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Abstract

IMPORTANCE—Atherosclerotic vertebrobasilar (VB) occlusive disease is a significant etiology 

of posterior circulation stroke, with regional hypoperfusion as an important potential contributor to 

stroke risk.

OBJECTIVE—To test the hypothesis that, among patients with symptomatic VB stenosis or 

occlusion, those with distal blood flow compromise as measured by large-vessel quantitative 

magnetic resonance angiography (QMRA) are at higher risk of subsequent posterior circulation 

stroke.

DESIGN, SETTING, AND PARTICIPANTS—A prospective, blinded, longitudinal cohort study 

was conducted at 5 academic hospital-based centers in the United States and Canada; 82 patients 

from inpatient and outpatient settings were enrolled. Participants with recent VB transient 

ischemic attack or stroke and 50% or more atherosclerotic stenosis or occlusion in vertebral and/or 

basilar arteries underwent large-vessel flow measurement in the VB territory using QMRA. 

Physicians performing follow-up assessments were blinded to QMRA flow status. Follow-up 

included monthly telephone calls for 12 months and biannual clinical visits (for a minimum of 12 

months, and up to 24 months or the final visit). Enrollment took place from July 1, 2008, to July 

31, 2013, with study completion on June 30, 2014; data analysis was performed from October 1, 

2014, to April 10, 2015.

EXPOSURE—Standard medical management of stroke risk factors.

MAIN OUTCOMES AND MEASURES—The primary outcome was VB-territory stroke.

RESULTS—Of the 82 enrolled patients, 72 remained eligible after central review of their 

angiograms. Sixty-nine of 72 patients completed the minimum 12-month follow-up; median 

follow-up was 23 (interquartile range, 14–25) months. Distal flow status was low in 18 of the 72 

participants (25%) included in the analysis and was significantly associated with risk for a 

subsequent VB stroke (P = .04), with 12- and 24-month event-free survival rates of 78% and 70%, 
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respectively, in the low-flow group vs 96% and 87%, respectively, in the normal-flow group. The 

hazard ratio, adjusted for age and stroke risk factors, in the low distal flow status group was 11.55 

(95% CI, 1.88–71.00; P = .008). Medical risk factor management at 6-month intervals was similar 

between patients with low and normal distal flow. Distal flow status remained significantly 

associated with risk even when controlling for the degree of stenosis and location.

CONCLUSIONS AND RELEVANCE—Distal flow status determined using a noninvasive and 

practical imaging tool is robustly associated with risk for subsequent stroke in patients with 

symptomatic atherosclerotic VB occlusive disease. Identification of high-risk patients has 

important implications for future investigation of more aggressive interventional or medical 

therapies.

Posterior circulation strokes account for up to 30% of all ischemic strokes, and 

atherosclerotic occlusive disease of the vertebrobasilar (VB) system is an important etiology, 

responsible for approximately one-third of the cases.1,2 Symptomatic atherosclerotic VB 

occlusive disease is associated with a high risk of recurrent stroke despite medical therapy, 

occurring in 10% to 15% of the patients within 2 years.3–8 Despite this prevalence and 

potentially devastating prognosis, the posterior circulation has largely been overlooked 

compared with the extensive emphasis on carotid artery territory stroke. This discrepancy 

may be related, at least in part, to the greater challenges of surgical interventions for the VB 

system compared with the carotid system.9,10 However, advances in endovascular treatment 

options for VB occlusive disease in recent years have kindled interest in interventional 

therapies. Endovascular angioplasty and stenting in the posterior circulation are now 

technically feasible but still carry a significant periprocedural risk11–13; therefore, such 

therapies are likely to benefit only selected patients at highest risk of recurrent ischemia.

