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Abstract

The cerebral cortex is supplied by vascular microlobules, each comprised of a half dozen 

penetrating arterioles that surround a central draining venule. The surface arterioles that feed the 

penetrating arterioles are interconnected via an extensively anastomotic plexus. Embolic occlusion 

of a small surface arteriole rarely produces a local infarct, because collateral blood flow is 

available through the vascular reticulum. Collateral flow also protects against infarct after 

occlusion of a single penetrating arteriole. Cortical infarction requires blockage of a major arterial 

trunk, with arrest of blood flow to a relatively large vascular territory. For striate cortex, the major 

vessels compromised by emboli are the inferior calcarine and superior calcarine arteries, as well as 

the distal branches of the middle cerebral artery. Their vascular territories have a fairly consistent 

relationship with the retinotopic map. Consequently, occlusion by emboli results in stereotypical 

visual field defects. The organization of the arterial supply to the occipital lobe provides an 

anatomical explanation for a phenomenon that has long puzzled neuro-ophthalmologists, namely, 

that of the myriad potential patterns of cortical visual field loss, only a few are encountered 

commonly from embolic cortical stroke.

Inouye’s discovery of the visual field representation in the primary visual (striate, V1) cortex 

remains among the supreme accomplishments in the field of neuroscience (1). He correlated 

scotomas with the trajectory of gunshot wounds to the occiput in survivors of the Russo–

Japanese War to produce the first complete topographic map for any cortical area of the 

human brain (2). In addition, he introduced the concept of cortical magnification, by 

showing that the macula occupies a disproportionate amount of cortical tissue because it is 

so densely innervated (3). Injured soldiers were studied again by other investigators after 

World War I and World War II, resulting in minor refinements to Inouye’s map (4–6).

Well before Inouye’s breakthrough, vision loss was shown to occur in patients with stroke 

damaging the primary visual cortex (7,8). Even after autopsy, however, it proved impossible 

to decipher the cortical map. Why did brains shredded by missiles prove far more useful for 
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this purpose? Trauma results in highly variable patterns of visual field loss, handing the 

cartographer a rich lode of topographic data. In contrast, the variety of scotomas produced 

by stroke is far more limited, and hence, much less informative.

In this article, we present anatomical findings showing how the vascular supply to the 

occipital lobe is organized. The cortex consists of vascular microlobules, fed by a reticulum 

of surface arterioles. The anastomotic nature of the arterial system makes it highly resistant 

to embolic infarction. Essentially, stroke results when a relatively major stem artery becomes 

occluded, compromising a large swath of cortical territory. Each major stem artery has a 

fixed relationship to the cortical map, constraining the patterns of visual field loss that are 

possible after embolic stroke. Effectively, there exists a small repertoire of typical patterns of 

cortical visual field loss, which are encountered repeatedly by the clinician. Other patterns of 

visual field loss, while possible in theory, occur rarely because they usually have no 

substrate in the cortical blood supply.

CORTICAL ARTERIOLES AND VENULES

Figure 1 shows a tangential section through layer 3 from striate cortex of a normal adult 

macaque. The animal was not perfused after death, allowing one to label the vessels by 

relying on the endogenous peroxidase activity of red blood cells to catalyze a dark reaction 

product, diaminobenzidine (DAB). There are two distinct types of blood vessel profiles 

visible, silhouetted against a lacy filigree of capillary staining. The more numerous small 

vessels can be identified as arterioles by tracing them section by section back to the cortical 

surface, where each matches a penetration site in a surface arteriole (9).

