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Abstract

Objective: Current recommendations are to perform carotid endarterectomy (CEA) within two
weeks of symptoms due to superior long-term stroke prevention, although urgent CEA within 48-
hours has been associated with increased perioperative stroke. With the development and rapid
adoption of TransCarotid Artery Revascularization (TCAR), we aim to study the impact of timing
on outcomes after TCAR.

Methods: Symptomatic patients undergoing TCAR in the Vascular Quality Initiative between
September 2016 and November 2019 were stratified by time to procedure: urgent (TCAR within
48-hours), early (TCAR between 3-14 days after symptoms), and late (TCAR greater than 14 days
after symptoms). Primary outcome was in-hospital rates of stroke/death and evaluated using
logistic regression. Secondary outcome was one-year rate of recurrent ipsilateral stroke and
mortality, analyzed using Kaplan Meier Survival Analysis.

Results: A total of 2608 symptomatic patients undergoing TCAR were included: 144 urgent
(5.52%), 928 early (35.58%), and 1536 (58.90%) late. Patients undergoing urgent intervention had
increased risk of in-hospital stroke/death that was driven primarily by increased risk of stroke. No
differences were seen in in-hospital death. On adjusted analysis, urgent intervention had a 3-fold
increased odds of stroke [OR:2.8, 95%Cl:1.3-6.2, p=0.01] and a 3-fold increased odds of stroke/
death [OR:2.9, 95%CI:1.3-6.4, p=0.01] when compared to late intervention. Patients undergoing
early intervention had comparable risks of stroke [OR:1.3, 95%CI:0.7-2.3, p=0.40] and stroke/
death [OR:1.2, 9%CI:0.7-2.1, p=0.48] when compared to late intervention. On subset analysis, the
type of presenting symptoms was an effect modifier. Both patients presenting with stroke and
patients presenting with transient ischemic attacks (TI1A) or amaurosis fugax (AF) had increased
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risk of stroke/death when undergoing urgent compared to late TCAR: [OR:2.7, 95%Cl:1.1-6.6,
p=0.04] and [OR:4.1, 95%CIl:1.1-15.0, p=0.03] respectively. However only patients presenting
with TIA or AF had experienced increased risk of stroke when undergoing urgent compared to late
TCAR: [OR:5.0, 95%Cl:1.4-17.5, p<0.01]. At one-year follow-up, no differences were seen in
recurrent ipsilateral stroke (urgent:0.7%, early:0.2%, late:0.1%, p=0.13) or post-discharge
mortality (urgent:0.7%, early:1.6%, late:1.8%, p=0.71).

Conclusion: TCAR has a reduced incidence of stroke when performed 48-hours after onset of
symptoms. Urgent TCAR within 48 hours of onset of stroke is associated with a three-fold
increased risk of in-hospital stroke/death with no added benefit up to one year after the
intervention. Further studies are needed on long-term outcomes of TCAR stratified by timing of
the procedure.

Table of Contents Summary:

This VQI analysis of 2,608 symptomatic TCAR patients demonstrates increased risks associated
with TCAR performed within 48-hours of onset of symptoms. The authors suggest delaying
TCAR to at least 48-hours after onset of symptoms.

Keywords

timing; urgent; transCarotid artery revascularization; TCAR; flow reversal

Introduction

Surgical intervention has demonstrated superior long-term outcomes compared to medical
management for symptomatic carotid artery stenosist. Delays in intervention may result in
recurrent stroke, which can reach 11% in the first 72-hours after the onset of symptoms?:3.
This risk is greatest among patients presenting with stroke and lowest among patients
presenting with amaurosis fugax (AF)*. Early intervention is intended to protect against
early neurologic events but may also offer long-term benefit. In a pooled analysis of the
North American Symptomatic Carotid Artery Trial and European Symptomatic Carotid
Surgery Trial, patients receiving revascularization within two weeks of symptoms had the
greatest absolute risk reduction in five-year recurrent ischemic stroke risk®. These studies
suggest that earlier intervention decreases risk of recurrent stroke and results in improved
patient outcomes* 79, The natural history of atherosclerotic disease, however, must be
balanced against perioperative risks.