The role of hemodynamic insufficiency in the etiology of stroke associated with VB stenosis 

and/or occlusion has long been purported, but there have been few data to directly support 

this mechanism. Although hemodynamic impairment as an important indicator of risk for 

stroke has been well demonstrated in the anterior circulation, the imaging techniques used 

rely primarily on assessment of tissue perfusion and have not translated easily to evaluation 

of the more-constrained posterior circulation territory.14 Measurement of large cerebral 

vessel flow, using phase-contrast quantitative magnetic resonance angiography (QMRA), is 

readily feasible in posterior circulation vessels and can provide a surrogate measure of 

hemodynamic status.15 Previous retrospective data have indicated that designation of flow 

compromise based on QMRA is an indicator for recurrent stroke risk in patients with 

atherosclerotic VB occlusive disease.15 Given the limitations of single-center retrospective 

data, the generalizability and confirmation of these findings required prospective, 

standardized evaluation. Thus, we now report the results of Vertebrobasilar Flow Evaluation 

and Risk of Transient Ischemic Attack and Stroke (VERiTAS), a prospective, observational 

multicenter study undertaken to test the hypothesis that patients with distal blood flow 

compromise as measured by QMRA are at higher risk of subsequent posterior circulation 

stroke.
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Methods

Study Design and Participants

The details of the trial design and the baseline features of the study cohort have been 

published.16,17 VERiTAS was a longitudinal, prospective, multicenter observational study 

conducted at 5 academic hospital-based centers in the United States and Canada and was 

funded by the National Institute for Neurological Disorders and Stroke. The study protocol 

was approved by the institutional review boards at each site (University of Illinois at 

Chicago, Columbia University Medical Center, University of California at Los Angeles 

Medical Center, University Health Network–Toronto Western Hospital, Washington 

University in St Louis Medical Center), and written informed consent was provided by each 

participant; there was no financial compensation. Patients with posterior circulation transient 

ischemic attack or stroke within 60 days that was referable to 50% or more atherosclerotic 

stenosis of extracranial or intracranial VB arteries, up to and including occlusion, based on 

conventional digital subtraction angiography or computed tomographic angiography were 

enrolled. For purposes of enrollment, site determination of angiographic eligibility was used, 

but imaging was sent for subsequent central review to determine the individual’s ultimate 

inclusion in the analyzed cohort. Following initiation of the study, 2 additional exclusion 

criteria were instituted based on interim central review of the imaging data. First, patients 

with unilateral vertebral disease (stenosis or occlusion) were no longer enrolled owing to the 

preponderance of normal flow status among such patients, which endangered recruitment of 

a sufficient number of patients with low-flow status to test the study hypothesis. Second, 

individuals with solely unilateral vertebral occlusion were excluded from subsequent 

analyses owing to uncertainty in distinguishing the underlying etiology as dissection vs 

atherosclerotic disease given the disparate prognosis and stroke mechanisms of these 2 

entities.

Study Assessments and Follow-up

Details of the baseline clinical and imaging evaluation and follow-up schedule have been 

reported.16 Briefly, all participants underwent standard neurologic evaluation, and data 

regarding the nature and frequency of cerebral ischemic events, medications at the time of 

enrollment, vascular risk factors, and available laboratory and standard imaging results were 

collected. Prespecified definitions for hypertension, diabetes mellitus, hyperlipidemia, 

coronary artery disease, renal dysfunction, smoking status, alcohol intake, and body mass 

index categories were applied.17

Participants underwent a magnetic resonance imaging protocol, including QMRA, within 14 

days of enrollment using a standardized protocol on a 3-T magnetic resonance scanner. The 

QMRA portion of the study was performed using NOVA (Noninvasive Optimal Vessel 

Analysis, VasSol, Inc) software, as previously described16 (eMethods in the Supplement), 

with remote supervision by a certified NOVA technician to ensure correct identification of 

vessels and parameters for flow measurement on prespecified locations of each major 

cerebral artery, including the vertebral artery, basilar artery, and posterior cerebral arteries. 

