital Bern and University Hospital Zurich,
Switzerland. There was no industry involvement in the design,
conduct, or analysis of the study.

1,012 patients

I Randomized 1

I |
1

Coronary angiography |_, 540 patients
at 8 months l
IVUS at 8 months

40 patients were excluded from the IVUS
images analysis due to:

First 236 patients
« Failed acquisition (severe stenosis in
9 patients)

« Inadequate pullback [

IVUS analysis possible in

+ Poor image quality
196 patients (SES: 92, PES: 104) with]

223 segments (SES: 104, PES: 119)

Figure 1. Flow chart of study.

Quantitative coronary angiography

Coronary angiograms were digitally recorded at baseline,
immediately after stent implantation, and at follow-up, and were
assessed at the angiographic core laboratory of the Bern University
Hospital. Angiogram readers were blinded for the type of stent
implanted. Simultaneous biplane projections were acquired and
rotation and angulation were adapted to minimise foreshortening of
the target vessel. Two orthogonal views were averaged for biplane
assessment in projections that showed the stenosis best. Identical
views were used for all follow-up examinations. Digital angiograms
were analysed with the use of an automated edge-detection system
(CAAS II; Pie Medical Imaging, Maastricht, The Netherlands). The
intraobserver and interobserver reliabilities of the quantitative
measurements have been reported previously.®

Quantitative measurements included the reference vessel
diameter (RVD), the minimal lumen diameter (MLD), percentage
of diameter stenosis (defined as the diameter of the reference
vessel minus the minimal luminal diameter, divided by the
reference diameter and multiplied by 100), and late luminal loss
(the difference between the minimal luminal diameter after the
procedure and the minimal luminal diameter at follow-up). Binary
restenosis was defined as stenosis >50% in the target lesion at
angiographic follow-up. All angiographic measurements of the
target lesion were obtained in the stented segment (in stent) and
within the margins 5 mm proximal and distal to each stent edge
(in segment).

The maximal balloon diameter was determined for each stented
segment using the maximal implantation or post-dilatation pressure



according to the manufacturers’ compliance chart. BAR was
defined as the ratio of maximal balloon diameter divided by pre-
procedure RVD.

IVUS image acquisition and analysis

IVUS imaging was performed after anticoagulation and intracoronary
administration of 0.2 mg nitroglycerine using a motorised pullback
(0.5 mm/s) and Eagle Eye® scanner (Volcano Therapeutics, Inc.,
Rancho Cordova, CA, USA). Images were continuously recorded
throughout the stent and at least 5 mm distal and proximal to the
stent. Images were recorded digitally onto a CD and analysed offline
at an independent core laboratory. All analyses were performed
blinded to treatment protocols. Quantitative analysis was performed
off-line according to criteria of the American College of Cardiology
Clinical Consensus document on [VUS.Y Using computerised
planimetry (In-Vision View® 1.0, Medimatic Inc., Genoa, ltaly), the external
elastic membrane (EEM), the lumen, and stent cross-sectional areas
(CSA) at stented and reference segments were measured every two
millimetre within the stent and every millimetre 5 mm proximal and
distal to each stent edge, and were averaged over the length of the
analysed segment. Neointima was calculated as stent minus lumen
CSA measures, and neointima CSA obstruction percent was
calculated as neointima CSA divided by stent CSA. Incomplete stent
apposition was defined as lack of contact between at least one strut
and the underlying arterial wall intima that did not overlap a side-
branch with evidence of blood flow behind the strut.!”

