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INTRODUCTION 
 
    ptimization of stent deployment 
during percutaneous coronary inter-
vention (PCI) is a key element to 
obtain most favorable immediate and 
long-term results. 

(1)
 Major limitation 

for the use of stent in the treatment of 
coronary artery disease is development 
of stent restenosis and stent thrombosis 
DES has greatly reduced restenosis 
rates, and obviated the need for TVR 
in the majority of patients undergoing 
PCI, although, TVR still occurs in 
some of them. 

(2)
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Post-stenting balloon dilation (PSBD) 
is performed after stent deployment 
to improve stent expansion. PSBD is 
associated with improvement of stent 
deployment and better angiographic 
results in percutaneous coronary 
intervention (PCI). However, it had 
not been evaluated competently in 
setting of acute coronary syndrome 
(ACS) undergoing PCI. There are 
limited data regarding the impact of 
post-stenting balloon dilatation on 
long term clinical outcomes in ACS 
patients. 

(3)
 There have been some 

concerns about the risks of adjunctive 
balloon post-dilatation, particularly 
in the setting of acute coronary 
syndrome (ACS). Therefore, PSBD 
remains at operators' discretion in 
clinical practice as well as in large 
interventional trials. 

(4)
 

 
The aim of the present work was to 
study the impact of post stent 
deployment balloon dilatation during 
primary percutaneous coronary 
intervention on in-hospital and long-
term outcomes. 
 
METHODS 
 
This study was a prospective and 
retrospective and was conducted on 
307 ST elevation myocardial infarction 
(STEMI) patients collected from 
Alexandria Main University Hospital 
and International Cardiac Center 
(ICC). The study included 264 male 
patients (86%) and 43 female patients 
(14%). Their ages ranged from 26-85 
years. All patients were evaluated by 
history taking [especially for dyslipidemia 
(fasting cholesterol > 200 mg   / dl or 
on treatment), hypertension (systolic 
blood pressure > 140/90 mmHg or on 
treatment), Diabetes mellitus and 
special habits], clinical examination, 
routine laboratory investigations and 12-
lead ECG. Coronary angiography 
including culprit vessel and whether 
the patient has single or multi vessel 
disease and PCI data were recorded. 
Procedural and long term outcome 
complications were recorded in a 
retrospective manner from the 1st of 
January 2016 till end of May 2017 and 
in prospective manner from the 1st of 
June 2017 till end of November 2017. 
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ABSTRACT 
 
Background:L Post stent balloon dilatation (PSBD) with noncompliant 
balloon during primary percutaneous coronary intervention (PPCI) is 
performed in clinical practice in order to optimize stent expansion. 
However, current knowledge about its use is controversial.  
Aim: The aim of this work was to study the impact of post stent balloon 
dilatation during PPCI on long-term outcomes.  
Methods: A total of 307 STEMI patients were recruited in this study. The 
mean age was 56.80 ± 11.43 years, 86% were males and 14% were 
females.  Patients had PPCI with drug eluting stents (DES) deployed with 
or without PSBD according to operator’s discretion. Patients were divided 
in two groups based on PSBD procedure; 212 were subjected to PSBD 
with non-compliant balloon (group I) and 95 patients without performing 
PSBD (group II). Coronary angiography of the patients was evaluated 
before and after stent implantation. The angiographic data, clinical peri-
procedural, post- procedural and 12 month follow up were compared 
between the 2 groups. 
Results: PSBD performed in 212 patients (69.1%). DES were used for all 
patients. Angiographic parameters for peri-procedural and post- 
procedural outcomes were compared for the 2 groups.  TIMI flow showed 
statistical significance between the 2 groups (P = 0.007). Follow-up 
during 12 months showed the overall complication rates were lower in 
PSBD group 20.3 vs 35.8 (P=0.005). Stent restenosis (ISR), stent 
thrombosis and target vessel revascularization (TVR) rates were lower in 
PSBD; 6.6% vs 18.9% (P=0.001), 9.0% vs 20.0% (P=0.007) and 4.7% vs 
16.8 % (P <0.001) respectively. 
Conclusion: Adjunctive PSBD with non-compliant balloon has shown to 
improve post-procedural stent apposition in turn leads to reducing the rate 
of ISR, stent thrombosis and TVR.  
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STATISTICAL ANALYSIS OF THE DATA  
 
Data were fed to the computer and analyzed using IBM 
SPSS software package version 20.0. (Armonk, NY: IBM 
Corp). Qualitative data were described using number and 
percent. Quantitative data were described using range 
(minimum and maximum), mean, standard deviation and 
median. Significance of the obtained results was judged at 
the 5% level. \ 
 
The used tests were: 1 - Chi-square test: For categorical 
variables, to compare between different groups. 2 - 
Fisher’s Exact or Monte Carlo correction: Correction for 
chi-square when more than 20% of the cells have 
expected count less than 5. 3 - Mann Whitney test: For 
abnormally distributed quantitative variables, to compare 
between two studied groups.  
 
