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Abstract

Introduction: Carotid stenting may produce significant bradycardia and/or hypotension. This may have negative short- and long-term
effects for the elderly high-risk patients. Their cerebral hemodynamics is with exhausted adaptive capacity because of the multiple car-
diovascular risk factors, advanced age, and significant stenosis.

Aim: This was a retrospective study aimed at finding whether periprocedural hypoperfusion or hypotension at the time of carotid stent-
ing had any significance for the acute neurological outcome and mid-term general mortality in advanced-age patients who were at high
risk for surgical endarterectomy.

Materials and methods: We studied 138 consecutive patients with significant carotid stenosis from January 2015 to July 2019. The
mean (SD) age was 67.41 (10.70) years. The mean follow-up period was 31 months (922 days). The patients were hemodynamically
monitored periprocedurally according to a local protocol. Vasopressors were added if a prolonged hypotension was measured. Statistical
data were analyzed using SPSS IBM v. 19 (p=0.05, CI 95%).

Results: The male patients were 94 (68%). The number of patients with hypotension periprocedurally or in the first 6 hours post-
procedure was 55 (42%). The mean blood pressures were 135/83 mmHg before, 116/76 mmHg during, and 121/73 mmHg after the
procedure. Kaplan-Maier analysis showed no significant differences in the mid-term general mortality rate between patients with and
patients without transitory hypotension. There wasn’t any difference in the postprocedural neurological outcome either.

Conclusions: The presence of hypotension during carotid stenting was not linked to a negative neurological outcome. It also did not
increase mid-term all-cause mortality in elderly patients (mean age, 67 years). The finding could be attributed to the relatively brief pe-
riod of hypotension, the prompt administration of vasopressors, or the prevention of brain edema and hyper-reperfusion during carotid
stenting in terms of elevated blood pressure; however, this remains to be determined.
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INTRODUCTION

Carotid artery stenting is associated with mechanical
stretching at the time of balloon dilation and the respec-
tive stimulation of the carotid parasympathetic receptors,
which leads to reflex bradycardia and hypotension.!!l This
reaction is normal in young and healthy individuals'?, but
it can be exaggerated and prolonged in advanced-age pa-
tients with multiple cardiovascular risk factors and clini-
cally manifested cerebrovascular disease (CVD) and may
have negative neurological effects. The patients indicated
for carotid stenting have an elevated procedural mortal-
ity risk for carotid endarterectomy and high cardio-vas-
cular risk.’! Prolonged hypoperfusion due to hypotension
and/or bradycardia can lead to compromise in the already
stressed collateral cerebral circulation, which may com-
promise cerebral blood flow.l) However, the significance
of this reaction for the acute neurological outcomes and
mortality rate after carotid stenting is not clear." Risk
factors for periprocedural hypotension are: the distance
from carotid bifurcation and the use of proximal protec-
tive devicesl®, age, the site with minimal lumen diame-
ter”), female sex!®], procedural aspects as dilation!!! and
dilation percentagel®), use of balloon dilation compared
to stenting alonel!%l. Several researchers pointed out that
periprocedural hypotension was associated with a signifi-
cant risk for stroke, myocardial infarction, death, or length
of stay.'!l The standard protocol in our clinic was invasive
treatment of any significant coronary artery disease before
the carotid stenting. This timing of the two procedures
reduced the risk of periprocedural myocardial infarction
at the time of carotid stenting with prolonged hypoten-
sion.'?] Permissive hypotension during carotid stenting,
on the other hand, may be beneficial in preventing cere-
bral hyper-reperfusion and brain edema.

AIM

The aim of this retrospective study was to determine if
periprocedural - intraprocedural, and postprocedural hy-
potension had a significant effect on the acute neurological
outcome and mid-term mortality in patients with carotid
artery stenting.

MATERIALS AND METHODS

All patients had their medical histories taken and physi-
cal status documented. Basic laboratory set for full blood
count, coagulation status, electrolytes, renal and liver en-
zymes, CPK, MB, and high-sensitive troponin (hsTn).
Glomerular filtration rate (GFR) was evaluated by MDRD
and with the Cockcroft-Gault equation. The instrumental
methods included ECG, echocardiography, and ultrasound
assessment of the extracranial vessels.

Hemodynamic Variables during Carotid Stenting

Ethics

The procedure and follow-up were in accordance with the
local ethical norms of Alexandrovska University Hospital.
All patients had signed informed consent before the pro-
cedure of extracranial angiography and carotid stenting.
The local ethics protocol for data management of hospi-
talized patients at Aleksandrovska University Hospital was
followed, as were the recommendations of the Declaration
of Helsinki from 1975. We did not require special ethical
approval because the study was retrospective and observa-
tional in design, with no intervention on the subjects. All
patients signed the Alexandrovska University Hospital’s
standard informed consent forms for hospitalization, data
management in accordance with the GDPR, carotid stent-
ing, blood sampling, and medical treatment (all of which
absolutely necessary for the treatment of the patients).