Study endpoints and definitions

Adverse events were assessed during the hospital period as well as
at one, six, and nine months, and annually as part of the protocol of
the original study up to four years. The primary endpoint of the
present study was the amount of neointimal hyperplasia as
assessed by IVUS at eight months of follow-up. Secondary
endpoints included ischaemia-driven revascularisation of the target
lesion (TLR), and major adverse cardiac events (MACE). TLR was
considered to be driven by ischaemia if the stenosis of the target
lesion was >50% on the basis of quantitative coronary angiography
in the presence of ischaemic signs or symptoms, or if there was
a stenosis of >70% in the absence of ischaemic signs or symptoms.
Revascularisation of lesions with a stenosis <50% as assessed by
QCA were not considered driven by ischaemia and were excluded
from the analysis. Conversely, positive results of any non-invasive
test including bicycle or treadmill exercise, single photon emission
tomography imaging, and stress echocardiography sufficed to
qualify as a sign of ischaemia. Of note, there was no pre-specified
invasive or non-invasive test in the study protocol to evaluate the
signs and symptoms of ischaemia, and none of the patients were
evaluated by fractional flow reserve. TLR was defined as a repeated
revascularisation based on a stenosis within the stent or within the
5-mm border proximal or distal to the stent. MACE was defined as
the composite of cardiac death, myocardial infarction, or
ischaemia-driven TLR. Death was classified as either cardiac or
non-cardiac.'® The diagnosis of myocardial infarction after the
intervention was established whenever new Q-waves of at least
0.4 seconds duration in at least two contiguous leads appeared on
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the electrocardiogram with an elevated creatine kinase MB fraction
level, or in the absence of pathologic Q-waves, an elevation in
creatine kinase levels to more than twice the upper limit of normal
with an elevated creatine kinase MB or troponin | level. All adverse
events and clinical endpoints were adjudicated by an independent
clinical events committee.

Statistical analysis

Continuous variables are expressed as mean+SD and categorical
variables as counts and percentages. We compared continuous
variables using Student’s t test if they were approximately normally
distributed (visual inspection) or Mann Whitney test otherwise.
Categorical variables were compared using Fisher's exact test or
chi-square test, as appropriate. Least-squares linear regression was
used to assess the association between neointimal hyperplasia and
balloon-to-artery ratio at eight months. To compare clinical outcomes
at eight months and four years between the groups we used relative
risks. Analyses were performed in SPSS software 15.0.1. P-values
are two-sided with a significance level of 0.05. No adjustment for
multiple testing was made.

Results

The first 236 patients enrolled into the SIRTAX trial were assigned to
undergo IVUS examination at the time of angiographic follow-up eight
months after DES implantation. After exclusion of 40 patients due to
failed acquisition, inadequate pullback or poor image quality,
volumetric analysis was possible in 196 patients (SES: 92; PES: 104)
with 223 segments (SES: 104; PES: 119) (Figure 1) constituting the
study population of the present report. Reference vessel size
amounted to 2.9+0.4 mm with the corresponding frequency
distribution shown in Figure 2. The maximal balloon pressure was
14+3 atm resulting in a mean BAR of 1.13+0.19 with the frequency
distribution of BAR shown in Figure 3. Based on a BAR cut-off value
of 1.1, the study population was divided into a high BAR group with
BAR exceeding 1.1 (110 patients, 120 segments) and a low BAR
group with BAR <1.1 (86 patients, 103 segments).
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Figure 2. Histogram of pre procedure reference vessel diameter in
study segments.
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Figure 3. Histogram of balloon-to-artery ratio in study segments.

Baseline clinical, angiographic and procedural
data

Baseline clinical characteristics were similar for patients in the high
and low BAR groups (Table 1). The mean age was 60+10 years,
and 81% of patients (159 patients) were male. Pre-procedural
angiographic characteristics revealed similar lesion ACC-AHA class,
lesion length, percent diameter stenosis and minimal lumen
diameter for both groups (Table 2). Vessel size was significantly
smaller in the high BAR (RVD: 2.6+0.3 mm) compared with the low
BAR (RVD: 3.1+0.4 mm) (p<0.0001) group. Conversely, stent
diameter (high BAR, 3.1+0.3 mm; low BAR, 2.8+0.3 mm,
p<0.0001), and maximal balloon pressure (high BAR, 14.8+2.7 atm;
low BAR, 13.4+2.4 atm, p<0.0001) and diameter (high BAR,
3.3+0.4 mm; low BAR, 3.0+0.4 mm, p<0.0001) were larger in the
high BAR than low BAR group.

Table 1. Baseline clinical characteristics.

