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HIGHLIGHTS

* Incidence of Hemodynamic Depression was 54.4% in 237 carotid surgeries.
» Asymptomatic carotid stenosis and endovascular surgery were predictors of HD.
* Hypotension requiring continuous vasopressor infusion was associated with MACE.
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Introduction: Hemodynamic Depression (HD) characterized by hypotension and bradycardia is a complication of
carotid surgery due to direct autonomic stimulation in the carotid sinus. The authors believe the incidence of HD
is high and possibly related to major cardiac complications.

Methods: Analysis of patient records during admissions for carotid surgery between January 2014 and Decem-
ber 2018 in two hospitals. HD was defined as bradycardia or hypotension in the first 24 postoperative hours. Bra-
dycardia was defined as heart rate < 50bpm; hypotension as systolic blood pressure < 90 mmHg, continuous use
of vasopressors, or a drop in SBP > 20% compared to preoperative values. Myocardial infarction, stroke, and car-
diovascular death were defined as adverse events.

Results: Overall, 237 carotid surgeries (178 endarterectomies, 59 angioplasties) were studied, and the global inci-
dence of HD was 54.4% (hypotension in 50.2%, bradycardia in 11.0%, and hypotension and bradycardia
in 6.8%). The independent predictors of HD were asymptomatic carotid stenosis (OR = 1.824; 95% CI 1.014
—3.280; p = 0.045), endovascular surgery (OR = 3.319; 95% CI 1.675—6.576; p = 0.001) and intraoperative
hypotension or bradycardia (OR = 2.144; 95% CI 1.222—-3.762; p = 0.008). Hypotension requiring continuous
vasopressor infusion was the only factor independently associated with adverse cardiovascular events
(OR = 5.504; 95% CI 1.729—-17.529; p = 0.004).

Discussion/conclusion: Incidence of Hemodynamic Depression after carotid surgery is high and independently asso-
ciated with surgical technique, symptomatic repercussion of the carotid stenosis, and intraoperative hypotension
or bradycardia. Hypotension requiring the continuous infusion of vasopressors was independently associated
with the occurrence of MACE.

Introduction

Atherosclerotic extracranial cerebrovascular disease is a major cause
of stroke, and a leading cause of death,' accounting for 6.3 million
or 11.8% of all lost lives worldwide in 2015.% In the effort to prevent
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stroke, surgical therapies such as Carotid Endarterectomy (CEA) and
Carotid Artery Angioplasty and Stenting (CAS) were developed to com-
plement clinical treatment in patients at risk.> >

Among arterial surgeries, carotid revascularization has a lower risk
of cardiovascular events than aortoiliac procedures, and CAS is an
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attractive endovascular approach, less invasive than CEA. Although sim-
ilar long-term efficacy of CAS and CEA has been demonstrated in asymp-
tomatic patients © or those younger than 70 years,”® there is concern
about the worse result of CAS in elderly patients ” and a greater number
of minor strokes in the perioperative period of asymptomatic patients.®
Moreover, despite the benefits related to reduced surgical trauma in
CAS, this endovascular technique carries a higher risk of hemodynamic
depression, when compared to CEA.’ The intrinsic risk of Hemodynamic
Depression (HD), characterized by postoperative hypotension or brady-
cardia, is not encompassed by any of the traditional surgical risk
indexes."°

There is marked heterogeneity in definitions of HD. Criteria might
consider absolute values, usually Systolic Blood Pressure (SBP) <
90 mmHg and Heart Rate (HR) < 60 bpm;'"'? relative values, compar-
ing pre and post-operative vital signs;'* and need for treatment.' Inde-
pendently from the definition adopted, prolonged HD has been
associated with a higher risk of perioperative stroke, myocardial infarc-
tion, and death after carotid surgery.'”

The present study aims to add information to this subject by cluster-
ing some of the definitions commonly considered, as well as investigating
factors associated with HD development and its possible postoperative
repercussions.

Materials and methods
Objectives

The primary endpoints of the current study are to analyze the preva-
lence of HD and to identify its predictors. The secondary endpoint is to
explore the association between HD and Major Adverse Cardiovascular
Event (MACE).

