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ABSTRACT

INTRODUCTION: The aim was to determine possible risk factors in patients who developed hypotension after carotid
artery stenting (CAS) in this study.

METHODS: 104 patients who underwent CAS were included in the study. Patients with systolic blood pressure lower than
90 mmHg after CAS or a decrease in systolic blood pressure more than 40 mmHg compared to baseline were defined as the
hypotensive group and the other patients as the normotensive group. These two groups were analyzed regarding the
following parameters: sociodemographic characteristics, comorbidity diseases, percentage of stented side stenosis,
percentage of contralateral side stenosis, history of angioplasty, duration of the procedure, the width of the femoral
sheath, antihypertensive medical history, glomerular filtration rate, hemoglobin and hematocrit levels before/after the
procedure, length of hospital stay, and the frequency of complications after the procedure.

RESULTS: Hypotension was observed in 21 patients after CAS. The ratio of female patients, the degree of stenosis on the
stented side, the diameter of the femoral sheath, the glomerular filtration rate value, and the antihypertensive medical
history were significantly higher in the hypotensive group.

DISCUSSION AND CONCLUSION: Especially female gender, a high degree of stenosis on the stented side and
antihypertensive medical history should be followed more carefully for the development of hypotension after CAS.
Keywords: Carotid stenosis, balloon angioplasty, systolic blood pressure, femoral sheath.

Address for Correspondence: Asst. Prof. Dr. Hamza Sahin, Kahramanmaras Siitgii imam University, Faculty of Medicine, Department of Neurology,
Kahramanmaras, Tirkiye.

Phone: +90344 221 23 37 E-mail: hamzasahin85@hotmail.com

Received: 19.04.2022 Accepted: 20.07.2022

ORCID IDs: Feyzullah Cengiz 0000-0002-8347-5196, Hamza $ahin 0000-0002-5486-5785, Mustafa Gokge 0000-0003-2965-8482.

Please cite this article as following: Cengiz F, Sahin H, Gokge M. Evaluation of demographic characteristics and possible risk factors of patients who
developed hypotension after carotid artery stenting. Turkish Journal of Cerebrovascular Diseases 2022; 28(2): 110-118. doi: 10.5505 /tbdhd.2022.86658

110


https://dx.doi.org/10.5505/tbdhd.2022.86658
https://dx.doi.org/10.5505/tbdhd.2022.86658
https://orcid.org/0000-0002-8347-5196
https://orcid.org/0000-0002-5486-5785
https://orcid.org/0000-0003-2965-8482
https://dx.doi.org/10.5505/tbdhd.2022.86658

Cengiz et al.

KAROTIS ARTER STENTLEME SONRASI HIPOTANSIYON GELISEN HASTALARIN DEMOGRAFIK

OZELLIKLERININ VE OLASI RiSK FAKTORLERININ DEGERLENDIRILMESI

0z

GIRIS ve AMAC: Bu calismada karotis arter stentleme (KAS) sonrasinda hipotansiyon gelisen hastalarda olasi risk
faktorlerinin belirlenmesi amaglandi.

YONTEM ve GERECLER: Cahgmaya KAS yapilan 104 hasta dahil edildi. KAS sonrasinda sistolik kan basinct 90 mmHg’den
diisiik olan ya da sistolik kan basincinda bazale gére 40 mmHg'den daha fazla diisiis yasayan hastalar hipotansif grup,
diger hastalar ise normotansif grup olarak belirlendi. Bu iki grubun sosyodemografik 6zellikleri, ek hastaliklari, stent
takilan taraf darlik yiizdesi, kontralateral taraf darlik yiizdesi, anjioplasti 6ykiist, islem siiresi, femoral kilif genisligi, islem
oncesinde antihipertansif ila¢ kullanimi ve glomeriiler filtrasyon hizi, islem 6ncesi/sonrasi hemoglobin ve hematokrit
diizeyleri, hastanede kalis siiresi, islem sonrasi komplikasyon siklig1 karsilastirildi.

BULGULAR: KAS sonrasi 21 hastada hipotansiyon gézlendi. Hipotansif grupta kadin hasta orani, stent takilan taraf darlik
derecesi, femoral kilif capi, islem 6ncesi glomertiiler filtrasyon hizi diistikliigii ve antihipertansif ila¢ kullanimi istatistiksel
olarak anlamli bulundu.

TARTISMA ve SONUC: Kadin cinsiyet, stent tarafi darlik derecesi yiiksekligi ve islem 6ncesi antihipertansif ila¢ kullanimi

KAS sonrasi hipotansiyon gelismesi agisindan daha dikkatli takip edilmelidir.
Anahtar Sozciikler: Karotis darlig), balon anjioplasti, sistolik kan basinci, femoral kilif.

