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ABSTRACT: Background: Collateral status is an indicator of a favorable outcome in stroke. Leptomeningeal collaterals provide
alternative routes for brain perfusion following an arterial occlusion or flow-limiting stenosis. Using a large cohort of ischemic stroke
patients, we examined the relative contribution of various demographic, laboratory, and clinical variables in explaining variability in
collateral status. Methods: Patients with acute ischemic stroke in the anterior circulation were enrolled in a multi-center hospital-based
observational study. Intracranial occlusions and collateral status were identified and graded using multiphase computed tomography
angiography. Based on the percentage of affected territory filled by collateral supply, collaterals were graded as either poor (0–49%), good
(50–99%), or optimal (100%). Between-group differences in demographic, laboratory, and clinical factors were explored using ordinal
regression models. Further, we explored the contribution of measured variables in explaining variance in collateral status. Results: 386
patients with collateral status classified as poor (n= 64), good (n= 125), and optimal (n= 197) were included. Median time from symptom
onset to CTwas 120 (IQR: 78–246) minutes. In final multivariable model, male sex (OR 1.9, 95% CIs [1.2, 2.9], p= 0.005) and leukocytosis
(OR 1.1, 95% CIs [1.1, 1.2], p= 0.001) were associated with poor collaterals. Measured variables only explained 44.8–53.0% of the
observed between-patient variance in collaterals. Conclusion: Male sex and leukocytosis are associated with poorer collaterals. Nearly half
of the variance in collateral flow remains unexplained and could be in part due to genetic differences.

RÉSUMÉ : Déterminants de la variabilité de l’état collatéral leptoméningé dans l’accident vasculaire cérébral ischémique. Contexte : L’état de la
circulation collatérale est un indicateur d’une issue favorable dans l’accident vasculaire cérébral (AVC). Les vaisseaux collatéraux leptoméningés offrent
d’autres voies d’apport sanguin, ce qui rend possible l’irrigation du cerveau à la suite d’une oblitération artérielle ou d’une sténose artérielle à flux limitant.
L’étude, réalisée dans une cohorte imposante de patients ayant subi un AVC ischémique, visait à déterminer la valeur relative de facteurs démographiques,
techniques (laboratoires) et cliniques dans la variabilité de l’état de la circulation collatérale.Méthode : Il s’agit d’une étude d’observation, multicentrique,
effectuée en milieu hospitalier, à laquelle ont participé des patients ayant subi un AVC ischémique aigu dans le territoire de la circulation antérieure. Il y a
d’abord eu repérage de l’occlusion intracrânienne, puis évaluation de l’état de la circulation collatérale, par angiographie par tomodensitométrie (TDM)
multiphase. L’état des vaisseaux collatéraux a été classé comme suit : médiocre (0-49 %), bon (50-99 %) ou maximal (100 %), d’après le pourcentage de
remplissage du territoire affecté par l’apport de sang collatéral. Quant aux différences d’ordre démographique, technique (laboratoires) et clinique entre les
groupes, elles ont été analysées à l’aide de modèles de régression ordinale. De plus, nous nous sommes penchés sur le poids relatif des variables mesurées
afin de tenter d’expliquer les différences relevées dans l’état de la circulation collatérale. Résultats : Au total, 386 patients ont participé à l’étude, et l’état
de la circulation collatérale a été classé comme suit : médiocre (n = 64), bon (n = 125) ou maximal (n = 197). Le temps médian écoulé depuis l’apparition
des symptômes jusqu’à la TDM était de 120 minutes (intervalle interquartile : 78-246). D’après le modèle multivariable final, le sexe masculin (risque
relatif approché [RRA] : 1,9; IC à 95 % : 1,2-2,9]; p = 0,005) et la leucocytose (RRA : 1,1; IC à 95 % : 1,1-1,2; p = 0,001) ont été associés à une circulation
collatérale médiocre. Toutefois, les variables mesurées ne permettent d’expliquer, que dans une proportion de 44,8 à 53,0 %, les différences enregistrées
entre les patients en ce qui concerne les vaisseaux collatéraux. Conclusion : Le sexe masculin et la leucocytose ont été associés à une circulation collatérale
médiocre. Cependant, près de la moitié des écarts relatifs à la circulation collatérale restent inexpliqués, et les variations pourraient dépendre en partie de
différences génétiques.
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INTRODUCTION

