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Abstract

Retinal vascular changes other than diabetic retinopathy (DRP) namely microaneurysms, intraretinal microvascular
abnormalities so called IRMA, microinfarctions, hemorrhages, lipid exudates and edema, as well as venous beading
and new vessels (NV) on the disk and/or on the retina and their sequalae pre-retinal and vitreous hemorrhages and
fibrovascular proliferations and vitreoretinal tractions are common in diabetic patients. These changes are general or
focal arteriolar narrowing or arteriolar or venous dilatation, arteriolar sinusoidal elongation or straightening, venous
tortuosity, increased arteriolar wall reflex and arterio-venous crossing signs. They reflect cumulative response to
aging, cardiovascular risk factors such as hyperglycemia, hypertension and dyslipidemia, as well as inflammation and
endothelial dysfunction. Retinal vascular changes are under the influence of both systemic and environmental as well
as genetic factors and serve as cardiovascular risk stratification indicator. Furthermore, these changes may cause
as such ocular morbidity and threaten vision and influence the occurrence and progression of DRP. Many of these
changes were recognized soon after the invention of ophthalmoscope by von Helmholz in 1851 and have since been

described in literature. Many of these changes can be accurately measured today.

Retinal Blood Flow: Anatomy and Physiology

The blood supply to the orbit arises primarily from the ophthalmic
artery, the first and the only branch of the internal carotid artery
outside the cranium. Smaller vascular contributions come from the
external carotid artery via the internal maxillary artery and facial
arteries. The major branches of the ophthalmic artery include branches
to the extraocular muscles, the central retinal artery and the long and
short posterior ciliary arteries. The central retinal artery branches off
the ophthalmic artery to penetrate the optic nerve approximately 10 to
15mm behind the globe [1]. The central retinal artery courses adjacent
to the central retinal vein within the optic nerve and within the globe,
where it branches into four major trunks, each of which supplies a
quadrant of the retina. The central retinal artery is an end artery that
has no significant anastomoses. In up to 30% of people, one or more
cilioretinal arteries may be present. It emerges from the temporal aspect
of the optic nerve, extending laterally along the papillomacular bundle
and supply a variably sized region of the retina. Since it is a direct
branch of the ciliary or choroidal arteries, on fluorescein angiography it
fills in the choroidal phase, before the central retinal artery. In the area
of the lamina cribrosa, the lumen of the central retinal artery measures
about 170um in diameter [2]. The central retinal artery supplies the
inner two-thirds of the retina, the most anterior portion of the optic
nerve head, and to some extent the retrolaminar optic nerve. The
deeper outer layers of retina, including photoreceptors and bipolar
cells, are nourished by the uveal system, specifically the capillaries of
the choroid called the choriocapillaris which are fenestrated to allow
free diffusion of molecules [1]. The retinal pigment epithelium (RPE),
a one cell layer, which separates the retina from the choroid, actively
transports metabolites and waste to and from the deep layers of the
retina to the choroid. The larger blood vessels lie within the nerve fiber
and ganglion cell layer of the innermost portion of the retina. Smaller
vessels, precapillary arterioles, postcapillary venules and capillaries
are found between the nerve fiber and inner nuclear layers [2]. Retinal
venous drainage occurs via the central retinal vein which drains into
the superior ophthalmic vein or, rarely, directly into the cavernous
sinus [1]. In youth, the retinal arteries are wide in caliber and rich in

hue. They course in wide sinuous curves over the fundus, branching
at moderately wide angles, and have walls which are not visible [3].
In a normal retina, there are no arteriovenous shunts. The average
number of foveal arterioles and venules is 16 [4]. Even if two similar
vessels branch off very closely from a perifoveal arteriole or venule,
a dissimilar vessel interposes itself between the two a brief distance
after its origin, maintaining the correct sequence of arterioles: venules
toward the foveola.