INTRODUCTION

Cerebrovascular disease (CVD) is the leading
cause of death after cardiovascular disease and
cancer-related  deaths. The majority of
cerebrovascular disease is ischemic, and carotid
artery stenosis accounts for approximately one-
fourth of cases (1). In particular, when the degree
of internal carotid artery (ICA) stenosis increases,
the risk of ischemic stroke increases significantly
(2). With the developments in endovascular
treatment, mortality and morbidity of stroke
decrease, and secondary prevention can be
successfully performed. The main goal of
secondary prevention is to reduce the risk of
transient ischemic attack (TIA) and stroke.
Endovascular treatment modalities include carotid
endarterectomy, carotid artery stenting (CAS), and
percutaneous transluminal balloon angioplasty
(3).

CAS is the treatment of choice for most
patients because it is less invasive than carotid
endarterectomy. However, hemodynamic
instability (hypotension, bradycardia) occurs
relatively frequently after CAS (4). The rates of
postoperative  hypotension and bradycardia
reported in previous studies vary widely, ranging
from 5% to 76% (4). This situation is thought to be
caused by stimulation of the baroreceptors of the
carotid sinus, resulting in hypotension (baroreflex
response) (5). Moreover, this reflex response,
which is often activated during balloon dilatation,
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can cause profound vasodilation and severe
hypotension (6). These episodes of hypotension
and bradycardia are generally harmless but may
prolong hospitalization. However, in cases of
severe hypotension, vasopressor or inotropic
therapy and, in some cases, implantation of a
pacemaker may be required (6). Furthermore,
hemodynamic instability after CAS may cause
additional complications such as acute stroke or
myocardial infarction (4,7-9).

Although hypotension occurring after CAS is
ultimately related to the baroreflex response, it is
believed that there are many factors related to
both the patient and the procedure (before,
during, and after the procedure). This study aimed
to identify possible risk factors in patients who
developed hypotension after CAS.

METHODS

Our study was a cross-sectional observational
study conducted in line with the ethical standards
of the Declaration of Helsinki. It was approved by
Kahramanmaras Siitcii Imam University Non-
interventional Clinical Research Ethics Committee
(Date: 05.04.2021, Number: 18). This study
was conducted retrospectively. Therefore, no
signed informed consent was obtained from the
subjects included in the study. In the study, data of
consecutive patients who underwent CAS in the
neurology clinic of our hospital were obtained



from the records and archives of the automation
system. The study was conducted with data from
patients older than 18 years.

Groups: Blood pressures of patients undergoing
CAS were routinely monitored for up to 24 hours
after the procedure in terms of hypotension
monitoring. In this study, a systolic blood pressure
of less than 90 mmHg after the procedure or a
drop in systolic blood pressure of more than 40
mmHg from baseline, commonly accepted values
in the literature, were accepted as hypotensive.
The remaining patients were classified as the
normotensive group. Subsequently, these two
groups were compared according to age, sex,
hypertension, diabetes mellitus, hyperlipidemia,
coronary artery disease, atrial fibrillation, smoking
history, type of aortic arch, percentage of stenosis
on the side of the stent, percentage of stenosis on
the contralateral side, percutaneous transluminal
balloon angioplasty (PTA), the procedure course,
femoral sheath width, pre-procedure
antihypertensive medication use, pre-procedure
glomerular filtration rate (GFR; ml/min), pre-
procedure and post-procedure hemoglobin-
hematocrit levels, hospital stay, and complications
(TIA, stroke) within 24 hours after the procedure.
In our study, the percentage of carotid stenosis
was calculated using the CC (Common Carotid)
criteria (Figure 1) (2,10,11).
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Methods used to measure carotid artery stenosis
1- North American ic Carotid y Trial (NASCET) method
2- European Carotid Surgery Trial (ECST) method
3- Common Carotid (CC) method

Figure. Methods used to measure carotid artery stenosis.

Perioperative preparation and patient follow-
up: All patients who underwent CAS were given
detailed information about the procedure.
Informed consent was obtained from the patients
and/or their relatives. Before the procedure,
patients' blood counts and routine biochemical
tests were completed. Before the CAS procedure,
patients received a dual aggregation inhibitor
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treatment protocol that included ASA (100-300
mg/day) and clopidogrel 75 mg/day for at least
five days. During the procedure, all patients
received intravenous (iv) heparin at a dose of 70
mg/kg. Patients with a pulse of < 40 beats/min
after the procedure were administered 1 mg iv
atropine. After the procedure, all patients
underwent close vital and neurological monitoring
for 24 hours, and depending on the situation;
patients were also hydrated with serum isolyte.
During the first 24 hours after the procedure,
patients' blood pressure was measured at the
brachial artery with a sphygmomanometer every
15 minutes for the first hour, every half hour for
the second hour, and hourly after that.