Leptomeningeal collaterals connect distal arterioles of the
major cerebral arteries. In the event of an arterial occlusion or
flow-limiting stenosis, they provide alternative routes for brain
perfusion.1 Flow through collaterals is associated with perfusion
of ischemic brain and good functional outcome following acute
ischemic stroke in patients treated with reperfusion therapies.2–4

Variability in collaterals is explained by both modifiable and
non-modifiable cardiovascular risk factors, furthermore, rodent
models have demonstrated that genetic differences may influence
variability in collaterals.5–7 Patient comorbidities and laboratory
findings such as hypertension, congestive heart failure, older age,
metabolic syndrome, hyperuricemia, elevated creatinine levels,
and hyperglycemia have been variably reported as being associ-
ated with worse collaterals.3,4,8,9 Whether genetic differences
modulate variance in collateral status through these clinically
observable factors, or whether they are modulated through
independent genetic mechanisms is unknown. Prior researchers
have sought to elucidate associations between clinically observ-
able factors and collateral status, however the contributions of
these factors to overall collateral variability is unknown.

Using a large cohort of ischemic stroke patients enrolled in the
Measuring Collaterals with Multi-phase CT Angiography in
Patients with Ischemic Stroke (PRove-IT) study, we examined
the relative contribution of various demographic, laboratory, and
clinical factors to between-patient variability in collateral status,
and explored predictors of poor collaterals.

METHODS

The PRove-IT study was a prospective multi-centre hospital-
based cohort study that recruited patients with acute ischemic
stroke and evidence of intracranial occlusion on computerized
tomography angiography (CTA) presenting within 12 hours of
symptom onset. We included patients from the PRove-IT study
who were 18 years or older and had an acute ischemic stroke with
an intracranial anterior circulation occlusion identified on multi-
phase CTA (mCTA). Patients with hemorrhagic or posterior
circulation strokes, secondary occlusions reported on mCTA,
inability to determine collateral score, and premorbid modified
Rankin scale greater than 2 were excluded.

Collateral status refers to the robustness of the network of
vascular channels that stabilize cerebral blood flow when princi-
pal conduits fails.1 Collaterals were graded using mCTA images
and the ColorViz tool (FastStroke, GE Healthcare, Milwaukee,
Wisconsin). ColorViz incorporates all mCTA phases into a single
time-variant color map of overall and phase-specific extent of pial
enhancement; described in detail elsewhere.10,11 The extent of
collaterals for the primary occlusion were graded by switching
the collateral display to a single-color mode and comparing the
extent of vessels in the affected territory downstream of the
occlusion to the corresponding vascular territory on the unaffect-
ed hemisphere. All images were assessed in a consensus reading
by a stroke neurologist and neuroradiologist. Images were graded
according to Tan’s classification, specifically, Tan Class i (absent
collateral supply of affected territory), Tan Class ii (collateral
supply filling >0% but ≤50% of affected territory), Tan Class iii
(collateral supply filling >50% but <100% of affected territory),
and Tan Class iv (100% collateral supply to affected territory).12

In our statistical analyses, patients were classified as having either

poor (<50%; Tan Classes i and ii), good (>50%; Tan Class iii), or
optimal (100%; Tan Class iv) collaterals (Figure 1). We com-
bined Tan Classes i and ii into a single "poor" collaterals group
for our analyses because only 8 (2.1%) patients were classified as
Tan Class i.

