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Background: Stent underexpansion is a major risk factor for in-stent restenosis and acute in-stent
thrombosis1Intravascular ultrasound (IVUS) is one of the standards for detection of stent underexpansion
(de Feyter et al. 1999; Mintz et al., 2001). StentBoost (SB) enhancement allows an improved angiographic
visualization of the stent (Koolen et al., 2005).
Aim of work: Comparison of stent expansion by IVUS and SB enhancement and detection of value of SB to
guide dilatation post stent deployment.
Methodology: IVUS, SB enhancement and QCA were done in 30 patients admitted for elective stenting
procedures .We compared measurements of mean ±standard deviations of (Max SD, Min SD, Mean SD,
stent symmetry index) using IVUS, SB and QCA after stent deployment and after postdilatation whenever
necessary to optimize stent deployment. The Stent symmetry index was calculated [(maximum stent diam-
eter minus minimum stent diameter) divided by maximum stent diameter].
Results: The Max SD was (3.45 ± 0.62 vs 3.55 ± 0.56 vs 2.97 ± 0.59) by IVUS vs SB vs QCA respectively. Max
SD was significantly higher by IVUS vs QCA (p .009) and between SB vs QCA (p .001) while there was non-
significant difference between IVUS vs SB (p .53). The Min SD was (2.77 ± 0.53 vs 2.58 ± 0.56 vs 1.88 ±
0.60) by IVUS vs SB vs QCA respectively. Min SD was significantly higher by IVUS vs QCA (p .001) and
between SB vs QCA (p .001) while there was nonsignificant difference between IVUS vs SB (p .07). The
stent symmetry index was (0.24 ±0.09 vs 0.34 ± 0.09 vs 0.14 ±0.27) by IVUS vs SB vs QCA respectively.
It was significantly higher by IVUS vs QCA (p .001) and between SB vs QCA (p .001) while there was non-
significant difference between IVUS vs SB (p .32). SB was positively correlated with IVUS measurements
of Max SD (p < .0001 & r 0.74) and Min SD (p < .0001 & r 0.68). QCA was positively correlated with IVUS
measurements of Max SD correlation (p < .0001 & r 0.69) and Min SD (p < .0001 & r 0.63). QCA was pos-
itively correlated with SB measurements of Max SD (p < .0001 & r 0.61) and Min SD (p .003 & r 0.49).
Conclusions: StentBoost enhancement has superior correlations for stent expansion measured by IVUS
when compared with QCA. SB enhancement improved stent visualization and identification of stent
underexpansion to guide stent postdilatation.

� 2017 Egyptian Society of Cardiology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Despite advances in equipment and stent implantation tech-
niques, both acute and long-term complications (stent thrombosis
and in-stent restenosis) still occur.5 Stent underexpansion is a
major risk factor for in-stent restenosis and acute in-stent throm-
bosis.1Traditional X-ray angiography presents certain problems
which are potentially limiting to optimal stent visualize (see
Figs. 1–7).

Intravascular ultrasound (IVUS) is a standard for detection of
stent underexpansion.2,3 However, IVUS is limited by professional
and technical expertise, cost, procedural time, and the need for
additional training of staff in catheterization laboratories, so it can-
not be used extensively. Furthermore, there is a small risk of
increased mechanical complications, particularly coronary spasm.6

Recently, optical coherence tomography (OCT) has also been used
to assess vessel size and stent expansion, but the technique has
similar limitations to IVUS.7.
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Fig. 1. Stent diameters assessed by IVUS, SB and QCA.
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StentBoost (SB) allows an improved angiographic visualization
of the stent and of its relationship with the corresponding vessel
lumen by enhancing the X-ray focus of the region where the stent
is placed.4 It can detect the deployed stent very precisely, discrim-
inate stent underexpansion, and define stent-vessel apposition (see
Table 1–4).

1.1. Patients and methods

Thirty three elective stenting procedures were evaluated using
IVUS, SB enhancement and QCA .We compared measurements of
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Fig. 5. Correlation between Min SD measurements by IVUS, SB and QCA.

IVUS : Max SD is  3.24 mm IVUS : Min SD is 2.65 mm
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Fig. 6. LAD midsegment stent diameters assessed by IVUS, SB and QCA.
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Table 1
Demographic and angiographic data of the patients.