The data were transferred automatically via secure, internet-based transfer to the clinical 

coordinating center (CCC) at the University of Illinois at Chicago for central review. The 
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patient and participating site personnel, including the treating physician, remained blinded to 

the results of the imaging.

Patients underwent routine medical management at the discretion of the treating physician; 

the physicians were encouraged to adhere to published guidelines for vascular risk factor 

management and secondary stroke prevention.18–22 The local site coordinators contacted 

patients monthly by telephone for 12 months for determination of new neurologic events and 

documentation of medication changes. In the event of a suspected end point, arrangements 

were made for prompt (within 72 hours) evaluation of the patient by the local study 

physician. If the evaluation was not feasible (eg, owing to hospitalization elsewhere), 

medical records were obtained from treating physicians and the patient was evaluated as 

soon as possible. Scheduled in-person evaluations were performed at 6-month intervals for a 

minimum of 12 months and up to 24 months; patients who missed appointments were seen 

at the earliest possible time thereafter.

Imaging and End Point Assessment

For analysis, enrollment angiographic data were centrally reviewed by a blinded 

interventional neuroradiologist for final determination of the degree of stenosis using the 

Warfarin-Aspirin Symptomatic Intracranial Disease method.23 The QMRA data were 

reviewed centrally, and distal flow status was designated as low or normal based on a 

previously published15 algorithm defining flow compromise as more than a 20% reduction 

below the normative lower limits of posterior circulation vessel–specific flows. The 

algorithm stratifies patients based on the flow in the basilar artery as well as in nonfetal 

posterior cerebral arteries (eFigure in the Supplement). In so doing, the algorithm 

intrinsically incorporates any sources of collateral flow (eg, via the posterior communicating 

arteries) by their effect on the blood flow within these distal run-off vessels. In the event of 

borderline blood flow rates, additional criteria were used to designate flow status as 

previously described.15 All flow status designations were made by the blinded CCC NOVA 

reviewer and confirmed by the CCC project coordinator and study principal investigator 

(S.A.-H.).

The primary end point for the study was fatal and nonfatal ischemic stroke in the VB 

territory, defined as new neurologic symptoms or signs localizing to an area of the brain 

supplied by the VB arterial system lasting at least 24 hours or lasting less than 24 hours but 

associated with a new infarct on computed tomography or magnetic resonance imaging. All 

potential primary end points were submitted for adjudication and designated as definite, 

probable, possible, or no event based on prespecified criteria by an independent panel of 2 

stroke neurologists (including S.E.K.) blinded to the patient’s hemodynamic data; both the 

occurrence of stroke and the territory of stroke were adjudicated. If the opinions differed, a 

third blinded stroke neurologist was consulted and the majority opinion prevailed. Only 

definite and probable events were included in the end point analyses.

Statistical Analysis

Sample size and power estimates of VERiTAS have been detailed.16 The clinical, 

angiographic, and hemodynamic features of the full cohort at enrollment have been 
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reported.17 For analysis, participants were characterized as having low or normal distal flow 

status. Comparison of baseline demographic, clinical, and angioanatomic features of disease 

was performed using an unpaired 2-tailed t test or Wilcoxon rank sum test as appropriate for 

continuous variables and a χ2 test for categorical variables. In the primary analysis, the 2 

groups were compared using Kaplan-Meier analysis with the log rank statistic. Cox 

proportional hazards regression modeling was used to assess the influence of the following 

potential risk variables in univariate analysis: age, sex, race, time lag to enrollment (≤21 

days), nature of qualifying event (transient ischemic attack or stroke), hypertension, 

hyperlipidemia, diabetes mellitus, smoking, renal insufficiency, coronary artery disease, 

body mass index (BMI) (≥30; ie, obesity [calculated as weight in kilograms divided by 

height in meters squared]), physical activity (exercise enough to “break a sweat” at least 

twice per week), stenosis severity, and location. All variables at P < .25 in univariate analysis 

were included in a backward elimination, stepwise multivariate analysis. Variables with 

significance at P ≤ .05 were allowed to remain in the model. Interactions between flow status 

and other stroke risk indicator variables were checked. Based on clinical relevance, the 

severity and location of disease were subsequently added back to the final model; severity 

was classified as moderate (50%–69% stenosis), severe (70%–99% stenosis), or occlusion 