Study population

The authors performed a retrospective analysis of 254 carotid surger-
ies performed in a tertiary and a quaternary hospital from January 2014
to December 2018. Missing data determined the exclusion of 17 proce-
dures, effectively resulting in a cohort of 237 procedures. Local ethics
committees approved the protocol and written informed consent was
waived due to the study’s retrospective nature.

Definitions

Intraoperative hypotension was defined as any of the following, dur-
ing the surgical procedure: Systolic blood pressure (SBP) < 90 mmHg;
Mean arterial pressure (MAP) < 60 mmHg; or need for continuous infu-
sion of vasopressors (norepinephrine). Blood pressure was monitored
invasively (arterial line), and data was recorded every 5 or 10 minutes.

Any of the following occurrences in the first 24h characterized post-
operative hypotension in an intensive care unit: SBP < 90 mmHg; the
need for continuous infusion of vasopressors; or a drop in SBP > 20%
compared to preoperative mean ward SBP values on the day before sur-
gery. Blood pressure was monitored continuously and recorded
every 1 or 2 hours, and vasopressor infusions were titrated accordingly
when needed.

Bradycardia was defined as HR < 50 bpm either intra or post-opera-
tively. Hemodynamic Depression (HD) was the manifestation of either
bradycardia or hypotension during the first 24h after surgery and was
considered persistent when present in at least two consecutive records.

Symptomatic carotid stenosis was defined as a neurologic deficit
directly attributable to the carotid stenosis itself, such as amaurosis
fugax, transient ischemic attack, or stroke that occurred up to 6 months
before surgical intervention.

MACE was defined as stroke, myocardial infarction, or cardiovascu-
lar death, during the hospital stay after surgery. The diagnoses of stroke
in the postoperative period were based on the new focal deficits in the
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patient’s clinical evaluation, corroborated by neuroimaging with com-
patible findings. Myocardial infarction diagnosis was based upon the cri-
teria of a rise and/or fall of troponin, with at least one value above
the 99" percentile, and at least one of the following: symptoms of acute
myocardial ischemia; new ischemic ECG changes; development of path-
ological Q waves; imaging evidence of new loss of viable myocardium,
or new regional wall motion abnormality in a pattern consistent with an
ischemic etiology.'® Cardiovascular death was considered when the
cause of death was stroke or myocardial infarction.

Biochemical analysis

All laboratory analyses were ordered at the discretion of the assistant
team. Preoperative values correspond to those available most immedi-
ately before surgery and no older than 30 days. Postoperative dosages
were recorded as the first blood test immediately after surgery in the
intensive care unit. Particularly in relation to Troponin T, all samplings
up to 120h after surgery were recorded. The Troponin assay used was a
high sensitivity Troponin T (Elecsys, Roche Diagnostics, Mannheim, Ger-
many) with a 99 percentile upper reference limit of 0.014 ng/mL."”

Statistical analyses

Variables were tested for normality of distribution using Kolmo-
gorov-Smirnov and Shapiro-Wilk tests. Normally distributed variables
are expressed as mean + Standard Deviation (SD) and were compared
using the Student’s t-test. Variables not fitting normal distribution were
expressed as the median and Interquartile Range (IQR) and were com-
pared using the Mann-Whitney U test. Chi-Square and Fisher’s exact
tests were used for categorical data. For the multivariate analysis, differ-
ent logistic binary regression models comprising variables associated
with HD development were compared. The final model was selected
based on better Goodness of Fit according to Akaike Information Crite-
rion (AIC), Bayesian Information Criterion (BIC), and Hosmer-Leme-
show. Statistical significance was set at an alpha level of 0.05. Analyses
were executed on SPSS for Windows, v26.0.0.0, 64 bits.

Results

From 254 carotid surgeries performed between January 2014 and
December 2018, core data was unavailable for 17 procedures, and
237 procedures were included in the present analysis. Out of the
total 237 carotid surgical interventions performed on 220 patients,
178 (75.1%) were Endarterectomies (CEA), and 59 (24.9%) were CAS.
Hemodynamic Depression occurred in 54.4% of all procedures. Hypo-
tension took place in 50.2%, was considered persistent in 24.5%, and
required a continuous infusion of vasopressors in 8%, bradycardia
in 11.0%, persistent in 5.5%, and both hypotension and bradycardia hap-
pened in 6.8%.

