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Background: High-pressure stent deployment was proposed as a strategy that ensures complete
stent apposition but its relation to outcome is markedly debated.

Obijective: To verify the influence of stent deployment pressure and poststenting dilatation on
the outcome of percutaneous coronary intervention.

Methods: We included 120 patients with single vessel coronary artery disease who were sub-
jected to elective stenting. Patients were divided into two groups: group A, high deployment
pressure 216 atm and group B, low deployment pressure 8—12 atm. Group B was subdivided
into two subgroups according to whether patients underwent poststenting dilatation (subgroup
B1) or not (subgroup B2). Clinical and angiographic 6-month follow-up was performed.
Results: The mean stent deployment pressure was higher in group A compared to group B (19£3
vs 10£2, P=0.01). There was no statistically significant difference found between groups A and
B regarding major adverse cardiac events (16.7% vs 23.3%, P=0.404) including target lesion
revascularization (5% vs 6.7%, P=0.970) and late loss (1.1 mm £0.9 mm vs 1.22 mm £0.85 mm,
P=0.454), yet the restenosis rate was significantly lower in group A (23.3% vs 43.3%, P=0.032).
Subgroup B1 showed a significantly lower restenosis rate compared to subgroup B2 (26.7%
vs 60%, P=0.018), yet there was no significant difference between both subgroups regarding
major cardiac adverse events (20% vs 26.7%, P=0.761).

Conclusion: High-pressure stent deployment was associated with significant reduction in the
restenosis rate but not in the 6 months major adverse cardiac events. Poststenting dilatation
resulted in a significantly lower restenosis rate when applied in the low-pressure stent deploy-
ment group.
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Introduction

Prior to the beginning of the coronary stenting era, coronary balloon angioplasty was
a balance between achieving higher luminal diameter at the point of the maximum
percent stenosis and some procedure-related complications, such as medial injury or
dissection, which occurred more frequently in animal models with increasing balloon
inflation pressure.! Following the stent era, some authors reported that using high
inflation pressure would result in better stent expansion, as confirmed by intravas-
cular ultrasound,? and lower incidence of stent thrombosis.>* Using a noncompliant
(NC) balloon for postdilatation stenting was proposed as a method that could achieve
better uniform stent expansion when compared to stent-mounted semicompliant bal-
loon.” However, findings are still debatable and others report better optimization of
stent expansion with stent balloons than NC balloons.® Colombo et al”® proposed that
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applying a high-pressure dilatation would achieve appropriate
stent apposition and lower the incidence of stent thrombosis.
This practice was widely accepted by cardiologists and was
integrated into recommendations for coronary stenting.’
Large well-designed studies are needed to highlight the
major role of antiplatelet therapy after coronary stenting in
decreasing the incidence of stent thrombosis,'*!" to clarify
the added benefit of dual antiplatelet therapy when compared
to anticoagulation in preventing stent thrombosis,'>!* and to
assure the independent role of high-pressure stent dilatation
in reducing the incidence of in-stent restenosis in the follow-
up angiograms. Some authors postulated that high-pressure
stent dilatation may result in decreasing the incidence of in-
stent restenosis as a result of better achievements in luminal
diameter'* and inflow characteristics.'®

Aim of the study

To study the impact of stent deployment pressure and post-
stenting dilatation on the outcome of elective percutaneous
coronary intervention (PCI).

Patients and methods

After obtaining written informed consent from the patient
or the first-degree relatives, the current work was conducted
as a prospective cohort study involving 120 patients with
coronary artery disease admitted to the Critical Care Depart-
ment, Cairo University, for elective PCI between October
2010 and June 2013. Ethical approval was obtained from the
Critical Care Medicine Department Committee, Faculty of
Medicine, Cairo University. Eighty-eight patients were males
and 32 were females with a mean age of 56+8.6 years and
age range of 30-72 years. We enrolled patients with known
significant single vessel de novo coronary artery disease who
were candidates for elective PCI. We excluded patients with
known significant in-stent restenosis admitted for repeat PCI.
The studied patients were divided into two groups (equal in
number) according to the applied stent deployment pressure.
Group A, those who received high inflation pressure (=16
atm) during stent deployment, and group B, who received
low inflation pressure (8—12 atm) during stent deployment.
Group B was further subdivided into two equal subgroups
according to whether poststenting NC dilatation balloon was
used or not: B1 (postdilatation balloon applied and B2 (post-
dilation balloon not applied). Postdilatation was not done
in those patients whose nominal stent deployment pressure
resulted in an acceptable stent expansion and so included in
subgroup B2; however, if the nominal deployment pressure
did not result in good expansion, postdilatation NC balloon
was used and such patients were included in subgroup B1.