(100% stenosis) based on the worst disease severity; location was specified as basilar 

(including those with coincident vertebral disease) vs nonbasilar (those with exclusively 

vertebral disease). Medical management of disease was compared between the 2 groups 

based on available data at 6-, 12-, 18-, and 24-month follow-up visits (±3 months). The 

proportions of patients on target for medical management were compared using the χ2 test. 

On target was defined as follows: blood pressure less than 140/90 mm Hg (or 130/80 mm 

Hg for patients with diabetes), receiving a statin or other lipid-lowering medication, 

receiving an antithrombotic medication (antiplatelet or anticoagulant), hemoglobin A1c 

concentration less than 7%, and BMI less than 30. Statistical analyses were performed using 

SAS, version 9.4 (SAS Institute Inc).

Results

Enrollment took place over a 5-year period from July 1,2008, to July 31,2013, with study 

completion on June 30,2014. Overall, 82 patients were initially enrolled; the CCC had the 

highest enrollment, but this represented less than half of the study participants (35 of 82 

patients [43%]), and baseline characteristics did not differ significantly from the non-CCC-

enrolled patients. Following central imaging review, 10 patients (12%) were excluded from 

the analyzed cohort for failing to meet eligibility criteria: 8 patients with unilateral vertebral 

occlusion, 1 patient with a VB fenestration misinterpreted as vertebral stenosis based on site 

review, and 1 patient with complete resolution of basilar occlusion without evidence of 

underlying atherosclerotic disease (Figure 1).

Of the 72 patients included in the analysis, 18 (25%) met the criteria for low distal flow 

status. Most baseline risk factors did not differ significantly between the distal flow status 

groups (Table 1). The less frequent level of physical activity among the low distal flow status 

group was the only significant difference (P = .004) noted. The time lag from the qualifying 

event to enrollment was shorter in the low distal flow status group compared with the normal 
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distal flow status group, but the difference did not reach significance (median, 15 vs 22 days; 

P = .22).

The median follow-up duration was 23 (interquartile range, 14–25) months. For the primary 

analysis, the maximum follow-up included was 27 months to accommodate a 3-month time 

window around the planned maximum 24-month follow-up. The overall attrition rate before 

the prespecified minimum 12-month follow-up was 3 of 72 patients (4%): 1 patient died 

unrelated to a primary event at 2 months, 1 patient withdrew from the study at 8 months, and 

1 patient underwent an early 1-year follow-up final study visit at 10 months. Medical 

management variables at 6,12,18, and 24 months based on the data available at each time 

point did not differ significantly between the 2 groups (eTable 1 in the Supplement).

During follow-up, the primary end point occurred in 5 of 18 patients (28%) with low distal 

flow status and 5 of 54 patients (9%) with normal distal flow status. This result translated 

into a significantly higher risk of subsequent stroke in the low distal flow status group (P = .

04, log rank) (Figure 2); 12- and 24-month event-free survival rates of 78% and 70%, 

respectively, in the low-flow group and 96% and 87%, respectively, in the normal-flow 

group (eTable 2 in the Supplement). The univariate analysis of risk factors revealed 9 

additional variables with significance at P < .25 (Table 2). In the final risk factor-adjusted 

multivariate model (Table 3), low distal flow status was strongly and significantly associated 

with VB territory stroke, with a hazard ratio (HR) of 11.55 (95% CI, 1.88–71.00; P = .008). 