Each arteriole is surrounded by a capillary-free zone, giving the appearance of a fried egg 

(10–12). In 3 dimensions, the capillary-free zone forms a cylinder spanning pia to white 

matter, owing to the radial orientation of the penetrating arteriole. The absence of capillaries 

is due to the ability of nutrients and gases to diffuse directly from the central arteriole into 

the brain parenchyma (13). Measurements in two monkeys showed a mean cylinder radius in 

layer 3 of 58 ± 18 μm (n = 230). If one assumes that the cylinder core is fed by the arteriole 

and the cylinder periphery by surrounding capillaries, then the maximum range of effective 

diffusion from blood vessels into brain tissue is about 30 mm. Consequently, no neuron is 

located more than approximately 5 red cell diameters from a blood vessel. Capillaries are 

spaced even more closely in layer 4C, to satisfy the metabolic demands of the massive 

stellate cell population (14). This layer of stellate cells gives the primary visual cortex its 

distinctive appearance in Nissl-stained sections.

In Figure 1, the population of large, sparser profiles corresponds to venules. Each can be 

traced back to a draining surface venule (9). The venules have no capillary-free zone; they 

extend numerous branches to drain the surrounding capillary bed. Red cell density tends to 

be lowest in the vicinity of arterioles and increases with proximity to venules, giving the 

cortex a blotchy appearance in DAB-labeled tangential sections.
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ANASTOMOTIC SURFACE ARTERIOLAR PLEXUS

Figure 2 shows a tangential section passing through the surface of the operculum, a flat sheet 

of striate cortex without sulci located at the back of the macaque brain. The venous plexus, 

which is relatively flimsy, was stripped away with forceps to isolate the arteriolar circulation 

before cutting the section. It is filled incompletely by DAB-stained red cells, because they 

clump irregularly or drain into the venous circulation at death. Nonetheless, it is possible to 

appreciate that the surface arterioles form a vast reticulum (15–18). This arteriolar network 

affords multiple routes to any given site in the cortex, thereby protecting against local 

embolic infarction (19). Note that the arterioles that penetrate the cortex arise from the 

reticulum proper or from fine terminal twigs that branch off the reticulum.

There are no capillaries on the brain surface (12). The venules that emerge from the cortex 

join surface venules that merge successively with other surface venules to form larger and 

larger vessels (9). Cortical venous anastomoses are infrequent. The venous organization 

resembles a watershed drainage system, with smaller streams uniting to form larger 

tributaries. In contrast, the surface arteriolar system is analogous to a web of highways, with 

larger vessels serving as freeways and smaller vessels like secondary roads.

CORTICAL VASCULAR MICROLOBULES

Figure 3 shows a schematic diagram of microlobules, the vascular building blocks of the 

cortex. This structure was first recognized by Duvernoy et al (12), who called it a “venous 

unit.” It consists of about 6–8 penetrating arterioles wreathing a central vein, or pair of veins 

(9,20). There is a resemblance to hepatic lobules, which consist of 6 portal arterioles around 

a central vein, but cortical vascular microlobules are more irregular. The arterioles that form 

the outer border supply the capillary network within a vascular microlobule, which drains 

via the central venule. Each arteriole feeds several adjacent vascular microlobules, just as the 

borders in a hexagonal mosaic belong to more than one tile. The penetrating arterioles 

comprising a vascular microlobule all arise from a shared ring of surface arterioles, or from 

terminal spurs coming off the ring (9).

The blood supply of every area of the cerebral cortex in humans and macaques is organized 

into vascular microlobules (12). They have also been identified in mice, rabbits, cats, and 

dogs, and probably exist in all mammals (21,22). Vascular microlobules are completely 

independent of columns, the functional architectural units of the cerebral cortex (9,22).

