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Abstract
Aims: The aim of this study was to assess the expansion capacity of 
current commercially available Drug Eluting Stents (DES) with nomi-
nal diameters of 3.5-4.0mm in patients with Left Main disease.
Materials and Methods:  This study was conducted on 50 
Patients who underwent percutaneous coronary intervention 
(PCI)for Left Main disease at Benha university hospitals and Na-
tional Heart Institute. PCI was done with Drug Eluting Stents 
(DES) with large diameters of 3.5-4mm and post dilatation was 
done with non-compliant (NC) balloons with diameters of 4.5-
5mm. Intravascular ultrasound (IVUS) was used to measure 
maximal stent diameter and area.
Results: Three commercially available DESs were used in our 
study; XIENCE Xpeditionᵀᴹ, Ultimasterᵀᴹ and Onyxᵀᴹ. Maximal stent 
diameter was 4.5±0.3mm and diameter expansion index was 
0.96±0.05. Maximal stent area was 14.67±2.06mm² and area ex-
pansion index was 0.86±0.07mm². On IVUS images, significantly 
more calcification< 90  ̊was detected in the group with expan-
sion index ˂ 0.85 (68.4 percent versus 25.8%, P=0.003) compared 
to the group with expansion index >0.85. We found that DESs 
with diameters of 3.5-4.0mm can be expanded up to diameter of 
5.3mm after post-dilation. No complications were reported in the 
studied patients, including perforation or stent fracture.
Conclusion: Current DESs with nominal diameters of 3.5-4.0mm 
can be safely and effectively over-expanded to reach the predict-
ed diameters in the left main, but the presence of calcification 
>90 may affect the achievement of the predicted area.
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Introduction
Left main disease carries more risk in com-

parison to other anatomical subtypes of coronary 
artery disease, it also has a poor prognosis when 
compared to non-left main disease. [1]. PCI for left 
main disease were linked to increased rates of acute 
complications, early mortality and long-term reste-
nosis before the introduction of drug-eluting stents 
[2-4]. As a result, coronary artery bypass grafting 
(CABG) was the mainstay revascularization op-
tion for Left Main lesions for decades. In patients 
with Left main disease, when comparing CABG 
with PCI with DESs, randomized controlled trials 
and meta-analyses show that the safety composite 
of myocardial infarction, stroke and death is equal 
in both groups after five years of follow-up. [5]. 
PCI is now recommended as an alternate revascu-
larization technique for LMCA lesions with low to 
intermediate SYNTAX score, according to current 
European Society of Cardiology guidelines [6]. The 
large reference diameter of the left main coronary 
artery in comparison to commercially available 
DESs, as well as the caliber difference between the 
LMCA and both left circumflex (LCX) and left an-
terior descending (LAD) arteries, pose a significant 
challenge during PCI to the LMCA. Overexpansion 
of the stent with larger post-dilation balloons is the 
most effective way to decrease the chance of incom-
plete stent apposition [7]. Several bench testing and 
in vitro studies had evaluated the overexpansion ca-
pacity of current DES platforms, but in vivo data on 
this issue is still scarce [8].

Aim of the work:
The aim of this study was to assess the expansion 

capacity of current commercially available DESs with 
nominal diameters of 3.5-4.0mm in patients with Left 
Main disease.
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Material and Method:
This was a two-center retrospective study that 

was conducted at both Benha University hospitals 
and the National Heart Institute (NHI).  All PCIs 
performed in the period from January 2019 to De-
cember 2020 were reviewed to detect Interventions 
with the following inclusion criteria; Unprotected 
Left Main Interventions, Interventions in which drug 
eluting stents  with a nominal diameter of 3.5 and 4.0 
mm was used, Interventions in which post-dilation 
was done using noncompliant balloons with a nom-
inal diameter of 4.5 and 5.0 mm and Interventions 
involving IVUS assessment before stent deployment 
and after the final post-dilation. Exclusion criteria 
in this study were; patients presented with STEMI, 
hemodynamic Instability, angiographically visible 
thrombus or slow flow.