BAR<1.1 BAR>1.1 P value

Number of patients 86 110
Age, mean+SD, y 60+10 60+11 0.66
Male, n (%) 71(83) 88(80)  0.62
Hypertension, n (%) 45 (52) 63 (57) 0.48
Current smoking, n (%) 40 (47) 42 (38) 0.24
Diabetes mellitus, n (%) 15 (17) 18 (16)  0.86
Dyslipidaemia, n (%) 48 (56) 74 (67)  0.10
Family history of CAD, n (%) 33(38) 46 (42)  0.61
Stable angina pectoris, n (%) 43 (50) 61 (56)  0.44
Acute coronary syndromes, n (%) 43 (50) 49 (45)  0.44

Unstable angina, n (%) 3 (4) 4 (4) 0.17

STEMI, n (%) 25(29) 18 (16)  0.17

Non-STEML, n (%) 15 (17) 27 (25) 0.17
Multivessel disease, n (%) 55 (64) 63 (57) 0.33

Left ventricular ejection fraction, %+SD 57411 59+10 0.21

CAD: coronary artery disease; STEMI: ST-segment elevation myocardial infarction
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Table 2. Baseline angiographic and procedural characteristics.

BAR<1.1 BAR>1.1 P value

Number of segments 103 120
LAD, n (%) 44 (43) 55 (46)  0.57
RCA, n (%) 35 (34) 43 (36)  0.57
LCx, n (%) 24 (23) 22 (18)  0.57
ACC-AHA lesion class, n (%)

A 31 (30) 30 (25)  0.82

B1 39 (38) 50 (42)  0.82

B2 21 (20) 28 (23)  0.82

C 12 (12) 12 (10) 0.82
Pre PCI lesion length, mm+SD 13.448.2 13.8+7.4 0.72
Pre PCI RVD, mm+SD 3.12£0.41 2.63x0.33 <0.001
Pre PCI MLD, mmSD 0.48+0.45  0.44x0.39 0.52
Pre PCI stenosis,
(% lumen diameter+SD) 84.5+13.7 -~ 83.6+13.7  0.65
SES, n (%) 54 (53) 50 (42)  0.12
PES, n (%) 49 (48) 70 (58)  0.12
Stent per lesion, n (%) 1.1+0.4 1.1+0.4 0.95
Stent diameter, mmzSD 2.8+0.3 3.1+0.3  <0.001
Stent length, mm+SD 17.6+8.5  19.7+10.1  0.09
Post dilatation, n (%) 13 (13) 24 (20) 0.12
Maximal balloon pressure, atm+SD  13.4+2.4 14.8+2.7  <0.001
Maximal balloon diameter, mm+SD  3.0+0.4 3.3x0.4  <0.001
Balloon to artery ratio, mean+SD ~ 0.98+0.10  1.26+0.14 <0.001

LAD: left anterior descending coronary artery; LCx: left circumflex coronary
artery; MLD: minimal lumen diameter; ACC: American College of
Cardiology; AHA: American Heart Association; PCI: percutaneous coronary
intervention; RCA: right coronary artery; RVD: reference vessel diameter

IVUS measurements at eight months

IVUS volumetric data at eight months are summarised in Table 3.
Stent CSA, and in-stent EEM and lumen CSA were significantly
larger in the high compared with the low BAR group. Neointimal
hyperplasia CSA (high BAR, 0.21+0.36 mm?; low BAR,
0.16+0.48 mm?, p=0.42) and neointimal hyperplasia CSA percent
obstruction (high BAR, 2.8+4.5%; low BAR, 2.2+4.7%, p=0.32)
were similar in both groups. Figure 4 shows the relationship

Table 3. IVUS measurements at eight months in all segments.

BAR<1.1 BAR>1.1 P value
Number of segments 103 120
In-stent EEM CSA, mm?SD 14.8+4.0  17.1x4.9 <0.001
Stent CSA, mm2+SD 6.4+1.8 7.3x2.0 0.001
Minimal stent CSA, mm?+SD 5.7+1.7 6.5+1.9 0.002
Minimal stent CSA <5mm?, n (%) 35 (34) 19 (16) 0.005
In-stent lumen CSA, mm?2+SD 6.3x1.7 7.1£1.9 0.001
Incomplete stent apposition, n (%) 19 (18) 20 (17) 0.74
NIH CSA, mm?SD 0.16+£0.48 0.21+0.36  0.42
NIH CSA obstruction,% +SD 2.2+4.7 2.8+4.5 0.32