Blood flow through the surface cortical arterial reticulum is regulated by an extensive system 

of smooth muscle sphincters (23–26). These sphincters are located at junctions where 

smaller pial arterioles branch off larger arterioles and also at the site where each penetrating 

arteriole enters the cortex (27). Even the capillary bed has a control system, mediated 

through the contractile action of pericytes (28). As a result, despite an elaborately 

interconnected arterial system, the delivery of blood is gated tightly to satisfy metabolic 

demand generated by local neuronal activity (29–31).
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ARTERIAL SUPPLY OF THE OCCIPITAL LOBE

Figure 4 shows the arterial supply of the primary visual cortex, provided by the calcarine 

artery, a major derivative of the posterior cerebral artery. The crucial point for understanding 

cortical visual field defects is that the superior calcarine artery territory always includes the 

upper border of the primary visual cortex, whereas the inferior calcarine artery territory 

always includes the lower border. The occipital tip, where central vision is represented, 

straddles the border between the territories of the posterior cerebral artery and the middle 

cerebral artery. In Figure 4, Polyak incorrectly depicts the arteries dividing repeatedly to 

form terminal twigs, despite evidence adduced more than a century ago that the arterial 

circulation is anastomotic (32). Even Duvernoy et al (12), in their classic monograph on 

cortical blood vessels, underestimated the densely anastomotic nature of the surface 

arteriolar plexus. The injection of arteries with resins or latex sometimes fails to fill fine 

branches, which are often hidden in sulci, explaining why some observers have concluded 

that the cortical arterial circulation consists of isolated branches, like the retinal circulation.

TYPICAL PATTERNS OF EMBOLIC CORTICAL VISUAL FIELD LOSS

An embolic occlusion of the posterior cerebral artery at or proximal to the bifurcation of the 

calcarine artery produces a homonymous hemianopia (Fig. 5A). It is possible, however, for 

the occipital lobe to escape infarction. After deliberate occlusion of the P2 segment to treat 

aneurysm, a visual field defect occurs in only 4.5%–17% of patients (33–35). Angiography 

performed immediately after parent vessel occlusion shows distal branches behaving as 

sump aspirators to fill the calcarine artery (33). It seems that collateral arterial flow to the 

occipital lobe is so efficient that usually stroke is averted (36,37). This observation suggests 

that occlusion of the posterior cerebral artery by naturally occurring emboli sometimes does 

not produce an infarct.

The hallmark of hemianopia from embolic infarction of the occipital lobe is macular sparing 

(Fig. 5B). Macular sparing does not occur in every patient, because of wide variation in two 

critical properties: the position of striate cortex within the calcarine sulcus and the position 

of the border zone between the circulations of the posterior cerebral and middle cerebral 

arteries. Striate cortex ranges enormously in surface area, from 1,600 to 4,400 mm2 (38,39). 

When small, it is confined to the medial calcarine cortex and hence more likely to be 

supplied only by the posterior cerebral artery (Fig. 4). In such cases, occlusion of the 

posterior cerebral artery produces a macular splitting hemianopia. In most individuals, 

striate cortex is large enough to wrap around the occipital pole onto the exposed surface of 

the hemisphere (40). This region constitutes a border zone, where perfusion overlaps from 

the posterior and middle cerebral arteries. The amount of overlap and the location of the 

border zone are highly variable (41,42). The greater the amount of striate cortex that sprawls 

onto the lateral convexity, the more likely it is that the macular representation will fall within 

the border zone, sparing it from infarction after occlusion of the posterior cerebral artery. 

How many degrees of macula are spared depends on the amount of surviving cortex. Sparing 

never extends beyond the macula, because the macula has such an enormous representation, 

occupying the entire posterior half of the occipital lobe (43).
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Hemimacular hemianopia can result from an embolus (Fig. 5C). It has been reported in 11% 

of occipital strokes (44), but in reality is far less common. As discussed above, the macula’s 

dual arterial supply usually renders it impervious to emboli. Nonetheless, stroke can occur if 

the macular representation happens to fall within a region where there is little overlap 

between the 2 major arterial circulations. We have recorded cases of hemimacula scotoma 

resulting from an embolus either in a distal branch of the posterior cerebral artery or the 

middle cerebral artery (Fig. 5C). More often, emboli of the middle cerebral artery lodge at a 

proximal site, where they often cause a hemianopia by infarction of the optic radiations. 

