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Introduction: This study aimed to evaluate the effects of four-time
inflation of the stent balloon at nominal pressure on optimal stent
expansion in resistant lesions.
Materials and Methods: This interventional study was conducted on 39
patients with coronary artery lesions, in whom Zotarolimus-eluting stents
(N=20), Paclitaxel-eluting stents (N=11) and other stents (N=8) were
deployed four times at nominal inflation pressure and increased inflation
times (5, 15, 30 and 45 seconds). After the deployments, enhanced stent
visualization imaging technique (IC stent) was used to assess stent
placement and artery expansion.
Results: In this study, early success rate was estimated at 79.5% using the
enhanced stent visualization imaging technique. In addition, major adverse
cardiac event (MACE) was determined at 2.6%. Also, conventional
methods resulted in lower success rate and higher MACE in resistant
lesions.
Conclusion: According to the results of this study, four-time stent balloon
inflation at nominal pressure could allow adequate stent expansion in
resistant lesions leading to lower MACE.
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Introduction
Coronary stent under-expansion may lead to
restenosis, or early and late stent thrombosis of
the lesion after coronary interventions (1-5).
Stent expansion has a close relationship with
inflation pressure of the stent balloon. In one
study, Stone et al. Observed that drug-eluting
stents (DESs) could expand more as the inflation
pressure increased from 12 to 18 atm (6).
According to the literature, high-pressure
inflation (20 atm) with 0.5-mm larger balloon
could result in adequate DES expansion (7).
In this regard, the subsequent incidence of
restenosis could be diminished using a focal
expanding balloon for stent optimization (8). In
addition to inflation pressure, several studies
have investigated the relationship between

balloon inflation time and stent expansion. For
instance, in an in vitro experimental study, the
use of plastic vials indicated that an inflation time
of 30 seconds or more was adequate for the
optimum stent deployment, expansion and
apposition (9).
In human data, Asano et al. Reported that
larger expansion of DES could be obtained by a
60-second inflation at the pressure of 14 atm,
compared to a 10-second inflation (10). In
another research, Kawasaki et al. Compared the
expansion of Sirolimus-eluting stents (SES) and
Paclitaxel-eluting stents (PES) at inflation times
of 20 seconds and 60 seconds, concluding that a
60-second inflation time resulted in the optimal
stent expansion (11).
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High‐pressure post-dilatation of stents with
non-compliant balloons has been proposed as a
method to avoid stent under-expansion and acute
stent malapposition. However, this approach could
lead to acute vessel wall injury (e.g., edge
dissections), imposing additional costs for noncompliant balloons. If multiple, short inflations are
able to provide better stent expansion, this method
could be useful in performing percutaneous
coronary intervention (PCI) for critical lesions.
On the other hand, if the four-time stent
balloon inflation allows adequate stent
expansion, there will be no need for another postdilatation balloon in some cases, which could
reduce the costs of coronary interventions, as
well as the associated complications.

Materials and Methods

Study Population
This prospective interventional study
compared multiple low pressure balloon stent
inflation to conventional technique in stent
deployment and inflation times were selected at
5, 15, 30 and 45 seconds based on our protocol.
The study protocol was approved by the
institutional review board of Mashhad University
of Medical Sciences. The study population
consisted of 39 patients presenting with de novo
coronary artery lesions, in which coronary stents
were placed during October 2013-October 2014
in Imam Reza Hospital of Mashhad, Iran. Patients
with acute coronary syndrome, chronic total
occlusion, hemodialysis and severe calcified
lesions were excluded from this study.
Study Procedures
Initially, a 6-Fr guiding catheter was placed in
the coronary artery for PCI via the transradial or
transfemoral sheaths, and heparin (8000 units)
was dministered intravenously before the PCI
procedure. After a 0.014-in guide wire crossed
the stenotic lesions, the lesions were dilated
using a balloon in all cases before stent
placement. Stent diameters ranged between 2.13.3 mm (mean: 2.76±0.3 mm), and stent lengths
ranged between 12-38 mm (mean: 22.9±8.4 mm).
In all studied patients, DES implantation was
performed with the stents placed in the lesions
and inflated four times at the nominal inflation
pressure (mean: 11.3±2.3 atm). In this process,
we used stent delivery balloons at inflation times
of 5, 15, 30 and 45 seconds. After the fourth
inflation, the stent lesions were examined by IC
stent, and if adequate expansion was not
obtained, non-compliant balloons were used.

Results

In total, 21 male and 18 female patients with
the mean age of 59.5±11 years were enrolled in
J Cardiothorac Med. 2015; 3(3):340-343.