CSA: cross sectional area; EEM: external elastic membrane; NIH: neointimal
hyperplasia



between neointimal hyperplasia CSA percent obstruction and BAR
in all segments, revealing no correlation between the two variables
(R?=0.003, p-value=0.40). Similarly, the relationship between
neointimal hyperplasia CSA percent obstruction and BAR stratified
according to stent type (SES, PES) revealed no significant
correlation (SES: R?=0.013, p-value=0.25; PES: R?=0.0003, p-
value=0.84) (Figure 5). IVUS data were analysed separately in 93
segments with small vessels (pre-procedure RVD<2.75 mm) and

40+ R Sq Linear = 0.003
p-value = 0.40

NIH CSA obstruction (%)
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Figure 4. Relationship of neointimal hyperplasia and balloon-to-artery
ratio at eight months.
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Figure 5. Relationship of neointimal hyperplasia and balloon-to-artery
ratio at eight months stratified for SES and PES.
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32 segments of diabetic patients. No correlation between
neointimal hyperplasia CSA percent obstruction and BAR was
observed in either subgroup (small vessels: R?=0.002, p-
value=0.66; diabetic: R?=0.118, p-value=0.054) (Table 4). The 8-
month angiographic late luminal loss also showed comparable
numbers in the low BAR and high BAR groups, respectively (in
stent: 0.15+0.40 mm vs. 0.15+0.36 mm, p=0.98; in segment:
0.22+0.44 mm vs. 0.17+0.37 mm, p=0.39). Finally, rates of TLR
and MACE were similar at eight months and four years of follow-up
for both groups (Table 5).

Table 5. Clinical events at eight months and four years.

BAR<1.1 BAR>1.1 Risk ratio P value*
(95% CI)
Number of patients 86 110
8-month TLR, n (%) 2 (2%) 5(5%)  1.95(0.39-0.83)  0.41
8-month MACE, n (%) 3 (4%) 5(5%) 130 (0.32-5.30) 0.71
4-year TLR, n (%) 8(9%)  11(10%)  1.08 (0.45-2.56)  0.87
4-year MACE, n (%) 11(13%) 13 (12%)  0.92 (0.44-1.96)  0.84

MACE: major adverse cardiac events; TLR: target lesion revascularisation

Discussion
Neointimal hyperplasia is the result of migration of smooth muscle
cells to the site of injury and extracellular matrix synthesis. While
BMS effectively prevent constrictive arterial remodelling, they do not
decrease but may even increase neointimal hyperplasia compared
with balloon angioplasty.!®?! Neointimal hyperplasia following
implantation of BMS has been shown to be proportional to the
amount of arterial wall injury induced by stent struts. The latter
phenomenon has been related to a more pronounced inflammatory
response in relation to arterial injury.?4¢

In clinical practice, arterial overstretch may be encountered during

implantation of stents for the following reasons:

1) The visual rather than quantitative angiographic or IVUS
assessment of vessel size may lead to the utilisation of oversized
balloons and stents, resulting in a mismatch between final
maximal stent diameter and arterial dimensions.

2) High pressure stent implantation and post-dilatation is frequently
performed in order to eliminate stent under-expansion, incomplete
stent apposition, and maximise acute stent dimensions.

Table 4. IVUS measurements at eight months stratified for small vessel and diabetic subgroups.