Between-group differences for demographic, laboratory, and
clinical factors were compared using Pearson Chi-Square test for
categorical variables and Mann-Whitney U or independent Stu-
dent’s t-test for continuous variables. Association between de-
mographic, laboratory, and clinical factors and collateral status
were examined with ordinal regression models. Co-variables
were selected for the multivariable model if they met significance
at the p < 0.1 level in univariable between-group comparisons.
Multivariable ordinal regression model building was done man-
ually using backward elimination and forward selection, until
parsimonious models were fit including only dependent variables
considered significant at the two-sided p < 0.05 level.2 Interac-
tion effects between predictor variables were explored in a post-
hoc analysis.

Two logistic regression models were used to generate pre-
dicted probabilities of both poor and impaired collaterals. All
measured demographic, clinical, and laboratory variables forced
into the models as independent variables. In the first model, the
dependent variable was collateral classification, either Poor (Tan
Classes i-ii) or Good (Tan Classes iii-iv) collaterals. The outcome
used to generate predicted probabilities was ‘Poor collaterals’ as
defined by the modified Tan scale.13 In the second model,
patients were classified as either Impaired (Tan Class i-iii) or
Optimal (Tan Class iv) collaterals. The outcome used to generate
predicted probabilities was ‘Impaired collaterals, defined as
<100% collaterals in the affected territory. For each model,
predicted probabilities of being in the group of interest (i.e.
either Poor or Impaired collaterals) were generated for each
participant. These predicted probabilities were then used to
generate a linear regression against true outcomes (i.e. either
Poor or Good collaterals for model 1; or either Impaired or
Optimal collaterals for model 2) in order to calculate the r2, a
measure of how much variability in the pre-specified outcome is
explained by the dependent variables included in the model. This
analysis was limited to patients without any missing data. If an
individual’s health record did not include prior diagnoses, e.g.
hypertension, it was assumed they were not present.

The experimental protocol was approved by local Research
Ethics Boards and conformed to the Declaration of Helsinki. All
data analyses were conducted in SPSS Statistics (version 23.0,
IBM Corp., Armonk, NY).

RESULTS

Of 614 patients, 386 met eligibility criteria (mean age
70.1± 12.5 years, 52.1% male) for our study. Collateral grades
were distributed amongst Tan Class i (n= 8; 2.1%), Tan Class ii
(n= 56; 14.5%), Tan Class iii (n= 125; 32.4%), and Tan Class iv
(n= 197; 51.0%). The median time from symptom onset to CT
was 120 (IQR: 78–246) minutes. There was no significant differ-
ence in symptom onset to CT between collateral groups (p= 0.16,
Table 1). Occlusion sites were ICA (n= 60, 15.5%), M1 (n= 191,
49.5%), M2 (n= 78; 20.2%), M3 (n= 34, 8.8%), M4 (n= 13,
3.4%), A2 (n= 5, 1.3%), A3 (n= 3, 0.8%), and A4 (n= 2, 0.5%)
segments. Treatment decisions included intravenous tissue
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plasminogen activator (tPA; n= 99, 25.6%), intra-arterial tPA
(n= 84, 21.8%), intravenous and intra-arterial tPA (n= 136,
35.2%), antithrombotic therapy (n= 56, 14.5%), tenecteplase
(n= 8, 2.1%), and no treatment (n= 3, 0.8%). There was no
significant difference between collateral groups in treatment deci-
sion, p= 0.321. Data on mechanical thrombectomy was not
available as part of PRove-IT.

Significant between-group differences in age, sex distribution,
leukocytes, total cholesterol, HDL, and fibrinogen were observed
in univariable analysis (Table 1). Stroke etiologies included
extracranial large artery atherosclerosis (n= 43, 11.1%), intra-
cranial artery atherosclerosis (n= 12, 3.1%), cardioembolic (n
= 208, 53.9%), embolic stroke of undetermined source (n= 94,
24.4%), other (n= 17, 4.4%), and missing (n= 12, 3.1%). There
was no significant difference in stroke etiologies between collat-
eral groups (p= 0.794; Table 2).