 
RESULTS  
  
The study included 307 ST elevation myocardial 
infarction STEMI patients with a mean age of 56.80 ± 
11.43 years, 86% were males and 14% were females. 
Patients were categorized into 2 groups based on PSBD 
procedure; Group I: 212 patients [179 males (84.4%) and 
33 females (15.6%)] with STEMI who were subjected to 
primary PCI with PSBD and Group II: 95 patients [85 
males (89.5%) and 10 females (10.5%)] with STEMI who 
were subjected to primary PCI without PSBD. Risk 
factors for both groups are outlined in table 1, There was 
no statistical significance between the two studied groups 
regarding the risk factors. The Coronary angiographic 
data (Table 2) showed that the patients with single vessel 
disease were 260 (84.7%); 187 patients out of them 
(71.9%) were from group I, whereas 73 (28.1%) from 
group II. The patients with multi vessel disease were 47 
(15.3%); 25 (53.2%) patients from group I, while 22 
(46.8%) from group II. The culprit vessel was LAD 
(55.7%), RCA (31.6%) and LCX (12.7%) respectively. 
No statistical significance was found between the 2 
groups regarding the 3 culprit vessels.  
 

PCI procedural comparative data included: a- Thrombus 
aspiration catheters: 46 patients (21.7%) from group I, and 32 
patients (33.7%) of group II were managed with thrombus 
aspiration catheter, This showed statistical significance (P = 
0.026). b- Administration of Glycoprotein IIb/IIIa 
inhibitors: 42 patients (19.8%) from group I were given 
Glycoprotein IIb/IIIa inhibitors, and 20 patients (21.1%) 
from group II, there was no statistical significance (P = 
0.802). (Table 3) 
 
Drug eluting stents (DES) were used for all patients. Stent 
deployment was done with pre-dilatation procedure in 
66.9 % of patients and by direct stenting in 33.1%. Stent 
diameter ≤ 2.75 mm was used in 14.7% of patients, while 
stent diameter ˃ 2.75 mm was used in 85.3% of patients. 
Stent length ≤ 20mm was used in 17.5% of patients, while 
stent length ˃ 20 mm was used in 82.5% of patients. The 
different types of DES used are illustrated in table 4, there 
was statistical significance between the 2 studied groups 
only with SES (P = 0.023). 
 
Post stenting balloon dilatation was performed for 212 of 
studied patients (group I). The diameter of balloons used 
was >2.75mm in 82.4% of patients, while it was ≤2.75 
mm in 17.6%, of them. Balloon length was <20 mm in 
83.4% of patients and ≥20 mm in 16.6% of them. 
 
Procedural outcomes were recorded using TIMI Score (Table 
5) which showed statistical significance between the 2 
groups with P value 0.007. Long term outcome during 12 
months follow up are summarized in (Table 6); 230 out of 
307 studied patients (74.9%) had no complications, the 
uncomplicated patients among group I were 79.7% while 
among group II were 64.2%. Long term complications 
were collectively estimated in all patients as well as 
individually for both studied groups. Overall 
complications were reported in 77 patients (77/307; 
25.1%); 43 out of them (43/212; 20.3%) were from group 
I, and 34 patients (34/95; 35.8%) were from group II 
which showed statistical significance (P = 0.005). Stent 
restenosis (ISR), stent thrombosis and target vessel 
revascularization (TVR) rates were lower in group I with 
PSBD; 6.6% vs 18.9% (P=0.001), 9.0% vs 20.0% 
(P=0.007) and 4.7% vs 16.8 % (P <0.001) respectively. 

hjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjjj 
 

Table (1): Comparison between the two studied groups according to risk factors 

   

Risk factors  
Total 

(n = 307) 

Group I  

 (n = 212) 