Small vessels

Diabetic patients

BAR<1.1 BAR>1.1 P value BAR<1.1 BAR>1.1 P value

Number of segments 16 77 14 18

In-stent EEM CSA, mm?+SD 11.9+2.8 16.0+4.9 0.002 14.2+3.9 17.1+4.7 0.08
Stent CSA, mm?+SD 4.8+1.1 6.7+1.8 <0.0001 6.1+1.5 7.3x1.9 0.56
Minimal stent CSA, mm?+SD 4.2+1.1 5.9+1.8 <0.0001 5.4+1.3 6.5+1.8 0.07
Minimal stent CSA <5mm?, n (%) 12 (75) 18 (23) <0.0001 4 (29) 2 (11) 0.21
In-stent lumen CSA, mm?£SD 4.7+1.1 6.5+1.8 <0.0001 6.1+1.4 7.1£1.9 0.08
NIH CSA, mm?+SD 0.05+0.09 0.18+0.32 0.10 0.07+0.12 0.20+0.27 0.11
NIH CSA obstruction,% +SD 1.0£1.6 2.6+4.3 0.15 0.1+1.6 2.8+3.7 0.11
CSA: cross sectional area; EEM: external elastic membrane; NIH: neointimal hyperplasia
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Stent under-expansion and final acute stent dimensions have been
identified as principal determinants of DES restenosis as well as
independent predictors of early stent thrombosis.?1322?5 Incomplete
stent apposition was also found to be more common in patients with
stent thrombosis.??® [VUS assessment of DES implanted at
conventionally used inflation pressures according to manufacturers’
compliance chart revealed significant underexpansion.?’?¢ These
observations highlight the importance of careful attention to optimal
stent implantation technique ensuring adequate stent expansion in
order to avoid both restenosis and stent thrombosis.

Animal and human studies in the bare metal stent
era

Experimental studies have shown a direct correlation between the
degree of arterial injury induced by overstretch and the amount of
neointimal hyperplasia following implantation of BMS in coronary
arteries.?*® This phenomenon has been related to a more
pronounced inflammatory reaction in response to arterial
overstretch.® Different levels of BAR (>1.1) have been used in
numerous animal studies to induce arterial wall overstretch and the
consequent vascular injury.236223 Gunn et al® investigated the
impact of moderate overstretch (defined as BAR 1.25) compared
with deep arterial injury. Although deep arterial injury was found to
be the strongest determinator of neointimal hyperplasia, greater
degrees of arterial overstretch even in the absence of deep arterial
injury directly correlated with the amount of neointimal hyperplasia.
While the above mentioned studies investigated the impact of a
single, discrete value of arterial overstretch, Russo et al® assessed
the effect of multiple, increasing values of BAR on neointimal
hyperplasia. A total of 60 vessels in 33 swine were randomly allocated
to one of five discrete BAR values ranging between 1.0and 1.4. The
results indicated a strong association between increasing BAR
value and the amount of neointimal hyperplasia.

Experimental studies are limited to non-atherosclerotic coronary
arteries with a follow-up duration of only 28 days. Accordingly, their
results may not apply to human atherosclerotic vessels with more
complex lesion characteristics such as calcified and eccentric
properties. Using IVUS, Hoffmann et al' evaluated the impact of
varying degrees of BAR as well as deployment pressures on the
amount of neointimal hyperplasia at a mean follow-up of 5.6
months following BMS implantation. The investigators showed a
significant correlation between the degree of neointimal hyperplasia
assessed by IVUS and the product of BAR and maximum inflation
pressure, suggesting that BMS restenosis is related to the degree of
arterial overstretch. These results were corroborated in another
study, which examined the impact of vessel wall injury using serial
IVUS imaging in 28 patients.®> Vessel overstretch, defined as the
change in total vessel area assessed by IVUS before and
immediately after stent implantation, was predictive of the amount
of neointimal growth, suggesting that the latter is directly
proportional to the degree of sectional vascular stretch. Kuriyama et
al’! reported the results of an IVUS study assessing overstretch in
large vessels with RVD >3.0 mm. Although neointimal hyperplasia
as determined by IVUS was more pronounced in segments with
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than without overstretch, the increase in lumen gained by
overstretch resulted in a larger final lumen as well as less percent
area stenosis, suggesting that the risk of restenosis may be reduced
by stent over dilatation in larger vessels.

Clinical relevance of IVUS findings

The present study is the first investigation of the impact of stretch-
induced arterial injury on clinical outcome using IVUS in the DES
era. Measures of clinical efficacy including TLR and MACE were
similar among patients with and without increased BAR. Moreover,
the degree of neointimal hyperplasia as assessed by IVUS showed
no correlation with the amount of BAR. Vessel size as determined by
the pre-procedural RVD was smaller in patients of the high BAR
group, but did not translate into higher restenosis despite the
implantation of stents with larger diameter. In addition, the results
held true in two important subsets of patients deemed at increased
risk of restenosis: 1) patients with small vessel disease and 2) diabetic
patients.