Such infarcts are frequently partial, causing an incomplete hemianopia with a quadrantic 

flavor (45).

Emboli that lodge at the bifurcation of the calcarine artery, where its caliber abruptly 

narrows, may occlude only one branch. Anastomotic flow through surface arterioles from 

the other branch is not sufficient to prevent infarction of a broad ribbon of cortex. The result 

is a quadrantanopia, with (Fig. 5D) or without (Fig. 5E) macular sparing. The field defect 

always includes either the upper or lower vertical meridian, because each is situated within 

the heart of the territory perfused by a single calcarine artery branch. Naturally, the field 

defect strictly respects the vertical meridian, because the other hemifield is represented in 

the opposite cerebral hemisphere. The field defect does not strictly respect the horizontal 

meridian, although it is shown arbitrarily following the horizontal meridian in Fig. 5D–F. 

There is no anatomical reason for the border of the infarct to track the serpentine course of 

the representation of the horizontal meridian representation along the base of the calcarine 

sulcus. Instead, the polar angle of the quasihorizontal edge ranges widely, producing a defect 

that involves 1/4 to 3/4 of the visual hemifield. The exact size of the defect, loosely termed a 

“quadrantanopia,” depends on the deployment of striate cortex relative to the vagaries of the 

territory claimed by the superior or the inferior calcarine artery. For example, if the superior 

calcarine artery perfuses most of the striate cortex, as shown in Figure 4, occlusion of the 

inferior calcarine artery will cause blindness in only a thin wedge adjacent to the superior 

vertical meridian. It is worth noting that the sectorial field cut resulting from a branch 

calcarine artery occlusion seldom amounts to less than half a quadrantanopia, a defect we 

define as an “octantanopia.” As explained later, a hemianopic defect that damages (or a 

hemianopic defect that spares) a segment substantially less than an octantanopia is not 

possible.

When a quadrantanopia strictly respects a segment of the horizontal meridian, it is 

sometimes due to an embolic infarct that extends from the V1/V2 border to the V2/V3 

border (46). In this instance, the infarct is centered in V2, not V1. Nonetheless, a visual field 

defect is present, because V2 receives most of V1’s output (47). V2 splits into 2 halves, 

along the representation of the horizontal meridian, with each half on opposite sides of the 

calcarine sulcus. This physical separation provides the anatomical substrate for a 

quadrantanopia that strictly respects the horizontal meridian. It requires only that part of V2, 

from the border of V1 to V3, falls within the territory supplied by the occluded superior or 

inferior calcarine artery. How often this occurs is unknown, but extrastriate quadrantanopia 

is more common than realized.
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An embolus may flow down either branch of the calcarine artery for a considerable distance 

before becoming trapped, causing a stroke. The resulting scotoma has an approximately 

quadrantic configuration that affects a variable portion of the field (Fig. 5F). If an embolus 

lodges proximally, the defect is large, preserving only a small amount of peripheral field. 

The more distally an embolus travels, the smaller and more central the field defect. However, 

there is a limit. If the embolus reaches a small branch at the limits of the calcarine artery 

territory, no infarct will ensue because of collateral flow from the arteriolar surface 

reticulum. Also, if the macula is supplied by the middle cerebral artery, it will be protected 

(Fig. 5F). Although the stroke from a distal calcarine artery branch occlusion is usually quite 

large, the resulting paracentral visual field defect is relatively small. It can be easy to miss by 

confrontation testing because the intact peripheral field allows the patient to detect wiggling 

fingers. Small targets must be presented paracentrally to find the homonymous scotoma.

