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Objective To evaluate the instant effects and five-year clinical outcomes of coronary artery disease patients
complicated with diabetes mellitus after StentBoost-optimized percutancous coronary intervention (PCI).
Methods From March 2009 to July 2010, 184 patients undergoing PCI at our hospital were found stent
underexpansion or malapposition by StentBoost after stents implantation and were divided into the diabetic
(n=73, 39.67%) and the non-diabetic group (n=111, 60.33%). All patients received StentBoost-guided
post-dilatation after stent implantation. The instant procedural results were measured and clinical outcome
after five-year follow-up was analyzed in each group. Between-group comparisons were performed using
Chi-square test or Student’s ¢ test. Multivariate logistic regression analysis was carried out to reveal the
independent predictors for long-term clinical outcomes of StentBoost-optimized PCI .

Results After StentBoost-guided post-dilatation, the minimum diameter (MinLD), maximum diameter (MaxLD)
and average diameter in both groups increased significantly than before (P<0.001), the (MaxLD-MinLD)/
MaxLD ratio and the in-stent residual stenosis decreased accordingly (P<0.001). The five-year follow-up showed
similar mortality rate (4.92% vs. 2.86%, P=0.67) and major adverse cardiac event rate (11.48% vs. 11.43%, P
= 1.0) between the diabetic and the non-diabetic group, whereas the recurrence of angina pectoris was higher
in the diabetic group compared to the non-diabetic group (47.54% vs. 29.52%; P=0.02). A multivariate logistic
regression analysis revealed that age and left ventricular ejection fraction rather than diabetes mellitus were
independent predictors for long-term clinical outcomes.

Conclusions StentBoost could effectively improve instant PCI results; the long-term clinical outcomes of
StentBoost-optimized PCI were similar between diabetic and non-diabetic patients. Age and left ventricular

cjection fraction were the independent predictors for long-term clinical outcomes.
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IABETES mellitus (DM) is the equivalent of
coronary artery disease (CAD) and a signif-
icant cardiovascular risk factor.!"! Patients
with DM complicating CAD may have an
increased mortality rate and repeated revasculariza-
tion incidence,' partly due to more diffuse or complex
lesions as compared to those without DM.® ¥ In addi-
tion, stent under-expansion has been confirmed as an
important reason for in-stent restenosis in DM patients
after percutaneous coronary intervention (PCI) regard-
less of the stent types.”™ ® Thus, post-dilatation at high
pressure with noncompliant balloon could optimize
stent deployment and reduce the frequency of stent
restenosis or target vessel revascularization (TVR)."®
StentBoost (SB) is a newly developed technology
that facilitates the angiographic visualization of stent,
which could identify stent under-expansion and guide
post-dilatation effectively by highlighting the stent pro-
file through a motion compensation technique.™ About
more than 20% of stents under-expansion could be
detected by SB as compared to conventional coronary
angiography."™ Though intravascular ultrasound (IVUS)
is the gold standard for detecting stent under-expan-
sion to date,*!! we have previously confirmed a superi-
or correlation between SB and IVUS than that between
IVUS and coronary angiography.!*? Moreover, SB did
not increase both the procedure costs and radiation
exposure,* which makes it more feasible to be per-
formed as compared to IVUS. The routine use of SB
during PCI has also been shown to improve better mid-
term angiographic and clinical outcomes,* however
few reports have evaluated the efficacy of long-term
prognosis of SB-guided PCI, especially in DM patients.
Thus, our prospective study sought to investigate the
instant PCI effects and long-term outcomes in these
subgroup patients through five-year clinical follow-up.

PATIENTS AND METHODS

Study population

From March 2009 to July 2010, 552 patients received
PCI in our department, 184 cases (33.33%) of them
were found stent under-expansion or malapposition by
SB after stents deployment, SB-guided post-dilatation
were applied and then the patients were divided into
the DM group (n=73, 39.67%) and the non-DM group
(n=111, 60.33%). Baseline clinical characteristics were
compared between two groups. Patients with acute
myocardial infarction receiving emergency PCI were
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excluded. All the patients were informed about the re-
search details and consent forms were obtained. The
study protocol was approved by the ethics committee
of our hospital.