These observations suggest that suppression of neointimal
hyperplasia by DES supersedes the effect of arterial injury and that
the latter does no longer constitute a significant risk factor of
restenosis. The degree of arterial injury did not correlate with the
amount of neointimal proliferation following implantation of DES,
which is likely related to the release of antiproliferative agents
strongly inhibiting the vasculoproliferative response to injury.
However, stent overstretch was associated with larger lumen CSA
despite a smaller pre-procedure RVD (Figure 6). Therefore,
conventionally aggressive DES implantation techniques such as
stent over sizing, high pressure stent implantation, or post
dilatation do not appear to adversely affect long-term outcome with
respect to neointimal hyperplasia and repeat revascularisation.
Since adequate stent expansion has a favourable effect on clinical
efficacy and may reduce the incidence of early stent thrombosis,
these observations may have important clinical implications.

High BAR Low BAR

EEM-CSA > EEM-CSA
Stent-CSA > Stent-CSA
NIH CSA% = NIH CSA%
Lumen-CSA > Lumen-CSA

Figure 6. Schematic comparison of arterial cross sectional view at
eight months follow-up in two study groups.




In order to assess the generalisability of our results, we compared the
amount of BAR in the present study with previously published trials
of first generation DES. The findings are summarised in Table 6 and
reveal a similar amount of BAR across a variety of studies indicating
that the results may apply to a wide spectrum of patients.

Table 6. Reference vessel diameter, maximal balloon pressure, and
balloon-to-artery ratio in published drug-eluting stent trials.

Trial Stent RVD Maximal balloon BAR
pressure (atm)

SIRTAX-IVUS sub-study SES 2.81 14.3 1.12
SIRTAX-IVUS sub-study PES 2.88 13.8 1.13
ISAR-DESIRE®3 SES 2.60 14.0 1.18
ISAR-DESIRE PES 2.60 14.0 1.17
ISAR-DIABETES* SES 2.70 13.7 1.15
ISAR-DIABETES PES 2.75 14.3 1.15
ISAR-SMART 3% SES 2.44 13.9 1.19
ISAR-SMART 3 PES 2.40 14.3 1.19
REALITY36 SES 2.40 14.6 NR

REALITY PES 2.40 14.2 NR

LONG DES II*¥ SES 2.84 15.9 1.22
LONG DES IT PES 2.82 14.9 1.24
PROSIT®® SES 2.93 16.2 1.11
PROSIT PES 2.95 15.7 1.12

BAR: balloon-to-artery ratio; NR: not reported; PES: paclitaxel-eluting
stent; RVD: reference vessel diameter; SES: sirolimus-eluting stent

Study limitations

Several limitations require consideration when interpreting the
results of the present study. An important limitation is the lack of a
reference IVUS examination at the end of the index procedure.
Therefore, there were no data regarding baseline lesion IVUS
characteristics, acute and chronic stent recoil, and vascular
morphology and remodelling following arterial overstretch.
Moreover, BAR is a derived variable as provided by the maximal
balloon dimensions in the manufacturer's compliance chart, which
may differ from actually achieved BAR. In addition, the present
study was an analysis of data acquired within the cohort of patients
undergoing IVUS at the time of angiographic follow-up included into
the SIRTAX trial without predefined randomisation to different BAR
values. Histopathology represents the gold standard in the
assessment of arterial injury. BAR was used as a marker of arterial
overstretch in vivo, but lacks the discriminatory detail of pathological
examinations, which remain restricted to ex vivo assessments.
Although DES have been shown to reduce the amount of neointimal
proliferation compared with BMS, the drugs and polymers attached
to the surface of DES may result in vessel remodelling during longer
term follow-up. Severe inflammation and hypersensitivity reactions
have been reported in animal and human studies as delayed
phenomena following implantation of coronary DES.323° The
present study as an in vivo IVUS evaluation eight months after the
coronary intervention using DES in humans is not able to provide
histopathological data of stented arteries regarding inflammation
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and arterial injury during follow-up. Nevertheless, the IVUS findings
at eight months as well as clinical follow-up at four years did not
reveal any issues of concern.
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