IVUS Measurements:
IVUS images were obtained using Eagle Eye® Plat-

inum RX Digital IVUS catheter (Philips, San Diego, 
USA). After injection of 0.1 mg of intracoronary ni-
troglycerin, images were recorded from LAD or LCX 
back to LM ostium. Experienced interventional car-
diologists reviewed the recorded images. They were 
blinded to the data of the post-dilation process, in-
cluding balloon diameter and inflation pressure. Min-
imal lumen diameter (mm), plaque burden, minimal 
lumen area (mm2), maximal stent diameter (mm), and 
maximal stent area (mm2) were all measured. Calcifi-
cation was quantitatively described according to arc 
and measured in degrees and expressed as 2 main cat-
egories; >90o and <90o. The diameter expansion index 
was calculated by dividing the maximal stent diame-
ter by the predicted post-dilation stent diameter. The 
area expansion index was calculated by dividing the 
maximal stent area by the predicted post-dilation stent 
area. Predicted stent diameter was calculated based on 
post-dilation balloon diameter and inflation pressure, 
according to the manufacturers’ information, and pre-
dicted stent area was calculated subsequently from 
predicted stent diameter.

Study End Points:
The Primary End Points:  Post intervention diame-

ter expansion index and area expansion index.
The secondary End Points: Post procedural com-

plications and in-hospital death, myocardial infarc-
tion or need for revascularization.

Statistical analysis:
SPSS version 25. (IBM, Armonk, New York, United 

States) was used for data management and statistical. 
Quantitative data were assessed for normality using 
Kolmogorov–Smirnov test and direct data visualization 
methods. Means and standard deviations were used to 
summarize numerical data. Categorical data were sum-
marized as numbers and percentages. Quantitative data 
were compared according to the expansion index us-
ing independent t-test. The Chi-square test was used 
to compare categorical data. Correlations were done 
using Pearson’s correlation. Stepwise logistic regression 
analysis was done for the prediction of a low expansion 
index. The odds ratio and the 95% confidence interval 
were calculated. P values less than 0.05 were considered 
significant. All statistical tests were two-sided.

Results
This study was conducted on 50 Patients, the mean 

age of the studied patients was 61±5 years, more than 
half of the patients (56%) were males, 62.0% were hyper-
tensives, and 30.0% were diabetics. Table 1, describes the 
demographic data and risk factors of studied patients. 

Table 1 
Demographic data and risk factors studied patients
Age Mean ±SD 61 ±5
Gender Males       n (%) 28 (56.0)

Females   n (%) 22 (44.0)
Hypertension n (%) 31 (62.0)
Diabetes mellitus n (%) 15 (30.0)
Smoking n (%) 13 (26.0)
Dyslipidemia n (%) 11 (22.0)
Family history n (%) 10 (20.0)

Angiography and procedural characteristics:
Most patients underwent angiography due to ACS 

(82.0%), and majority of patients (82%) showed bi-
furcation lesions. Table 2, describes angiographic and 
procedural data in the studied patients.

IVUS characteristics
Minimal Lumen Diameter (MLD) mean was 

2.31, Minimal Lumen Area (MLA) mean was 4.27, 
the mean plaque burden was 70.2% and 42.0% of the 
studied patients showed calcification > 90%. Maximal 
stent diameter mean was 4.5mm and maximal stent 
area mean was and 14.67mm². The mean values of 
diameter expansion index and area expansion index 
were 0.96 and 0.86, respectively (Table 3). There was 
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a significant positive correlation between predicted 
stent diameter and maximal stent diameter (r = 0.381 
& P-value = 0.006) Figure 1. Also, predicted stent area 
showed a significant positive correlation with maxi-
mal stent area (r = 0.316 & P-value = 0.025) Figure 2.

There was no significant difference between 3 used 
DESs types (XIENCE XpeditionTM, UltimasterTM and 
OnyxTM) as regard maximal stent diameter, maximal 
stent area, diameter expansion index and area expan-
sion index (Table 4). The 3 used DESs with nominal 
diameters of 3.5-4.0 mm can be expanded up to diam-
eter of 5.3mm after post-dilation (Figure 3).