PATTERNS OF VISUAL FIELD LOSS PROHIBITED BY THE OCCIPITAL 

CIRCULATION

If the macula is spared, emboli that occlude the distal superior or inferior calcarine artery 

produce paracentral defects that respect the lower or upper vertical meridian respectively 

(Fig. 5F), but not both. In other words, a distal embolus cannot form a hemiring scotoma that 

curves around fixation from one vertical meridian to the other (Fig. 6A). The scotoma can 

extend quite far, beyond the horizontal meridian, but it will not reach all the way to the other 

vertical meridian. The latter is protected because it is supplied by the unaffected branch of 

the calcarine artery. It is impossible for a single embolus to cause a belt of infarction that 

crosses from one vascular territory to another.

An octantanopia, or a sectoral field defect that subtends less that 45°, is also impossible (Fig. 

6B). It would require a narrow zone of infarction that snakes semiparallel to an isopolar ray 

in the visual field map. A proximal embolus stuck in a calcarine artery branch would cause a 

much wider infarction zone, corresponding roughly to a quadrantanopia (Fig. 5D, E). The 

infarction zone might be whittled down by collateral flow, but would never acquire the 

extreme elliptical shape required to produce a thin wedge of field loss. In an exhaustive 

study of 904 cases of homonymous hemianopia, not a single cortical sectoranopia was 

encountered (48).

The most anterior 6% of striate cortex represents the temporal crescent, driven monocularly 

by the far nasal retina of the contralateral eye (49). A field cut limited to the temporal 

crescent cannot occur from an embolus (Fig. 6C). The reason is evident: an embolus 

blocking the calcarine artery so proximally would cause more widespread, downstream 

infarction. Blindness limited to the temporal crescent is rare, and always due to other causes, 

such as migraine or arteriovenous malformation (50). Selective sparing of the temporal 

crescent is more common (51). It results when a proximal embolus lodges in either calcarine 

artery just posterior to the temporal crescent representation. The spared temporal crescent is 

conjoined, in nearly all cases, along either vertical meridian to the intact binocular field. 

Such defects represent a variant of the category of stroke illustrated in Figure 5F, but with 

the embolus stuck at 64° rather than 20°. The spared temporal crescent never forms an 
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island, offshore from the surviving binocular field, because a complete hemiring scotoma is 

not possible (Fig. 6A).

Nonexistence of embolic stroke limited to the temporal crescent representation is just a 

special example of a general principle: embolic stroke does not produce defects limited to 

the peripheral visual field. Figure 6D shows a hypothetical infarct from a proximal calcarine 

artery embolus, causing a peripheral field defect with an inner border at 24°. Such a case is 

impossible, because blockage of the calcarine artery would infarct tissue all the way to the 

macula representation. The central 8–10° can be spared by middle cerebral artery collateral 

flow (Fig. 5B), but not more. By the same logic, proximal embolic occlusion of a single 

branch of the calcarine artery cannot produce a quadrantic field defect limited to the 

periphery. It will always reach at least to the macula (Fig. 5E). Clinicians can take some 

comfort in this fact. There is little chance of missing a field defect from an embolic stroke by 

testing only the central 24° with a computerized perimeter. One might miss a cortical field 

defect from another cause, but even that risk is low, given that the central 24° occupies 

nearly 80% of the surface area of striate cortex (43).

A hemianopia that spares a field strip of fixed azimuth along the vertical meridian is 

impossible (Fig. 6E). It requires preservation of tissue along the border of V1, where the 

vertical meridian is represented. The preserved corridor would need to widen exponentially 

toward the fovea, because of increasing cortical magnification. There is no biological 

substrate—let alone embolic event—that could generate such a phenomenon. Why is a strip 

of intact field found so often along the vertical meridian in hemianopia? It is an artifact of 

frequent, small “surveillance” saccades to the blind side (52–54). This artifact has been 

touted by vision therapists as evidence for genuine cortical recovery. They propose that a 

penumbra of salvageable cortex bordering an infarct can be resuscitated by delivering 

supplemental visual stimulation. However, in occipital hemianopia the boundary between 

damaged cortex and healthy cortex does not coincide with the V1 border, but instead, is 

located far beyond it (55). Therefore, recovery of tissue at the infarct border, putatively 

induced by computer stimulation months after a stroke, would have no impact on visual 

function along the vertical meridian. Vision restoration therapy is a deception (56). It 

disappears when eye fixation is controlled rigorously during visual field testing (57).