Recently symptomatic lesions are associated with higher perioperative risk of stroke. In a
prospective study of the national Swedish Vascular Registry, patients operated on within 48
hours of AF, transient ischemic attacks (T1A), crescendo TIA, minor stroke, or major stroke
had a 4-fold increased risk of perioperative stroke or death®. Urgent intervention may have
increased risk due to manipulation of an unstable plaque facilitating embolization. Recently
ischemic brain penumbra is also vulnerable to intraoperative hemodynamic and perfusion
changes?0 which is susceptible to intra-operative neurological damage. Outside of this acute
window, perioperative stroke and mortality were comparable between patients receiving
intervention within 14-days of symptoms versus patients delaying intervention to 14-days
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after symptoms1-15, Current recommendations from Society of Vascular Surgery’s
recommends intervention within two weeks of index symptoms?6.

The recommendations on timing of carotid revascularization focus on carotid
endarterectomy (CEA). Studies on optimal timing of transfemoral carotid artery stenting
(TFCAS) mimic trends seen in CEA, with increased risk associated with TFCAS performed
within seven days after symptoms®’. However, TFCAS has greater overall risks of
perioperative complications than CEA18:19 and this risk difference is greatest when
revascularization is performed within the first week after presentation20. Therefore, CEA
remains the gold standard for early revascularization.

TransCarotid Artery Revascularization (TCAR) is a novel stenting technique that avoids the
aortic arch and utilizes intraoperative dynamic flow reversal to carry emboli away from the
brain?l. TCAR offers an attractive alternative for TFCAS19:22 and CEA23 with stroke rates
as low as 1.4%24 and promising mid-term patency results25. TCAR has also demonstrated
safety in patients with high risk anatomic or physiologic factors26:27. To date, there are no
studies on postoperative outcomes of TCAR stratified by timing of the procedure. Thus, the
purpose of this study is to assess in-hospital rates of stroke, death, and M, as well as one-
year ipsilateral stroke and death among patients undergoing TCAR during different time
intervals following the onset of symptoms.

We performed a retrospective analysis of the Society for Vascular Surgery (SVS) Vascular
Quality Initiative (VQI) CAS registry. TCAR procedures performed since the start of the
TCAR Surveillance Project (September 2016) to November 2019 were included. Patients
excluded from this analysis include patients receiving intervention from a transfemoral,
brachial, or radial approach, patients receiving TCAR for non-atherosclerotic lesions,
patients receiving CAS for more than one lesion, and patients undergoing concomitant
procedures. Patients were divided into the following groups:

1. Patients receiving urgent TCAR: between 0-2 days from the most recent
symptom

2. Patients receiving early TCAR: between 3-14 days from the most recent
symptom

3. Patients receiving late TCAR: between 15 and 180 days from the most recent
symptom.

Only deidentified information from participating institutions in VQI was used for this
analysis, therefore the need for Institutional Review Board and informed consent is waived
for this study.

The primary outcome of interest was in-hospital stroke or death. Secondary outcomes of
interest include in-hospital stroke, in-hospital death, in-hospital TIA, in-hospital stroke or
TIA, in-hospital stroke, death or myocardial infarction (MI), non-home discharge and
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recurrent ipsilateral ischemic stroke or death at one-year follow-up. Non-home discharge
was defined as any patient who did not come from a nursing home and was discharged to a
nursing home, rehabilitation facility, or other hospital. Stroke was defined as permanent
neurologic symptoms that could include, full or partial visual loss, motor/sensory loss,
speech abnormality, other new neurologic symptoms related to the right or left hemisphere,
or symptom that are bilateral motor, sensory, or visual loss, diplopia, ataxia. TIA was
defined as any focal neurologic deficit that resolved within twenty-four hours. Ml is defined
as sustained troponin increase, based on EKG findings, or based on clinical findings.