Demographic data and risk factors according 
to area expansion index:

Smoking was significantly higher (42.1%) in those 
with expansion index < 0.85 than those with expansion in-

Table 2
Angiographic and procedural characteristics in the studied 
patients
Indication ACS      n (%) 41 (82.0)

CCS n (%) 9 (18.0)
Lesion site Ostium or shaft n (%) 9 (18.0)

Bifurcation n (%) 41 (82.0)
Stent length Mean ±SD 29 ±6
DES type ONYX n (%) 18 (36.0)

ULTIMASTER n (%) 15 (30.0)
EPEDITION n (%) 17 (34.0)

Deployment 
pressure

Mean ±SD 14 ±2

Post-dilation 
balloon diameter

Mean ±SD 4.63 ±0.22

Post-dilation 
balloon inflation 
pressure

Mean ±SD 14 ±2

Table 3
IVUS characteristics in the studied patients
MLD Mean ±SD 2.31 ±0.14
MLA Mean ±SD 4.27 ±0.52
Plaque burden % Mean ±SD 70.2 ±6.6
Calcification > 90% n (%) 21 (42.0)
Max stent diameter Mean ±SD 4.5 ±0.3
Max stent area Mean ±SD 14.67 ±2.06
Diameter expansion 
index Mean ±SD 0.96 ±0.05
Area expansion 
index Mean ±SD 0.86 ±0.07

MLD; minimum lumen diameter             
MLA; minimum lumen area

Figure 1. Relationship between predicted stent diameter and 
maximal stent diameter.

Figure 2. Relationship between predicted stent area and max-
imal stent area.

Table 4 
IVUS measured parameters of 3 different Drug Eluting Stents.

Stent type

P-valueOnyx
Ulti-

master
Xpedi-

tion

Max 
diameter

Mean 
±SD

4.4 
±0.3

4.5  
±0.4

4.5  
±0.3

0.874

Max Area Mean 
±SD

14.2 
±1.74

14.61 
±1.92

15.22 
±2.45

0.343

Diameter 
expansion 
index

Mean 
±SD

0.96 
±0.06

0.96 
±0.06

0.97 
±0.04

0.963

Area 
expansion 
index

Mean 
±SD

0.86 
±0.06

0.85 
±0.08

0.86 
±0.09

0.868

One-way ANOVA was used
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dex ≥ 0.85 (16.1%); P-value was 0.042. No significant dif-
ferences were observed regarding age, gender, hyperten-
sion, diabetes, dyslipidemia and family history (Table 5). 

Angiographic and procedural according to 
area expansion index. 

No significant differences were reported regarding 
indication, lesion site, stent length, DES type, stent de-
ployment pressure, diameter of post-dilation balloon 
and inflation pressure of post-dilation balloon (Table 6).

IVUS characteristics according  
to area expansion index

Calcification > 90% was significantly higher 
(68.4%) in those with expansion index < 0.85 than 
those with expansion index ≥ 0.85 (25.8%); P-value 
was 0.003. No significant differences were reported 
regarding plaque burden, minimal lumen diameter 
(MLD) and minimal lumen area (MLA) (Table 7).

Predictors of expansion index < 0.85
Stepwise multivariate logistic regression analysis 

revealed that MLA (OR = 0.138, 95% CI = 0.026-0.725, 
P-value = 0.019) and calcification > 90% (OR=14.726, 
95% CI = 2.789-77.761, P-value = 0.002) were signifi-
cant predictors for expansion index < 0.85.

Procedural complications and in-hospital 
outcomes:

No procedural complications, including perfora-
tion or stent fracture, no in-hospital death, myocardial 
infarction, or need for revascularization were reported 
in the studied patients.

Table 5
Demographic data and risk factors according to expansion 
index

Expansion index P-value
≥ 0.85  

(n = 31)
<0.85  

(n = 19)
Age Mean 

±SD
60 ±5 61 ±5 0.894

Gender Males       
n (%)

17 (54.8) 11 (57.9) 0.833

Females   
n (%)

14 (45.2) 8 (42.1)

Hypertension n (%) 21 (67.7) 10 (52.6) 0.285
Diabetes mellitus n (%) 11 (35.5) 4 (21.1) 0.28
Smoking n (%) 5 (16.1) 8 (42.1) 0.042
Dyslipidemia n (%) 8 (25.8) 3 (15.8) 0.407
Family history n (%) 6 (19.4) 4 (21.1) 0.884

