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Background and Objectives: Intravascular ultrasound (IVUS) is helpful during percutaneous coronary intervention (PCl), because it can
be used to confirm good apposition or optimal expansion of stents. In this study, we compared angiographic result as well as clinical out-
comes between two different strategies of IVUS-guidance, the selective vs. the routine.

Subjects and Methods: The study population consisted of 279 patients undergoing electric and emergency intracoronary implatation of
TAXUS stent from August 2003 through September 2006. For this study, we divided physicians into two groups; doctors to perform PCl
under ‘routine’ IVUS-guidance vs. PCl under ‘selective’ IVUS-guidance. Among a total of 279 patients (384 lesions) who underwent PCl
with TAXUS stent, 87 patients underwent the procedure under the strategy of 'routine’ IVUS-guidance, whereas 192 patients under 'se-
lective’ IVUS-guidance.

Results: The baseline clinical features of the patients are similar between the two groups. The actual rate of IVUS usage was 89.2% in the
routine group and 68.2% in the selective group (p<0.01). A high rate of adjunctive ballooning was determined as a remarkable procedure-
related parameter which was comparable between the two groups (72.5% vs. 76.1% in routine vs. selective, p=0.57). The minimal lumen
diameter at immediate post-PCl was significantly larger in the routine IVUS group than that in the selective group (2.58 mm vs. 2.48 mm,
p=0.03). However, the difference disappeared during the follow-up period (1.98 mm vs. 1.98 mm, p=0.94). Clinical outcomes at 1 year
were not different between the two groups.

Conclusion: PCl under the strategy of 'selective’ IVUS-guidance was comparable to PCl under ‘routine’ IVUS-guidance in terms of angiographic
and clinical outcomes in circumstances with frequent use of adjunctive ballooning after stenting. (Korean Cire J 2013;43:303-308)
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Introduction

Intravascular ultrasound (IVUS) has been known to be a useful tool
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during coronary angiography (CAG) and percutaneous coronary in-
tervention (PCI)."® It helps us to see directly the coronary vessel
wall including atheroma, while angiography shows us only lumino-
graphy. Moreover, after stent deployment, IVUS can be used to con-
firm whether there is good apposition between the vessel wall and
the stent. Suboptimal deployment may give rise to subacute throm-
bosis or restenosis in both bare-metal stents (BMS) and drug-eluting
stents (DES)."™ Based on the information obtained by IVUS, we
could repeat inflation with a balloon at higher pressure, resulting in
improved stent apposition and a wider luminal cross section area.
Previous studies have compared clinical outcomes of PCl with and
without IVUS-guidance.””'® In the real world practice, however,
coronary interventionists usually use IVUS 'selectively’ only when it
is judged to be needed. There has not been a study comparing cli-
nical and angiographic outcomes between the two different strat-
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egies: "routine’ IVUS-guidance vs. 'selective’ VUS-guidance in the
DES era. The purpose of this study was to determine whether the
selective use of IVUS is comparable to the routine use in terms of
angiographic as well as clinical outcomes.

Subjects and Methods

Study design

This was a single-center retrospective analysis of native coronary
vessel DES implantations from August 2003 through September
2006 in the DES registry of Seoul National University Hospital. The
study population consisted of patients with coronary artery disease
who underwent elective and emergency coronary artery stenting of
the native coronary vessel with a paclitaxel-eluting stent to exclude
the bias coming from the use of different stents. The study popul-
ation was divided into 2 groups: routinely IVUS-guided vs. selecti-
vely IVUS-quided. The routinely IVUS-guided group consisted of pa-
tients in whom stent implantation was performed with IVUS guid-
ance as far as it was possible to perform IVUS examination even if
angiographic findings showed good appearance. In contrast, the
selectively IVUS-guided group was comprised of patients in whom
IVUS was used after being judged to be needed by the operators. Ju-
dgements were made when the operators were not confident whe-
ther malapposition, edge tear or underexpansion was present or not.
Patients were followed up for 1-year for mortality, myocardial in-
farction (MI), stent thrombosis, target lesion revascularization (TLR)
and target vessel revascularization (TVR). For patients who under-
went more than one procedure, the first intervention was used for the
analysis. The local institutional review board approved this study.