In univariable ordinal regression analysis, male sex
(p< 0.001), younger age (10 year increments; p = 0.013), elevat-
ed leukocytes (increments of 1 × 109/L; p= 0.017), and elevated
fibrinogen (increments of 0.1 μmol/L; p= 0.023) were significant
predictors of poorer collaterals. In multivariable ordinal regres-
sion modelling model, male sex (p= 0.005), younger age
(10 year increments; p= 0.046), and elevated leukocytes (incre-
ments of 1 × 109/L; p< 0.001) were associated with poorer
collaterals (Table 3).

When exploring sex differences further, analysis showed that
compared to females, males were more likely to have a history of
coronary artery disease (23.9% v. 11.9%, p= 0.002) and smoking
(51.2% v. 36.2%, p= 0.003; Supplemental Table S1). There was
a non-significant trend showing that younger females were more
likely to have poor collateral status when compared to older
females (Supplemental Table S2). A significant multiplicative

Figure 1: Example of collaterals grades based on Tan classification. Top row (left MCA occlusion):
optimal collaterals (100%; Tan Class iv). Middle row (right MCA occlusion): good collaterals (>50%;
Tan Class iii). Bottom row (left MCA occlusion): poor collateral (<50%; Tan Classes i and ii).
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Table 1: Demographic, laboratory and clinical outcomes comparing Poor (Tan Classes i and ii), Good (Tan Class iii), and Intact
(Tan Class iv) collaterals on multiphase computed tomographic angiography.

Variable Poor collateral status (n= 64) Good collateral status (n= 125)
Intact collateral status

(n= 197)
p

Demographics Age (mean, SD) 65.6 (13.4) 70.2 (12.6) 71.1 (12.1) 0.04*

Sex (n male, % male) 44 (68.8) 72 (57.6) 85 (43.1) <0.001*

Symptom onset to CT (min;
median, IQR)

186 (84, 436) 111 (75, 228) 117 (79, 232) 0.16

Past medical history (n, %) Coronary artery disease (n, %) 9 (14.1) 23 (18.4) 38 (19.3) 0.64

Hypertension (n, %) 41 (64.1) 79 (63.2) 130 (66.0) 0.87

Peripheral arterial disease (n, %) 3 (4.7) 5 (4.0) 17 (8.6) 0.21

Dyslipidemia (n, %) 26 (40.6) 46 (36.8) 85 (43.1) 0.53

Diabetes mellitus (n, %) 14 (21.9) 18 (14.4) 31 (15.7) 0.40

Previous stroke (n, %) 14 (21.9) 17 (13.6) 33 (16.8) 0.35

Smoking (n, %) 35 (54.7) 52 (41.6) 83 (42.1) 0.17

Heart failure (n, %) 6 (9.4) 8 (6.4) 19 (9.6) 0.58

Valvular heart disease (n, %) 3 (4.7) 9 (7.2) 18 (9.1) 0.49

Atrial fibrillation (n, %) 15 (23.4) 43 (34.4) 70 (35.5) 0.19

Medications (n, %) Statin (n, %) 20 (31.3) 38 (30.4) 72 (36.5) 0.47

Antiplatelet (n, %) 28 (43.8) 45 (36.0) 74 (37.6) 0.57

Anticoagulant (n, %) 5 (7.8) 14 (11.2) 32 (16.2) 0.16

Antihypertensive (n, %) 30 (46.9) 75 (60.0) 116 (58.6) 0.18

Insulin (n, %) 1 (1.6) 3 (2.4) 9 (4.6) 0.39

Oral hypoglycemic agent (n, %) 14 (21.9) 13 (10.4) 23 (11.7) 0.06

Laboratory Systolic blood pressure (mmHg;
mean, SD)

151 (29) 150 (26) 152 (26) 0.75

Random blood glucose (mmol/L;
median, IQR)