Statistical analysis: Data were analyzed with the
IBM SPSS (Statistical Package for Social Sciences)
20 program. The Mann-Whitney U test was used
for continuous variables, the chi-square test for
categorical variables, and Spearman's rho test for
correlations. The Wilcoxon signed ranks test was
used as a pre-post test. A binary logistic regression
test was used as the method of regression analysis.
A p< 0.05 value was considered significant in all
analyses.

RESULTS

It was found that 118 consecutive CAS were
performed by the start of this study (June 2016-
August 2021). Fourteen patients with insufficient
data were excluded from the study. The study was
completed with data from 104 patients. Among
these patients, 21 patients with hypotension and
83 patients with normal blood pressure were
identified. 57.1% of the hypotensive group were
female patients (n=12), 759% of the
normotensive group were male patients (n=63),
and there was a significant difference between the
groups (X2; p= 0.003). There was no significant
difference between the mean age of the
hypotensive group (67.24 + 6.03 years) and the
mean age of the normotensive group (69.10 *
10.27 years) (Mann-Whitney U test; p= 0.321).

There was no significant difference between
these two groups in diabetes mellitus,
hypertension, hyperlipidemia, coronary artery
disease, atrial fibrillation, smoking, and type of
aortic arch (X2; p> 0.05). The procedure duration
was 60.71 * 21.64 minutes in the hypotension
group and 58.61 + 17.26 minutes in the standard
blood pressure group, and no significant difference
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was found between the groups (Mann-Whitney U
test; p= 0.882). The percentage of stented lateral
stenosis in the hypotension group (91.33 + 8.38)
was significantly higher than the percentage of
stented lateral stenosis (84.82% * 11.56%) in the
standard blood pressure group (Mann-Whitney U
test; p= 0.013) (Graph 1). There was no significant
difference in the percentage of contralateral
stenosis between these two groups (Mann-
Whitney U test; p= 0.680).
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Graph 1. The percentage of stenosis on the stented side of the
hypotensive and normotensive groups.

Six patients with pre-dilatation, three with
post-dilatation, and five with pre/post-dilatation
were identified in the hypotension group (n=14).
Seven patients who developed hypotension
without PTA were identified (n=7). There was no
significant difference between the hypotension
and the normotensive groups in terms of the PTA
method (X2; p=0.083). There was no significant
difference between these two groups in terms of
stent diameter, length, and side of stent insertion
(p>0.05). The 8F-9F femoral sheath was used
more frequently (61.9%/38.1%) in the
hypotension group and the 6F-7F femoral sheath
(67.5%/32.5%) in the normal blood pressure
group (X2; p=0.013). In addition, 76.2% (n=16) of
the hypotensive group had a history of
antihypertensive medication use prior to the
procedure, while 41% (n=34) of the normotensive
group had a history of antihypertensive
medication use (X2; p=0.004). The comparison of
the hypotensive and normotensive groups
concerning potential risk factors is summarized in
Table 1.
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Table 1. Comparison between hypotensive and
normotensive groups concerning possible risk
factors.

Hypotensive Normotensive p
group (N=21) group (N=83)

DM (%) 47,6 38,6 0,449
CAH (%) 23,8 42,2 0,122
AF (%) 4,8 6 0,651
HT (%) 76,2 66,3 0,383
HL (%) 85,7 77,1 0,388
Smoking (%) 9,5 10,8 0,611
Arc type (%) 0,995
-Typel 76,2 77,1

- Typell 19 18,1

- Type 111 4,8 4,8

Procedure time (min)  60,71+21,64 58,61+17,26 0,882

PSSS (%) 91,33+8,38 84,82+11,56 0,013
PCS (%) 69,23 £22,07 6563+2496 0,680
Balloon angioplasty (n) 0,083
-predilatation 6 15
-postdilatation 3 20
-pre/postdilation 5 5

Stent diameter (mm)
Stent boyu (mm)

8,10 + 1,04 8,10+1,04 0,416
37,62+1091 37,63+8,30 0,648

Stent length (%) 0,952
-Right 52,4 55,4

-Left 42,9 41

Femoral Sheath (%) 0,013
-6F-7F 38,1 67,5

-8F-9F 61,9 32,5

PPAHU (%) 76,2 41 0,004

PPGFR (ml/min) 76,39+31,29 87,91+24,77 0,037

DM= diabetes mellitus, CAD= coronary artery disease, AF= atrial fibrillation, HT=
hypertension, HL= hyperlipidemia, PSSS= percentage of stented side stenosis, PCS=
percentage of contralateral stenosis, PPAHU= pre-procedure anti-hypertensive use,
PPGFR= pre-procedure glomerular filtration rate.