All patients were either on dual antiplatelet therapy
already or were loaded before the procedure. The standard
local protocol included pretreatment of significant coro-
nary artery disease, neurological assessment before and
after carotid stenting, volume loading during the proce-
dure, reduction of hypotensive and bradycardic medica-
tions before the procedure, and consequent step-up titra-
tion guided by the blood pressure.

Angiographic analysis

Quantitative angiographic analyses were performed using
freely available software (Dicom Works version 3.1.5b, Par-
is, http://www.dicomworks.com/). Catheter calibration was
used in all cases. The significance of the carotid stenoses
was assessed in accordance with the current guidelines®
and the resultant flow after stenting was assessed with the
TICI flow classification.!'>!4] Femoral access was used in
most patients. Intravenous unfractionated heparin was
used as an initial bolus of 5000 U and afterwards the dose
was to keep activated clotting time (ACT) around 300 sec-
onds. The precise procedural technique was implemented
strictly according to the guidelines.[' Self-expandable
stents were used for the procedures.!'>!°l Distal protection
devices were used depending on the tortuosity of the ves-
sel, place of the plaque, and percentage stenosis.!”] Balloon
dilation was used by recommendations and personal expe-
rience of the operator.[181]

Hypotension was defined as a drop of systolic blood
pressure below 90 mmHg or a drop of more than 30 mmHg
in the mean arterial pressure, or such a drop of blood pres-
sure (irrespective of values) that produces symptoms.!2°!

Blood pressure values before the procedure were brachi-
al. Intraprocedural blood pressure was invasively measured
central aortic blood pressure. We had the intraprocedural
hemodynamic curves of one-third of the stented patients
available for the study. Blood pressure after the procedure
and during the first 24 hours was brachially measured. Due
to the inherent difference between central and brachial
measurements!?'??, a significant hypotension was accept-
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ed only if the drop of blood pressure was registered by one
and the same means of evaluation.

Statistical analysis

Mid-term mortality was defined as the mortality before the
third year after stenting.

SPSS 19 was used for the statistical analysis. The qual-
itative data was presented with descriptive statistics, the
number of cases, and a valid percent. Quantitative data was
given as a mean and standard deviation value. All-cause
mortality rate was assessed in the studied group. Because
of crossing of the curves during the initial Kaplan-Mayer
evaluation of hypotensive and non-hypotensive patients,
the method was not good to study this group of patients.
We used Cox regression model to find the significant pre-
dictors for mid-term survival. Correlation analysis was
used to find the direction and strength of any correlation
between the precise periprocedural blood pressure values
and the mid-term mortality.

RESULTS

General characteristics of the patients
with carotid stenting

The mean (SD) age of the studied group was 67.41 (10.70)
years. The males were 94 (68%); the mean left (SD) ven-
tricular ejection fraction was 58.84 (9.25%). Blood pres-
sure values before the procedure were: 135/83 mmHg,
mean (SD) 101 (15.34) mmHg, pulse pressure was 51.66
(16.17) mmHg, the mean double product (systolic blood
pressure x heart rate) was 9606. The mean values of in-
traprocedural blood pressure were 115/56 mmHg,
mean (SD) 91.05 (23.62) mmHg, pulse pressure mean
(SD) 40 (17.12) mmHg. Postprocedural blood pressure:
121/73 mmHg, mean (SD) 89 (19.22) mmHg, pulse pres-
sure mean (SD) 48 (15.96) mmHg.

Thirty-six patients (26%) had bilateral lesions. Total oc-
clusion of the contralateral of the intervened carotid artery
was found in 12 (8.7%) patients.

Most of the patients had arterial hypertension 132 (96%).
Twenty-four patient (17%) were without a stable angina,
and the majority were with second class according to the
Canadian Classification - 79 (57%). Thirty-four patients
(25%) had atrial fibrillation; the smokers were 62 (73% val-
id percent); dyslipidemia was found in 128 (94%) patients;
39 (28%) had diabetes mellitus; history of cancer was given
by 17 (12%) patients; peripheral artery disease was found
in 34 (25%) patients; a history of transitory ischemic attack
was reported by 65 (47%), and previous ischemic stroke —
by 72 (52%); only two patients (1%) reported having had a
previous hemorrhagic stroke.