6.6 (5.8, 8.6) 6.4 (5.7, 7.6) 6.2 (5.6, 7.6) 0.20

Creatinine (μmol/L; median, IQR) 84.8 (28.7) 85.5 (25.1) 82.1 (25.3) 0.50

Hemoglobin (g/L; median, IQR) 139 (126, 153) 140 (128, 149) 137 (125, 146) 0.20

Hematocrit (%; median, IQR) 0.42 (0.05) 0.42 (0.05) 0.41 (0.05) 0.28

Leukocytes (×109/L; median,
IQR)

9.9 (3.9) 8.5 (3.1) 8.1 (2.3) 0.002*

Platelets (×109/L; median, IQR) 210 (64) 209 (75) 231 (101) 0.05

Total cholesterol (mmol/L;
median, IQR)

4.0 (3.4, 5.0) 4.0 (3.2, 4.5) 4.2 (3.5, 5.0) 0.03*

Triglycerides (mmol/L; median,
IQR)

1.1 (0.8, 1.5) 1.0 (0.8, 1.4) 1.0 (0.8, 1.4) 0.70

HDL (mmol/L; median, IQR) 1.2 (1.0, 1.4) 1.1 (0.9, 1.4) 1.2 (1.0, 1.5) 0.02*

LDL (mmol/L; median, IQR) 2.3 (1.7, 2.9) 2.2 (1.7, 2.9) 2.4 (1.8, 3.1) 0.12

Uric acid (μmol/L; median, IQR) 336 (94) 336 (125) 325 (106) 0.69

Homocysteine (mmol/L; median,
IQR)

10.2 (6.9, 14.2) 9.4 (6.9, 12.3) 10.0 (7.7, 13.4) 0.37

D-dimer (mg/L; median, IQR) 0.89 (0.54, 2.30) 1.5 (0.60, 3.93) 0.93 (0.51, 2.45) 0.14

Fibrinogen (μmol/L; median,
IQR)

3.4 (1.2) 3.4 (1.2) 3.1 (1.1) 0.047*

A1c (%; median, IQR) 6.0 (5.6, 6.5) 5.9 (5.6, 6.2) 5.8 (5.6, 6.1) 0.35

INR (mean, SD) 1.17 (0.38) 1.16 (0.39) 1.14 (0.29) 0.84

PTT (seconds; mean, SD) 24.3 (12.4) 25.5 (10.9) 24.2 (14.4) 0.70

Body mass index (median, IQR) 27.4 (25.0, 29.4) 27.0 (24.2, 30.0) 25.8 (23.0, 29.4) 0.13

*p< 0.05.
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interaction (p< 0.001) between age and sex was found in post-
hoc analysis. When this interaction variable was forced into the
multivariable model, male sex was no longer a significant
predictor of poor collaterals (p= 0.79).

Finally, all of our measured variables explained 44.8%
(Impaired versus Optimal collaterals model) to 53.0% (Poor
versus Good model) of the observed variance (r2) in collaterals.
Thus, these models failed to explain 47.0–55.2% of the variance
in collateral status.

DISCUSSION

In this prospective multi-center hospital-based cohort of
patients with anterior circulation ischemic strokes and good
premorbid function, male sex, leukocytosis, and younger age

were associated with worse collaterals. Comprehensive demo-
graphic, laboratory, and clinical variables explained 44.8–53.0%
of between-patient variability in collaterals. This study provides
further supportive evidence regarding variables that potentially
explain differences in leptomeningeal collaterals in patients
following acute ischemic stroke. Additionally, this study pro-
vides novel evidence that current measured (modifiable and non-
modifiable) variables only explain half of the variability in
collateral status between patients.

Rodent models have identified specific genes associated with
leptomeningeal collateral diameter, density, and remodelling
following occlusive events.5–7,14–16 However, the relative con-
tributions of genetic differences to collateral variability is
unknown. To determine the amount of variance in collateral
status explained by known and hypothesized predictors of col-
lateral status, we built a model that included every measured
demographic, laboratory, and clinical variable collected as part of
the PRove-IT study. This model failed to account for 47.0–55.2%
of the between-patient variability in collaterals. We therefore
hypothesize that a large component of the unexplained variance
may be due to genetic variance. It is also likely that other
unmeasured non-genetic factors, including physiological vari-
ables such as cardiac and vascular endothelial function, contrib-
ute to this unexplained variability.