Table 6 
Angiographic characteristics according to expansion index

Expansion index P- 
value≥ 0.85  

(n = 31)
<0.85  

(n = 19)
Indication ACS n (%) 26 (83.9) 15 (78.9) 0.66

CCS n (%) 5 (16.1) 4 (21.1)
Lesion site Ostium  

or shaft
n (%) 6 (19.4) 3 (15.8) 0.75

Bifurca-
tion

n (%) 25 (80.6) 16 (84.2)

Stent length Mean 
±SD

29 ±6 28 ±6 0.539

DES type Onyx n (%) 10 (32.3) 8 (42.1) 0.646
Ulti-

master
n (%) 9 (29.0) 6 (31.6)

XPEDI-
TION

n (%) 12 (38.7) 5 (26.3)

Deployment 
pressure

Mean 
±SD

14 ±2 13 ±1 0.075

Post-dilation 
balloon 
diameter

Mean 
±SD

4.65 
±0.23

4.61 
±0.21

0.529

Post-dilation 
balloon 
inflation 
pressure

Mean 
±SD

14 ±2 13 ±2 0.54

Table 7 
IVUS characteristics according to expansion index

Expansion index P- 
value≥ 0.85  

(n = 31)
<0.85  

(n = 19)
MLD Mean ±SD 2.33 ±0.12 2.29 ±0.16 0.338
MLA Mean ±SD 4.35 ±0.46 4.13 ±0.6 0.138
plaque 
burden (%)

Mean ±SD 70.1 ±6.9 70.5 ±6.2 0.842

Calcification 
> 90%

n (%) 8 (25.8) 13 (68.4) 0.003

Independent t-test was used for numerical data. Chi-square test 
was used for categorical data
MLD; minimum lumen diameter
MLA; minimum lumen area

Figure 3. Maximal Stent Diameter as measured by IVUS after 
post-dilation.
The patients were then categorized into two groups 
based on their area expansion indices: ≥ 0.85 (n = 31) 
and ˂ 0.85 (n = 19).
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Discussion
In our study, we aimed to assess the expansion ca-

pacity of current commercially available DESs with 
nominal diameters of 3.5-4.0 mm in patients with Left 
Main disease. This study revealed that currently avail-
able DESs with nominal diameters of 3.5-4.0 mm can 
be safely and effectively expanded above their nominal 
diameters to achieve predicted diameters and can be 
expanded up to diameter of 5.3mm after post-dilation 
using 5.0 mm non-compliant balloon. 

This was in agreement with Jaryl et al., who 
showed that current DESs can be expanded above 
their nominal diameters to achieve maximal diame-
ters of up to 5.8mm using a 6.0mm semi-compliant 
balloon. But this was tested in vitro and did not take 
into account the interaction between stent and vessel 
wall nor the plaque composition. Furthermore, the 
sample size was very small as only one stent of each 
platform was tested. [9].

In this study there was a significant positive cor-
relation between predicted stent diameter and maxi-
mal stent diameter (r = 0.381 & P-value = 0.006). Also, 
predicted stent area showed a significant positive cor-
relation with maximal stent area (r = 0.316 & P-value 
= 0.025). 

This was in agreement with Ye et al. who showed 
that there was a significant positive correlation between 
maximal stent diameter and calculated stent diameter 
(r = 0.718 & P-value = <0.001) and predicted stent area 
showed a significant positive correlation with maximal 
stent area (r = 0.562 & P-value = <0.001) [7].

In this study Calcification > 90% was significantly 
higher (68.4%) in those with expansion index <0.85 
than those with expansion index ≥0.85 (25.8%); P-val-
ue was 0.003. 

This was in agreement with Ye et al. who showed 
that Calcification > 90% was significantly higher in 
those with expansion index <0.85 than those with ex-
pansion index ≥0.85(72.7%versus 16.7%, P-value = 
0.007) [7].

In this study no complications were reported in the 
studied patients, including perforation or stent frac-
ture. This was in agreement with Ye et al.  who report-
ed only one adverse event in the form of acute stent 
fracture [7].

Conclusion
Current DESs with nominal diameters of 3.5-

4.0mm can be safely and effectively over-expanded to 

reach the predicted diameters in the left main, but the 
presence of calcification >90 may affect the achieve-
ment of the predicted area.

Limitations:
• Small sample size of the study.
• Lack of follow up IVUS data of studied patients. 
• Only 3 current DESs type were tested in this study.
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