Clinical outcomes

Clinical data at baseline and follow-up were obtained from out-
patient medical records or telephone interviews. The major adverse
cardiac event (MACE) of this study was the composite of death, MI,
stent thrombosis and TVR including TLR. MI was defined as new
significant electrocardiographic Q waves or a creatinine kinase-MB
isoenzyme level >3 times the upper limit of normal.

Quantitative coronary angiography

Coronary angiograms taken at baseline, at completion of stenting,
and at follow-up were analyzed in our angiographic core laboratory
(Seoul National University Hospital, Seoul, Korea).

Intravascular ultrasound imaging

The timing of IVUS imaging was decided by the operator (i.e., pre-
implantation or postimplantation or both). The vessel including the
stented area was imaged with a mechanically rotated IVUS trans-
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ducer. The imaging catheter was withdrawn with an automatic pull-
back device at 0.5 mm/s. The operator concluded optimal stent de-
ployment when there were full apposition, adequate acute gain and
the absence of edge tears. If underexpansion, malapposition or
edge tear was noted on IVUS images, further balloon inflations were
performed with the use of either higher pressure, larger balloon, or
an additional stent. After further intervention, IVUS imaging was re-
peated to confirm optimal stent deployment.

Statistical analysis

All data are expressed as mean value+SD or as number (percent-
ages). The baseline characteristics of the groups and follow-up data
were compared by the t-test for continuous variables and by the %
statistic for noncontinuous variables. All statistical analyses were
performed using Statistical Package for the Social Sciences (SPSS)
12.0 (SPSS Inc., Chicago, IL, USA), and a p<0.05 was considered st-
atistically significant.

Results

Patient and lesion characteristics

The study population consisted of 279 patients undergoing elec-
tive and emergency intracoronary implantation of TAXUS stent. Of
these patients, 87 patients (120 lesions) underwent PCl under rou-
tine IVUS-quidance, whereas 192 patients (264 lesions) under se-

Table 1. Baseline characteristics

Routine IVUS Selective IVUS p

Lesions (patients) 120 (87) 264 (192)

Age (years) 63.6+10.3 63.718.3 096
Female (%) 28.7 438 0.02
Diabetes (90) 40.2 30.7 0.63
Hypertension (%) 66.7 70.8 0.78
Dyslipidemia (%) 75.0 553 <0.01
BMI (kg/m?) 25.4%3.1 248129 0.13
CVA (%) 9.2 10.9 0.66
PVD (%) 1.1 2.1 1.00
Smoking history (%) 47.1 39.6 0.45
CRF (%) 2.3 3.1 1.00
PCI history (%) 13.8 12.0 0.67
CABG history (%) 1.1 2.1 1.00
MI (%) 5.7 5.2 1.00
Creatinine (mg/dL) 1.10£0.25 1.18%0.96 0.10
Disease extent 1.90%0.81 2.09£0.81 0.06

IVUS: intravascular ultrasound, BMI: body mass index, CVA: cerebrovascular
accident, PVD: peripheral vascular disease, CRF: chronic renal failure, PCI:
percutaneous coronary intervention, CABG: coronary artery bypass graft,
MI: myocardial infarction
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Table 2. Angiographic and procedural data Table 3. QCA at pre-PCl, immediate post-PCl, and follow-up

Routine IVUS Selective IVUS p Routine IVUS Selective IVUS

Lesions (n) 120 264 (n=120) (n=264)

Vessel treated (%) 001 Pre RVD (mm) 2.71£0.51 2.67%0.56 0.50
LM 42 04 Pre MLD (mm) 0.8810.43 0.79+0.40 005
LAD 400 489 Pre DS (90) 6721154 7024141 0.06
LCx 31.7 24.6 Post RVD (mm) 2.88+0.48 2.84+0.50 0.45
RCA 24.2 26.1 Post MLD (mm) 2.58+0.45 2481042 0.03