All patients were subjected to

History taking, clinical examination, 12-lead electrocardio-
gram, diagnostic coronary angiography, PCI, and quantitative
coronary angiography analysis (QCA). All used stents were
cobalt chromium bare metal stents (BMS). Procedural suc-
cess was defined as postprocedural residual stenosis <30%
before removal of the guiding catheter.

Follow-up after 6 months

A. Clinical follow-up: defined as occurrence of major
adverse cardiac events (MACE): (death, myocardial
infarction, or target lesion revascularization during
follow-up). All deaths were considered cardiac unless an
unequivocal noncardiac cause could be established.

B. Angiographic follow-up: the studied patients were sub-
jected to follow-up coronary angiography after 6 months.
After nitroglycerin administration, angiograms were
obtained in the same views as baseline (pre-PCI) and
after the procedure. Procedural and 6-month views were
calculated by QCA. Reference vessel diameter, minimal
luminal diameter (MLD), and percent degree of stenosis
were measured. Late lumen loss (post-PCI MLD — follow-
up MLD) and late loss index (expressed as calculated
ratio of late loss and acute gain) were calculated. Binary
restenosis was defined as >250% diameter stenosis on the
follow-up angiogram.

Statistical analysis

The Statistical Package for Social Sciences (version 20; IBM
Corporation, Armonk, NY, USA) software was used for data
entry and analysis. Categorical variables were expressed as
frequency tables and compared with chi-square statistics test.
Continuous variables were expressed as mean and standard
deviation (SD). The paired Student’s #-test was used to com-
pare any two measurements made for the study patients. A
probability level of P <0.05 was chosen to be significant.

Results
A. Demographic data
e The clinical characteristics were almost comparable
in the two studied groups (Table 1).
e Baseline angiographic data were also comparable in
both groups (Tables 2 and 3).
B. Procedural data
1. QCA parameters: there was no statistically significant
difference between the two groups as regards baseline
(preprocedural) or postprocedural QCA parameters
(Table 4).
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Table | Baseline patient’s clinical characteristics

Table 4 QCA parameters in both groups

Variables Group A (N=60) Group B (N:60) P-value Variables Group A Group B P-value
Age (years) 56.5+9.07 55.518.58 0.655 RVD (mm)
Males 46 (76.67%) 42 (70%) 0.687 Pre treatment 2.9+0.49 3.0+0.044 0.986
Females 14 (23.3%) 18 (30%) Post treatment 2.9+0.43 3.0£0.42 0.963
Diabetes 42 (70%) 45 (75%) 0.683 MLD (mm)
History of 27 (45%) 24 (40%) 0.721 Pre treatment 0.43+0.34 0.39+0.3 0.482
hypertension Post treatment 3.17+0.45 3.21+0.47 0.634
History of 23 (38.3%) 22 (36.67%) 1.000 % DS
smoking Pre treatment 86.59+9.76 87.6+9.05 0.821
History of 28 (46.67%) 23 (38.33%) 0.46 Post treatment 6.89£7.75 5.7117.68 0.403
dyslipidemia Acute gain (mm) 2.64+0.58 2.8110.57 0.108
Family history 21 (35%) 20 (33.3%) 1.00 Abbreviations: % DS, percent degree of stenosis; MLD, minimal luminal diameter;
of CAD QCA, quantitative coronary angiography analysis; RVD, reference vessel diameter.
Unstable angina 22 (36.67%) 28 (46.67%) 0.354
Prior MI 18 (30%) 22 (36.6%) 0.56 Table 5 Preprocedural TIMI flow in both groups
Ejection 62.35+7.5 61.83+4.35 0.627 Variables Group A Group B P-value
H 0,
Lract'lon (QABG 8(133%) 4 66%) 036 TIMI | 8 5 0.99
revi . . .
eviows ° > TIMI I 23 24
Abbreviations: CAD, coronary artery disease; CABG, coronary artery bypass TIMI I 29 31

grafting; Ml, myocardial infarction.