Demographic characteristics N (%)

Age (years) 51.83 ± 9.36
Sex Male 25 (83.3%)

Female 5 (16.7%)
Diabetes mellitus 14 (46.7%)
HTN 19 (57.6%)
Dyslipidaemia 18 (60%)
Smoking 19 (63.3%)
Family history of IHD 12 (40%)
Previous MI 4 (13.3%)
EF 59.03 ± 5.93%

Angiographic characteristics
Diseased vessel LAD 26 (78.8%)

CX 3 (9.1%)
RCA 4 (12.1%)

Lesion site Proximal 21 (63.6%)
Midsegment 10 (30.3%)
Distal 2 (6.1%)

Lesion class A 9 (27.3%)
B1 9 (27.3%)
B2 6 (18.2%)
C 9 (27.3%)

Direct stenting 12 (36.4%)
Pre dilatation 21 (63.6%)

Table 2
Stent diameters by IVUS, SB and QCA.

Stent parameters Measurements

IVUS Stent CSA 8.17 ± 2.48 mm2

Max SD 3.45 ± 0.62 mm
Min SD 2.77 ± 0.53 mm
Mean SD 3.18 ± 0.47 mm
Stent symmetry index 0.24 ± 0.09

Stent boost Max SD 3.55 ± 0.47 mm
Min SD 2.58 ± 0.56 mm
Mean SD 3.09 ± 0.58 mm
Stent symmetry index 0.34 ± 0.09

QCA Max SD 2.93 ± 0.61 mm
Min SD 1.83 ± 0.57 mm
Mean SD 2.5 ± 0.48 mm
Stent symmetry index 0.14 ± 0.27
Acute gain 0.94 ± 0.43
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Fig. 7. Poststenting and postdilatation stent diameters.

Table 3
Correlations between IVUS, SB and QCA.

Stent diameters IVUS SB P value

Max SD 3.45 ± 0.62 3.55 ± 0.56 0.53
Min SD 2.77 ± 0.53 2.58 ± 0.56 0.07
Mean SD 3.18 ± 0.64 3.09 ± 0.58 0.54
Stent symmetry index 0.24 ± 0.09 0.34 ± 0.09 0.32

IVUS QCA

Max SD 3.45 ± 0.62 2.97 ± 0.59 0.009
Min SD 2.77 ± 0.53 1.88 ± 0.60 0.001
Mean SD 3.18 ± 0.64 2.61 ± 0.50 0.001
Stent symmetry index 0.24 ± 0.09 0.14 ± 0.27 0.001

SB QCA

Max SD 3.55 ± 0.56 2.97 ± 0.59 0.001
Min SD 2.58 ± 0.56 1.88 ± 0.60 0.001
Mean SD 3.09 ± 0.58 2.61 ± 0.50 0.001
Stent symmetry index 0.34 ± 0.09 0.14 ± 0.27 0.001

Table 4
Poststenting and postdilatation stent parameters.

Stent parameters Poststenting Postdilatation P value

IVUS Stent CSA 7.69 ± 3.06 9.03 ± 2.70 0.010
Max SD 3.25 ± 0.64 3.51 ± 0.56 0.017
Min SD 2.86 ± 0.64 3.19 ± 0.51 0.008
Mean SD 3.05 ± 0.64 3.35 ± 0.53 0.008
Stent symmetry index 0.12 ± 0.04 0.09 ± 0.05 0.28

SB Max SD 3.46 ± 0.55 3.64 ± 0.42 0.25
Min SD 2.38 ± 0.33 2.73 ± 0.35 0.003
Mean SD 2.87 ± 0.46 3.18 ± 0.43 0.04
Stent symmetry index 0.31 ± 0.06 0.25 ± 0.04 0.16

QCA Max SD 3.17 ± 0.51 3.26 ± 0.65 0.64
Min SD 2 ± 0.52 2.14 ± 0.58 0.023
Mean SD 2.61 ± 0.48 3.35 ± 0.53 0.001
Stent symmetry index 0.38 ± 0.09 0.35 ± 0.08 0.35
Acute gain 1.13 ± 0.64 1.27 ± 0.69 0.023
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mean ± standard deviations of (Max SD, Min SD, Mean SD, stent
symmetry index) using IVUS, SB and QCA after stent deployment
and after postdilatation whenever necessary to optimize stent
deployment. The Stent symmetry index was calculated [(maximum
stent diameter minus minimum stent diameter) divided by maxi-
mum stent diameter].