Overall, 62.0% were male; the mean age was 68.7 years; 31.2% were
treated for symptomatic carotid disease and 34.6% had coronary artery
disease. In the group that developed HD, the authors found fewer symp-
tomatic patients (24.8% vs. 34.9% in a non-HD group; p = 0.02) and
slightly higher mean preoperative SBP (129.37 + 1.25 vs. 125.52 + 1.34
in a non-HD group; p = 0.037). There were no other significant preoper-
ative differences between patients with and without HD, regarding clini-
cal, laboratorial, or cardiovascular medications in use (Table 1).

The incidence of HD was significantly higher after CAS procedures
(76.3%) than CEA (47.2%). Patients who had intra-operative bradycar-
dia and/or hypotension were more likely to develop post-operative HD
(Table 2).

Individuals who developed Hemodynamic Depression had a higher
post-operative cardiac troponin T peak (0.018 ng/mL, IQR 0.019
vs. 0.014 ng/mL, IQR = 0.018; p = 0.044), higher volume of crystal-
loids administered in the first 24h after the carotid procedure
(2599.89 mL +76.97 vs. 2223.1 mL + 79.14; p = 0.001) and a lower
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Table 1
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Preoperative variables vs. hemodynamic depression.

Hemodynamic Depression

HD+ HD- Global P
n (%) Avail.* 129 (54.4%) 108 (45.6%)
Preoperative
Sex, Male 100% 80 (62.0%) 67 (62.0%) 62.0% 0.997
Age, years 100% 68.0 (12) 69.0 (13) 68.66 0.597
ASA Physical Status 93.24% 0.122
I 31 (26.5%) 26 (25%) 24.1%
11 79 (67.5%) 77 (74.0%) 65.8%
v 7 (6.0%) 1(1.0%) 3.4%
SBP, mmHg 99.57% 129.37 +1.25 125.52 +1.34 127.62 +.92 0.037
DBP, mmHg 99.57% 73.7 (13) 71.00 (11) 72.3(12) 0.061
HR, bpm 99.57% 68.96 + 0.96 69.40 +.99 68.61 + .69 0.301
Contralateral stenosis 100% 41 (31.8%) 27 (25.0%) 28.7% 0.250
Hemoglobin, g/dL 95.78% 13.27 +0.17 13.38+0.13 13.34 +0.11 0.626
Hematocrit, % 95.78% 39.91 +£0.37 39.62 + 0.49 39.78 £ 0.30 0.645
cTnT, ng/mL 66.66% 0.012 (0.011) 0.011 (0.008) 0.011 (0.008) 0.108
Creatinine, mg/dL 93.24% 1.12(0.42) 1.11 (0.47) 1.12(0.43) 0.842
Hypertension 100% 117 (90.7%) 102 (94.4%) 92.4% 0.278
DM 100% 53 (41.1%) 47 (43.5%) 42.2% 0.706
Neck radiotherapy 100% 3(2.3%) 1 (0.9%) 1.7% 0.628
COPD 100% 4(3.1%) 5 (4.6%) 3.8% 0.735
CHD 100% 47 (36.4%) 35 (32.4%) 34.6% 0.516
Symptomatic Stenosis 100% 32 (24.8%) 42 (38.9%) 31,2% M
Stroke 100% 57 (44.2%) 58 (53.7%) 48,5% 0.144
Myocardial infarction 100% 26 (20.2%) 24 (22.2%) 21,1% 0.698
CHF 100% 11 (8.5%) 9(8.3%) 8,4% 0.957
Aspirin use 99.57% 125 (96.9%) 101 (94.4%) 95.4% 0.341
Statin use 99.57% 128 (99.2%) 102 (99.0%) 98.7% 0.894
Beta-blocker use 99.57% 62 (48.1%) 40 (37.4%) 43.0% 0.099
ACEi/ARB use 99.57% 83 (64.3%) 77 (72.0%) 67.5% 0.212

Data expressed as mean + SD for parametric variables and expressed as median (Interquar-
tile Range) for non-normally distributed variables. ACEi, Angiotensin Converting Enzyme
inhibitors; ARB, Angiotensin Receptor Blocker; CHD, Coronary Heart Disease; CHF, Conges-
tive Heart Failure; CKD, Chronic Kidney Disease; COPD, Chronic Pulmonary Obstructive Dis-
ease; cTnT, Cardiac Troponin T; DBP, Diastolic Blood Pressure; DM, Diabetes Mellitus; HD
+, Occurrence of Hemodynamic Depression; HD-, Absence of Hemodynamic Depression;

HR, Heart Rate; SBP, Systolic Blood Pressure.