Table 2 Different vessels, lesion types, and length treated in both

groups
Variables Group A Group B P-value
(60 patients) (60 patients)

Type of Type A 12 (20%) 8 (13.3%) 0.984
lesion Type Bl 18 (30%) 19 (31.7%)

Type B2 24 (40%) 26 (43.3%)

Type C 6 (10%) 7 (11.7%)
Vessel LAD 38 (63.3%) 35 (58.3%) 0.324
involved RCA 10 (16.7%) 11 (183)

LCx 12 (20%) 14 (23.4%)
Segment Proximal 34 956.7%) 38 (63.3%) 0.87
involved Mid 22 (36.7%) 19 (31.7%)

Distal 4 (6.6%) 3 (5%)
Lesion Discrete 22 (36.7%) 23 (38.3%) 0.937
length lesion

<10 mm

Long lesion 38 (63.3%) 37 (61.7)

>20 mm
Deployment Inseconds  40+6 22+4 0.02
time

Abbreviations: LAD, left anterior descending; LCx, left circumflex artery; RCA,
right coronary artery.

Table 3 Lesion length in group B patients

Variables Subgroup Bl  Subgroup B2
Lesion Discrete lesion 12 (40%) 11 (36.7%) 0.824
length <10 mm
Long lesion 18 (60%) 19 (63.3%) 0.945
>20 mm

2. Thrombolysis in myocardial infarction flow: prepro-

cedural, thrombolysis in myocardial infarction flow

was comparable in both groups despite different lesion
characteristics (P-value: 0.99) (Table 5).

Abbreviation: TIMI, thrombolysis in myocardial infarction.

Table 6 Balloon and stent characteristics in both groups

Variables Group A Group B P-value
Balloon length (mm) 14+3.9 1543 0.118
Balloon diameter (mm) 2.38+0.52 22.25+0.47 0.153
Pressure (atm) 12.16+4.49 12.09+4.47 0.931
Stent length (mm) 17.39+4.49 12.09+4.47 0.322
Stent diameter (mm) 3.3+0.32 3.2240.31 0.166
Pressure (atm) 1943 102 0.01
Max diameter (mm) 3.56+0.38 3.49+0.36 0.302

Abbreviation: max, maximum.

3. PCI data (Table 6)

e Direct stenting was done in 53.3% patients of
group A, while it was done in 41.6% patients
of group B (P=0.272; there was no statistically
significant difference between the study groups
regarding the incidence of direct stenting). Other
lesions in both groups were dilated first before
stenting.

e The stent deployment pressure in group a was
significantly higher than that of group B (P=0.01).

4. Immediate procedural results and complications

(Table 7)

e Immediate procedure success with resulting diam-
eter stenosis <30% was achieved in all patients of
both the groups.

e Procedural complications: there was no statisti-
cally significant difference between both groups
as regards procedural complications (Table 7).
Also we found no statistically significant differ-
ence between the subgroups of studied group
B as regards procedural data or postprocedural
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Table 7 Procedure-related complications Table 10 Angiographic data at 6-month follow-up

Variables Group A Group B P-value Variables Group A Group B P-value
No stent deployment 0 0 - RVD (mm) 2.9+0.49 3.0+0.44 0.986
Stent loss 0 0 - MLD (mm) 2.62+1.3 2.4+1.05 0.249
Spasm 3 (5%) 5 (8:3%) 0711 % DS 41.5+31.4 48.9129.14 0.183
Dissection 2 (3.3%) 2 (3.3%) 1.00 Late loss (mm) 1.1£0.9 1.22+0.85 0454
Acute stent thrombosis 1 (1.7%) 2 (3.3%) 0.49 Late loss index 0.45+03 | 0.440.29 0.998
No flow 2(33%) 3 (5%) 0.612 Restenosis 14 (23.3%) 26 (43.3%) 0.032