No significant interactions between distal flow status and other variables were present, 

although the sample size was limited to detect such interactions. Disease severity and 

location did not attenuate the value of distal flow status as an indicator of risk when added to 

this multivariate model (flow status HR, 13.27 [95% CI, 2.01–89.66]; P = .007) (eTable 3 in 

the Supplement). An additional sensitivity analysis that included the 82 participants initially 

enrolled attenuated, but did not materially change, the results (HR, 3.93; 95% CI, 1.02–

15.18).

Discussion

The results of the VERiTAS study demonstrate that hemodynamic compromise assessed by 

large-vessel flow measurements is an independent indicator of risk for subsequent VB 

territory stroke in patients with VB atherosclerotic stenosis and/or occlusion. Although the 

limited sample size reduces the precision of the estimated cumulative risk of stroke, these 

prospective, multicenter, blinded results confirm and closely replicate the results of the 

smaller, single-center, retrospective study that found a very similar 24-month stroke-free 

survival rate of 71% in the low distal flow status group.15

Although the cohort, by the nature of study recruitment, represents a selected population, the 

overall demographics and clinical profile resemble those of other published prospective 

series with population-based and consecutive cohorts.24,25 Pooled data from such studies 

indicate a 90-day risk of stroke following presentation of 9.6%, which is higher than that 

observed in our overall cohort; however, our study examined stroke risk from the time of 

enrollment rather than from the time of the qualifying event given that the patients’ 

hemodynamic status based on QMRA could be assessed only after entry into the study. 
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Because prior data support a high risk of early recurrence (potentially highest in the first 1 to 

2 weeks after the initial event25,26), our median 21-day time lag to enrollment could account 

for the lower observed overall risk. Nonetheless, the observed risk in our overall group 

(eTable 2 in the Supplement) falls within the range reported in a recent meta-analysis8 of 

retrospective and prospective studies, at a mean of 9.6 per 100 person-years.

In our cohort, the low distal flow status group had a shorter lag time from the qualifying 

event to enrollment than did the normal distal flow status group, which could serve as a 

potential confounder given that the risk of recurrent ischemic events has been found25 to be 

highest soon after the presenting event. Median lag time, however, did not emerge as a 

significant indicator of stroke risk in univariate analysis and was confirmed to have no 

influence on the independent predictive value of distal flow status even when examined in 

the multivariate model. Other baseline vascular risk factors were similar between the groups. 

Medical management profiles during the study period did not differ significantly between 

the 2 groups based on available data. However, medical management was at the discretion of 

treating physicians, and laboratory tests documenting the efficacy of treatments, such as low- 

density lipoprotein cholesterol and hemoglobin A1c levels, were not study mandated and 

thus were recorded only when included as part of routine care. This lack of consistent data 

represents an inherent limitation of our observational study design, although the likelihood 

of differential management for the low vs normal distal flow status groups is minimal given 

that treating physicians were blinded to the patients’ hemodynamic status.

Other factors that emerged as independently associated with subsequent stroke in our cohort 

included coronary artery disease, diabetes mellitus, and physical activity. Diabetes mellitus 

and physical activity have been well described as risk factors for stroke.21 The definition of 

coronary artery disease in this cohort included a history of myocardial infarction,17 which is 

a known risk factor for recurrent stroke.27 In our cohort, the inverse association between age 

and risk of stroke was similar to previously reported results in prospectively monitored 

patients with carotid occlusion.28 More detailed analysis of these risk factors warrants 

investigation in larger populations of patients in future studies.

Prior series have observed extracranial vertebral artery stenosis to carry a more benign 

prognosis3; we did not find this feature to be an indicator of risk, but the low number of 

participants with isolated extracranial disease limits definitive conclusion. Basilar disease 

location has been reported as a risk factor8 but did not emerge as an independent indicator of 

risk in our analysis. Anatomical features of the disease, such as stenosis severity or location 

of disease, neither reliably indicated distal flow status, as previously published,17 nor served 

as independent indicators of stroke risk. Patients in our cohort were included based on 

central imaging review and confirmation of the degree of VB stenosis or occlusion; however, 

sensitivity analysis of the full cohort of 82 initially enrolled patients did not substantively 

alter the results of the multivariate analysis: flow status remained an independent indicator 

of stroke risk.

