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Using Machine Learning to Predict Outcomes
Following Carotid Artery Stenting

Ben Li, Badr Aljabri, Derek Beaton, Mohamad A. Hussain, Douglas S.
Lee, Duminda N. Wijeysundera, Ori D. Rotstein, Charles de Mestral,
Muhammad Mamdani, Graham Roche-Nagle, Mohammed Al-
Omran. Brigham and Women'’s Hospital, Boston, MA

Objectives: Carotid artery stenting (CAS) carries important periopera-
tive risks. Outcome prediction tools may help guide clinical decision-
making but remain limited. We developed machine learning (ML) algo-
rithms that predict 30-day outcomes following transfemoral CAS.

Methods: The National Surgical Quality Improvement Program (NSQIP)
targeted vascular database was used to identify patients who underwent
transfemoral CAS between 2011-2021. Input features included 36 preoper-
ative demographic/clinical variables. The primary outcome was 30-day
major adverse cardiovascular event (composite of stroke, myocardial
infarction [MI], or death). The secondary outcomes were 30-day stroke,
M, death, carotid-related morbidity, other morbidity, non-home discharge,
and unplanned readmission. Our data were split into training (70%) and
test (30%) sets. Using 10-fold cross-validation, we trained six ML models us-
ing pre-operative features (Extreme Gradient Boosting [XGBoost], random
forest, Naive Bayes classifier, support vector machine, artificial neural
network, and logistic regression). The primary model evaluation metric
was area under the receiver operating characteristic curve (AUROC). Model
robustness was evaluated with calibration plot and Brier score. Variable
importance scores were calculated to determine the top 10 predictive fea-
tures. Performance was assessed on subgroups based on age, sex, race,
ethnicity, symptom status, stent type, and urgency.

Results: Overall, 2,093 patients underwent transfemoral CAS during the
study period. Thirty-day MACE occurred in 130 (6.2%) patients. The best per-
forming prediction model for 30-day MACE was XGBoost, achieving an
AUROC (95% ClI) of 0.93 (0.92-0.94) (Fig 1). In comparison, logistic regression
had an AUROC (95% Cl) of 0.67 (0.65-0.68) and existing tools in the litera-
ture demonstrate AUROCs ranging from 0.58-0.74. For secondary out-
comes, XGBoost achieved AUROCs between 0.86-0.97. The calibration
plot showed good agreement between predicted and observed event
probabilities with a Brier score of 0.02 (Fig 2). The top three predictive fea-
tures in our algorithm were: (1) symptomatic carotid stenosis, (2) age, and
(3) American Society of Anesthesiologists classification. Model performance
remained robust across demographic and clinical subpopulations.

Conclusions: Our ML models accurately predict 30-day outcomes
following transfemoral CAS using preoperative data, performing better
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Fig 1. Receiver operating characteristic curve for predicting 30-day
major adverse cardiovascular events following carotid artery stenting
using Extreme Gradient Boosting (XGBoost) model. AUROC, Area un-
der the receiver operating characteristic curve; Cl, confidence interval.
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Fig 2. Calibration plot with Brier score for predicting 30-day major
adverse cardiovascular events following carotid artery stenting using
Extreme Gradient Boosting (XGBoost) model.

than logistic regression and existing tools. They have potential for impor-
tant utility in guiding risk mitigation strategies for patients being consid-
ered for transfemoral CAS to improve outcomes.
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Infarction on 1-Year Mortality Following Carotid
Revascularization Using the VQI Database
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Objectives: Postoperative stroke and myocaradial infarction (Ml) are
associated with devastating postoperative morbidity and mortality,
therefore limiting the protective effect of carotid revascularization pro-
cedures. Moreover, there seems to be a relation between the severity of
stroke and MI and the type of carotid revascularization technique. We
aim to investigate the impact of in-hospital stroke or Ml on 1-year mortal-
ity following carotid endarterectomy (CEA), transfemoral carotid artery
stenting (TFCAS), and transcarotid artery revascularization (TCAR).