Table 8 Procedural data and procedure-related complications in
subgroups Bl and B2

Variables Group Bl Group B2 P-value
Postdilatation 30 (100%) 0 (0%) <0.001
Spasm 3 (10%) 2 (6.7%) 0.831
Dissection 1 (3.3%) 1 (3.3%) 1.00
Acute stent thrombosis 1 (3.3%) 1 (3.3%) 1.00
No flow 2 (6.7%) 1 (3.3%) 0.242
Table 9 Follow-up clinical parameters
Variables Death Group A Group B P-value
(60 pts) (60 pts)
0 0 -
(MACE at MIQMI 2 (3.3%) 3 (5%) 0.612
6 months) Non Q Ml 4 (6.6%) 5 (8.3%) 0.671
CABG I (1.7%) 2 (3.3%) 0.671
TLR 3 (5%) 4 (6.7%) 0.97
Total MACE 10 (16.7%) 14 (23.3%) 0.404
Unstable angina 11 (18.3%) 14(23.3%) 0.653
Rehospatalization 12 (20%) 16 (26.6%) 0.517

Abbreviations: pts, patients; CABG, coronary artery bypass grafting; MACE, major
adverse cardiac events; Ml, myocardial infarction; TLR, target lesion revascularization.

complications apart from the use of postdilatation
NC balloon, which was only used in subgroup B1
(P-value <0.001) (Table 8).

C. Follow-up

e Clinical follow-up: there was no statistically sig-
nificant difference between the two study groups
as regards MACE (death, myocardial infarction, or
target lesion revascularization), unstable angina, or
rehospitalization rate after 6 months (Table 9).

e Angiographic follow-up: there was no statistically
significant difference between follow-up angiographic
data in both studied groups apart from restenosis rate
that was significantly lower in the high-pressure stent
deployment group (23.3% vs 43.3%, P-value: 0.032)
(Table 10).

5. Relations between poststenting dilatation and the
occurrence of major cardiac events and restenosis in
group B patients
Patients in group B who were subjected to poststent-
ing balloon dilation exhibited insignificantly lower

Abbreviations: % DS, percent degree of stenosis; MLD, minimal luminal diameter;
RVD, reference vessel diameter.

Table I 1 Relation between postdilatation and the occurrence of
major cardiac events in group B patients

Variables MACE Unstable AP Rehosptalization
Number % Number % Number %

Bl 30 pts) 6 20 7 233 7 233

B2 30 pts) 8 267 7 233 9 30

P value 0.761 0.99 0.77

Abbreviations: pts, patients; MACE, major adverse cardiac events.

incidence of MACE (20% vs 26.7%, P=0.761) and
insignificantly lower rehospitalization rate (23.3%
vs 30% P=0.77) with similar incidence of unstable
angina (23.3% vs 23.3%, P=0.99) when compared
to those patients in group B who were not subjected
to poststenting dilatation (Table 11). Angiographic
binary restenosis at the follow-up angiograms was
significantly different between both subgroups (B1
and B2 26.6% vs 60%, respectively; P-value: 0.018).

Discussion

In-stent restenosis is related to different clinical, angio-
graphic, and procedural variables. Among them, some
authors stated that the influence of stent deployment
pressure is remarkable.!*!” High pressure is mandatory to
ensure optimal stent apposition and expansion, but it can
cause excessive neointimal growth.?* Studies that have
compared the different pressures of balloon inflations used
for coronary stenting are minimal and gave controversial
results.”**! Many studies stated that stent underexpansion
could be considered a predictor for future in-stent reste-
nosis,*? and this view has been confirmed using different
imaging techniques®*** and a case—control study using
intravascular ultrasound.* In-stent restenosis is classically
described to occur 6 months after PCI and stent implanta-
tion.**¥ This is the time duration required for neointimal for-
mation and reepithelialization.?® After 6 months, the instent
restenosis rate is less likely to increase.* Accordingly, most
of the studies done to evaluate in-stent restenosis — like
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ours — included follow-up, either clinical or angiographic,
6 months after stent deployment. The objective of our work
was to evaluate the impact of stent deployment pressure and
poststenting dilatation on the outcome of elective PCI. We
found no statistically significant difference between the
low- and high-pressure stent deployment groups regarding
the immediate postinterventional complications (edge dis-
section, coronary vasospasm, acute stent thrombosis, and
no reflow). Similar to our results, Dirschinger et al did not
show any significant difference between high- and low-
pressure deployment groups as regards residual dissection
after stenting or stent thrombosis.*® Contrary to our results,
Uretsky et al showed that the systematic use of very high
deployment pressure (20 atm) increases the procedural
complications rate.?’