The mean values of arterial pressure (MAP),
hemoglobin (Hb), and hematocrit (Htc) obtained
after the intervention were significantly lower
than those obtained before the intervention in all
patients (Wilcoxon signed ranks test; p<0.05)
(Graph 2). There was no significant difference
between the two groups in the mean values of
MAP, Hb, and Htc before the intervention (Mann-
Whitney U test; p>0.05). After the intervention, the
mean MAP, Hb, and Htc values of the hypotensive
group were significantly lower than those of the
normotensive group (Mann-Whitney U test;
p<0.05). Mean GFR before the intervention
(76,39+31,29 ml/min/1.73 m?) was significantly
lower in the hypotensive group than the
normotensive group (87,91+24,77 ml/min/1.73
m?) (Mann-Whitney U test; p=0.037). The
comparison of mean MAP, Hb, and Htc of the
hypotensive and normotensive groups before and
after the intervention is shown in Table 2.

Of the 21 patients with hypotension, only
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Graph 2. Difference in pre and post mean arterial pressure
(MAP), hemoglobin (Hb), and hematocrit (Htc) values of
hypotensive and normotensive groups.
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Table 2. Comparison of mean values MAP, Hb, and
Htc of hypotensive and normotensive groups
before and after the procedure.

Hypotensive = Normotensive p
group group
Pre-procedure
MAP (mm/Hg) 98,33 £ 16,30 93,23 £11,06 0,166

Hb (g/dl) 13,49 £ 1,57 13,56 + 1,92 0,884
Htc (%) 39,79 + 4,58 40,80 + 5,23 0,367
Post-procedure

MAP (mm/Hg) 64,57 + 13,09 87,32+9,19 0,000
Hb (g/dl) 11,56 +1,71 12,50+ 1,89 0,035
Htc (%) 34,47 £ 4,97 37,32 £5,25 0,020

MAP= mean arterial pressure, Hb= hemoglobin level, Htc= hematocrit percentage.

seven patients were identified whose blood
pressure was monitored, 13 who received saline
infusion, and one who received saline and
inotropic infusion. Patients with hypotension
stayed in the hospital for a mean of 5.64 * 4.15
days, while those with normal blood pressure
stayed in the hospital for a mean of 4.38 + 1.69
days (Mann-Whitney U test; p= 0.310). Thirteen
patients who experienced complications within
the first 24 hours after the procedure were
identified. Eight of these patients suffered an
ischemic stroke (five minor strokes, three
moderate strokes), hemorrhagic stroke, and four
transient ischemic attacks. There was no
significant difference between the hypotensive and
non-hypotensive groups in the development of
complications (X2; p=0.209).

Correlation analysis showed an inverse
relationship between age and Hb, Htc, and GFR
values before the intervention, an inverse
relationship between the intervention time and
the length of hospital stay, and an inverse
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relationship between the percentage of stenosis on
the stented side and Hb and Htc values after the
intervention. A significant but weak relationship
was found in the same direction between mean
arterial pressure (MAP) and postoperative Hb and
Htc values (p<0.05). According to binary logistic
regression analysis, women were 5 times more
likely (OR= 5.041; 95% confidence interval=
1.386-18.339; p= 0.014) to be in the hypotensive
group than in the normotensive group and 4.8
times (OR= 4.873; 95% confidence interval=1.324-
17.932; p= 0.017) more likely. The results of the
logistic regression analysis are summarized in
Table 3.

Table 3. Binary logistic regression analysis.

95% CI

P OR low hight
Gender (K) 0,014 5,041 1,386 18,339
DM 0,602 1,415 0,384 5216
HT 0,767 0,802 0,187 3,441
HL 0,400 2,126 0,367 12,307
CAD 0,029 0,185 0,041 0,840
AF 0,891 1,195 0,094 15,217
Smoking 0,607 1,730 0,215 13,921
PPAHU 0,017 4,873 1,324 17,932

CI= Confidence interval, F= female gender, DM= diabetes mellitus, HT= hypertension,
HL= hyperlipidemia, CAD= coronary artery disease, AF= atrial fibrillation, PPAHU=
pre-procedure anti-hypertensive use.