Methods: This is a retrospective analysis of patients undergoing CEA,
TFCAS, and TCAR in the VQI database (2016—2023). Our primary outcome
is 1-year mortality in patients who developed in-hospital stroke or MI
following carotid revascularization. Kaplan-Meier survival estimate, and
multivariable Cox regression analysis were applied to calculate hazard ra-
tios (HRs) after adjusting for potential confounders. Additionally, we con-
ducted sub- analyses based on patients’ symptomatic status.

Results: Our study included 125,657 (62%) CEA, 25,529 (12.6%) TFCAS, and
51,567 (25.4%) TCAR. The hazards of 1-year mortality after in-hospital stroke
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Table. Adjusted hazard ratios (aHRs) for 1-year mortality after in-hospital stroke or in-hospital Ml following carotid revascularization

Symptomatic 49 (3.9-6) <.001 43 (31-5.7) <.001 4 (2.9-5.6) <.001

Symptomatic 3 (2.2-4) <.001 4.2 (26-6.7) <.001 49 (3-81) <.001

Symptomatic 11 (0.7-1.5) .81 1.7 (11-2.5) .013 0.6 (0.34-0.85) .004

Symptomatic 1.6 (0.93-3.5) 2 39 (1.8-83) <.001 0.6 (0.2-0.9) 116

were higher following CEA (aHR, 5.9;95% CI,5.1-6.8; P< .001), TFCAS (aHR, 4.2;

95% Cl,3.7-5.3; P<.001),and TCAR (aHR, 5.2; 95% Cl, 4.1-6.5; P< .001). The haz-

Kaplan-Meier survival estimates following in-hospital stroke ards of 1-year mortality after in-hospital Ml were also higher following CEA

1.004 (aHR, 3.8; 95% Cl, 3.1-4.6; P < .001), TFCAS (aHR, 3.5; 95% ClI, 2.3-5.5; P < .001),
and TCAR (aHR, 5.1; 95% Cl, 3.6-7.2; P < .001) (Table). This trend persisted in
sub-analysis based on symptomatic status. At 1-year, TFCAS showed the
lowest survival following in-hospital stroke or MI (Fig). Among patients
who developed in-hospital stroke, there was no significant difference in 1-

_— Log-Rank P = 0.02 — year mortality between TCAR and CEA (aHR, 0.93; 95% Cl, 0.73-1.2; P = .55).
—TEAR Conversely, TFCAS was associated with a 50% higher hazard than CEA

(aHR, 1.5; 95% Cl,1.1-2.1; P = .003). TCAR was associated with 30% reduction

0251 in this hazard compared to TFCAS (aHR, 0.7; 95% ClI, 0.55-0.94; P = .015).

Among patients who developed in-hospital MI, no significant difference
was found between TCAR and CEA. However, TFCAS was associated with

000, : : ! . more than double the hazard of 1-year mortality compared to CEA (aHR,

9 %@ Msm - Z0 %5 2.3,95% Cl,1.2-4.2; P=.007) (Table).
Numberatrisk - i - o Conclusions: This large multicenter study reveals critical insights into the
TRCAS 804 8 il g2 2 impact of in- hospital major adverse events on 1-year survival following ca-

rotid revascularization. The analysis indicates a significant increase in the
. ) . e ) hazards of 1-year mortality following in- hospital stroke and MI. In patients
Kaplan-Meier survival estimates Following in-hospital MI who developed in-hospital stroke or MI, there was no significant difference

001 in1-year survival between TCAR and CEA. On the contrary, TFCAS was asso-
ciated with significant higher mortality compared to CEA, indicating worse
0754 stroke or Ml initially. On the other hand, TCAR was associated with better

survival compared to TFCAS. The study highlights the importance of appro-
priate revascularization method selection to improve 1-year survival.
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