It is well known that the luminal gain achieved after
stenting could predict the in-stent restenosis at follow-up.'¢
Applying high-pressure inflation is expected to afford a better
lumen diameter at the end of the intervention. Colombo et
al”® proposed that applying high-pressure dilatation would
achieve appropriate stent apposition and lower the incidence
of stent thrombosis.”® This was not observed in our study
where there was no statistically significant difference in the
acute lumen gain between the high- and low-pressure groups
(2.6410.58 vs 2.81%0.57, respectively, P=0.108). Similar
to our results, Mattos et al conducted a study involving 82
patients to study the effect of balloon pressure inflation (yet
in patients undergoing primary PCI for acute myocardial
infarction) and stated that the acute lumen gain was similar
between the high- and low-pressure deployment groups
(0.840.1 vs 0.9£0.1, P=0.13).%

We found no statistically significant difference between
the two study groups as regards MACE, unstable angina, or
rehospitalization rate after 6 months. Similar to our results,
Dirschinger et al found no statistically significant difference
between the high- and low-pressure deployment groups as
regards clinical outcome at 1-year follow-up.*® Also, our
results go hand in hand with that published by deQuadros
et al. They state that at 1-year follow-up, the hyperexpansion
and the control groups had similar rates of MACE (10.8%
vs 10.7%), including target vessel revascularization (8.2%
vs 6.5%).%°

In this study, in-stent restenosis rate was statistically
significantly lower in the high-pressure stent deployment
group (group A) compared to the low-pressure stent deploy-
ment group (group B) (23.3% vs 43.3%, P=0.032). This
result goes hand in hand with the common concept “the

more the expansion of the stent during deployment, the
better is the response and angiographic follow-up”. Despite
this approach gaining same acceptance, some studies have
stated that more stent expansion during deployment may
result in higher arterial wall injury, thus more aggressive
neointimal hyperplasia and, consequently, higher in-stent
restenosis rate.*'

Similar to our results, Hoffmann et al, who in their study
involved 120 multilink HP stents randomized to deploy-
ment at higher pressure (16-20 atm) or low pressure (8—10
atm), stated that in-stent restenosis rate was lower in the
high-pressure group (21.7%) compared to the low-pressure
group (26.7%; yet with no statistical significance).** Our
explanation for the lack of statistical significance in the study
by Hoffman et al (as opposed to the statistical difference in
our studied patients) could be related to the fact that, in their
study, the lesions were short (low-pressure group mean length
10 mm vs high-pressure group mean length 9.7 mm), while
in our study, long lesions (>20 mm) were present in 63.3% of
the high-pressure group and 61.7% of the low-pressure group.
Hoffmann et al might have found more difference between the
two groups as regards restenosis rate had they included long
lesions (as in our study), thus reaching statistical significance.
Contrary to our results, Dirschinger et al found nearly similar
rates of in-stent restenosis in the high- and low-pressure stent
deployment groups (30.4% vs 31.4%, respectively).*® Direct
stenting was done in 53.3% of patients in group A, while in
group B, it was done in 41.6% of patients(P=0.272; there was
no significant difference found statistically in the incidence
of in-stent restenosis).