A true artery possesses an internal elastic lamina and a well-
developed muscular coat, while an arteriole has no elastic lamina and
the muscle layer is not continuous. The retinal arterial tree is arteriolar
in nature except for the main central artery and some of its large
branches near the disk [5]. Thus it begins to show marked alteration
in its structure after passing through the lamina cribrosa of the sclera:
the internal elastic lamina becomes rapidly reduced in thickness and
disappears entirely at the first or second bifurcation, the muscular
coat becomes thin and the muscle fibers lose continuity, and become
separated from one another by small gaps [5]. By the first or second
bifurcation, the retinal arterial tree has become arteriolar in nature.
Branches of the central retinal artery near the disk have a luminal
diameter of about 120pum and possess three to six layers of muscle cells
in their walls [6]. The lumen is lined by a single layer of endothelial
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Figure 1: Retinal vascular remodeling. A male aged 52 years with recently
diagnozed type 2 diabetes and hypertension for more than 10 years. Fundus
image shows microaneurysms, one intraretinal hemorrhage, marked general
and focal arteriolar narrowing, arteriovenous nickings. Venules dilated.
Arteriolosclerosis and grade 3 hypertensive retinopathy and or mild diabetic
retinopathy.

cells which run parallel to the axis of the vessels [6]. Near the disk, the
retinal veins are 150-200 um in diameter [2,7]. The retinal capillary bed
consists of vessels with a diameter varying from 15 to150um arranged
in two layers except in three in the radial peripapillary area, and a single
layer in the perifoveal region around the foveal avascular zone and the
peripheral retina [2]. Capillaries consist of one layer of endothelial cells
and a surrounding layer of pericytes and the basal membrane [7]. The
pericyte: endothelial ratio in the retina is 1:1, which is high compared
with elsewhere in the central nervous system or body in general.
Healthy capillaries are not visible in fundus photography without e.g.
fluorescein.

The inner and outer blood-retinal barriers composed of the tight
junctions of the vascular endothelium and RPE and to some extent of
the basal membrane form the barriers, restrict intercellular movement
of all water-soluble molecules and thus prevent these molecules from
entering the retina with minimal extracellular space [7].

Ocular and optic nerve head blood flow is directly related to
perfusion pressure and inversely related to the resistance to flow i.e.
intraocular pressure. Autoregulation maintains a constant ocular blood
flow -within normal limits - to tissues during changes in perfusion
pressure [8]. Compared to the choroidal circulation (a high-flow,
variable-rate system), the retinal circulation is a lower flow, constant-
rate system supplying highly metabolically active tissue. The choroid
receives 85% of the ocular circulation, compared to 15% to the retinal
circulation. The autonomic nervous system controls vascular resistance
in the choroid. Sympathetic nerves provide most of the regulation
through the cranial cervical ganglion, involving neuropeptide Y and
provoking vasoconstriction when stimulated. The parasympathetic
system mediates poorly defined control. The autonomic nervous
system contributes to retrobulbar and choroidal circulatory regulation,
but it ends at the lamina cribrosa. Although retinal and optic nerve
head vessels have alpha-adrenergic, beta-adrenergic, and cholinergic
receptors, the role of these receptors in vascular control remains
unclear. Consequently, retinal blood flow is autoregulated locally in
response to variable blood oxygen content, with capillary recruitment
and derecruitment providing oxygen delivery. Arterioles dilate when
oxygen tension falls, for example when retinal capillaries become
nonperfused [9-11]. Several soluble vasoactive molecules mediate
retinal vascular autoregulation, including endothelial-derived nitric
oxide (NO), endothelins (ETs), superoxide anions, renin-angiotensin,
and vascular endothelial growth factor (VEGF). NO is produced by two
endothelial enzymes, constitutive nitric oxide synthase (membrane

bound) and inducible nitric oxide synthase (cytosolic), both of which
oxidize L-arginine to produce NO. Endothelial cell NO diffuses to the
pericyte or smooth muscle cell surface, where it binds to guanylate
cyclase, causing intracellular cGMP accumulation and vasodilation.
NO production is directly stimulated by increased local shear force,
bradykinins, insulin-like growth factor 1, acetylcholine, thrombin,
and various platelet products. In addition to its vasodilatory actions,
NO protects vessels by inhibiting platelet aggregation, platelet granule
secretion, leukocyte adhesion, and possibly smooth muscle cell
proliferation. ETs, are released by endothelial cells and bind to receptors
on adjacent pericytes and smooth muscle cells. ET-1, ET-2, and ET-3,
each with 21 amino acids, are the most potent vasoconstrictor agents
currently known. Endothelin-dependent contraction is mediated by
three receptor subtypes (ETR-A, ETR-B, and ETR-C). In addition to
NO and ETs, superoxide anions play a role in retinal microvascular
autoregulation. Superoxide anions inactivate NO, thereby inhibiting
vasodilatory capacity. The vascular endothelium generates basal levels
of superoxide anions and can be stimulated to produce deleterious
amounts of these molecules during many pathologic conditions.
Another component of the retinal microvascular autoregulatory
system is the renin-angiotensin pathway. Angiotensin -converting
enzyme (ACE) on the luminal endothelial cell surface rapidly converts
angiotensin I to angiotensin II and ACE inactivates bradykinin.
Angiotensin II stimulates retinal vasoconstriction via smooth muscle
cells and pericytes [12].