Our study provides some evidence for an association between
male sex and poorer collaterals, however this effect of sex on
collateral status is confounded by an interaction with age. Estro-
gen is protective in ischemic stroke via vasodilatory and anti-
inflammatory effects.17,18 Although most female subjects in this
study were older than the median age of menopause,19 a hor-
mone-independent mechanisms for reduced ischemia following
hypoxic event suggesting sexual dimorphism in intrinsic cellular
response may explain our observation.17 Furthermore, in our
cohort males had higher smoking rates (51.2% vs. 36.2%) and
were more likely to have a history coronary artery disease (23.9%
vs 11.9%) – both markers of worse collateral status. Their
aggregate effects may have contributed to the poorer collaterals
observed in males.4,9

We found an association between leukocytosis and poorer
collaterals following anterior circulation ischemic stroke. It is
plausible that leukocyte adherence to damaged endothelium,
leading to microvascular occlusions, in addition to leukocyte
mediated cytotoxic and inflammatory effects, result in poorer
collaterals.20,21 A reduction in collaterals may explain the asso-
ciation between leukocytosis and reduced cerebral blood flow
following ischemic stroke.20,21 This theory provides potential
rationale for the worse outcomes and larger infarct volumes
observed in patients with elevated early peripheral leukocyte
counts following ischemic stroke.22,23

Age-dependent collateral insufficiency has been well-estab-
lished in rodent and human studies, and is thought to be due in
part to dysfunctional endothelial nitric oxide synthase activity
with aging.4,8,9,24–26 In our cohort, we found a weak association
between older age and better collaterals, which is discordant with
the available literature and may reflect selection bias or con-
founding. All enrolling centers in the PRove-IT study were
regional stroke referral centers. Therefore, patients considered
for enrolment within the PRove-IT study, had to be clinically
well-enough to be considered and accepted for urgent transfer to a
stroke center. It is possible that older patients in our sample were

Table 2: Etiology of stroke by baseline collateral status, n
(%). There is no significant difference in stroke etiology
between collateral groups (p= 0.794).

Sex Poor collateral
status

Good collateral
status

Intact collateral
status

Extracranial large
artery
atherosclerosis

7 (10.9) 13 (10.4) 23 (11.7)

Intracranial artery
atherosclerosis

2 (3.1) 4 (3.2) 6 (3.0)

Cardioembolic 28 (43.8) 67 (53.6) 113 (57.4)

Embolic stroke of
undetermined
source

4 (6.3) 4 (3.2) 9 (4.6)

Other 18 (28.1) 35 (28.0) 41 (20.8)

Unknown 5 (7.8) 2 (1.6) 5 (2.5)

Table 3: Ordinal regression univariable and multivariable
models evaluating predictors of poor collateral status (Tan
Classes i and ii).

Analysis Variable OR 95% CIs p

Univariable Sex (male) 2.14 1.45, 3.15 <0.001

Age (per 10-year
increase)

0.83 0.71, 0.96 0.013

Leukocytes (per
1 × 109/L
increase)

1.03 1.01, 1.06 0.017

Fibrinogen (per
0.1 μmol/L
increase)

1.23 1.03, 1.48 0.023

Multivariable Sex (male) 1.86 1.21, 2.86 0.005

Age (per 10-year
increase)

0.84 0.71, 1.00 0.046

Leukocytes (per
1 × 109/L
increase)

1.14 1.06, 1.23 0.001

CIs = confidence intervals; OR= odds ratio.
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biased towards those without comorbidities and better underlying
collateral status, since they would be good candidates for throm-
bolysis or interventional therapy and would be accepted for
transfer to a stroke center. Previously published clinical studies
demonstrating older age to be associated with worse leptome-
ningeal were single-center studies enrolling all consecutive
patients with acute ischemic stroke.4,9 These prior studies likely
captured a more representative acute ischemic stroke population.