Periprocedural hypotension (as defined in the Materi-
als and methods section) was found in 55 (41%) patients

and postprocedural hypotension - in 42 (32%) patients. All
patients received volume expansion with sodium chloride
intraprocedurally.

Distal protection devices were used in 112 (91%) de-
pending on the tortuosity of the vessel, the location of the
plaque, and percentage stenosis.

Intravenous atropine was received by 8 (6%) patients,
noradrenaline infusion - 15 (11%), dopamine infusion -
29 (22%), and dobutamine infusion - 28 (14%) patients.
The main indication was hypotension and/or bradycardia
below 40 beats per minute.

Complications, associated with
the intervention

Complications associated with the intervention occurred
in 11 (8%) patients: one patient (0.7%) had extravasation,
three patients (2.2%) - intracranial hemorrhages, three pa-
tients (2.2%) had ischemic strokes, two (1.2%) patients had
transitory ischemic attacks, and two patients (1.4%) had
complications at the puncture site. We used the chi-square
test to find that there was no correlation between peripro-
cedural hypotension and periprocedural complications.

Acute neurological outcomes after
carotid stenting

There was no correlation between periprocedural hypo-
tension and acute neurological outcomes defined as stroke,
TIA, or hemorrhagic stroke.

Concerning the medication of the patients: 119 (86%)
were on clopidogrel; 17 (12%) were on ticagrelor; aspirin
was given to 134 (97%) patients. At the time of the pro-
cedure, all antihypertensive predications were withheld
and reintroduced into the therapy with titration in the first
72 hours with close monitoring of hemodynamics. Be-
ta-blockers were administered to 85 (62%) patients, ACE
inhibitors were given to 52 (38%) patients, ARB - to 35
(25%), calcium channel blockers were taken by 39 (28%)
patients, statins — by 129 (94%) patients, aldosterone antag-
onists — by 13 (9%), anticoagulation - 11 (8%) with aceno-
coumarin and 11 (8%) with new oral anticoagulants.

Comparison of the characteristics of the
dead and alive patients

We used independent sample t-test with null hypothesis
that the two population (dead/alive) means were equal.
Levene’s test for equality of variances tested the homoge-
neity of variance in the studied groups. We considered as
significant only the results with confidence interval of the
difference which does not contain 0.

Table 1 shows only the significant differences for which
the p<a (a=0.05) and for which we could reject the null hy-
pothesis for equality between dead and alive. There were no
significant differences in the frequencies of smoking, CCS
functional class, hypertension, atrial fibrillation, dyslipid-
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Table 1. Differences between dead and alive patients after carotid stenting

Characteristics Dead Alive p CI
Age 71.64+8.69 66.61+10.89 0.043 -9.9,-0.16
NYHA class 95% 22% 0.02 —1.35,-0.125
Previous MI 32% 9% 0.037 -0.379, —0.085
Renal function GFR (Cockcroft and

57.63+25.7 77.74%+30.63 0.006 —-1.04, -0.14
Gault)
LVEF 49.62+12.57 60.54+7.4 0.01 5.07,16.78

emia, diabetes mellitus, peripheral artery disease frequen-
cy, hemoglobin and high-sensitive troponin levels, blood
pressure variables — systolic and diastolic, pulse pressure,
mean, pre-, intra- and post-procedurally.

Comparison of the characteristics of the
patients with and without periprocedural
hypotension

There was no statistically significant difference between
the patients with and the patients without periprocedural
hypotension in terms of mean characteristics and frequen-
cy of distribution of risk factors. We used the independent
sample t-test with level of significance 0.05 and the corre-
sponding confidence interval and test for equality of vari-
ance (Levene’s test).

We applied the chi-square test for the association be-
tween periprocedural hypotension and mortality. The
null hypothesis stated that mortality was independent of
periprocedural hypotension. The test statistics returned
p=0.26 (a=0.05). Thus, we did not reject the null hypothe-
sis, there is not enough evidence to suggest any association
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between periprocedural hypotension and mid-term death
at follow-up.

Survival analysis

For the survival analysis, we first checked the Kaplan-Meier
survival curves for periprocedural or postprocedural hypo-
tension. There was no significant difference between the
survival time of patients both with periprocedural or pro-
cedural hypotension and the patients without hypotension.
The results are shown in Fig. 1.