@ Availability of data according to total number of procedures (n = 237).

postoperative hematocrit (35.43% + 0.36 vs. 36.68% =+ 0.44;
p = 0.031). HD did not affect the length of hospital stay after surgery
(4,I0R 2vs. 4,IQR = 2;p = 0.153).

On a binary logistic regression multivariate analysis, asymptomatic
carotid stenosis (OR = 1.824; 95% CI 1.014—3.280; p = 0.045), endo-
vascular surgery (OR = 3.319; 95% CI 1.675—6.576; p = 0.001) and

Table 2
Intraoperative variables vs. hemodynamic depression.

Hemodynamic Depression

HD+ HD- P
n (%) Avail.” 129 (54.4%) 108 (45.6%)
Intra-operative
CAS/CEA 100% <0.001
CAS 45(34.9%) 14 (13.0%) -
CEA 84 (65.3%) 94 (87.0%)
Hypotension 99.15% 29 (22.8%) 12(11.1%) 0.018
Bradycardia 99.15%  52(40.9%)]  27(25.0%)  0.010
Hypotension or Bradycardia 99.15% 62 (48.8%) 32(29.6%) 0.003
Procedure length, min 97.04% 167.5 (89) 177.5 (60) 0.221
Crystalloid administered, mL 100% 2000 (725) 2000 (1000) 0.400

Data expressed as mean + SD for parametric variables and expressed as median
(Interquartile Range) for non-normally distributed variables.
CAS, Carotid Artery Stenting; CEA, Carotid Endarterectomy; HD +, Occurrence
of Hemodynamic Depression; HD-, Absence of Hemodynamic Depression.

@ Availability of data according to total number of procedures (n = 237).

intraoperative hypotension or bradycardia (OR = 2.144; 95% CI 1.222
—3.762; p = 0.008) were characterized as independent predictors for
development of Hemodynamic Depression (Fig. 1).

The authors observed 32 perioperative cardiovascular events
in 20 patients (11.0%), distributed as 14 strokes (5.9%), 16 myocardial
infarctions (6.8%), and two deaths (0.8%) as a consequence of one stroke
and one ML The incidence of MACE was 13.1% in patients presenting
HD and 8.3% in patients without HD (p = 0.298), and in the group of
patients with HD and need for continuous vasopressors, there was an
independent increase in the risk of MACE, after adjustment for anes-
thetic technique and procedure laterality (Adjusted Odds Ratio: 5.504;
95% CI 1.729—17.529; p = 0.004).

Discussion

This study demonstrates that the incidence of HD is high, occurring
in more than half of all procedures, and reinforces the potential harm of
this condition in its more severe presentation. Endovascular technique,
asymptomatic status, and intraoperative hypotension or bradycardia are
risk factors for HD.

The occurrence of HD, found to be 54.4% in the whole sample, was
higher than previously described, ranging from 7.2%° to 70%'® depend-
ing on the population, type of procedure performed, and definition
adopted for Hemodynamic Depression. In order to capture the full
impact of this variable on the studied patients, the authors used broader
criteria for HD, encompassing definitions used in other studies, and this
might explain the relatively high incidence of HD in the present study.
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p= 008
CAS
2 p= 001
-g Intraoperative Hypotension or Bradycardia +
>
p =045
Asymptomatic Carotid Disease
1,000 2,000 3,000 4,000 5,000 6,000 7,000
Odds Ratio
Odds Ratio Cl 95%
Variable Odds Ratio Lower Upper o]
CAS 3.319 1.675 6.576 .001
Intraoperative Hypotension or 2144 1.222 3.762 .008
Bradycardia
Asymptomatic Carotid Disease 1.824 1.014 3.280 .045
Multivariable Model “Goodness of fit”
Akaike Information Criterion (AIC) 41.116
Bayesian Information Criterion (BIC) 54.954
Hosmer-Lemeshow Test 2=6.311 df=5 p=.277

Fig. 1. Forest plot — binary logistic regression analysis.