Simmons Lessell mused that “lacunar strokes do not occur in visual cortex” (Mark Borchert, 

personal communication). He meant that one rarely discovers an isolated homonymous 

defect in the visual field, caused by a small intrastriate embolus, that does not have a border 

abutting the vertical meridian (Fig. 6F). Skeptics might contend that such an embolus would 

produce a tiny scotoma, too small to detect on perimetry. This might be true regarding the 

representation of the macula, because it is so highly magnified, but not for the representation 

of the periphery. Admittedly, the visual field periphery is not tested carefully today by 

automated perimetry, but even during the heyday of manual perimetry, such defects from 

cortical stroke were not reported (58).

The anastomotic organization of the pial arterial supply explains why small isolated defects 

in the visual field, like holes in a chunk of Swiss cheese, seldom occur from infarcts of the 

primary visual cortex (Fig. 2). When an embolus lodges in a small arteriole coursing along 
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the pial surface, other vessels can compensate by providing collateral flow (19). Tissue 

infarction occurs only if the size of the cortical territory fed by the occluded vessel exceeds 

the capacity of the anastomotic system to sustain perfusion. In that case, as stated previously, 

the field defect nearly always includes at least some portion of the vertical meridian.

A small embolus meandering through the reticulum of surface arterioles may be swept down 

a penetrating arteriole, blocking the flow of blood at a variable distance from the pial 

surface. The impact of focal occlusion of a single descending arteriole is unknown. There 

are two issues: 1) does such an event produce a microinfarct, and 2) if so, does it produce a 

detectable visual field defect? In rats, occlusion of a single penetrating arteriole has been 

studied by focal application of a laser in the presence of rose bengal, a circulating 

photosensitizer (59). This procedure yields an infarct averaging 460 μm in diameter. The 

damage starts at the pial surface but stops well short of the white matter because of limited 

laser penetration. The procedure may be a realistic model for thrombotic occlusion, but not 

for embolic occlusion. The laser induces extensive clot in both the arteriole and the 

capillaries near it, impeding collateral flow that might arise from other arterioles in the 

vascular microlobule. This phenomenon explains the large size of the infarct, relative to the 

tissue cylinder fed by a single descending arteriole. The fact that layers 5 and 6 remain 

intact, deep to the occluded descending arteriole, suggests that collateral flow is capable of 

perfusing the tissue if the local capillary bed is not photothrombosed.

When a single microembolus becomes trapped in a descending arteriole, other arterioles in 

the vascular microlobule could exert sufficient perfusion pressure to maintain flow through 

the capillary bed (60). The capillary-free zone surrounding each arteriole, however, would be 

subject to ischemia. Its mean radius is 58 μm in the macaque and 100 μm in the human (12). 

These data lead to the prediction that embolic occlusion of a single descending arteriole, if it 

were to cause any damage, would affect a vertical cylinder in human striate cortex with a 

mean diameter of 100 μm (assuming that only the inner half of the capillary-free zone is 

wholly dependent on direct arteriolar supply).

Would an infarct 100 μm in diameter produce a visual field defect? No study has determined 

the smallest focal V1 lesion that can be detected clinically. Many factors come into play, 

such as the amount of retinotopic scatter in the visual field representation, the vertical extent 

of cortical damage, and the reliability of the patient undergoing perimetric testing. Given 

that human ocular dominance columns are about 1 mm wide, it seems improbable that an 

infarct of only 100 μm could affect vision (49). If a lesion so small had a measurable impact 

on vision, patients with monocular cortical microscotomata would be common.

