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H I G H L I G H T S

• Carotid artery stenting is well known therapy modality in setting of carotid artery disease.

• Post-dilatation is not associated major adverse events at 30 days.

• Post-dilatation independent predictor of silent cerebral ischemia in patients undergoing CAS.

• Post-dilatation should be limited only in cases with severe residual stenosis after stenting during CAS as possible as.
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A B S T R A C T

Background and aims: Carotid artery stenting (CAS) is an accepted treatment modality for carotid artery disease.
However, CAS is associated with periprocedural embolic events, and the effect of balloon post-dilatation has not
been sufficiently investigated in large studies. We assessed the effect of post-dilatation on periprocedural out-
comes during CAS.
Methods: The study included 128 patients who underwent CAS. The patients were divided into groups according
to whether post-dilatation was (post-dilatation [+], group 1) or was not (post dilatation [−], group 2) per-
formed after stent deployment. Major adverse events were defined as death, minor or major stroke, and transient
ischemic attack at 30 days. Silent ischemia was assessed using diffusion-weighted magnetic resonance imaging.
Results: No significant between-group differences were found in baseline characteristics, comorbid diseases, or
lesion characteristics. The degree of stenosis and procedure duration was greater in group 1 than in group 2. The
rate of major adverse events at 30 days was similar between the two groups (5.1% vs. 4.3%, p = 0.844). The
silent ischemia rate and number of high-intensity signals were higher in group 1 than in group 2 (45.8% vs.
26.1%, p = 0.020 and 1.01 [1.2] vs. 0.42 [0.79], p = 0.002). Multivariate analysis revealed that post-dilatation
was associated with a 2.4-fold increase in silent ischemia (95% confidence interval: 1.15–5.20, p = 0.020).
Conclusions: Although post-dilatation was not associated with an increase in major adverse events, it sig-
nificantly increased the incidence of periprocedural silent ischemia. Therefore, post-dilation should be per-
formed only in cases with severe residual stenosis after CAS.

1. Introduction

Carotid endarterectomy (CEA) and carotid artery stenting (CAS) are
proven procedures for the treatment of symptomatic and asymptomatic
carotid artery disease (CAD) [1]. Current guidelines recommend CEA as
the first-line treatment for CAD in patients with average surgical risk
[2]. Previous large randomized studies found that although CEA and
CAS had similar long-term outcomes, in terms of stroke, death, and

myocardial infarction rates, CAS was more strongly associated with
periprocedural events [1,2]. Recently, the introduction of refined
techniques and various new instruments, including atraumatic cathe-
ters, cell stents with various designs, embolic protection devices, and
specialized wires, has reduced the rate of periprocedural embolic events
[3]. In addition to these innovations, better patient selection, more
experienced operators, and dual antiplatelet therapy have decreased
the incidence of periprocedural events [4].
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Several factors, including age, symptomatic status, use of proximal
and distal embolic protection devices, stent type (open- and closed-cell
and micromesh designs) and history of CAD have been studied in the
context of the periprocedural outcomes of CAS and CEA [5–7]. It has
also been suggested that development of hemodynamic instability
(hyperperfusion, bradycardia and persistent hypo or hypertension)
during CAS has been linked to the increased risk of cerebrovascular
events by impairing cerebral perfusion and reducing the ability of
washing out of microemboli [8,9].

The main objective of CAS is to stabilize the carotid plaque, rather
than restore blood flow, because most strokes are embolic in nature.
Predilatation, i.e., balloon angioplasty before stenting, involves pre-
paration of a stenosed vessel for stent deployment, whereas post-dila-
tation, i.e., balloon angioplasty after stenting, is used to mitigate re-
sidual stenosis after stent deployment. Although the standard CAS
procedure involves predilatation and post-dilatation, or a combination
of the two, limited studies have investigated their effects on peripro-
cedural outcomes. In this study, we aimed to assess the effect of post-
dilatation on periprocedural outcomes in patients who underwent CAS.