Factors for mid-term mortality after ca-
rotid stenting

Cox regression analysis was used to investigate how differ-
ent factors affected when a death would occur. We worked
with CI for exp (B) 95% (HR), entry 0.05, removal 0.10.
Only tests analysis with Omnibus test <0.05 was used for
explanation of the model, because Cox regression was good
to fit the given data.
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Figure 1. Survival function - hypotension post carotid stenting (A); survival function for hypotension periprocedurally (B).
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The analysis showed that hypotension during and after
carotid stenting had no significant effect on the mid-term
all-cause mortality. The same was valid for the precise val-
ues of periprocedural blood pressure. These parameters
were not associated with significant hazard in any Cox re-
gression mode. These results are shown in Table 2.

DISCUSSION

This study population was one of a very high cardiovascu-
lar risk. About 96% of the study group were with arterial
hypertension, 39% with diabetes, and around 71% with re-
nal dysfunction. These three groups had an elevated risk
for maladaptive and impaired acute blood pressure re-
sponse. 23 Forty-one percent of the patients in the study
group had periprocedural hypotension, but this was not
associated with elevated all-cause mid-term mortality. Sev-
eral relatively small studies have found the periprocedural
hypotension correlated with periprocedural neurological
findings®* but not with periprocedural mortality.[:02%]
Data for the long-term effect of periprocedural hypotension
is scarce. Some studies find postprocedural (at 6 hours) hy-
potension to be a positive prognostic factor for prolonged
up to one-year beneficial antihypertensive effect.2¢)

A postprocedural change in the neurological status was
observed only in patients with complications as stroke and
transitory ischemic attack, irrespective of periprocedural
hypotension. This was a confirmative result compared to
other studies.?”]

The results from the Cox regression analysis showed that
periprocedural hypotension was not a factor for elevated
mid-term all-cause mortality. In the regression model, a
certain value gained: previous myocardial infarction, low,
ejection fraction, periprocedural complications (the ma-
jority of which transitory ischemic attacks). These factors
play a respective role for the mortality rate in the very high
cardiovascular risk group patients. 282

Our results do not contradict any of these findings. They
rather shed light on the part of periprocedural hypoten-
sion and mid-term all-cause mortality. We could not prove
periprocedural hypotension to be a risk factor for elevated

mid-term all-cause mortality after carotid stenting. Even if
we consider that the cerebral circulation of such patients
with very high cardiovascular risk and significant carotid
stenosis has repetitively been put under low-flow condi-
tions, the compensatory mechanisms are strained to their
limit, the autoregulation - partly dysfunctional, the clin-
ical result of excessive hypotension, expressed in elevated
mortality rate, was not proved. It is evident, also from the
diverse studies’ findings, that a much larger, complicated
and well pre-defined study with functional neuroimag-
ing is needed to elucidate the precise connection between
periprocedural findings, neurological, hemodynamic find-
ings, and mortality. Our explanation for the result is that
the hypotension was relatively short in duration because
immediate counteractions were undertaken to resolve it.
Another possible explanation could be that hypotension
prevents brain edema at the time of reperfusion.3")

Limitations

This study is retrospective. Some patients were included
in the study by chance at a later point in time, and thus
not all alive patients were followed for an equal amount of
time. However, these were real-life results, and they did not
follow our prescribed protocols. Blood pressure variability
was not assessed. It is possible that exaggerated blood pres-
sure variability at the time around carotid stenting plays an
important prognostic role with straining the compensatory
mechanisms to the full.

CONCLUSIONS

Hypotension during carotid stenting was not associated
with a negative neurological outcome as well as with eleva-
tion in mid-term all-cause mortality, despite the advanced
age of the patients and the impaired from cardio-vascular
risk factors cerebral circulation in this symptomatic group.
The finding can be due to the relatively short period of hy-
potension and to the quick administration of vasopressors
and volume substitution.

Table 2. Variables in the equation for Cox regression analysis of the factors for all-cause mid-term mortality in patients with carotid

stenting. Hypotension was excluded from this final table because its significance level was above the threshold of 0.05

95.0% CI for Exp(B)
B SE Wald df Sig. Exp(B)

Lower Upper
MI 1.226 0.511 5.759 1 0.016 3.408 1.252 9.278
EF —-0.083 0.022 13.598 1 0.000 0.920 0.881 0.962
PAD -2.275 0.807 7.944 1 0.005 0.103 0.021 0.500
TIA 0.970 0.502 3.736 1 0.053 2.638 0.987 7.051
Complications 1.419 0.701 4.091 1 0.043 4.132 1.045 16.340

MI: myocardial infarction; EF: left ventricular ejection fraction; PAD: peripheral artery disease; TIA: transitory ischemic attack
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Pe3tome

BBepieHne: CreHTHpOBaHMEe COHHOI apTepU MOXKET BbI3BATh 3HAUNTEIbHYIO OpaMKapAMIo 1/ TUTIOTOHMIO. DTO MOXKET VIMETb
HeraTyBHbIe KPATKOCPOYHbIE 1 JJONITOCPOYHbIE IOCTEACTBIA I TIOXKWU/IbIX IIAIIMeHTOB 13 IPYIIIbI BBICOKOIO PMCKa. Y HUX Iepe-
OpaybHasg TeMOAMHAMIKA HAXOUTCA B MICUEPIIAHHOM aJaITallIOHHOM IIOTEHIIMaJie U3-3a MHOXXECTBEHHBIX CepJledHO-COCYAMNCTBIX
(baKTOpOB pUCKa, IIOXKIIOTO BO3PACTa VI BHIPAYKEHHOTO CTEHO34a.