Group II 

 (n = 95) 
χ2 P 

F.H. for CAD 75 (24.4%) 45 (21.2%) 30 (31.6%) 3.808 0.051 

Dyslipidemia 73 (23.8%) 52 (24.5%) 21 (22.1%) 0.213 0.645 

HTN 148 (48.2%) 105 (49.5%) 43 (45.3%) 0.478 0.489 

DM 149 (48.5%) 109 (51.4%) 40 (42.1%) 2.276 0.131 

Smoking 134 (43.6%) 85 (40.1%) 49 (51.6%) 3.518 0.061 

 

2:  Chi square test    

p: p value for comparing between the two studied groups 

Table (2): Comparison between the two studied groups according to coronary angiography 

38 
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Coronary angiography 
Total 

(n = 307) 

Group I  

(n = 212) 

Group II  

(n = 95) 
χ2 P 

MVD 47 (15.3%) 25 (11.8 %) 22 (23.2%) 6.536* 0.011* 

SVD 260 (84.7%) 187 (88.2%) 73 (76.8%) 0.109 0.741 

Culprit vessel   

LAD 171 (55.7%) 126 (59.4%) 45 (47.4%) 

5.905 
MCp= 

0.089 
RCA 97 (31.6%) 63 (29.7%) 34 (35.8%) 

LCX 39 (12.7%) 23 (10.8%) 16 (16.9%) 
      2:  Chi square test      MC: Monte Carlo  

       p: p value for comparing between the two studied groups 
       *: Statistically significant at p ≤ 0.05  

 

Table (3): Comparison between the two studied groups according PCI procedural data 
 

PCI procedural data 
Total 

(n = 307) 

Group I  

 (n = 212) 

Group II  

 (n = 95) 
χ2 P 

Thrombus aspiration 78 (25.4%) 46 (21.7%) 32 (33.7%) 4.973* 0.026* 

GP IIb/IIIa 62 (20.2%) 42 (19.8%) 20 (21.1%) 0.063 0.802 
      2:  Chi square test      

p: p value for comparing between the two studied groups 
*: Statistically significant at p ≤ 0.05 
 

Table (4): Comparison between the two studied groups according to type of stents 
 

Type of stent 
Total 

(n = 307) 

Group I 

(n = 212) 

Group II 

(n = 95) 
χ2 P 

Everolimus 150 (48.9%) 114 (53.8%) 36 (37.9%) 6.62 0.101 

Sirolimus 132 (43%) 82 (38.7%) 50 (52.6%) 5.21 0.023* 

Zotralimus 11 (3.6%) 9 (4.2%) 2 (2.1%) 0.87 0.351 

Amphilimus 9 (2.9%) 4 (1.9%) 5 (5.3%) 2.63 0.105 

Novolimus 5 (1.6%) 3 (1.4%) 2 (2.1%) 0.2 0.659 

 
Table (5): Comparison between the two studied groups according to post procedural outcome according to TIMI score 
 

TIMI score 
Total 

(n = 307) 

Group I 

(n = 212) 

Group II 

(n = 95) 
χ2 MCp 

0 11 (3.6%) 9 (4.2%) 2 (2.1%) 

8.882* 0.007* 
I 0 (0.0%) 0 (0.0%) 0 (0.0%) 

II 11 (3.6%) 3 (1.4%) 8 (8.4%) 

III 285 (92.8%) 200 (94.3%) 85 (89.5%) 

       2:  Chi square test   MC: Monte Carlo    

        p: p value for comparing between the two studied groups 
         *: Statistically significant at p ≤ 0.05   

 

Table (6): Comparison between the two studied groups according to long term follow up complications 
 

Long term follow up 

complications 

Total 

(n = 307) 

Group I 

(n = 212) 

Group II 

(n = 95) 
χ2 P 

Restenosis 32 (10.4%) 14 (6.6%) 18 (18.9%) 10.705* 0.001* 

Stroke 13 (4.2%) 9 (4.2%) 4 (4.2%) 0.000 FEp=0.999 

Late thrombosis 38 (12.4%) 19 (9.0%) 19 (20.0%) 7.369* 0.007* 

TVR 26 (8.5%) 10 (4.7%) 16 (16.8%) 12.442* <0.001* 

2:  Chi square test   FE: Fisher Exact    

p: p value for comparing between the two studied groups 

*: Statistically significant at p ≤ 0.05 

39 
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DISCUSSION 
 
Stent underexpansion is associated with worse outcome 
following stent implantation. Whether PSBD improves 
outcome in patients with ACS remains unclear. 

(5)
 

However, there are no randomized data comparing 
outcomes following DES deployment with and without 
postdilatation. 

(6) 
In this study, MVD was found in 15.3% of 

patients while SVD was found in 84.7% of them. This was 
lower than reported in previous studies. 

