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The inset highlights a small arteriole loop with three penetrating arteriole stubs. (
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A) Maximal projection of a stack of images

m of rat cortical vasculature using in vivo TPLSM. The pial arteriole network is pseudocolored in red and the venous network in blue.
B) A localized clot is formed in one segment of the surface arteriole loop using

ux of RBCsin penetrating arterioles and surface arterioles were collected. Local
C) Scatter plot of pre- and
ux is derived from 399 arterioles. ( D) Photomicrographs of serial

sections, stained with  NeuN, from an animal with a surface occlusion that was killed after 1 week of survival. The box indicates the area photographed at higher

magni

cation; arrow in lower set of photomicrographs. The volume of cortical infarction, highlighted by the dashed line, was determined by measuring loss o f

NeuN staining across a contiguous set of serial sections. ( E) Photomicrographs of serial sections, analyzed asin D, from an animal in which a penetrating arteriole

was directly occluded by photothrombosis. Note the relatively large infarction. (
arteriole. The experiments shown in D and E are marked with square points.

maintained ow in 95% of the vessels exceeded 30% of their
initial ux, suf cient to prevent tissue infarction (32-34). As
a control, we observed that distant penetrating arterioles were,
on average, unaffected by the localized occlusion (n = 40) (gray
points, Fig. 5C).

We next asked whether the disruption of a surface arteriole loop
led to an eventual loss of neuronal viability. We formed a point
occlusion to a surface vessel (Fig. 5B) and allowed the animals to
survive for 1 wk following the occlusion. The health of the un-
derlying tissue was assessed by measuring the volume of dead tis-
sue based on staining with the pan-neuronal marker NeuN (Fig.
5D). We observed very small volumes of infarction in the paren-
chyma below the occlusion, averaging (n = 6) 0.015 + 0.004 mm?®
(mean £ SE) (Fig. 5 D and F), even for volumes with a high initial

ux in which the postocclusion ux was signi cantly reduced (Fig.
5C). As a positive control, we compare these ndings with damage
caused by the complete loss of ow to asingle penetrating arteriole.
In this case, the photothrombotic clot was formed in the surface
branch of a penetrating arteriole before it descends into the pa-
renchyma (35). Occlusions to penetrating arterioles generated in-
farctions that were an order of magnitude larger in volume than
those to a surface vessel, averaging (n = 6) 0.17 +0.03 mm® (mean +
SE) (Fig. 5 D and F). In all cases, the volume of the microinfarction
was correlated with the baseline ux of the penetrating arteriole
(Fig. 5F) and the bulk of this variation resulted from an increase
in the radial extent of the cyst. Lastly, the average cross-sectional
areas of the cyst, 0.16 & 0.02 mm? (mean + SE), slightly larger
than the territory served by each penetrating arteriole as estimated
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F) Microinfarction volumes plotted as a function of the baseline

ux of the target

by tessellation of maps (Fig. S4). These ndings show that even
a partial maintenance of ow in a penetrating arteriole, brought
about by rerouting of ow through the pial backbone, is suf cient
to preserve long-term neuronal viability subsequent to a surface
arteriole occlusion.

Discussion
We analyzed the pial arteriole network that is sourced by the mid-
dle cerebral artery in mouse and rat; this network supplies blood to
about half of the cortex. Two features of the topology of this net-
work emerge as central to the robust delivery of blood to cortex. The
rst is that the backbone of the network consists of interconnected
loops that span the entire vascular territory (Figs. 1 and 2). The
backbone utilizes only 11% of the total arteriole length in the net-
work, as compared with an estimated 7% for a backbone without
loops. Thisimplies that the cost of closed loops and the concomitant
robust ow is only a 4% increase in the total length of surface
vasculature. The loop structure allows the network to remain intact
as individual branches are removed; removing 15% of the con-
nections in the backbone isolates only 5% of the cortex from per-
fusion (Fig. 3). The second feature is that the vast majority of
penetrating arterioles that deliver blood from the pial network to
the subsurface vasculature originate as stubs that emerge direct-
ly from the backbone (Fig. 4). This T-like anatomical arrangement
provides two direct pathways for blood to ow to the penetrating
arteriole. Consistent with this protective role, a blood clot targeted
to an arteriole in the backbone does not disrupt the ow of blood to
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