Lienb: 910 6bUI0 peTPOCIEKTUBHOE MCCTIEAOBAHILE, LI€/IbI0 KOTOPOTrO OBUIO BBISICHUTD, MMeeT /I IIePUIPOLeAypHast TUIonepdysus
VIV TUIIOTEH3VsI BO BPeMsI CTEHTVPOBAHNS COHHOIL apTepuy Kakoe-n60 3HadeHue A/si OCTPOTO HEBPOTIOTMIECKOTO MCXOMA I Cpefi-
HeCpPOYHOII 001Iell CMEPTHOCTH Y NAIMEHTOB HOXKIIOTO BO3PACTa, KOTOPBIE TIOBEPraIiiCh BBICOKOMY PUCKY XMPYPIUYeCKOll SHzap-
TepPIKTOMMUIL.

Matepuanbl n metofibl: Mer o6cieoBanu 138 mocefoBaTeNbHbIX MALMEHTOB CO 3HAYUTEIbHBIM CTEHO30M COHHOI apTepui C siH-
Bapst 2015 r. mo utonb 2019 . CpepHuit Bospact coctasui 67.41 (10.70) ropa. CpenHuit nepuop HabmofeHns coctasui 31 mecsii (922
1Hs). [TareHTsl HAXOV/IICH IO TeMOJMHAMIYECKUM KOHTPOJIEM IIEPUIIPOLIEYPHO B COOTBETCTBIY C MECTHBIM IIPOTOKO/IOM. Baso-
Hpeccopsl 1006aBIsIIN, e/ OTMeYaach AInTenbHas runoToHus. CTaTuCTUYecKue JaHHbIe aHAIM3UPOBAIY C MCIIONb30BaHeM SPSS
IBM v. 19 (p=0.05, CI 95%).

Pesynbrartbl: IlanueHToB MY>KCKOTO IO 6B110 94 (68%). Unc/I0 MAIMEHTOB ¢ apTepuaIbHOI IUIIOTEH3Mel IIePUIPOLeyPHO W
B IIepBbIe 6 YacoB II0C/Ie IPOLeyPhI cocTaBmio 55 (42%). CpenHee apTepuanbHOe JaBieHre cocTabano 135/83 mmHg. o, 116/76
mmHg. Bo Bpemsa u 121/73 mmHg. mocrne npouenypsl. Anamm3s Kaplan-Maier He BBIABII CYIIeCTBEHHBIX Pas/umii B CPEJHECPOYHON
061eit cMEpTHOCTU MeXXy TIaL[IeHTaMM C TPAaH3UTOPHON TMIIOTeH3Mel U nanyeHTaMu 6e3 Heé. He 6bII0 HUKAKOI PasHUIIBI U B I1O-
CTIIPOLIE/lyPHOM HEBPOIOTMIECKOM JICXOIE.

3aKkntoyeHue: Hamume rumoToHNM BO BpeMs CTEHTMPOBaHMA COHHOJ apTepuy He ObIIO CBA3aHO C OTPULIATE/IbHBIM HEBPO/IOTMYe-
cknM ncxonoM. OH TaKoke He YBEIMYWI CPeSHECPOYHYI0 CMEPTHOCTD OT BCeX IPMYMH Y HOKMIBIX NMALMEHTOB (CpefHMIT BO3pacT 67
j1eT). DTO OTKPBITIE MOXXHO OOBSCHUTD OTHOCUTENBHO KOPOTKIM II€PUOfOM TMIIOTOHNM, HeMeIEeHHBIM Ha3HaueHIeM Ba3OIpecco-
POB WIM IIpefiOTBpallleH)eM OTéKa MO3Ta 1 runeppenepdysny Bo BpeMs CTEHTUPOBAHMA COHHbIX apTePUIl B YCIOBYAX ITOBBIIIEHHOTO
apTepManbHOTO IaB/IeHNs; OJJHAKO 3TO eIlé IPefICTOUT OIPEeeNNTh.
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