DISCUSSION AND CONCLUSION

In this study, 21 patients who developed
hypotension after CAS were identified. In the
literature, the rate of hypotension after CAS ranges
from 10% to 42% (12-19). It has been suggested
that hypotension after the procedure is primarily
due to the stretching of the baroreceptors during
CAS (12). However, the fact that hypotension after
CAS does not occur in all patients highlights the
need to investigate possible risk factors for this
condition.

In the studies performed to date, there is no
standard definition of hypotension after CAS.
Nonaka et al. used a systolic blood pressure (SBP)
of <90 mmHg or a decrease in SBP of > 30 mmHg
from baseline as criteria for postprocedural
hypotension. In the study by Ishii et al,
postprocedural hypotension was defined as a
systolic blood pressure of <100 mmHg (9). In
contrast, Kojuri et al. used an SBP <90 mmHg or a
decrease in SBP of 250 mmHg from baseline as
criteria for hypotension (20). In other studies, a
general SBP of <90 mmHg or a decrease of 240
mmHg in SBP compared to baseline was accepted
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as a criterion for hypotension (6,21). In our study,
an SBP <of 90 mmHg or a decrease in SBP of more
than 40 mmHg compared with baseline was
defined as a criterion for hypotension.

According to CAS, the association between
sex and hypotension is unclear. Taha et al
suggested that the male sex may predict the
development of hypotension after CAS (22). In
contrast, in another study, the female sex was
associated with an increased risk of severe
hypotension (19). In our study, hypotension after
CAS was five times more common in female
patients.

Cardiovagal baroreflex sensitivity decreases
with age. Accordingly, the ability to respond to
acute changes in blood pressure, especially
hypotension, decreases with age (23). Many
studies have shown that hemodynamic instability
(hypotension, bradycardia) after CAS increases
with age (4,16,19,24). On the other hand, no
significant association was found between the
development of hypotension after stenting and age
in the study performed by Nonaka et al. (25). In
our study, no significant association was found
between age and the development of hypotension
after CAS.

Previous studies have reported that
atherosclerosis causes baroreceptors in the
carotid sinus to operate at a higher threshold
pressure and decreases baroreflex sensitivity (26-
29). It has also been suggested that stenosis of the
carotid artery caused by atherosclerosis
contributes to increased hemodynamic instability
by desensitizing baroreceptors (30). In the study
by Nonaka et al., the mean degree of stenosis of the
carotid artery on the side of the stent was 78.8%.
However, no significant association was found
between the degree of carotid stenosis and the
development of hypotension (25). In our study, a
significant association was found between the
percentage of stenosis on the stented side and the
development of hypotension after CAS. The higher
mean percentage of stenosis can explain this
difference on the stented side in our study. In
some studies, occlusion of the contralateral carotid
artery is associated with the development of
hypotension after stenting (15,22). In our study,
no significant association was found between
contralateral carotid stenosis and the development
of hypotension.

It is accepted that performing PTA (pre-post
dilation) during muscularization increases the risk
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of hypotension (30). In this study, hypotension
was observed in 14 patients with PTA (n=14/54)
and seven patients without PTA (n=7/50), but
there was no significant difference between these
two groups. This statistical insignificance could be
due to the small number of hypotonic patients.
Gokcal et al. found no association between the
stent diameter and the development of
hypotension after CAS (31). Our study also found
no association between stent diameter, length,
side of stent placement, and hypotension.

Oshin et al. found a significant association
between type 3 aortic arch structure and the
development of persistent hypotension after CAS
(6). In contrast, no significant association was
found between aortic arch types and hypotension
after CAS in our study. However, this may be due
to the small number of type 3 aortic arch types in
our study.

Chronic smoking causes an increase in blood
pressure and heart rate through the release of
epinephrine and norepinephrine (30,32). Diabetes
mellitus, on the other hand, increases blood
pressure by weakening the cardio-vagal response
and overactivity of the sympathetic nervous
system (33,34). Therefore, patients with diabetes
mellitus or smoking history are thought to be
protected from hypotension after CAS (30). In a
study of 155 patients, a significant association was
found between the development of hypotension
after CAS and smoking (35). In our study, no
significant association was found between
smoking and diabetes mellitus and the
development of hypotension after CAS. This may
be due to insufficient data on smoking in our
study.

Two studies found a significant association
between coronary artery disease and hypotension
after CAS (6,16). In contrast to these studies,
coronary heart disease was more common in the
normotensive group in our study, but this was not
significant.