Cardiac catheterization and PCI at culprit lesion was done using
Digital Imaging and Communications in Medicine (DICOM)-
compatible digital system (Philips CV20, 2011-Netherland) with
imaging speed 15 frame per second (fps) .Quantitative coronary
analysis of coronary lesions and classification of lesions according
to modified ACC/AHA classification followed by IVUS assessment.
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1.2. Quantitative Coronary Analysis (QCA)

All angiographic images were obtained with a digitalflat-panel
cardiac imaging system (Allura Xper FD 20, Philips Medical Sys-
tems). Analysis was performed by validated and automated edge-
detection software in all patients in two orthogonal views.8

1.3. Intravascular Ultrasound (IVUS) assessment

Imaging (iLabTM, Boston Scientific Scimed Inc.,USA) was per-
formed using a 40 MHz, 6 F compatible catheter (Atlantis SR Pro;
Boston Scientific).

1.4. Stent boost enhancement

We used Stent boost (Philips Medical Systems) enhancing stent
visualization angiographic technique. After stent deployment and
balloon deflation, an enhanced stent image (ESI) is produced from
a minimum of 20 cine frames over 3 s using the radiopaque mark-
ers of the delivery balloon as an anchor to align the stent across all
frames. The StentOptimizer system automatically grabs the cine
images to create a still image of the stent with enhanced edges
and the associated region of interest.9

Inclusion criteria:

� Stable or unstable angina.
� Significant de novo lesions suitable for stent implementation.
� Written informed consent.

Exclusion criteria:

� Patients with haemodynamic instability.
� Contraindication to aspirin or clopidogrel treatment.

1.5. Statistical analysis

Data was summarized using mean, standard deviation, median
and inter quartile range for quantitative variables and frequency
and percentage for qualitative ones using the Statistical Package
of Social Science Software program, version 21 (SPSS). Pearson cor-
relation coefficients were calculated to get the association between
different quantitative variables. P values less than 0.05 were con-
sidered statistically significant, and Graphs were used to illustrate
some information.

2. Results

2.1. Demographic characteristics

Our study included 30 patients (33 lesions) with a mean age of
51.83 ± 9.36 years, 25 males (83.3%) and 5 females (16.7%) 0.14
cases (46.7%) had diabetes mellitus, 19 cases (63.3%) had systemic
hypertension, 18 cases (60%) had dyslipidaemia, 19 cases (63.3%)
were smokers, 12 cases (40%) had positive family history of IHD,
4 cases (13.3%) had old myocardial infarction and the mean EF
was 59.03 ± 5.93%.

2.2. Angiographic data

Thirty three coronary lesions were stented in in the 30 patients.
LAD was the target vessel in 26 (78.8%) cases, while CX was target
in 3 (9.1%) cases and RCA was culprit in 4 (12.1%) cases. 21 (63.6%)
lesions were proximal, 10 (30.3%) lesions were midsegment and 2
(6.1%) lesions were distal. 9 (27.3%) of lesions were class A, 9
(27.3%) of lesions were class B1, 6 (18.2%) of lesions were class
B2 and 9 (27.3%) of cases were class C. TIMI flow was III in all
patients before and after PCI. direct stenting was done in 12
(36.4%) lesions while predilatation was done in 21 (63.6%) lesions.

2.3. Stent expansion assessment

Intravascular ultrasound assessment: the mean stent cross
sectional area (CSA) was 8.17 ± 2.48 mm2, the mean maximum
stent diameter (Max SD) was 3.45 ± 0.62 mm, the mean minimum
stent diameter (Min SD) was 2.77 ± 0.53 mm, the mean stent diam-
eter was 3.18 ± 0.47 mm and the stent symmetry index was 0.24 ±
0.09.

Stentboost enhancement assessment: the mean Max SD was
3.55 ± 0.47 mm, the mean Min SD was 2.58 ± 0.56 mm, the mean
stent diameter was 3.09 ± 0.58 mm and the stent symmetry index
was 0.34 ± 0.09.

Quantitative coronary analysis assessment: the mean Max SD
was 2.93 ± 0.61 mm, the mean Min SD was 1.83 ± 0.57 mm, the
mean stent diameter was 2.5 ± 0.48 mm, acute gain was 0.94 ± 0.
43 and the stent symmetry index was 0.14 ± 0.27.

2.4. Correlations between IVUS, SB & QCA

2.4.1. Intravascular ultrasound &stentboost enhancement
SB was positively correlated with IVUS measurements of Max

SD (p < .0001 & r 0.74), Min SD (p < .0001 & r 0.68) and mean SD
(p < .0001 & r 0.771).