2. Materials and methods

2.1. Study population

We retrospectively enrolled 128 patients who underwent CAS and
diffusion-weighted magnetic resonance imaging (DWI/MRI) between
January 1, 2016 and December 31, 2018. The patients were divided
into two groups according to whether post-dilatation was (post-dilata-
tion [+], group 1) or was not (post-dilatation [−], group 2) performed
after stent deployment, with or without predilatation. The exclusion
criteria included known acute kidney disease, previous history of heart
failure, history of emergency catheterization, total occlusion of the
target vessel, significant hypotension or severe anemia, the presence of
an active infection or history of cancer, contraindications for anti-pla-
telet and/or anti-coagulant therapy, and incomplete or missing data.

The indications for CAS were symptomatic 50–99% stenosis of the
internal carotid artery (ICA) and asymptomatic 60–99% stenosis of the
ICA, together with major clinical and/or imaging risk factors [2]. The
percentage of ICA stenosis was determined by angiography according to
the criteria of the North American Symptomatic Carotid En-
darterectomy Trial [10]. A cerebrovascular team, including an inter-
ventional cardiologist, interventional neurologist, and cardiovascular
surgeon assessed the treatment options for all patients. Moreover, the
patients were included in the decision-making process regarding the
optimal treatment. The study was approved by the local Institutional
Ethics Committee and written informed consent was obtained from all
patients.

2.2. Clinical data

The disease classifications, and periprocedural and 30-day follow-
up CAS outcomes were derived from data collected by the investigators.
Baseline clinical data were collected for all patients. Hypertension was
defined as systolic blood pressure ≥140 mmHg, diastolic blood pres-
sure ≥90 mmHg, and/or taking antihypertensive medication, and/or a
history of diagnosed hypertension. Diabetes mellitus was defined as
fasting serum glucose ≥126 mg/dL (7 mmol/L), non-fasting glu-
cose ≥ 200 mg/dL (11.1 mmol/L), use of diabetic medications, or a
previously established diagnosis. Hyperlipidemia was defined as low-
density lipoprotein > 160 mg/dL, and/or taking a lipid-lowering agent.

2.3. CAS procedure

Oral acetylsalicylic acid and clopidogrel (75 mg/day) were pre-
scribed 1 week before CAS and continued for at least 1 month after the
procedure in all patients. The procedure was performed via the femoral
artery under local anesthesia in all patients, with the exception of four
cases in which the stent was introduced via the right radial artery. After
a bolus injection of heparin (70–80 IU/kg), the common carotid artery
was selectively cannulated with a 5-French Simmons, vertebral or right
Judkins catheter, as appropriate. A 0.035-inch hydrophilic wire was
introduced into the external carotid artery and then exchanged for a
super-stiff wire. After a 7- or 8-French guiding catheter was advanced
into the common carotid artery, the lesion was crossed using a 0.014-
inch guidewire. Proximal protection with the Mo.Ma device (Medtronic
Inc., Santa Rosa, CA, USA) was used in five patients; embolic protection
could not be used in five other patients, and the Spider FX distal pro-
tection device (Medtronic, Minneapolis, MN, USA) was used in all re-
maining patients. CAS was performed using self-expandable stents in-
cluding the Precise® Nitinol Stent (Cordis, Miami, FL, USA) and
Protégé™ RX (Ev3 Inc., Plymouth, MN USA) open-cell stent. Atropine
(0.5–1 mg) was administered intravenously in cases of hypotension and
bradycardia during the procedure. An example of CAS procedure is
shown in Fig. 1.

2.4. Major adverse events

Major adverse events were defined as death, minor or major stroke,
and transient ischemic attack (TIA) at 30 days postoperatively. All
patients were routinely assessed for silent cerebral ischemia.
Neurological assessments were performed before, immediately after,
24 h and 30 days after the procedure. Post-procedural MRI, performed
before the patients were discharged, was assessed by a neurologist with
10 years of experience, who was blinded to the procedure and clinical
outcomes. The National Institutes of Health Stroke Scale (NIHSS) was
used to assess neurological status [11]. A neurological deficit lasting