Stents number 1204048 1.15+0.40 033  PostDS (%) 9.81104 1214104 005

Stent length (mm=SD) 309+154 2684120 001  FURVD (mm) 2.70£0.48 2621045 0.12

Post-dilatation (%) 725 76.1 057 FUMLD (mm) 1.9810.58 1.9810.59 094

IVUS usage 892 68.2 <001  FUDS (%) 27.0£155 24.7£18.3 027

IVUS: intravascular ultrasound, LM: let main coronary artery, LAD: left an-  Acute gain (mm) 1.71£0.54 1.6910.48 0.75

terior descending coronary artery, LCx: left circumflex coronary artery, RCA:  ate loss (mm) 0.59+0.43 0.5010.49 0.10

right coronary artery

lective VUS-guidance. The two groups were well balanced in terms of
baseline clinical characteristics, except that female patients were
more common and dyslipidemia was less common in the selecti-
vely IVUS-quided group, which is presented in Table 1. The angio-
graphic and procedural data are shown in Table 2. The proportion of
the left anterior descending artery was higher in the selectively [V-
US-guided group, and the proportion of the left circumflex artery
was higher in the routinely IVUS-guided group. Implanted stent
number per lesion was well balanced between both groups. The
number of stents per lesion was 1.2 in the routinely IVUS-guided
group and 1.15 in the selectively IVUS-guided group (p=0.33). How-
ever, stent length was longer in the routinely IVUS-guided group. In-
terestingly, both groups underwent post-balloon dilatation at com-
parable frequencies (72.5% vs. 76.1%, p=0.57). Even in patients
under the routine strategy, the rate of IVUS imaging was not 100%
but about 90%, which is still significantly higher than the rate in
those under the selective strategy (89.2% vs. 68.2%, p<0.01).

Angiographic outcomes

There was no difference in baseline reference vessel diameter and
percent diameter stenosis (2.71 mm vs. 2.67 mm, p=0.50; 67.2% vs.
70.2%, p=0.06, respectively) (Table 3). However, minimal lumen dia-
meter was slightly wider in the routinely IVUS-quided group (0.88
mm vs. 0.79 mm, p=0.05). In the case of the selectively IVUS-guided
group, there were no differences in baseline reference vessel diame-
ter and percent diameter stenosis between lesions with IVUS and le-
sions without IVUS (2.69 mm vs. 2.61 mm, p=0.28; 69.1% vs. 72.1%,
p=0.12, respectively). After stent implantation, minimal lumen dia-
meter was wider in the routinely IVUS-quided group (2.58 mm vs.
2.48 mm, p=0.03). In addition, percent diameter stenosis was sm-
aller in the routinely IVUS-quided group (9.8% vs. 12.1%, p=0.05).
Nonetheless, reference vessel diameter and acute gain did not show
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QCA: quantitative coronary angiography, PCI: percutaneous coronary inter-
vention, IVUS: intravascular ultrasound, RVD: reference vessel diameter,
MLD: minimal lumen diameter, DS: percent diameter stenosis, FU: follow-up

Table 4. Clinical outcomes at 1 year

Routine IVUS Selective IVUS
(n=89) (n=192)
Mortality (%) 1.1 0.5 1.00
MI (%) 2.0 49 0.44
Stent thrombosis (%) 1.1 05 1.00
TLR (%) 57 6.8 0.75
TVR (%) 6.9 9.5 0.49
MACE (%) 8.0 120 0.33

IVUS: intravascular ultrasound, MI: myocardial infarction, TLR: target lesion
revascularization, TVR: target vessel revascularization, MACE: major adverse
cardiac event

any difference (2.88 mm vs. 2.84 mm, p=0.45; 1.71 mm vs. 1.69 mm,
p=0.75, respectively). Of the 384 lesions which received stent im-
plantation, follow-up angiography was performed in 345 (89.8%).
Of these, 336 (87.5%) angiograms were determined to be techni-
cally sufficient for analysis. At 6 to 9 angiographic follow-up, there
were no statistically significant differences between the routinely
IVUS-guided and selectively VUS-guided groups with respect to
reference vessel diameter (2.70 mm vs. 2.62 mm, p=0.12), minimal
lumen diameter (1.98 mm vs. 1.98 mm, p=0.94), and percent diam-
eter stenosis (27.0% vs. 24.7%, p=0.27). In terms of late loss, as
with other parameters, no difference was found (0.59 mm vs. 0.50
mm, p=0.10).