Oshin et al. included 21 patients with a
history of chronic kidney disease in their study.
Persistent hypotension was observed after CAS in
only one of these patients. No significant
association was found between persistent
hypotension after CAS and chronic kidney disease
(6). In this study, the preoperative GFR values of
patients were investigated. In our study, it was
found that patients with low preoperative GFR
were more likely to develop hypotension after



CAS. In a retrospective cohort study,
periprocedural bleeding, mortality, length of
hospital stay, and costs were assessed in patients
with large femoral sheaths (=10F) for
endovascular procedures. A statistically significant
difference in these parameters was found in
patients who had used large catheters(36). In our
study, it was found that femoral cannulas with
larger diameters (8F-9F) were more likely to be
used in the hypotonic group and femoral cannulas
with smaller diameters (6F-7F) were more likely
to be used in the normotonic group. This study
found that the mean values of MAP, Hb, and Htc
before the procedure decreased significantly in
most patients after the procedure. It was found
that this decrease was more pronounced in the
hypotonic group than the normotonic group. The
greater decrease in mean Hb and Htc levels in both
groups after the procedure could be due to blood
loss and routine fluid intake in all patients after
the procedure. The greater hypotension observed
in patients who used a large-diameter femoral
sheath could be related to the higher blood loss. In
patients undergoing CAS with the MoMa method, a
9F femoral sheath is used, and in this group, 50-60
cc more blood is aspirated in each patient than in
the other group. Unfortunately, this study could
not examine which patient lost how much blood.

One study found that patients taking two or
more antihypertensive medications before surgery
had a higher risk of developing hypotension, which
required vasopressor treatment after CAS (37).
Similarly, in our study, the risk of developing
hypotension after CAS was found to be 4.8 times
higher in  patients who were taking
antihypertensive medication before the procedure
than the patients who did not receive treatment.

In studies, severe hypotension after CAS
requiring vasopressors has been observed in 2%
to 21% of patients (8,38). In our study, the need
for vasopressors was noted in 4.16% of
hypotensive patients. In a study by Im et al,
temporary pacemaker therapy was recommended
as prophylaxis before CAS (39). In another study,
the pacing was recommended only for patients
with persistent bradycardia and hypotension after
CAS (40). In our study, no patient required a
pacemaker after CAS.

There are conflicting reports on whether
more complications (TIA or stroke) occurred in
the group that developed hypotension after CAS.
One study found that the risk of stroke and severe
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cardiac disease was increased in patients who
developed hypotension and that these patients
remained in the hospital longer(41). On the other
hand, in another study, no significant difference
was found between hypotensive and normotensive
groups of patients in terms of the development of
neurological complications(24). In our study,
although the length of hospital stay was longer in
the hypotensive group, this difference was not
significant. Similarly, no significant difference was
found between the groups regarding the
development of complications in the first 24 hours.

In the study by Oshin et al.,, the degree of
calcification of the lesion site was assessed in
patients undergoing CAS. Later, the lesions here
were classified into mild, moderate, and severe
calcified lesions according to their grade. In
addition, the amount of contrast agent
administered during CAS was also investigated in
this study. As a result, a significant relationship
was found between the degree of calcification in
the lesion area and the contrast agent dose and
prolonged hypotension after CAS (6). Another
study found a significant association between
calcified vasculature and hemodynamic instability
after CAS (40). In our study, these parameters
were not assessed because of lack of data.

The limitations of this study are that it was a
retrospective study, the sample size was small and
limited to a single center, and carotid artery
calcification, which has been considered an
essential factor in the development of hypotension
in other studies, was not investigated.

In conclusion, female patients, patients with
high stent-side stenosis, patients taking
antihypertensive  medications  before  the
procedure, patients with low GFR before the
procedure, and patients who used a large-
diameter femoral sheath should be monitored
more carefully for the development of hypotension
after CAS.

REFERENCES

1. Abreu P, Nogueira ], Rodrigues FB, et al. Intracerebral
hemorrhage as a manifestation of cerebral hyperperfusion
syndrome after carotid revascularization: systematic
review and meta-analysis. Acta Neurochir (Wien) 2017;
159(11): 2089-2097.

2. Barnett HJM, Taylor DW, Haynes RB, et al. Beneficial effect
of carotid endarterectomy in symptomatic patients with
high-grade carotid stenosis. N Engl ] Med 1991; 325(7):
445-453.