Following Park et al.,"° the authors have identified the surgical tech-
nique as an independent predictor of HD, being the endovascular
approach associated with a 3.3-fold adjusted incidence of HD in compar-
ison to endarterectomy. A plausible explanation for this fact relies on
the baroreflex mechanism: mechanoreceptors distributed along the
carotid sinus are overstimulated during angioplasty/stenting, resulting
in lower blood pressure and heart rate. The development of bradycardia
and hypotension already in the intraoperative setting might work as a
marker for this reflex’s integrity and sensitivity, potentially indicating
patients are at higher risk for HD.

Differently from other studies, diabetes® and prior carotid surgery*’
were not associated with a lower HD incidence. Moreover, congestive
heart failure’ and coronary disease were not associated with a higher
prevalence of postoperative bradycardia or hypotension in this research.

Perioperative use of Angiotensin-Converting Enzyme (ACE) inhibi-
tors/Angiotensin Receptor Blockers (ARBs) and beta-blockers were not
associated with the development of HD in the present study, reinforcing
the current recommendation for their perioperative maintenance. Even
though beta-blockers can lower heart rate and blood pressure, they
should not be discontinued perioperatively,'® since withdrawal has
been associated with higher mortality after vascular surgery.>! Although
the use of ACE inhibitors/ARBs has been implicated in the development
of hypotension after non-cardiac surgery, there was no difference in the
incidence of MACE or death in patients who continued medication peri-
operatively compared to those who did not use it in a metanalysis,**
which is in alignment with the present findings.

A higher incidence of HD was noticed in patients with asymptomatic
carotid stenosis. This finding was previously described ** and, therefore,
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the risk of HD must be thoroughly weighed when considering carotid
stenting for asymptomatic individuals. The net clinical benefit of a
carotid surgical intervention in asymptomatic patients might not be so
evident in comparison to optimized medical therapy alone, and hemody-
namic depression can be one of the unexplored reasons for the lack of
improvement in event-free survival.**

Evidence regarding the association between Hemodynamic Depres-
sion and adverse events’ development is conflicting, being supported”>°
or refuted'>'? by previous studies. In the present study, hypotension
requiring a continuous infusion of vasopressor after surgery was inde-
pendently associated with the occurrence of MACE. The necessity of
vasoactive drugs probably signals a more extreme HD case in which
treatment with intravenous crystalloids alone was insufficient to resolve
hypotension. Nevertheless, the authors did not detect a greater inci-
dence of MACE in patients who developed HD. Prompt treatment for
hemodynamic instability instituted in the intensive care unit, as evi-
denced by the higher volume of crystalloids administered post-opera-
tively on patients that developed HD, might have attenuated its harmful
effect, highlighting the recommendation for perioperative surveillance
in the intensive care unit.

There was a positive correlation between HD and elevation of postop-
erative cTnT. Although previous studies have already demonstrated an
association between intraoperative hypotension and a postoperative
increase in ¢TnT,” the present findings must be interpreted with caution,
considering that the same association was not observed when the authors
considered exclusively acute cTnT elevations, excluding from the analysis
patients whose cTnT levels were already elevated before surgery.

This is a retrospective study and, as such, vulnerable to the biases
inherent to this type of analysis. Despite being comparable to previous
studies,'>'°'%?” the sample size might still be considered relatively
small to have detected significant differences in the incidence of major
complications in the cases of mild HD.

Conclusions

Incidence of HD after carotid surgery is high and independently asso-
ciated with the surgical technique, symptomatic repercussion of the
carotid stenosis, and intraoperative hypotension or bradycardia.
Extreme HD (hypotension requiring the continuous infusion of vasopres-
sors after surgery) was associated with the occurrence of MACE. There-
fore, the authors reinforce the need for thorough cardiovascular
monitoring in the first 24h after carotid surgery for every patient as a
routine, regardless of seemingly at low risk for events because of asymp-
tomatic carotid disease or being treated with a less invasive endovascu-
lar technique.
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