Fig. 1. A 68-year-old man who underwent carotid artery stenting with distal protection.
(A) Angiogram shows severe stenosis at the left internal carotid artery. (B) Post-dilatation after carotid artery stenting with distal filter. (C) Final result after balloon
dilatation.
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more than 24 h, and with an NIHSS score > 4, was defined as a major
stroke, whereas a focal neurological deficit lasting more than 24 h with
an NIHSS score ≤4 was defined as a minor stroke. TIA was defined as a
new neurological deficit lasting less than 24 h. Any new hyperintensity
on DWI, and with correspondingly decreased diffusion on the apparent
diffusion coefficient (ADC) map of the brain, was interpreted as silent
cerebral ischemia (microembolic lesion) in the absence of neurological
symptoms.

2.5. MRI acquisition and analysis

MRI was performed using a 1.5 T scanner (Magnetom Avanto;
Siemens, Erlangen, Germany) using a dedicated head coil with patients
in the supine position. The scanning protocol included DWI and ADC
sequences at 5 mm sections. All MRI images and new high signal in-
tensity were assessed by comparing preprocedural MRI images by a
neurologist using a workstation (Leonardo; Siemens). Two example of
MRI with and without ischemic lesions are shown in Figs. 1-3.

2.6. Reproducibility

Intra-observer variability was calculated for the neurologist who
assessed the recorded images (offline) of 20 randomly selected patients
showing new high signal intensity on DWI. The measurements were
repeated after 2 weeks. Mean percent error was calculated as the ab-
solute difference divided by the average of the two observations.

2.7. Statistical analysis

All statistical tests were performed using SPSS statistical software
(version 23.0; SPSS Inc., Chicago, IL, USA). The data are presented as
percentages for dichotomous variables, and as means ± standard de-
viations or medians with 25–75 interquartile range for continuous
variables, according to the distribution of the data. Continuous data
with a normal distribution were compared using Student's t-tests,
whereas skewed data were compared using the Mann–Whitney U test.
Categorical variables were assessed using the Chi-square test. Stepwise
logistic regression analysis with backward elimination was used to
evaluate the independent relationship between post-dilatation and
periprocedural outcomes. All probabilities were two-tailed, and p-va-
lues less than 0.05 were considered statistically significant.

3. Results

The study included 128 patients (65.6% males) with a mean age of
71.6 (7.7) years. The majority of patients were symptomatic for CAD
(79.7%), and 59 (46.1%) underwent post-dilatation due to residual
stenosis after stenting.

The baseline clinical, demographic, and lesion characteristics are
shown in Tables 1 and 2. We found no significant differences in baseline
characteristics, comorbid diseases, or lesion characteristics between the
two groups. However, the degree of stenosis was significantly greater
(95% [80–98%] vs. 90% [80–95%], p = 0.023) and procedure duration

Fig. 2. No ischemic lesion is shown in bilateral cerebral hemispheres on the after-stenting diffusion weighted MR imaging in a patient.

Fig. 3. Single small new hyperintensities are shown on the post-stenting diffusion-weighted MR imaging in a patient.
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was significantly longer (42.5 [4.5] min vs. 37.1 [4.2] min, p = 0.038)
in group 1 than in group 2.

The impact of post-dilatation on periprocedural outcomes is listed in
Table 3. The incidence of major adverse events, including TIA, minor
and major stroke, and death at 30 days, was similar between the two
groups (5.1% vs. 4.3%, p = 0.844). However, silent cerebral ischemia
rate and number of high-intensity signals were significantly higher in
group 1 than in group 2 (45.8% vs. 26.1%, p = 0.020 and 1.01[1.2] vs.
0.42 [0.79], p = 0.002, respectively). Stepwise multivariate logistic
regression analysis with backward elimination was performed to iden-
tify independent predictors of silent cerebral ischemia, and revealed
that post-dilatation was the only independent predictor, and was as-
sociated with a 2.4-fold increase in the incidence of silent cerebral
ischemia (95% CI: 1.15–5.20, p = 0.020) (Table 4).

3.1. Reproducibility

The intra-observer mean percent error for the new high signal in-
tensity on DWI was 2.4 ± 1.1%.