SB-optimized PCI
All patients received 300 mg of aspirin and 300 mg of
clopidogrel prior to the procedures. Heparin (1mg/kg
body weight) was administered at the beginning of the
operation to maintain an activated clotting time (ACT)
for 250-300 s. All angiographic images were acquired
with the Allura Xper FD 20 digital, flat-panel cardiac
imaging system (Philips Medical Systems, Bothell, WA,
USA). The treated lesions were classified according to
the ACC/AHA lesion angiographic classification system.!"!
Briefly >75% stenosis of diameter was visually
considered as a target lesion, and the number and
position of the vessels was calculated as baseline le-
sion characteristics. All procedures were performed
following standard interventional techniques. After
stent implantation, SB was used to firstly detect stent
underexpansion or malapposition: a balloon (usually
noncompliant) was placed within the stent segment;
afterwards a three-second digital cineangiogram with-
out contrast injection was acquired and automatical-
ly analyzed by the system, and the balloon markers
were considered as spatial reference points to display
the stent profiles automatically. Then quantitative
coronary angiography (QCA) was applied to measure
the lengths and parameters of the stent by taking a
catheter lumen size of 2 mm as reference: minimal di-
ameter (MinLD), maximal diameter (MaxLD), average
diameter, (MaxLD-MinLD)/MaxLD ratio, early gain and
residual stenosis, as the indexes for instant PCI effects.
The results were discussed by two interventional car-
diologists to determine whether further high pressure
post-dilatation was necessary. If post-dilatation was
done, SB was applied to confirm complete stent expan-
sion and the above parameters were measured again
as instant PCI results at the end of the operation.

Clinical outcomes and five-year follow-up

Clinical follow-up was performed five years after the
procedure, which consisted of outpatient visit, tele-
phone interview or coronary angiography review. All
clinical outcomes included: all-cause death, cardiac
death, recurrent angina pectoris (self-report), major
adverse clinical events [MACEs; non-fatal acute myo-
cardial infarction (AMI), target lesion revascularization



Vol. 34, No. 3

(TLR), and target vessel revascularization (TVR)].

Statistical analysis

The continuous variables were presented as mean
values + standard deviation and categorical variables
were presented as frequency (%). Between-group
comparisons were quantified using the Chi-square test or
Student’s t test. To assess the determinants of outcomes,
multivariate logistic regression analyses were performed
and logistic odds ratios (ORs) with 95% confidence
intervals (CIs) were obtained. All analyses were
performed using SPSS 22.0 software (IBM, Chicago, IL,
USA). Two-tailed probability (P) values <0.05 were set
as the threshold for statistical significance.
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RESULTS

Baseline clinical characteristics

As shown in Table 1, no differences were observed in
age, gender, PCI history, prior myocardial infarction,
hypertension, hyperlipidemia, smoking status and left
ventricular ejection fraction (LVEF) between the two
groups (all P > 0.05).

PCI procedural characteristics

As shown in Table 2, no differences were observed in
baseline lesion parameters, details of stent implanta-
tion and instant PCI results between the two groups (all
P > 0.05).

Table 1. Comparisons of baseline clinical characteristics of the two groups

Gender Previous Previous Hypertension Hyperlipidemia Smoking
Groups n Age® (yrs) LVEFS
(% male) MI (%) PCI (%) (%) (%) status (%)
Non-DM 111 65.11+£11.24 77.48 18.92 18.02 61.26 56.76 46.85 57.85+8.99
DM 73 63.89+£10.48 72.60 17.81 15.07 68.49 50.68 36.99 54.80+11.42
7/t value -0.83 0.566 0 0.273 1.001 0.377 1.748 -1.91
P value 0.462 0.486 1.000 0.689 0.349 0.452 0.224 0.065

§: Plus-minus values are means+SD.

DM: diabetes mellitus; MI: myocardial infarction; PCI: percutaneous coronary intervention; LVEF: left ventricular ejection

fraction.

Table 2. Comparisons of PCI procedural characteristics between the two groups

Parameters DM group (n = 73) Non-DM group (n=111) %/t value P value
Baseline lesion parameters
Single vessel (%) 54.79 52.25 0.114 0.764
Double vessels (%) 28.77 27.93 0.015 0.902
Triple vessels (%) 12.33 16.22 0.532 0.528
Left main lesion (%) 3.60 0 1.000

Details of stent implantation
Number of stents® 1.92+1.07 1.76+0.99 1.013 0.313
Stent diameter® (mm) 2.92+0.38 2.95+0.37 -0.490 0.507
Stent length® (mm) 26.52+6.62 25.64+6.45 0.799 0.227
Maximal pressure® (atm) 15.16+2.82 15.67+£3.29 -1.000 0.077
Post-dilatation balloon diameter® (mm) 3.06+0.43 3.15+0.36 -0.990 0.068
Post-dilatation balloon maximal pressure® (atm) 18.09+3.4 17.89+3.31 -0.230 0.517

Instant PCI results
MinLD® (mm) 2.76+0.37 2.70+0.35 1.250 0.270
MaxLD® (mm) 3.32+0.40 3.23+0.35 0.909 0.110
Average diameter after SB® (mm) 3.04+0.38 2.97+0.34 1.134 0.190
(MaxLD-MinLD)/MaxLD ratio® 0.17+0.04 0.16+0.04 0.862 0.100
Early gain® (mm) 0.28+0.18 0.31+0.19 1.351 0.229
Residual stenosis after SB® (%) 16.37+2.88 16.23+3.63 0.173 0.780

§: Plus-minus values are means * SD.