CONCLUSIONS

At first glance, the blood vessels supplying the cerebral cortex seem to penetrate the tissue in 

a random fashion. By tracing each vessel back to its origin at the brain surface, one realizes 

that they are arranged into repeating units, comprising a ring of descending arterioles 

surrounding a central, draining venule. These vascular microlobules derive their arterial 

supply from an anastomotic system of surface arterioles, recapitulating the circle of Willis 

on a finer scale. The reticulum of surface arterioles is equipped with sphincters, allowing 
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precise regulation of blood flow to meet cortical metabolic demand. This tight coupling of 

blood supply to neural activity is the basis for functional MRI (61,62). It is surprising that 

the anastomotic organization of the cortical vascular microlobules, accessible with simple 

histological methods, has taken so long for neuroanatomists to unravel.

Our purpose has been to elaborate a set of general principles to explain the patterns of visual 

field defects encountered in patients with embolic stroke by analyzing the blood supply to 

striate cortex. Experienced clinicians know what variety of field defects to expect after 

cortical stroke, but there is some value in systematically cataloging the repertoire (Fig. 5) 

and explaining it in terms of the vascular anatomy. The archetypes are sharply limited, 

owing to constraints imposed by the cortical circulation. Zhang et al (63) recognized only 5 

categories of hemianopia from stroke. By contrast, 15 different classes of visual field defects 

have been described in optic neuritis (64). Many patterns of cortical field loss that are 

commonly encountered after trauma, tumor, infection, or surgery are excluded after embolic 

stroke (Fig. 6).

Setting forth rules naturally stimulates a search for exceptions. We welcome them because 

they certainly exist, and each provides a lesson (65). The occipital circulation, like the blood 

supply to all lobes of the brain, shows considerable variability (42,66,67). Embolic vascular 

occlusion is the most common cause of cortical visual loss. Our conclusions do not pertain 

to scotomas from any other causes, including migraine, vasculitis, in-situ thrombotic 

occlusion, or amyloid angiopathy. We also assume a single embolus in our analysis. Multiple 

emboli, or a fresh embolus on top of an old stroke, increase the variety of possible field 

defects.

Striate cortex has a property shared by no other cortical area: lesions produce an absolute 

deficit that is easily quantified by the clinician. In other cortical areas, small emboli have 

little measurable impact on sensory or motor function. In the primary auditory cortex, for 

example, unilateral infarcts have almost no detectible effect on function, except for a subtle 

deficit in sound localization. The prevalence of asymptomatic microinfarcts at autopsy has 

recently become a subject of interest, because it has been proposed that they increase the risk 

of dementia. Surprisingly, cortical microinfarcts are found postmortem in only a minority of 

patients, are usually few in number, and often do not arise from emboli (68–70). These 

studies suggest that all regions of the cerebral cortex, not just striate cortex, resist 

microinfarction from small emboli because their blood supply is provided by vascular 

microlobules united by anastomotic surface arterioles. The subcortical white matter, lacking 

this redundancy in blood flow, is more prone to microinfarction.
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Marshfield Clinic Foundation established a memorial fund in his name. In recognition of the 

profound impact Dr. Jacobson had on the field of neuro-ophthalmology, the North American 

Neuro-,Ophthalmology Society has established a lecture to be presented each year at the 

NANOS meeting.
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FIG. 1. 
Distribution of arterioles and venules in macaque striate cortex. A. A 150-μm tangential 

section in layer 3 shows profiles of arterioles and venules in cross-section. They are labeled 

by diaminobenzidine, reflecting the distribution of red blood cells in the unperfused tissue. 