4. Discussion

We investigated the effect of balloon post-dilatation on periproce-
dural outcomes in patients who underwent CAS. Our major finding was
that although post-dilatation did not increase the rate of major adverse
events at 30 days, it was an independent predictor of silent cerebral
ischemia.

CAS has gradually become accepted as an alternative to CEA for the
treatment of CAD. The introduction of refined CAS techniques and new
device technologies, including various-cell stent designs, embolic pro-
tection devices, and atraumatic catheters, together with better patient
selection, has improved periprocedural outcomes. Despite this, CAS is
associated with a higher rate of periprocedural events than CEA [12].
Several large studies and meta-analyses have evaluated the possible
factors associated with periprocedural outcomes of CAS [13–16]; in
particular, the use of embolic protection devices is found to be related
to less periprocedural events during CAS [13].

The main objective of CAS is not to increase cerebral blood flow by
decreasing the degree of stenosis in the carotid artery, but rather to
stabilize the carotid plaque, trapping it between the stent and vessel
wall. Predilatation facilitates lesion preparation and stent access and
deployment, whereas post-dilatation facilitates stent expansion toward
the vessel wall when residual stenosis is present. However, cerebral
embolic events commonly occur during the post-dilatation stage.
Possible mechanisms precipitating embolic events include i) plaque
protrusion, which may occur if the balloon pushes the stent struts
against the atheromatous plaque, ii) interruption of cerebral flow and
hypotension caused by stimulation of the carotid baroreceptors during
balloon inflation, and iii) increased procedure duration [17].

The degree of stenosis was greater, and the duration of the proce-
dure was longer in group 1 than in group 2, possibly because stents do
not fully expand in arteries with a high degree of stenosis such that
operators tend to perform balloon post-dilatation which prolongs the
procedure.

Previous studies found that CAS without post-dilatation was fea-
sible, safe, and associated with a low incidence of adverse periproce-
dural outcomes [18,19]. Conversely, Obeid et al. [4] reported that post-
dilatation was linked to an increase in periprocedural stroke and death
rates in patients undergoing CAS. However, these studies did not assess
silent ischemia on DWI. We investigated the rate of silent ischemia and
major adverse events associated with post-dilatation. We found that the
incidence of major adverse events was similar between two groups,
which may be explained by our relatively small sample size. In contrast,
silent cerebral ischemia was detected primarily in the group 1. Also, the
number of high signal intensity was significantly greater in the group 1.
Thus, our findings suggest that post-dilatation is associated with in-
creased rates of adverse events and silent cerebral ischemia.

Indeed, the incidence of silent cerebral ischemia is higher than

Table 1
Basal demographic and clinic features of the patients.

Variables Group 1
(n = 59)

Group 2
(n = 69)

p value

Age, years 71.7 (8.1) 71.5 (7.4) 0.875
Male gender, n (%) 36 (61) 48 (69.6) 0.310
Body mass index (kg/m2) 26.4 (2.2) 26.7 (2.3) 0.463
Symptomatic carotid stenosis, n (%) 47 (79.7) 55 (79.7) 0.995
Asymptomatic carotid stenosis, n (%) 12 (20.3) 14 (20.3)
Intervention day for symptomatic patients 10 (7–15) 8 (7–10) 0.193
Systolic blood pressure (mmHg) 132.4 (17.2) 131.6 (16.4) 0.453
Diastolic blood pressure (mmHg) 71.4 (9.6) 70.2 (8.8) 0.521
Risk factors, n (%)

Hypertension 42 (71.2) 47 (68.1) 0.707
Diabetes mellitus 24 (40.7) 21 (30.4) 0.226
Hyperlipidemia 24 (40.7) 30 (43.5) 0.749
Current smoker 9 (15.3) 9 (13) 0.720
Coronary artery disease 16 (27.1) 19 (27.5) 0.958

Table 2
Procedural characteristics of the study group.