Statistical Analysis

Results

Categorical baseline characteristics across the three groups were compared using Pearson x 2
test or Fisher exact test; continuous variables were compared using Analysis of Variance
(ANOVA). Multivariable logistic regression analysis was used to calculate the odds ratios
(OR) comparing urgent intervention to late intervention and early intervention to late
intervention. Late intervention was chosen as the reference group since most patients
underwent late TCAR. Kaplan Meier survival analysis was used to calculate the hazards
ratio (HR) comparing urgent intervention to late intervention and early intervention to late
intervention. Initial univariate analysis included the following predictors: age, sex, race,
ethnicity, presentation type (stroke versus TIA/AF), body mass index (BMI), hypertension,
diabetes, coronary artery disease (CAD), congestive heart failure (CHF), prior coronary
intervention, chronic obstructive pulmonary disease (COPD), hemodialysis, smoking status,
American Society of Anesthesiologists (ASA) classification, degree of stenosis, contralateral
occlusion, prior ipsilateral carotid intervention, use of general anesthesia and preoperative
medications, including aspirin, P2Y 12 receptor antagonists, anticoagulants, beta blockers,
angiotensin converting enzyme (ACE) inhibitors, and statins. Stepwise backward and
forward selection was then performed, and covariates were chosen based on Akaike’s
Information Criterion (AIC). The model with the lowest AIC value is deemed the most
parsimonious and informative in predicting the outcome of interest28. All analyses were
clustered by centers to account for intragroup correlation and all appropriate theory-based
categorical-categorical interactions were tested for and those that were found significant
were presented. Hosmer-Lemeshow tests were used to assess the discrimination and
calibration of the models2®. The final model included: race, age, CAD, CHF, diabetes,
COPD, presentation with stroke versus TIA, use of general anesthesia, and pre-operative
P2Y12. Presentation type was found to be an effect modifier and analysis was repeated in
subgroups based on presentation. All calculations were completed using R version 3.6.2. A
p-value <0.05 was considered statistically significant.

A total of 2608 patients were included: 144 urgent (5.52%), 928 early (35.58%), and 1536
(58.90%) late. Patients undergoing urgent intervention were less likely to be white (8.3%
urgent, 13.8% early, 9.3% late, p<0.01), current smokers (45.1% urgent, 42.8% early, 51.8%
late, p<0.001), to have CAD (38.9% urgent, 41.8% early, 46.4% late, p=0.03), to have
COPD (17.2% urgent, 26.9% early, 32.8% late, p<0.001), to be taking P2Y12 inhibitors
(74.3% urgent, 84.1% early, 90.2% late, p<0.001) and statins (81.9% urgent, 89.8% early,
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91.3% late, p<0.01), to present with stroke (49.3% urgent, 56.9% early, 50.7% late, p=0.01).
Patients undergoing early intervention were less likely to undergo general anesthesia (81.2%
urgent, 76.5% early, 81.6% late, p<0.01) (Table I). All adjusted models had non-significant
Hosmer-Lemeshow p-values and C-statistics>0.5.

Analysis of all patients regardless of presenting symptoms :

There was increased risk of stroke (urgent: 5.6%, early: 2.5%, late: 2.0%, p=0.03), TIA
(urgent: 3.5%, early: 1.1%, late: 0.8%, p=0.02) and stroke/TI1A (urgent: 8.3%, early: 3.6%,
late: 2.7%, p=0.004) in urgent compared to early and late interventions. This contributed to
significant differences in composite stroke/death (urgent: 6.5%, early: 2.9%, late: 2.3%,
p=0.02) but there were no differences in composite stroke/death/MI rates (urgent: 6.5%,
early: 3.2%, late: 2.8%, p=0.08). There were also no differences in rates of in-hospital death
(urgent: 1.4%, early: 1.0%, late: 0.5%, p-value=0.12). After adjusting for potential
confounders, urgent intervention had more than 2-folds increased odds of stroke [OR:2.8,
95%Cl:1.3-6.2, p=0.01], which drove increased odds of stroke/death and stroke/death/Ml
when compared to late intervention [OR:2.9, 95%CI:1.3-6.4, p=0.01] and [OR: 2.4, 95%CI:
1.1-5.1, p=0.02], respectively. There were no differences comparing early to late
intervention in the odds of stroke/death and stroke/death/MI, [OR:1.2, 95%Cl:0.7-2.1,
p=0.48] and [OR:1.1, 95%CI:0.7-1.8, p=0.67] respectively.