Khosh Nasab AH et al.

this study. Stent-delivered lesions had 75-99%
stenosis, and the lesions (type C) were detected
in the right coronary artery (RCA) in 15 cases,
saphenous vein graft (SVG) in one case, left
anterior descending artery (LAD) in 16 cases and
left circumflex artery (LCX) in seven cases.
Written informed consent was obtained from all
the subjects prior to PCI.
We analyse data with SPSS software version
18. In this study, stent balloon multiple inflation
was more successful in female patients; however,
the difference between male and female subjects
was not statistically significant (88.9% vs. 71.4%,
P=0.24). Moreover, this new technique achieved
more success in RCA (92.3%), LAD (85.7%) and
LCX (80%), respectively; nevertheless, the
difference was not considered to be statistically
significant.
In 32 patients, the stenosis was detected in
the main vessel, and the success rate was
estimated at 87.5 %, while in seven patients, the
stenosis was detected in the obtuse marginal or
diagonal branches, with the success rate of
42.8%. According to the results of Fisher’s exact
test, lesion and stent lengths, as well as lesion
calcifications, had no significant effects on the
success rate (P=0.96). More details are listed in
Table 1 and Table 2.

Discussion
According to the results of this study, adequate
stent expansion is essential for maintaining
satisfactory clinical outcomes after coronary
stenting in patients with coronary artery disease.
Several studies have investigated the
relationship between stent expansion and the
inflation pressure of stent balloon. Stent
expansion could be influenced by stent delivery
pressure, as well as the stent structure. In
onestudy, Javaid et al. Stated that based on the
MUSIC criteria, stent expansion is inadequate in
80% of the patients with SES and 63% of the
patients with PES (inflation pressure: 14 atm).
Table 1. Lesion characteristics
lesion characteristics

Number

Mean ± SD

P value
0.73

Lesion
length

Success

31

20.42 ± 8.06

Failed

8

19.25 ± 9.05

Age

Success

31

59.10 ± 9.50

Failed

8

61.00 ± 17.98

Stent length Success
Stent
diameter
Max stent
inflation
force

31

23.03 ± 8.22

Failed

8

22.50 ±9.68

Success

31

2.79 ± 0.28

Failed

8

2.68 ± 0.40

Success

31

11.52 ± 1.21

Failed

8

11.50 ± 1.41

0.78
0.87
0.28
0.97
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Table 2. Characteristics of patients and lesion
characteristics of
Success
Failed
patients and lesion
CRF

No

30 (78.9%)

8 (21.1%)

Yes

1(100%)

0 (0%)

No

27 (84.4%)

5 (15.6%)

Yes

4 (57.1%)

3 (42.9%)

No

18 (69.2%)

8 (30.8%)

Yes

13 (100%)

0 (0%)

No

28 (80%)

7 (20%)

Yes

3 (75%)

1 (25%)

No

27 (77.1%)

8 (22.9%)

Yes

4 (100%)

0 (0%)

No

28 (77.8%)

8 (22.2%)

Yes

3 (100%)

0 (0%)

No
Lesion
calcification Yes

23 (79.3%)

6 (20.7%)

8 (80.0%)

2 (20.0%)

No

31 (86.1%)

5 (13.9%)

Yes

0 (0%)

3 (100%)

Smoking
HTN

DM
HLP
IHD

NC Balloon

P value
>0.99
>0.99
0.035
>0.99

Conclusion
0.563
>0.99
0.96
0.006

RFC: Chronic renal failure
HTN: Hypertension
DM: Diabetes mellitus
HLF: Hyperlipidemia
IHD: Ischaemic Heart Disease

Moreover, they claimed that stent expansion
improved to 48% in SES and 34% in PES patients
at the inflation pressure of 20 atm (12).
According to the findings of this study, highpressure inflation (20 atm) with 0.5-mm larger
balloon resulted in adequate SES expansion (7).
In addition, the incidence of stenosis was
significantly lower in the high-pressure inflation
group (9%) compared to the subjects receiving
normal pressure (22%) (8).
Early and late stent thrombosis could be
associated with the under-expansion of stents. In
a European study, the incidence rate of
angiographically documented stent thrombosis in
DES was reported to be 1.3 per 100 person-years
(13), while it was estimated at 0.54 per 100
person-years in a multicenter study conducted in
Japan (14). In the current study, we observed that
the use of multiple stent balloon inflation at
nominal pressure could result in the optimal
expansion of DESs.
On the other hand, few studies have focused
on the relationship between balloon inflation
time and stent expansion. In an experimental
study, Trindade et al. used plastic vials with 3.5mm internal diameter to examine stainless-steel
stent expansions with balloon inflation times
between 5-60 seconds. According to their results,
the inflation time of 30 seconds or more was
adequate for the optimum stent deployment,
expansion and apposition (9).
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In the present study, the most effective
inflation time was up to 45 seconds, and optimal
expansion could be achieved by multiple stent
inflation using a stent balloon, instead of another
high-pressure
balloon,
after
deployment.
Therefore, it was concluded that additional stent
expansion could be obtained using multiple stent
balloon inflation, and longer inflation times
resulted in the more adequate expansion of the
stents.
According to the findings of the current study,
multiple low-pressure balloon inflation may be
better than high-pressure inflation and result in
better stent expansion. Therefore, it is
recommended that routine multiple low-pressure
stent balloon inflation be used for stent delivery.
Recently, many specialists tend to use another
high-pressure balloon after stent deployment in
order to prevent stent malapposition, especially
in DESs. In the present study, additional highpressure inflation by the same stent balloon was
required in 7% of the patients. In conclusion,
multiple low-pressure stent balloon inflation
could reduce the costs of PCI and the associated
complications by decreasing the number of PCI
balloons.
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