The etiology of stroke in the setting of atherosclerotic VB occlusive disease can be attributed 

to several potential mechanisms, including thromboembolism, concomitant small-vessel 

occlusive disease, or hypoperfusion. Reports3 demonstrating a high risk of early recurrence 
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in symptomatic patients implicate unstable plaque and thromboembolism as an important 

mechanism. Our study, however, would tend to support hypoperfusion as a key underlying 

mechanism. Beyond the direct consequences of compromised distal flow, thrombus 

formation as a sequela of low distal flow may be a contributor in addition to an underlying 

low distal flow state potentiating stroke by reducing the washout of emboli.29 Regardless, 

the clinically relevant factor emerging from our data is that the presence of hemodynamic 

compromise provides valuable prognostic information. Our cohort was treated with standard 

medical therapy, which typically entailed antiplatelet monotherapy and statin use, but 

achieved optimal blood pressure targets in less than half of the patients (eTable 1 in the 

Supplement). More recent studies30 have demonstrated incremental benefits in stroke risk 

reduction with the use of dual antiplatelets. The aggressive medical management regimen of 

vascular risk factors in the Stenting and Aggressive Medical Management for Preventing 

Recurrent Stroke in Intracranial Stenosis trial4 resulted in lower stroke rates in the medical 

arm compared with patients with similar profiles in the Warfarin-Aspirin Symptomatic 

Intracranial Disease trial,31 which had used standard medical management. Although these 

data indicate that the overall stroke risk in our cohort could be improved by intensive 

medical therapies, such therapies may be difficult or costly to routinely implement outside a 

trial setting and are unlikely to beneficially affect an underlying hypoperfusion state.

Revascularization strategies to augment blood flow represent one logical approach to 

consider for the flow-compromised patient. Endovascular angioplasty and stenting offer the 

potential to improve hemodynamic compromise, and successful distal flow augmentation 

following such interventions has been demonstrated.32 However, periprocedural risks are 

high with VB stenting, ranging up to 20% in recent prospective studies,12,33 particularly for 

basilar disease. Our data support targeting the high-risk, distal flow-compromised patients as 

the candidate population for future trials of endovascular intervention. Furthermore, our data 

indicate that patients with normal distal flow, who compose three-fourths of the patient 

population and are at low risk of subsequent stroke while receiving medical therapy, are 

unsuitable for potentially risk-prone procedures and should not undergo intervention.

Conclusions

This prospective observational study has demonstrated that distal flow status in the posterior 

circulation is a robust indicator of subsequent VB stroke risk in patients with symptomatic 

atherosclerotic VB occlusive disease. Thus, noninvasive large-vessel distal flow 

measurement using QMRA represents a novel and easily applicable method for risk 

stratification in such patients. These results have important implications for patient 

management, including identification of high-risk patients for potential future investigation 

of interventional or aggressive medical therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow Diagram of Study Participants
VB indicates vertebrobasilar.
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Figure 2. Cumulative Hazard Curve for the Primary End Point of Vertebrobasilar Territory 
Stroke
The number of participants at risk for each 6-month interval is indicated below the graph.
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Table 1

Patient Characteristics

Characteristic Low Distal Flow (n = 18) Normal Distal Flow (n = 54) P Value

Age, mean (SD), y 68 (9) 65 (11)   .28

Female sex, No. (%)   8 (44) 24 (44) >.99

Race, No. (%)

 Black   4 (22) 14 (26)

  .81 White 12 (67) 37 (69)

 Other   2 (11)   3 (6)

Ethnicity, No. (%)