In a recent trial conducted by Frobert et al, who divided
93,697 deployed stents into five different pressure interval
groups in a retrospective study, it was found that the inci-
dence of stent restenosis was higher in the low- and very
high-pressure deployment groups and when they redivided
their stents into two groups (high and low pressure) for bet-
ter interpretation of the effect of deployment pressure on
the outcome, they also found that no statistical difference
between the two groups as regards in-stent restenosis.* Thus,
the impact of stent deployment pressure on in-stent restenosis
rate is markedly debated; we postulated that variable pres-
sures applied during stent deployment should be related more
to the lesion type and characteristics and that the variable
in-stent restenosis rates in several trials could result from
different stent and vascular wall interaction, and different
lesion characteristics, and not only as a result of applying or
modifying the stent deployment pressure.
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Obviously, in the present work, there was a statistically
significant lower incidence of angiographic restenosis at
follow-up angiograms in the subgroup of patients who
received poststenting dilatation (subgroup B1) compared to
those who did not (subgroup B2) (26.7% vs 60%, P=0.018),
yet there was a tendency toward lower incidence of MACE
after 6 months in the postdilatation group but without any
statistical significance (20% vs 26.7%, P=0.761). Similar
to our results, in a retrospective analysis of 688 consecutive
coronary stenoses, the group of patients in whom oversized
balloon or high pressure inflations were done inside the
stents showed less angiographic restenosis when compared
to those in whom aggressive balloon stent dilatations were
not performed.”

Contrary to our results, Frobert et al stated that in-stent
restenosis was observed more frequently after poststenting
dilatation and it was statistically significant.* They explained
that the higher restenosis rate after poststenting dilatation is
due to the fact that postdilatation is traumatic to the vessel
wall and usually operators use it in high-risk lesions (eg,
clacific lesion, long lesion, and chronic total occlusion)
that may have higher risk of restenosis irrespective of the
poststenting dilatation.* The difference between their and
our results could result from the marked discrepancy in the
number of studied population, also we included only BMS
compared to both BMS and drug-eluting stents in their study,
and importantly, in their study, postdilatation was more
prevalent in high-pressure groups (more trauma to the vessel
wall) while in our study, all postdilatations were done in the
low-pressure stent deployment group.

Tahara et al stated that poststenting dilatation mandated
accurate positioning of the NC balloon inside the stent, if
this was not carefully done, it might result in geographic
miss or edge dissection.* Another possible complication of
postdilation is the longitudinal stent deformation that may
occur with the newer thin struts conformable stents.*®

Thus, achieving optimal stent expansion during coronary
interventions seems important to minimize in-stent resteno-
sis. Although there are conflicting data, it seems reasonable
to perform poststenting dilatation to achieve adequate stent
expansion, especially in high-risk lesions where there is a
high incidence of suboptimal stent deployment.

Limitations
Intravascular ultrasonogrpahy, which might provide accurate
insights into optimal stent deployment, was not included in
our study protocol.

Drug-eluting stents consistently reduces restenosis rates
compared to BMS and should be the treatment of choice
for patients who are at high risk of restenosis. This assumes
that the patient will be able to afford, tolerate, and adhere
to the prescribed dual-antiplatelet regimen, which in fact is
difficult and costly in a developing country. In the current
study, all the patients in the study groups were treated using
BMS of the same type and material just for standardization
and to minimize the confounding effect of the use of BMS
instead of drug-eluting stent, thus yielding useful findings
as regards solely the impact of deployment pressure on
restenosis rate.

Our study was conducted on 120 patients only, being
a self-funded research and concerning some statistically
insignificant results observed in our study, it will be better
to reevaluate again on a larger number of patients.

Conclusion
High-pressure stent deployment during elective PCI was asso-
ciated with a statistically significant reduction in the in-stent
restenosis rate compared to low-pressure stent deployment;
however, there was no statistically significant difference in
MACE after 6 months.

In the low-pressure stent deployment group, poststenting
balloon dilatation was associated with a statistically signifi-
cant lower incidence of in-stent restenosis.

Disclosure

The current study is a self-funded one. Only the abstract has
been presented in the Society for Cardiovascular Angiogra-
phy and Intervention, Las Vegas, Nevada and has been pub-
lished in Catheterization and Cardiovascular Interventions,
Supplement: The Society for Cardiovascular Angiography
and Interventions in 2014. The author reports no conflicts
of interest in this work.
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