Clinical outcomes

One-year clinical outcomes are presented in Table 4. Mortality
rates were around 1% in both groups with no significant difference
between them. In addition, the rate of MI was not statistically differ-
ent between the two groups, which were both less than 5% (2.0%
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vs. 4.9%, p=0.44). In terms of stent thrombosis, no difference was
found in the two groups. Accordingly, the rate of hard end points
was not different. Soft end points, such as, TLR and TVR, showed no
differences between the two groups (TLR; 5.7% vs. 6.8%; p=0.75,
TVR; 6.9% vs. 9.5%); p=0.49). Taken together, the overall MACE (mor-
tality, MI, stent thrombosis, TLR and TVR) during the 1 year follow-
up period was not different between the two groups.

Discussion

The main finding of this study is that there were no significant
differences in angiographic and clinical outcomes between the rou-
tinely IVUS-guided PCl and selectively IVUS-guided PCI groups.

Previous studies comparing angiography- vs. intravascular
ultrasound-guided percutaneous coronary intervention

There have been some studies on the utility of routine IVUS during
PCl in the pre-DES era. The results in the pre-DES era were different
among the studies. In the OPTICUS study by Mudra et al.' a case-
control study, they could not support the routine use of ultrasound
guidance during PCl, and the results demonstrated that angiogra-
phy-guided PCl could be performed with comparable clinical out-
comes. Likewise, the AVID trial performed as a randomized controll-
ed study failed to show reduction of clinical events for the entire
subjects.'” Also, the PRESTO trial failed to demonstrate improved cli-
nical outcomes, although IVUS influenced procedure characteris-
tics.'® On the contrary, the CRUISE study, a multicenter study, de-
monstrated that TVR at 9 month-follow-up occurred significantly
less frequently in the IVUS-quided group.' Moreover, the TULIP stu-
dy, which investigated long lesions, showed superior result in the
IVUS group over the angiography group in terms of TLR and MACE."
Choi et al." also reported that the use of IVUS guidance during st-
ent implantation was associated with a significant decrease in
6-month TVR without increasing the procedure time, fluoroscopy
exposure, contrast volume, or device utilization."

In the DES era, Roy et al.'” performed a study on the utility of
IVUS during PCI with DES. In their study, IVUS was proven to give
rise to less definite stent thrombosis and showed the tendency of
less TLR. Therefore the study is thought to raise the possibility that
routine IVUS use in the DES era could result in better clinical out-
comes compared with angiography-guided PCl. However, this study
was not intended to investigate the utility of routine IVUS vs. selec-
tive IVUS use in the DES era.

Comparison of two different strategies of intravascular

ultrasound-guidance, routine vs. selective
In the present study, we compared two different strategies of
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[VUS-guidance, routinely vs. selectively IVUS-guided PCl rather than
[VUS- vs. angiography-guided PCl, because [VUS-guidance is theo-
retically more helpful compared to angiographic guidance by as-
suring good apposition and optimal expansion which are both im-
portant factors to determine stent thrombosis or restenosis.

It is certain that IVUS is a useful tool to visualize vessel cross sec-
tions, thereby enabling us to confirm underexpansion, malapposi-
tion or edge tears. After confirming these unfavorable phenomena,
we could perform additional interventions such as post-dilatation or
stenting. Ultimately, these processes can improve long term clinical
results. In fact, there was less definite stent thrombosis in the IVUS
group in the study of Roy et al."®
authors suggested that reduced minimal stent area and stent ex-
pansion along with greater residual disease are associated with

although the cases were rare. The

stent thrombosis after DES implantation. IVUS use may allow the
identification of these unfavorable factors and lead to appropriate
subsequent treatment.

The remaining question is: which is the optimal strategy for VUS-
guidance, the routine use vs. the selective use? Our results showed
that the selective use of IVUS was able to provide as good angio-
graphic and clinical results as the routine use of IVUS during PCI.
Therefore, considering our results, an experienced operator's ability
to selectively use IVUS may save unnecessary use of IVUS during
PCI. The results collectively suggest that adequate, but not absolute,
IVUS use can produce good outcomes.