3. Brott TG, Hobson RW, Howard G, et al. Stenting versus
endarterectomy for treatment of carotid - artery stenosis.

Turkish Journal of Cerebrovascular Diseases 2022; 28(2): 110-118



Cengiz et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Turkish Journal of Cerebrovascular Diseases 2022; 28(2): 110-118

N Engl ] Med 2010; 363(1): 11-23.

Choi ], Lee ]JY, Whang K, et al. Factors associated with
hemodynamic instability following carotid artery stenting.
Clin Neurol Neurosurg 2021; 203: 106589.

Malek AM, Higashida RT, Phatouros CC, et al. Stent
angioplasty for cervical carotid artery stenosis in high-risk
symptomatic NASCET-ineligible patients. Stroke 2000;
31(12): 3029-3033.

Oshin O, Varcoe R, Wong J, et al. Multivariable Analysis of
Patients With  Severe Persistent Postprocedural
Hypotension After Carotid Artery Stenting. ] Endovasc Ther
2019; 26(6): 759-767.

Gupta R, Abou-Chebl A, Bajzer CT, et al. Rate, predictors,
and consequences of hemodynamic depression after
carotid artery stenting. ] Am Coll Cardiol 2006; 47(8):
1538-1543.

Lin PH, Zhou W, Kougias P, et al. Factors associated with
hypotension and bradycardia after carotid angioplasty and
stenting. ] Vasc Surg 2007; 46(5): 846-853.

Ishii D, Sakamoto S, Okazaki T, et al. Overlapped Stenting Is
Associated with Postoperative Hypotension after Carotid
Artery Stenting. ] Stroke Cerebrovasc Dis 2018; 27(3): 653-
6509.

Randomised trial of endarterectomy for recently
symptomatic carotid stenosis: final results of the MRC
European Carotid Surgery Trial (ECST). Lancet 1998;
351(9113): 1379-1387.

Higashida RT, Meyers PM, Phatouros CC, et al. Reporting
standards for carotid artery angioplasty and stent
placement. Stroke 2004; 35(5): e112-134.

Lavoie P, Rutledge ], Dawoud MA, et al. Predictors and
timing of hypotension and bradycardia after carotid artery
stenting. AJNR Am ] Neuroradiol 2008; 29(10): 1942-1947.
Pappada G, Beghi E, Marina R, et al. Hemodynamic
instability after extracranial carotid stenting. Acta
Neurochir (Wien) 2006; 148(6): 639-645.

Dangas G, Laird JR, Satler LF, et al. Postprocedural
hypotension after carotid artery stent placement:
predictors and short- and long-term clinical outcomes.
Radiology 2000; 215(3): 677-683.

Leisch F, Kerschner K, Hofmann R, et al. Carotid sinus
reactions during carotid artery stenting: predictors,
incidence, and influence on clinical outcome. Catheter
Cardiovasc Interv 2003; 58(4): 516-523.

Qureshi Al, Luft AR, Sharma M, et al. Frequency and
determinants of postprocedural hemodynamic instability
after carotid angioplasty and stenting. Stroke 1999; 30(10):
2086-2093.

Cayne NS, Faries PL, Trocciola SM, et al. Carotid angioplasty
and stent-induced bradycardia and hypotension: Impact of
prophylactic atropine administration and prior carotid
endarterectomy. ] Vasc Surg 2005; 41(6): 956-961.

Nonaka T, Oka S, Miyata K, et al. Prediction of prolonged
postprocedural hypotension after carotid artery stenting.
Neurosurgery 2005; 57(3): 472-477.

Trocciola SM, Chaer RA, Lin SC, et al. Analysis of
parameters associated with hypotension requiring
vasopressor support after carotid angioplasty and stenting.
] Vasc Surg 2006; 43(4): 714-720.

Kojuri J, Ostovan MA, Zamiri N, et al. Hemodynamic
instability following carotid artery stenting. Neurosurg
Focus 2011; 30(6): E12.

Park B, Shapiro D, Dahn M, et al. Carotid artery angioplasty
with stenting and postprocedure hypotension. Am ] Surg
2005; 190(5): 691-695.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

39.

40.

Taha MM, Toma N, Sakaida H, et al. Periprocedural
hemodynamic instability with carotid angioplasty and
stenting. Surg Neurol 2008; 70(3): 279-285.

Monahan KD. Effect of aging on baroreflex function in
humans. Am ] Physiol Regul Integr Comp Physiol 2007;
293(1): r3-r12.

Mlekusch W, Schillinger M, Sabeti S, et al. Hypotension and
bradycardia after elective carotid stenting: frequency and
risk factors. ] Endovasc Ther 2003; 10(5): 851-859.