(7)
 It was reported that 

MVD represents approximately 40-65% of patients with 
STEMI referred for PPCI. MVD is associated with high 
recurrence risk of symptoms and re-admission and higher 
mortality rates in STEMI patients. 

(8,9)
 In the study of 

Lekston A et al. they reported that in-hospital mortality 
was 2.9% vs 9.5% (p < 0.0001) and the five-year 
mortality was 11.9% vs 23.8% (p < 0.0001), for SVD vs 
MVD patients, respectively. The cumulative incidence of 
MACE during 12-month follow-up was significantly 
higher in patients with MVD (32.5% vs 14.5%, p 
<0.0001).

(7)   

 
In the present study, stent deployment was done by predilatation 
in 66.9% of patients and by direct stenting in 33.1% of 
patients. It was reported that direct stenting has been widely 
used to improve PCI outcomes in STEMI patients, as it 
shortens the procedure and saves contrast volume.

(10,11)
 However, 

apart from procedural aspects, there is no appreciable benefit 
of direct stenting, as shown by other studies.

(12,13)
 

 
High thrombus burden is still an important predictor of 
outcome in STEMI patients. In the study of Gao P. et al. 
2018, on PSBD in STEMI patients, they found that the 
usage of thrombus aspiration catheters was more frequent 
in non- PSBD group than PSBD group (25.5% vs. 14.1%, 
P=0.01).

(14)
 These findings are corresponding with the 

results of current study where only 21.7% from group I 
(PSBD) had thrombus aspiration compared with and 
33.7% from group II (non- PSBD). High thrombus burden 
is still an important predictor of outcome in STEMI 
patients. 
 
In this study, stent diameter had a significant difference 
between the two studied groups; patients of group I with 
PSBD needed a smaller diameter stents than those of 
group II. Selection of the appropriate stent diameter may 
be of particular importance during PPCI in cases of AMI. 
(15) 

In the present study, stent length >20mm was used in 
79.4% among patients of group I compared with 89.8% in 
patients of group II which was statistically significant 
(P=0.004). Previous studies showed that long stent length 
and longer lesion length are predictors of restenosis after 
DES implantation. In addition, the final optimal stent 
deployment rate of longer stent deployment lesions was 
significantly reduced compared to shorter stent deployment 
lesions after adjuvant PSBD.

 (16) 

 
In the current study, DESs were used for all patients. 
Everolimus eluting stents EES were the most commonly 
used for patients of group I (53.8%). EES appeared to be 
safe and clinically effective in patients undergoing PCI. 

There are now extensive published clinical data supporting 
the safety and efficacy of EES in comparison with first 

generation DES. EES have shown less restenosis, stent 

thrombosis, and periprocedural myocardial infarction. 
(17, 18) 

 
On the other hand, Sirolimus eluting stents SES were the 
most commonly used for group II of studied patients 
(52.6%). It was reported that, the efficacy and safety 
outcomes after SES implantation remained comparable 
with those after EES implantation through 3-year follow-
up. However, improvement of clinical outcome after EES 
implantation compared with SES implantation was 
suggested by the significantly lower cumulative 
incidences of TVR. 

(19, 20) 

 

In the current study, the rate of no-reflow phenomenon 
detected after PCI was found to be more among patients 
of group I with PSBD (4.2 %) than those of group II 
(2.1%) without PSBD. This result is consistent with the 
result reported by Biswas et al. 2012; they clarified the 
effect of PSBD on immediate TIMI flow which was 
significantly slower after PSBD. 

(4)
 Other studies reported 

that PSBD during PPCI may increase the risk of suboptimal 
TIMI flow immediately following post-dilatation, yet PSBD 
is important to achieve optimal stent expansion and strut 
apposition for better long term clinical outcomes.

 (21)  
 

It was reported by Gao P. et al. 2018 that PSBD during 
PPCI procedures causes impairment and slowing of TIMI 
flow after stent deployment.

(14)
  Their finding is against 

what was found in the current study, where low reflow 
TIMI after the PSBD procedure was found to be 
significantly less in group I (PSBD) compared with group 
II (no PSBD); 1.4% vs 8.4%. 
 
In the current work the use of adjunctive PSBD following 
deployment of DES was done in the great majority of 
studied patients (69%). It was reported that adjunctive 
PSBD with non-compliant balloons can increase MSA 
and decrease the frequency of suboptimal stent deployment 
and potentially reduce the frequency of stent thrombosis 
and TVR. 