Angiographic outcomes after intravascular ultrasound-
guidance

As with clinical outcomes, there have been contradicting studies
in the BMS era. The OPTICUS study showed that repeat angiography
revealed no significant differences between the IVUS-guided group
and angiography-guided group with respect to dichotomous re-
stenosis rate, minimal lumen diameter, and percent diameter steno-
sis.'™ On the contrary, the CRUISE study demonstrated that the V-
US-guided group had a larger minimal lumen diameter by quan-
titative coronary angiography (QCA) and a larger minimal stent
area at 9-month follow-up angiography.' In addition, the TULIP
study reported that at 6 months, MLD in the IVUS group was larger
than that in the angiography group.™

To our knowledge, there has been no report regarding angiogra-
phic results judged by QCA in the DES era. Moreover, there have
been no studies comparing the two different strategies of IVUS-
guidance. In our study, the angiographic data from the 'selective’
[VUS-guidance group were comparable to those from the ‘routine’
[VUS-guidance group. Theoretically, IVUS is believed to produce
more favorable angiographic results at follow-up angiography, be-
cause it gives us more chances to correct malapposition and unde-
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rexpansion. However, considering our results, the use of IVUS in need
is sufficient to produce results that are comparable to those of ab-
solute IVUS use in the DES era. This might mean that an experienc-
ed operator could discriminate the case that is in need of IVUS and
perform appropriate additional procedures and produce good re-
sults without routine IVUS use. In addition, the potential of DES to
reduce the rate of restenosis may contribute to this favorable re-
sult of selection IVUS-guidance group.

Frequent use of post-dilatation may lessen the necessity
of routine intravascular ultrasound-guidance during
percutaneous coronary intervention

Coronary intervention is a sophisticated procedure. It has been
well established that malapposition and underexpansion is associ-
ated with restenosis.***? As we know, post-dilatation is a very useful
procedure after examination of IVUS to correct malapposition and
underexpansion. According to the study of Roy et al,, the rates of
post-dilatation were 31.0% and 17.7% in the IVUS group and No
IVUS group, respectively. Comparing with this result, a post-dilata-
tion rate of about 75% is considered high in the present study. This
high post-dilatation rate might have contributed to the comparable
outcomes in the selectively IVUS-guided group, diminishing the
beneficial effect which may be due to routine IVUS use. Further-
more, this raises a new hypothesis that the routine use of post-dilat-
ation for optimized stent expansion would suffice for good outcome
of coronary intervention instead of the routine use of IVUS.

Clinical implication

Most previous case-control studies and randomized clinical trials
have dealt with both extreme ends, angiography- vs. IVUS-guidance
PCl. However, recently, coronary interventionists all agree with the
usefulness of IVUS. Thus, many physicians may be pressured to do
routine IVUS-quidance. However, in the real world practice, most in-
terventionists probably do not use IVUS in all patients. Instead, they
may use [VUS at their discretion, if it is available in their catheteriza-
tion laboratory. In such situations, our results may provide a helpful
message. Given the relatively high percentage of post-dilatation,
selective IVUS use would result in adequate clinical and angiogra-
phic outcomes. Therefore, when faced with suspicion for underex-
pansion and malapposition, we can perform post-dilatation without
the routine use of IVUS. Furthermore, it is requested to perform a
randomized study to determine whether routine post-dilatation is
sufficient to obtain good results without IVUS.

Study limitations

Our study has several limitations. First, this study was a nonran-
domized retrospective analysis from one center. Therefore, the re-
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sults and conclusions are subject to the limitations inherent in this
type of studies. Second, we collected patients with available QCA
data. Therefore, patients who were excluded from the study by this
reason could not be analyzed, resulting in the potential introduc-
tion of selection bias. Third, the baseline characteristics including
gender, dyslipidemia, and vessel territory were different. These may
have introduced bias in the analysis. Fourth, for the strategy of se-
lective IVUS, there may be a wide spectrum of IVUS usage percent
for different operators, because judgement for underexpansion, mal-
apposition or edge tear is subjective.
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