An important clinical consideration when considering pial
collaterals is the anatomic location of the occlusion. For example,
carotid terminus occlusions limit potential collateral supply to the
ipsilateral anterior cerebral artery only if there is adequate flow
through the anterior communicating artery. If the anterior com-
municating artery is hypoplastic or absent collateral flow would be
restricted. Given the objective of our study was to identify
demographic, laboratory, and clinical variables that may contribute
to pial collaterals, and their relative contribution to inter-patient
variability in collaterals, we excluded patients with multiple
occlusions. The presence of multiple occlusions would have
confounded our analysis. When we assessed collateral status in
our study, we determined the extent of collateral present within the
anatomic territory that was at risk of collateral impairment, thereby
controlling for anatomical variability between patients. Clinically,
when determining which patients are at high risk of clinical
deterioration prior to thrombolysis or thrombectomy, i.e. poor
collaterals, it is imperative to closely examine the anatomic loca-
tion of occlusion, the anatomy of any potential named arteries that
may provide collateral supply, and for the presence of multiple
occlusions.

This study has limitations. Although we analyzed most vari-
ables considered relevant in explaining collateral status variabili-
ty, it is plausible that other non-measured variables contributed to
variability in collateral status. Therefore, we are unable to parse
with certainty the relative contribution of between-patient genetic
differences versus unmeasured non-genetic differences in
explaining collateral variability. The Tan collateral grading
method is well-used within the neuroradiology literature; how-
ever, it has not been validated against digital subtraction angiog-
raphy and its inter-observe reliability is unknown. We attempted
to limit inter-observer differences in scoring by reading images in
a consensus manner. In addition to intrinsic limitations of the Tan
method, limitations in the correct identification of distal occlu-
sions exist. Given this, we performed sensitivity analysis that
excluded all distal exclusions (i.e. M3, M4, A3, A4). In this
sensitivity analysis, within the multivariate model, sex and
leukocytes remained significant predictors of collateral status,
whereas age did not reach statistical significance (p= 0.076). In
the univariate model, age, sex, and leukocytes remained signifi-
cant predictors of collateral status, whereas fibrinogen did not
(p= 0.367). The PRove-IT study did not collect data on meno-
pausal status, therefore we are unable to extrapolate the complex
interaction between estrogen exposure, age, and collateral status
in female patients. There is a possibility that different anti-
hypertensive classes have different effects on pial collaterals,
for example calcium-channel blockers may preferentially affect
pial collaterals when compared to diuretics. Within our cohort,
48.4% of patients using an anti-hypertensive were on multiple
agents, which was too heterogeneous to explore whether different
subclasses of anti-hypertensive varied between collateral groups.

Furthermore, reported anti-hypertensive dosages, and dosages for
all reported medications, were inconsistently collected across
study sites. Given this, we grouped all anti-hypertensive sub-
classes together. In our cohort, intracranial atherosclerosis disease
was the stroke etiology in only 3.1% of patients. Given that in
some populations, atherosclerosis disease causes up to 50% of
ischemic strokes,27 the significance of factors affecting pial
collateral status in populations with a greater burden of athero-
sclerosis disease may be different.

CONCLUSION

Collateral status is an indicator of favorable outcome in
stroke. We examined factors associated with collaterals and
their relative contribution to between-patient variability in
collaterals. Nearly half of the variance in collateral status
remains unexplained and could be due in part to variability in
genetics and other unmeasured non-genetic factors. Male sex
and leukocytosis were associated with poorer collaterals. We
did not find any modifiable factors to be associated with
collateral status in acute ischemic stroke. Further research is
needed to elucidate the relationship between genetics and
collateral variability in humans.
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