(3)
 Many interventionalists have considered that 

adjunctive PSBD may not be necessary with DES 
deployment. However, TVR still occurs in 7-9% of patients 
following DES implantation, and stent thrombosis 
remains a major concern. This has stimulated the interest 
in the role of PSBD following DES implantation to help 
further improve outcomes. 

(22) 
In the study of Karamasis 

G. et al. 2018, it was also proven that stent optimization 
by PSBD in STEMI patients undergoing PPCI improved 
significantly stent expansion and apposition without a 
significant effect on coronary microcirculation. 

(23)
 

 
In the current study, the balloons used for the majority of 
group I patients subjected to PSBD were >2.75 mm in 
diameter and < 20mm in length. It was reported that 
PSBD using larger balloons at very high pressure could 
be associated with a very small risk of vessel rupture and 
a small risk of edge tears.

 (6) 

 

In the present study, the overall complications were found 
in 20.3% among patients of group I treated with PSBD 
compared to 35.8% among patients of group II with no 

40 
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PSBD, which was statistically significant (P = 0.005). 
Abdelshafi et al, 2018, reported that total MACE after 5 
years follow up was 9.8% among patients had PSBD 
compared with 12.6% for those with no PSBD.

(180)
 In 

another study of Karjalainen PP. et al. 2016, their results 
had shown that patients who underwent PSBD had less 
frequent non-fatal MI events at long-term follow-up, 
compared with those who did not have PSBD (4.5% 
versus 8.5%, respectively, p=0.02).

(24)
  On the other hand, 

the finding of current study was against that reported in 
the study of Gao P. et al. 2018, who reported 14.4% 
MACE among PSBD patients compared by 0.6% for 
those without PSBD. 

(14)
 Also, Fröbert et al. 2013 found 

that PSBD was associated with a higher risk of restenosis, 
contrary to their expectation. 

(25)
 

 
In the present study, restenosis was found to be 6.6 % 
among patients of group I, compared by 18.9 % for 
patients of group II which was statistically significant (P= 
0.001). This result was similar to that reported in the 
Turkish study of Yazıcı HU et al, 2014. They found 
restenosis risk after PSBD was 3.2% vs 20.7% with no 
PSBD. 

(26)
 On the contrary, this finding was against the 

study of Fröbert et al. 2013, who reported a higher 
restenosis risk following PSBD. They explained it that 
PSBD in itself is injurious. Another possible explanation 
could be that operators tend to use this adjunct in PCIs of 
lesions confined with a known increased risk of 
restenosis. 

(26)
  

 
In the Turkish study of Tasal A et al. 2013, it was 
reported that PSBD decrease probability of stent 
thrombosis and TVR. 

(27)
  On the other hand, Gao P. et al. 

2018, reported that PSBD is likely to increase the 
probability of TVR and ISR within one year. 

(14)
 In the 

current study, late thrombosis was found to be 9% among 
patients of group I (PSBD), compared by 20% for patients 
of group II (no PSBD), this was statistically significant 
(P= 0.007). In the large Chinese study of Gao Z et al. 
2008, comparing patients who underwent DES implantation 
with PSBD to those without PSBD, they showed that by 
angiographic evaluation, in-stent and in-segment restenosis 
rates at seven-month follow-up was lower in the PSBD 
group. However, there was no difference in the incidence 
of TVR or in-stent thrombosis between the two groups. 
The investigators explained their results that not all 
angiographic restenosis led to MACE. 

(28)
 

 
In the current study, TVR was found to be 4.7% among 
patients of group I, compared to 16.8 % for patients of 
group II, which was statistically significant (P <0.001). 
This result was consistent with the result of Abdeshafi et 
al. 2018, who reported TVR as 5.4% among patients with 
PSBD compared with 7.4% for those with no PSBD.

(3)
 On 

the contrary, Gao P. et al. 2018, found that TVR was 
5.6% among PSBD patients compared with 0.8% in no 
PSBD patients with STEMI during follow up from 1-12 
months.

(14) 

 

Abdelshafi et al, 2018, during their follow up study 
reported the incidence of stroke among patients 
underwent PSBD as 14 % while it was 17.6% among non- 
PSBD patients, which was statistically significant. 

(3)
 In 

the current study, stroke incidence did not show any 

statistical significant difference between both studied 
groups.  
 
In conclusion, the effect of PSBD in AMI remains to be 
clarified as it was more associated with no-reflow 
phenomenon during PPCI. However, it demonstrated 
favorable clinical outcomes at long term follow‐up. 
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