Variables Group 1
(n = 59)

Group 2
(n = 69)

p value

Lesion localization, n (%)
Right internal carotid artery 29 (49.2) 30 (43.5) 0.521
Left internal carotid artery 30 (50.8) 39 (56.5)

Degree of stenosis, % 95 (80–98) 90 (80–95) 0.023
Length of lesion, mm 25 (15–25) 25 (20–25) 0.723
Protection device, n (%)

Proximal protection 2 (3.4) 3 (4.3)
Distal protection 54 (91.5) 64 (92.8) 0.791
None 3 (5.1) 2 (2.9)

Stent diameter 7.1 (0.4) 7.1 (0.7) 0.764
Stent length, mm 40 (30–40) 40 (30–40) 0.318
Mean duration of procedure (min) 42 .5 (4.5) 37.1 (4.2) 0.038

Bold values show statistical significance with p-value &lt;0.05.

Table 3
Peri-procedural and 30-day outcomes of the study group.

Variables Group 1
(n = 59)

Group 2
(n = 69)

p value

Major advers events, n (%) 3 (5.1) 3 (4.3) 0.844
TIA, n 1 1
Minor stroke, n 1 1
Major stroke, n 0 1
Mortality, n 1 0

Silent ischemia n (%) 27 (45.8) 18 (26.1) 0.020
The number of high signal

intensities, n
1.01 (1.2) 0.42 (0.79) 0.002

Bold values show statistical significance with p-value &lt;0.05.

Table 4
Independent predictor of silent cerebral ischemia in multivariate logistic re-
gression analysis.

Variables B S.E. Wald Odds ratio 95% C.I. p

Post-dilatation 0.895 0.385 5.412 2.447 1.151–5.202 0.020

B: β coefficient, S.E: standard error, C.I.: confident interval, CAD: carotid artery
disease.
Entered variables: post-dilatation, age, symptomatic CAD, diabetes mellitus,
hypertension and degree of stenosis.
Bold values show statistical significance with p-value &lt;0.05.
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deemed, and has been reported to range from 22% to 54% in some
studies [20–22]. Although both ultrasound and DWI imaging techni-
ques can detect silent cerebral ischemia (microemboli), DWI is more
commonly used to detect silent ischemia [22–24]. The clinical sig-
nificance of silent cerebral ischemia has not been fully understood,
though previous studies have shown that silent ischemia is in-
dependently associated with cerebral deficits, deterioration of cognitive
function, and memory loss [25–28]. Thus, we think that our study is
valuable because it demonstrates post-dilatation increased silent cere-
bral ischemia.

Atherosclerotic particles and debris causing cerebrovascular events
can be embolized during catheter manipulation or cannulation of the
aortic arch, while deploying the wire at the lesion site or placing and
removing a filter. Furthermore, balloon predilatation, post-dilatation,
and stent deployment may dislodge debris. Several studies have shown
that cerebral embolic protection devices and closed-cell and double-
layer stent designs minimize distal emboli during CAS [13,29,30].
However, filter systems can only entrap embolic materials that are
larger than their pore size. Moreover, trapped materials can spill out
into the carotid artery during retrieval of the filter system. The majority
of atherosclerotic particles can cause silent cerebral ischemia. In our
study, the overall incidence of silent cerebral ischemia was 35%, which
was consistent with previous findings. The fact that most of our study
population had symptomatic CAD, and that open-cell stents and distal
filter systems were used in nearly all of the patients, may have influ-
enced our findings. However, multivariate analysis revealed that post-
dilatation was the only independent predictor of silent cerebral
ischemia, and was associated with a 2.4-fold increase in the incidence
of the condition.

Our study had several limitations. First, it was conducted in a single
center and the sample size was relatively small. A larger study including
more cases, and using closed-cell or double-layer stent designs and
proximal protection devices, would provide more generalizable find-
ings. Second, although the groups were similar in terms of baseline
characteristics and procedural characteristics, the retrospective design
was a limitation. Larger studies are needed to clarify the prognostic role
of post-dilatation in periprocedural outcomes of CAS.

4.1. Conclusions

Post-dilatation was associated with an increased incidence of silent
cerebral ischemia in patients who underwent CAS. Therefore, post-di-
latation should be limited to cases with severe residual stenosis after
CAS.
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