Both urgent and early intervention groups had increased risk of non-home discharges
(urgent: 23.6%, early: 22.3%, late: 6.6%, p<0.001). These differences persisted after
adjusting with 4-fold increased odd of non-home discharge in urgent and early compared to
late interventions [Urgent OR: 4.9, 95%CI:3.3-7.2, p<0.001], [Early OR: 4.2, 95%CI:3.2—
5.5, p<0.001] (Table I1).

At one-year follow-up, there were no differences in late mortality rates after discharge
among the urgent (0.7%), early (1.6%) and late (1.8%) cohorts (p=0.71): urgent versus late
[HR:1.1, 95%CI:0.6-2.0, p=0.33]; early versus late [HR:0.4, 95%CI:0.1-2.7, p=0.85].
Recurrent ipsilateral stroke rates were also comparable across urgent (0.7%), early (0.2%),
and late (0.1%) cohorts (p=0.57): urgent versus late [HR:10.7, 95%CI:0.4-43.4, p=0.10];
early versus late [HR:10.1, 95%CI:0.6-164.7, p=0.26] (Table II, Figure la, Figure Ib).

Analysis of patients presenting with Stroke:

Rates of stroke (urgent: 5.6%, early: 2.5%, late: 2.6%; p=0.26) and stroke/death (urgent:
5.6%, early: 3.1%, late: 2.8%, p=0.11) were comparable between the three timing intervals.
However, the rates of stroke/TIA were significantly higher in the urgent group (urgent:
9.9%, early: 3.6%, late: 3.2%, p=0.03). This persisted on adjusted analysis [urgent compared
to late OR:2.9 95%CI:1.0-7.9, p=0.04] [early compared to late OR:1.1 95%Cl:0.6-2.2,
p=0.75]. Furthermore, odds of stroke/death were significantly higher in the urgent cohort but
not the early cohort compared to the late cohort on adjusted analysis [OR:2.7, 95%Cl:1.1-
6.6, p=0.04] and [OR:1.1, 95%CI:0.6-2.2, p=0.75], respectively. Rates of non-home
discharge (urgent: 33.8%, early: 31.9%, late: 9.9%, p<0.001) were also significantly
different, even after adjusting for urgent compared to late [OR:4.8, 95%Cl:2.9-7.9,
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p<0.001], and early compared to late [OR:4.6, 95%CI:3.3-6.5, p<0.001] (Supplementary
Table la).

Analysis of patients presenting with TIA or AF:

There were significant differences for patients presenting with TIA or AF in the risk of
stroke depending on timing of operation (urgent: 5.5%, early: 2.5%, late: 1.3%, p=0.03).
These differences persisted on adjusted analysis in urgent but not early compared to late
odds stroke [OR:5.0, 95%Cl:1.4-17.6, p=0.01], which contributed to increased odds of
stroke/TIA [OR:3.7, 95%Cl: 1.1-11.9, p=0.03] and stroke/death [OR:4.1, 95%CI:1.1-15.0,
p=0.03] in the urgent group. Rates of non-home discharge were also significantly higher in
urgent and early TCAR (urgent: 13.7%, early: 9.8%, late: 3.2%, p-value<0.001) on adjusted
analysis (urgent versus late [OR:5.6, 95%Cl:2.4-13.1, p<0.001], early versus late [OR:3.1,
95%Cl:1.8-5.2, p<0.001]) (Supplementary Table Ib).