MinLD: minimal diameter after SB; MaxLD: maximal diameter after SB; SB: StentBoost.



180

SB-guided post-dilatation measurements

As shown in Table 3, after post-dilatation in the both
groups, the in-stent MinLD, MaxLD and average diame-
ter increased significantly as compared to those before
post-dilatation, respectively (P < 0.001). Accordingly,
the (MaxLD-MinLD)/MaxLD ratio and in-stent residual
stenosis decreased significantly (P < 0.001). No dif-
ferences were observed in diameters mentioned above
between the two groups post-dilatation (P > 0.05, Ta-

ble 2).

Clinical outcomes of five-year follow-up

Finally, 166 (90.22%) out of the 184 cases were fol-
lowed successfully. As shown in Table 4, the recurrent
rate of angina pectoris in the DM group was higher
than that in the non-DM group (47.54% vs. 29.52%,
P=0.020), but no differences were observed in rates of
death, cardiac death, MACEs between the two groups
(P>0.05).

Multivariate analysis to identify risk factors
predicting mortality

Multivariate analysis showed DM did not serve as an
independent predictor of mortality (OR: 1.07; 95%CI:
0.002-2.637; P = 0.151), but age (OR: 1.605; 95%CI:
1.045-2.457; P = 0.031) and LVEF (OR: 0.845;
95%CI: 0.727-0.982; P = 0.028) were independent
predictors for mortality during follow-up.
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DISCUSSION

In this prospective study, we proved that the DM
patients undergoing SB-optimized PCI acquired ide-
al instant effects and similar long-term outcomes as
compared with the non-DM patients.

The SB technology has been used frequently
to evaluate stent positioning and expansion, which
provided superior resolution over conventional angi-
ography through enhancing stent visualization.!***”]
Moreover, there was a positive correlation between SB
and IVUS."® Mishell et al.™”' reported the correlation
of MinLD between SB and IVUS was higher (r = 0.75;
P < 0.0001) than that between QCA and IVUS (r =
0.65; P < 0.0001). We also reported the superior cor-
relations of MinLD, MaxLD and (MaxLD-MinLD)/MaxLD
ratio between SB and IVUS than those between QCA
and IVUS previously (P < 0.0001).*% In this study, the
MinLD, MaxLD, average diameter increased significant-
ly, the (MaxLD-MinLD)/MaxLD ratio and residual ste-
nosis of stents decreased significantly after SB-guided
post-dilatation (P < 0.001) in both the groups, but the
differences between the DM and the non-DM group
were not significant after dilatation (P > 0.05), sug-
gesting that both the DM and non-DM patients could
benefit from SB technology and achieve ideal instant
PCI effects.

Only a few researches concerned about the clini-

Table 3. SB-guided post-dilatation measurements compared with those before post-dilatation®

DM group (n = 73)

Non-DM group (n = 111)

Post-dilatation measurements

Before After t value P value Before After t value P value

MinLD (mm) 2.48+0.39 2.76£0.37 -3.356 0.001 2.39+0.39 2.70+0.35 -3.723 0.000
MaxLD (mm) 3.16+0.41 3.32+0.40 -2.299 0.025 3.06+£0.37 3.23+0.35 -2.419 0.017
Average diameter (mm) 2.80+0.53 3.04+0.38 -2.788 0.008 2.74+0.36  2.97+0.34 -3.720 0.000
(MaxLD-MinLD)/MaxLD ratio 0.22+0.06 0.17+0.04 -2.842 0.002 0.22+0.06 0.16+0.04 -2.621 0.001
Residual stenosis (%) 21.89+5.80 16.37+2.88 4.443  0.000 22.53+6.46 16.23+3.63 4.526  0.000
§: Plus-minus values are means + SD.
Table 4. Comparisons of clinical outcomes of five-year follow-up between the two groups (%)
Groups I — Cardiac Non-cardiac Non-fatal Recur.rent . MACEs

death death AMI angina TLR TVR CABG Total
DM group 61 4.92 0 4.92 1.64 47.54 9.84 3.28 4.92 1.64 11.48
Non-DM group 105 2.86 1.9 0.95 0.95 29.52 8.57 3.81 4.76 0 11.43
2 value 0.065 - 1.170 0 5.427 0.075 0 0 - 0
P value 0.799 0.532 0.280 1.000 0.020 0.785 1.000 1.000 0.367 1.000