2.4.2. Intravascular ultrasound &quantitative coronary analysis
QCA was positively correlated with IVUS measurements of Max SD

correlation (p < .0001 & r 0.69), Min SD (p < .0001 & r 0.63)and
mean SD (p < .0001 & r 0.67).

2.4.3. Stentboost enhancement & quantitative coronary analysis
QCA was positively correlated with SB measurements of Max SD

(p < .0001& r 0.61), Min SD (p .003 & r 0.49) and mean SD (p .001 &
r 0.53).

2.5. Postdilatation and stent expansion

After satisfactory angiographic results in our study, 7 stents
required postdilatation according to IVUS and SB enhancement
data. The postdilatation stent diameters obtained by QCA, SB and IVUS
were significantly higher than poststenting diameters.

3. Discussion

Stent underexpansion is a major risk factor for in-stent resteno-
sis and acute in-stent thrombosis.1 StentBoost (SB) allows
improved angiographic visualization of the stent and of its rela-
tionship with the corresponding vessel lumen by enhancing the
X-ray focus of the region where the stent is placed.4

The aim of our study was to compare stent expansion by IVUS,
SB enhancement and QCA and its value to guide dilatation post
stent deployment.

According to our results, there was no statistically significant dif-
ference between IVUS & SB regarding maximal, minimal and mean
stent diameters and there were strong positive correlations
between both methods of assessment. Also there was no statistically
significant differance between IVUS & SB regarding stent symmetry
index without significant correlation.

From previous results, we found that SB enhancement is reli-
able for stent expansion assessment in comparison to IVUS and
can replace it for post PCI assessment and decision making. Stent-
Boost enhancement is superior than IVUS in identifying stent
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expansion in that it doesnot require insertion of additional catheter
so avoiding rare but possible complications.

Intravascular ultrasound (IVUS) assessment allows circumfer-
ential stent assessment while SB enhancement is two dimensional
and only diameters can be measured.

Our results were comparable to Fernando Cura et al.10, Sanidas
et al.9, Yang et al.11, Mishell et al.12, Zhang et al.13 and Alghamdi
et al.14 studies which concluded good correlation between IVUS and
SB regarding stent diameters.

There were statistically significant differences between IVUS &
QCA regarding maximal, minimal and mean stent diameters with
strong positive correlations between both methods .Also there
was statistically significant differance between IVUS & QCA regard-
ing stent symmetry index without significant correlation.

From that results, we found that QCA is inaccurate for assess-
ment of stent diameters and tends to underestimate diameters in
comparison to IVUS parameters.

There were statistically significant differences between SB &
QCA regarding maximal, minimal and mean stent diameters with
strong positive correlations between both methods of assessment
and there was statistically significant differance between SB &
QCA regarding stent symmetry index without significant
correlation.

Quantitative coronary analysis underestimate stent diameters
but SB enhancement allowed improved stent visualization and
thus more accurate assessment and larger diameters comparable
to IVUS.

Our results were comparable to Cura et al.10, Sanidas et al.9,
Yang et al.11, Mishell et al.12, Zhang et al.13 and Alghamdi et al.14

studies.
After satisfactory angiographic results in our study, 7 stents

required postdilatation according to IVUS and SB enhancement
data.

According to our results, the stent after postdilatation obtained
by QCA, IVUS and SB were significantly larger than at poststenting,
and the ratios (stent symmetry index) after postdilatation were
smaller than poststenting.

Postdilatation improved stent expansion as measured by stent
diameters and this will decrease risk of instent restenosis. There
were comparable diameters measured by IVUS and SB after postdi-
latation but QCA data underestimated stent diameters after
dilatation.

The postdilatation stent CSA was significantly higher than post-
stenting CSA measured by IVUS but the postdilatation acute gain
was not statistically higher than poststenting gain measured by
QCA.

According to our results, postdilatation improved stent expan-
sion and we can conclude that improved stent visualization
allowed detection of stent underexpansion and need for postdilata-
tion. Our results were similar to Yang et al. study(258) that the min-
imum, maximum and mean diameters of postdilatation obtained
by QCA, IVUS, SB were significantly larger than that of poststenting.
That study concluded that there is an important advantage for SB
in guiding the stent postdilatation.
4. Conclusions

StentBoost enhancement has superior correlations for stent
expansion measured by IVUS when compared with QCA. Stent-
Boost enhancement improved stent visualization and identifica-
tion of stent underexpansion to guide stent postdilatation.
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