Discussion

This study evaluated the effects of timing on in-hospital and midterm outcomes after TCAR
among 2,608 symptomatic patients captured in VQI between September 2016 and
November 2019. Urgent TCAR within 48-hours of symptoms demonstrated three-fold
increased odds of stroke/death, which was driven primarily by greater odds of stroke. Early
TCAR performed between 3-14 days after symptoms is preferable as these patients had a
similar rate of stroke/death compared to late TCAR and only demonstrated increased odds of
non-home discharge. These results persist after adjustment for potential confounders such as
coronary artery disease and preoperative medications. Type of symptoms at presentation was
an effect modifier. At one-year follow-up, urgent or early intervention did not confer long-
term stroke or mortality benefit.

Plague morphology and evolution may contribute to intraoperative embolization in urgent
intervention. Certain carotid plaque characteristics, such as inflammation, intraplaque
hemorrhage, lipid core, and thinning or rupture of a fibrous cap, are known markers of
plaque instability as they are associated with increased risk of initial and recurrent
stroke30:31, After stroke, carotid plaques experience a gradual decrease in inflammatory
cytokines, decrease in concentrations of macrophages and increase in percentage of smooth
muscle cells out to six months after symptoms32, The Oxford Plaque study also found that
plaques isolated from endarterectomy performed sooner after symptoms had more of these
unstable histologic markers, including decreased smooth muscle cells and increased
macrophages33. These findings suggest that plaques become more stable over time, which
may contribute to increased risk with intraoperative manipulation of the plaque during
urgent or early interventions.

Intra-operative embolization risk is especially high during stent placement. In a study
utilizing intra-operative transcranial doppler imaging, both TCAR and TFCAS had a peak in
embolization during the protection phase34. These findings suggest that stent deployment
disturbs the plaque, although TCAR with flow reversal had significantly decreased number
and duration of embolization compared to TFCAS with distal embolic protection devices
(p<0.001 for both)35. These results suggest that intra-operative embolization risk is largely

J Vasc Surg. Author manuscript; available in PMC 2022 May 01.
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minimized during TCAR when compared to TFCAS. While data on timing of post-operative
strokes is available in VQI, more than 10% of eligible patients (9/70) had missing data and
this endpoint was therefore excluded from our analysis. It is possible that the unstable nature
of recently symptomatic plaques causes further embolization after the flow reversal ended as
the stent continues to expand in the postoperative period. Moreover, literature has suggested
that TCAR can tolerate other embolic inducing maneuvers, such as with post-stent
ballooning. For example, prior studies from our group have found that post-stent dilation is
associated with almost double the risk of postoperative ballooning when compared to pre-
stent dilation among patients undergoing transfemoral stenting36. More recently, we have
found that the timing of ballooning is less impactful on TCAR outcomes, likely due to the
superiority of flow-reversal over distal embolic devices3”. Despite the lack of clinical data
on timing of post-operative strokes among TCAR, this literature suggests that the increased
odds of stroke in the urgent cohort is more likely attributed to post-operative embolization
risks.

Post-operative embolization may contribute to higher risks during the urgent group. TCAR
requires high intra-operative systolic blood pressure up to 160 mmHg to ensure continued
cerebral perfusion during flow reversal. Hemodynamic status is strictly monitored and
maintained through intraoperative administration of glycopyrrolate and/or phenylephrine.
Stents continue to expand postoperatively which may increase the risk of embolization
especially in unstable vulnerable plaque38. Patients might experience hemodynamic
depression due to stent expansion with decrease in blood pressure post-operatively. This is
less tolerated by the ischemic penumbra in the early days after stroke.

Early literature studying urgent revascularization also noted an increased risk of
hemorrhagic conversion due to acute reperfusion syndrome39-41. This risk may be
compounded by the increasing utilization of dual antiplatelet therapy#243. While not all
subsequent literature has supported cerebral hyperperfusion syndrome associated with
urgent carotid revascularization, further studies are needed to evaluate the impact of dual
antiplatelet therapy on hemorrhagic risk.