AMI: acute myocardial infarction; TLR: target lesion revascularization; TVR: target vessel revascularization; CABG:

coronary artery bypass grafting; MACEs: major adverse cardiac events; -: not available.
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cal outcomes of patients undergoing SB-guided PCI. Oh
et al."¥ reported the instant (one month) outcomes be-
tween the SB-group and the non-SB group were sim-
ilar, but the rates of TLR and TLR-related MACE were
lower at mid-term (twelve months) follow-up (P < 0.05)
in the SB-group. However the long-term outcomes of
SB-guided PCI remain unknown, especially in the DM
patients. According to our five-year follow-up results,
the rates of all-cause death, cardiac death and MAC-
Es were similar between the DM and non-DM groups
(P>0.1), and the rates of revascularization, TLR, as
well as TVR were also similar between the two groups
(P> 0.1). The results demonstrated that DM patients
might achieve similar long-term outcomes as com-
pared with non-DM patients after SB-guided PCI.

DM usually presents with endothelial dysfunction,
excessive inflammatory activities and heavy plaque
burden!® that lead to increased risk of revasculariza-
tion.?" In addition, stent underexpansion was
considered as a primary reason for revascularization,
especially in DM patients, no matter what type of
stent was used.” Routine post-dilatation using
noncompliant balloon at high pressure could improve
instant PCI effects and subsequently reduce the rates
of MACE and TLR in the patients with drug-eluting
stents implantation.’”” However “optimal” effects of
stent deployments were rarely achieved according to
Cheneau et al's research,™ which could be improved
under IVUS measurements. Given that extra fees and
operation skills were required for IVUS, SB could be
the potential substitution just as mentioned before.!®
In our study, an adequate post-dilatation was applied
and no differences in post-dilated diameters were
observed between the two groups (P> 0.05), which
might partly explain a similar long-term outcome in the
DM group, with similar rates of all-cause death, cardiac
death, revascularization, TLR and TVR as compared to
the non-DM group.

The recurrence of angina pectoris of the DM
group was higher (DM 47.54% vs. non-DM 29.52%, P
< 0.05) during the follow-up, which is consistent with
Arnold et al's research.” Some functional mechanisms
such as microvascular dysfunction or vasospasm etc.
were involved in angina after PCI,** especially in DM
patients.*®! Besides, the restenosis rate after PCI was
higher in the DM vs. non-DM patients. Taken together,
these might contribute to a higher recurrence rate of
angina pectoris in the DM group, even though the ba-
sic clinical and coronary arterial characteristics were
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similar among those with or without DM in our study.
However the microvascular functions were not evaluat-
ed in our study, and other factors such as medications
or lifestyles etc. also deserved careful investigations in
the future.

Through a multivariate logistic regression anal-
ysis, age and LVEF were defined as the independent
predictors of mortality during follow-up. Aged patients
may have more comorbidities, and thereby resulting
in worse clinical outcome.”’ And the HORIZONS-AMI
trial established that lower LVEF is a powerful predictor
of both early and late mortality in patients undergoing
primary PCI,”®® our study drew the same conclusion as
well. In some researches DM might be a predictor of
mortality,'” in our study a trend toward higher mortal-
ity was observed in the DM group (OR: 1.07, 95%CI:
0.002-2.637), however no significant difference was
found (P =0.151), thus, DM could not serve as an in-
dependent predictor of mortality. In other words, both
groups achieved similar long-term outcomes after
SB-guided PCI irrespective of the DM status.

In conclusion, our study confirmed an ideal in-
stant effects of SB-optimized PCI in both the DM and
non-DM patients. And the long-term clinical outcomes
of SB-optimized PCI were similar between the two
groups. Age and LVEF were the independent predictors
of mortality during follow-up.

There are several limitations for our study. Firstly,
it was a single center study with limited sample size,
meanwhile all patients were not assigned randomly
into each group. The results required further investi-
gation by larger-scale random, double-blinded trials.
Secondly, all patients received drug-eluting stents im-
plantation in the study. However, differences between
different types of stents might exist and we did not
make further analysis. Thirdly, about 10% of the pa-
tients were lost during follow-up, this might influence
the study results. Finally, different glycemic levels of
DM patients might also influence the final result, which
also deserved further investigation.
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