Nonaka T, Oka S, Miyata S, et al. Risk factors of
postprocedural hypotension following carotid artery
stenting. Interv Neuroradiol 2006; 12(Suppl 1): 205-210.
Huang CC, Wu YS, Chen T, et al. Long-term effects of
baroreflex function after stenting in patients with carotid
artery stenosis. Auton Neurosci 2010; 158(1-2): 100-104.
Gianaros PJ, Jennings JR, Olafsson GB, et al. Greater intima-
media thickness in the carotid bulb is associated with
reduced baroreflex sensitivity. Am ] Hypertens 2002;
15(6): 486-491.

Chao AC, Chern CM, Kuo TB, et al. Noninvasive assessment
of spontaneous baroreflex sensitivity and heart rate
variability in patients with carotid stenosis. Cerebrovasc
Dis 2003; 16(2): 151-157.

Nasr N, Pavy-Le Traon A, Larrue V. Baroreflex sensitivity is
impaired in bilateral carotid atherosclerosis. Stroke 2005;
36(9): 1891-1895.

Mylonas SN, Moulakakis KG, Antonopoulos CN, et al
Carotid artery stenting-induced hemodynamic instability. ]
Endovasc Ther 2013; 20(1): 48-60.

Gokgal E, Niftaliyev E, Deniz C, et al. Prolonged hypotension
after carotid artery stenting: incidence, predictors and
consequences. Acta Neurochir (Wien) 2017; 159(11):
2081-2087.

Gerhardt U, Hans U, Hohage H. Influence of smoking on
baroreceptor function: 24 h measurements. ] Hypertens
1999; 17(7): 941-946.

Lin M, Ai J, Harden SW, et al. Impairment of baroreflex
control of heart rate and structural changes of cardiac
ganglia in conscious streptozotocin (STZ)-induced diabetic
mice. Auton Neurosci 2010; 155(1-2): 39-48.

Lloyd-Mostyn RH, Watkins PJ. Defective innervation of
heart in diabetic autonomic neuropathy. Br Med ] 1975;
3(5974): 15-17.

Park BD, Divinagracia T, Madej O, et al. Predictors of
clinically significant postprocedural hypotension after
carotid endarterectomy and carotid angioplasty with
stenting. ] Vasc Surg 2009; 50(3): 526-533.

Redfors B, Watson BM, McAndrew T, et al. Mortality,
Length of Stay, and Cost Implications of Procedural
Bleeding After Percutaneous Interventions Using Large-
Bore Catheters. JAMA Cardiol 2017; 2(7): 798-802.

Rubio G, Karwowski JK, DeAmorim H, et al. Predicting
Factors Associated with Postoperative Hypotension
following Carotid Artery Stenting. Ann Vasc Surg 2019; 54:
193-199.

. Vanpeteghem C, Moerman A, De Hert S. Perioperative

Hemodynamic Management of Carotid Artery Surgery. ]
Cardiothorac Vasc Anesth 2016; 30(2): 491-500.

Im SH, Han MH, Kim SH, et al. Transcutaneous temporary
cardiac pacing in carotid stenting: noninvasive prevention
of angioplasty-induced bradycardia and hypotension. ]
Endovasc Ther 2008; 15(1): 110-116.

Csobay-Novak C, Barany T, Zima E, et al. Role of stent
selection in the incidence of persisting hemodynamic
depression after carotid artery stenting. ] Endovasc Ther



2015; 22(1): 122-129.

Noori V], Aranson NJ, Malas M, et al. Risk factors and impact
of postoperative hypotension after carotid artery stenting
in the Vascular Quality Initiative. ] Vasc Surg 2021; 73(3):
975-982.

41.

Ethics

Ethics Committee Approval: The study was approved by
Kahramanmaras Siitgii imam University Non-interventional
Clinical Research Ethics Comittee (Date: 05.04.2021, Number:
18).

Informed Consent: The authors declared that informed
consent was not obtained from the patients because of the
retrospective study design.

Copyright Transfer Form: Copyright Transfer Form was
signed by all authors.

Peer-review: Internally peer-reviewed.

Authorship Contributions: Surgical and Medical Practices: FC,
HS, MG. Concept: FC, HS, MG. Design: FC, HS, MG. Data
Collection or Processing: FC, HS, MG. Analysis or Interpretation:
FC, HS, MG. Literature Search: FC, HS, MG. Writing: FC, HS, MG.
Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

118

Hypotension after carotid artery stenting

Copyright © 2022 by Turkish Cerebrovascular Diseases Society
Turkish Journal of Cerebrovascular Diseases 2022; 28(2): 110-118