 Hispanic or Latino   4 (22)   4 (7)
>.99

 Not Hispanic or Latino 14 (78) 50 (93)

Qualifying event, No. (%)

 Stroke 12 (67) 40 (74)
  .54

 TIA   6 (33) 14 (26)

Prior posterior circulation event,a No. (%) 11 (61) 31 (57)   .78

Days from qualifying event to enrollment, median (IQR) 15 (4–24) 22 (5–44)   .22

Vascular risk factors, No. (%)

 Hypertension 17 (94) 50 (93) >.99

 Diabetes mellitus   6 (33) 17 (31)   .88

 Hyperlipidemia 13 (72) 45 (83)   .32

 Coronary artery disease   5 (28) 11 (20)   .53

 Chronic renal insufficiency or failure   0   2 (4) >.99

 Smoking

  Never   8 (44) 23 (43)

  .39  Former   6 (33) 11 (20)

  Current   4 (22) 20 (37)

 Alcohol use

 None 11 (61) 33 (61)

  .39 <1 Drink/d   5 (28) 19 (35)

 ≥1 Drink/d   2 (11)   2 (4)

 BMI, No. (%)

  .59
  Normal   2 (11) 11 (20)

  Overweight   8 (44) 25 (46)

  Obese, class, 1–3   8 (44) 18 (33)

 Physical activityb   1 (6) 23 (43)   .004

Angiographic disease, No. (%)

 Severe stenosis/occlusion, ≥70% 16 (89) 40 (74)   .33

 Stenosis location, basilar involved 12 (67) 38 (70)   .77
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Characteristic Low Distal Flow (n = 18) Normal Distal Flow (n = 54) P Value

 Stenosis location, extracranial only   1 (6)   6 (11)   .67

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); IQR, interquartile range; TIA, 
transient ischemic attack.

a
Posterior circulation ischemic event (TIA or stroke) prior to enrollment event.

b
Enough exercise to raise a sweat at least twice per week.
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Table 2

Univariate Analysis of Risk Factors for Primary End Point of Subsequent VB Territory Stroke

Risk Factor3 HR (95% CI) P Value

Age 0.92 (0.87–0.98) .01

Female sex 2.06 (0.58–7.30) .26

Black race 2.36 (0.66–8.38) .19

Low distal flow status 3.41 (0.99–11.82) .05

Stroke as qualifying event 0.89 (0.23–3.43) .87

Prior stroke or TIA 3.13 (0.66–14.77) .14

Lag time, ≤21 db 3.82 (0.81–18.00) .09

Diabetes mellitus 6.20 (1.60–24.06) .01

Hyperlipidemia 0.97 (0.21–4.57) .97

Coronary artery disease 3.80 (1.10–13.17) .04

Smoking 0.89 (0.23–3.42) .86

Alcohol use 0.39 (0.08–1.85) .24

BMI ≥30 0.80 (0.21–3.09) .73

Physical activity 0.22 (0.03–1.77) .16

Stenosis severity, ≥70% 0.61 (0.16–2.36) .47

Stenosis location

 Basilar involved 1.15 (0.30–4.46) .84

 Extracranial 1.16 (0.15–9.22) .89

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); HR, hazard ratio; TIA, transient 
ischemic attack; VB, vertebrobasilar.

a
Risk associated with hypertension and renal failure could not be evaluated owing to a lack of primary end points among patients without 

hypertension or with renal failure.

b
Lag time from qualifying event to enrollment.
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Table 3

Risk-Adjusted Multivariate Model of Predictors of Subsequent Stroke

Risk Factor HR (95% CI) P Value

Low distal flow status 11.55 (1.88–71.00) .008

Age   0.80 (0.70–0.91) .001

Coronary artery disease 10.47 (1.54–71.34) .02

Diabetes mellitus   9.63 (1.66–55.76) .01

Physical activity   0.06 (0.005–0.64) .02

Abbreviation: HR, hazard ratio.
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