Arterioles are small and surrounded by pale, capillary-free zones. The venules are larger, 

with radiating branches that drain the surrounding capillary bed. B. Same image, identifying 

arterioles (red dots, n = 101) and venules (blue dots, n = 34). Each microvascular lobule 

comprises an irregular array of arterioles surrounding a single venule or, occasionally, pair 

of venules.
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FIG. 2. 
Surface arterioles are organized into a dense reticulum. A. A 150-μm section through the 

surface arteriolar circulation of striate cortex prepared from a different macaque after 

removal of surface venules. Clotted red cells are labeled by diaminobenzidine. Although 

many vessels are filled incompletely, the anastomotic arrangement of the surface arterioles is 

evident. B. Drawing of the arteriolar reticulum, prepared by using a microscope with a 

camera lucida attachment. Dots mark the origin of arterioles that penetrate the cortex, 

located either on the reticulum or its fine terminal branches.
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FIG. 3. 
Cutaway diagram reveals vascular microlobules of the cerebral cortex, each comprised of an 

approximately hexagonal array of penetrating arterioles that supply the capillary bed, which 

drains into a central venule. A cylindrical capillary-free zone surrounds each penetrating 

arteriole. The surface arterioles form a reticulum to allow efficient delivery of blood to 

satisfy local fluctuations in metabolic demand. Flow is controlled by a system of sphincters 

located at both arteriolar junctions and penetration sites of descending arterioles. The 

anastomotic organization of the surface arterioles renders the cortex resistant to 

microinfarction by emboli because after occlusion of a vessel, any given location can still be 

perfused by blood flowing from another direction. Even occlusion of a penetrating arteriole 

may be tolerated by collateral flow through the capillary bed.
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FIG. 4. 
Arterial circulation of the primary visual cortex. A. Medial view of the right occipital lobe 

with the inferior lip of the calcarine sulcus deflected downward by a muscle hook to show 

the bifurcation of the calcarine artery. The superior calcarine artery(red arrow) crosses the 

calcarine sulcus to feed the upper calcarine bank and a portion of the cuneus. The inferior 

calcarine artery (blue arrow) supplies the lower calcarine bank and some of lingual gyrus. B. 

Drawing of the occipital circulation, after Polyak (40), demonstrates territories supplied by 

the superior (red) and inferior (blue) calcarine arteries. He incorrectly shows the arteries 

bifurcating serially until they end in terminal branches. Dotted line corresponds to perimeter 

of primary visual cortex. *Foveal representation.
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FIG. 5. 
Embolic cortical visual field defects. A. Complete homonymous hemianopia from an 

embolus (arrow) proximal to the bifurcation of the superior (red) and inferior (blue) 

calcarine arteries. B. Homonymous hemianopia with macular sparing, owing to collateral 

flow from the distal middle cerebral artery (green). C. Hemimacular scotoma from an 

embolus occluding distal branches from the middle cerebral artery. D. Quadrantanopia from 

an embolus distal to the bifurcation of the calcarine artery. The border between the vascular 

territories of the superior and inferior calcarine arteries is placed arbitrarily along the 

horizontal meridian. E. Quadrantanopia with macular sparing. F. Quadrantanopia with both 

macular and peripheral sparing, from an embolus lodged distally in a calcarine artery 

branch.
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FIG. 6. 
Disallowed embolic cortical visual field defects. A. Hemiannular scotoma, from an infarct 

that crosses vascular territories. B. Sectoranopia from a long, thin infarct running roughly 

parallel to an isopolar ray in the visual field map. C. Missing temporal monocular crescent, 

from infarct confined to its representation (dotted region). D. Peripheral scotoma, sparing the 

central 24°.E. Homonymous hemianopia, sparing a vertical strip of uniform azimuth along 

the vertical meridian. F. Isolated homonymous scotomata, from focal cortical infarcts. In 

these schematic examples, two ~5-mm infarcts are shown from an embolus imagined to 

arrest surface arteriolar flow despite availability of collaterals. They would produce 

scotomas in the inferior visual field of vastly different size. A microinfarct from occlusion of 

a penetrating vessel is also shown, with a corresponding microscotoma in the peripheral 
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upper field. Visual fields riddled with homonymous microscotomata from emboli are not 

encountered in clinical practice.
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