It is also possible that urgent TCAR is safe for a smaller subset of patients with favorable
characteristics. Some TFCAS timing studies have noted no difference in outcomes when
performing stenting in the acute 48-hour period with strict inclusion criteria, such as
exclusion of patients with low-grade stenosis with ulcerated plaques!’. Other studies have
cited strict perioperative antiplatelet initiation#* and tight interdisciplinary collaboration to
offer 24/7 interventions®?, as key components to safe urgent intervention.

In our analysis, the type of symptoms on presentation was an effect modifier of the
postoperative outcomes. Patients presenting with TIA or AF had higher rates of
postoperative neurologic complications, including stroke and stroke/TIA. Patients presenting
with stroke had higher rates of postoperative stroke/death although postoperative stroke and
postoperative death risks were not independently higher. These results contrast with other
studies on stroke risk stratified by presentation type. Traditionally, patients presenting with
stroke have higher perioperative risk of stroke than patients presenting with TIA or AF46.
The small population of urgent patients in each subgroup of our study may have contributed
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to a type 1l statistical error. A clinical explanation may also be possible: patients presenting
with stroke have dislodged unstable portions of the plaque and embolization risk from the
remnants are low. While risk of stroke is independently not significant, risk of stroke
combined with risk of death may be significantly higher in the urgent cohort. Lesions
presenting with TIA may be embolizing small pieces, leaving most of the unstable plaque
intact and likely to embolize. There is limited scientific evidence for this hypothesis,
however a study on emergent CEA using the American College of Surgeons National
Surgical Quality Improvement Program found similar findings#’. Patients presenting with
TIA undergoing emergent CEA experienced increased risk of stroke (p<0.001), stroke/death
(p<0.001), and stroke/death/MI (p=0.002) but patients presenting with stroke undergoing
emergent CEA only experienced increased risk of stroke/death/MI (p=0.026).

Despite the increased risk associated with urgent TCAR, the stroke rate of 5.6% in the
urgent group is less than other retrospective studies looking at urgent revascularization
among carotid endarterectomy patients, including 8.2% in the Southern California
database®® and 11% in the Swedish National Vascular Registry®. The stroke rate of 2.5%
among early patients is comparable to overall CEA risk. While this study did not directly
compare TCAR to CEA, these results are promising. Further clinical trials conducted in both
academic and community hospitals are needed to better understand whether TCAR can be
safely performed within the two weeks window recommended by the Society of Vascular
Surgery guidelines*®. Our study also found no difference in one-year survival or recurrent
stroke, although there was a trend towards decreased mortality among urgent and early
interventions. These findings contrast the conclusions from compiled North American
Carotid Stenting Trial and European Carotid Surgery Trial data, which found five-year
survival benefit with earlier interventions®. Our analysis may be subject to selection bias, as
one-third of all patients and half of patients eligible for follow-up (728 of 1358 (53.61%)
cases performed prior to November 2018) have data at one-year, as well as type Il statistical
error, since only forty patients in the urgent cohort had one-year data. As this cohort ages,
more follow-up should become available and this analysis may be repeated. In addition, the
low event rates are more suitable for five-year or ten-year survival or mortality. Therefore,
conclusions cannot be drawn regarding the long-term efficacy and clinical outcomes of
urgent or early intervention.

While these results appear to be compelling, we cannot underestimate the risk of selection
bias. Patients who underwent urgent operation may have been at the highest risk for
recurrent strokes. There is no way to evaluate whether patients in the early or late group may
have suffered a more adverse outcome by deferring the time to intervention. Another
limitation is the potential heterogeneity of stroke patients in regard of the severity of
symptoms. Further studies are needed to apply a severity index such as the NIH Stroke Scale
or Rankin scale. Finally, there is a lack of consistent and granular data on timing of post-
operative stroke. VQI only provides data on whether strokes occurred intraoperatively,
within six hours after the procedure, or more than six hours after the procedure. Of the
patients who experienced postoperative stroke, more than 10% had missing data. Complete
and granular data on timing of post-operative stroke would better elucidate the
pathophysiology behind our findings.
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There are other limitations to a multi-institutional database, including coding errors,
incomplete data, and other systematic biases. However, the Vascular Quality Initiative has
been studied rigorously and used in over 200 peer-reviewed studies. These limitations are
being addressed by the SPREAD-STACI trial randomizing patients to urgent and early
intervention®9, however results has not yet been published.

Conclusion

TCAR is safest in symptomatic patients when performed at least three-days after symptoms.
TCAR performed within 48-hours had three-fold increased risk of postoperative stroke or
death. There is no preventative or survival benefit at one-year associated with urgent or early
intervention, although analysis was limited by low rates of follow-up. As the TSP continues
with increased number of patients and longer follow up, further analysis will be planned.
Larger studies with longer follow up are needed to confirm the findings of this study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Findings: Of 2,608 TCAR procedures performed for symptomatic patients between September 2016 and
November 2019, patients underwent intervention at the following time points after symptoms [5% within 48-hours,
36% at 3—-14 days, and 59% at >2 weeks]. Patients undergoing 48-hour intervention had three-fold increased odds

of in-hospital stroke/death, driven by increased odds of stroke.

Take Home Message: TCAR within 48-hours of symptoms had increased risk of in-hospital complications.
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Figure I.

a: One-year survival was not significantly different between the three timing cohorts

(p=0.13).

b: One-year recurrent ipsilateral stroke rates were not significantly different between the
three timing cohorts (p=0.71)
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Demographics
Sex (Female)
Age
Race (Non-White)
Ethnicity (Hispanic)
BMI

Comorbidities
Diabetes
Hypertension
Congestive Heart Failure
Coronary Artery Disease
History of CABG or PCI

Chronic Obstructive Pulmonary
Disease

Current Smoker

GFR<60

Dialysis

Prior Ipsilateral CAS/CEA

Preoperative Hemoglobin (g/dL)
Preoperative Medications

Aspirin

Beta Blockers

Statin

P2Y12 Inhibitors

ACE Inhibitors

Presentation (Stroke)

Stenosis > 80%

General Anesthesia

0-2 days (n=144, 5.52%) 3-14 days (n=928, 15-180 days (n=1536, P-Value
35.58%) 58.9%)
54 (37.5) 351 (37.8) 544 (35.4) 0.47
72.6+10.1 73.2+10.4 72.8+9.8 0.62
12 (8.3) 128 (13.8) 142 (9.3) <0.01
4(2.8) 35(3.8) 62 (4.1) 0.74
29.9+6.0 28.3+6.0 28.7+8.1 0.63
57 (39.6) 362 (39.0) 612 (39.8) 0.92
128 (88.9) 838 (90.3) 1397 (91.0) 0.64
25 (17.4) 168 (18.1) 258 (16.8) 0.71
56 (38.9) 388 (41.8) 713 (46.4) 0.03
44 (30.8) 302 (32.5) 543 (35.4) 0.25
22 (17.2) 222 (26.9) 456 (32.8) <0.001
65 (45.1) 397 (42.8) 794 (51.8) <0.001
82 (57.8) 508 (55.8) 910 (60.6) 0.07
2(1.4) 15 (1.6) 26 (1.7) 0.96
12 (8.3) 84 (9.1) 160 (10.4) 0.45
13.0+21 13.0+21 131+19 0.05
127 (88.2) 833 (89.9) 1417 (92.3) 0.06
76 (52.8) 498 (53.7) 856 (55.7) 0.53
118 (81.9) 833 (89.8) 1402 (91.3) <0.01
107 (74.3) 780 (84.1) 1386 (90.2) <0.001
68 (47.2) 445 (48.0) 791 (51.5) 0.18
71 (49.3) 528 (56.9) 779 (50.7) 0.01
63 (45.0) 391 (42.4) 679 (44.6) 0.55
117 (81.2) 709 (76.5) 1254 (81.6) <0.01
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