Diabetic Retinopathy

Microaneurysms are the hallmark of DRP and often the first
changes detected in either clinical examination or photographic
screening of diabetic patients. In addition to intraretinal hemorrhages,
lipid exudates and retinal edema, retinal microinfarctions, IRMA
as well as venous beading they occur in various combinations and
increase in number and disappear over the years. They result either
from vascular leakage or from vaso-occlusion or both and may as
such cause visual disturbance, namely macular edema which is the
most common cause of visual impairment among diabetic patients.
As the vaso-occlusion advances, NVs start to grow either from the
venules or IRMA-areas towards the vaso-occlusion as VEGF causes the
endothelial cells to proliferate and sprout and form new tubes through
the cytokine induced break down of the basal membrane. Grading of
non-proliferative retinopathy according to the classification of Early
Treatment of Diabetic Retinopathy Study (ETDRS) helps to predict the
onset of proliferative retinopathy and thus to plan laser treatment in
the phase of severe non-proliferative retinopathy [13].

Changes in Arterioles
General arteriolar narrowing

Reduction in arteriolar caliber is called general arteriolar
narrowing [14]. Arterioles and their branches i.e. the whole arterial
tree appears narrow. Retinal arteriolar caliber becomes narrower with
aging [15]. Thus, this is a common finding in elderly individuals. So
called involution arteriolosclerosis is almost universal and can be
regarded to represent a normal fundus in old age. However, it shows
a great variation from person to person. Arteriolar diameter has been
expressed as arteriovenous ratio (AVR), normal AVR being 2/3. AVR
as assessed from digital images is slightly higher, namely 0.84 [16]. Not
surprisingly AVR has been found not to represent arteriolar narrowing
accurately, since venous diameter affects the estimate [17]. Since retinal
arteriolar and venular caliber seems to reflect different pathophysiology
and systemic conditions, combining these two components into
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AVR is not recommended, but rather to present the two separate
measurements [17].

Already Friedenwald (1931) [14] stated that when the arteries are
reduced to approximately one-half of their normal caliber, the diastolic
blood-pressure will be 110mmHg or more [14]. Recent epidemiological
studies including quantitative measurements of retinal vessel caliber
have shown that narrower retinal arteriolar caliber is associated in
addition to older age with higher levels of both past, current and future
blood pressure as well as obesity [17]. Furthermore, general arteriolar
narrowing predicts the incidence of diabetes and coronary heart
disease [17]. Association with the latter was stronger in women than
men. Individuals with a smaller AVR tend to have more white matter
lesions, cerebral infarcts in magnetic resonance imaging and increased
risk of incident clinical stroke [17]. A smaller AVR has also been shown
to be associated with a greater change in serum creatinine level but not
to the development of renal insufficiency [17]. Alcohol consumption
has been associated with smaller AVR and smaller retinal arterioles
in some studies [17] as well current estrogen replacement therapy
with narrower retinal arterioles and venules independent of blood
pressure and other vascular risk factors [17]. However, this finding
seems to be influenced by the duration of hormone-replacement
therapy, as women receiving this medication for longer than 10 years
did not have narrower retinal arterioles. Combined use of aspirin and
antihypertensive medication has also been shown to be associated with
wider retinal arteriolar caliber, an effect possibly reflecting the anti-
inflammatory effect of aspirin.

Sudden rise of blood pressure may cause narrowing of the
retinal and choroidal arterioles due vasospasm. On the other hand
chronic hypertension leads to arteriolosclerotic changes i.e. intimal
thickening, media-wall hyperplasia and hyaline degeneration and thus
to thickening of the arteriolar walls with luminal narrowing visible as
general and focal arteriolar narrowing, increased arterial wall reflex
and arteriovenous nicking. Arteriolosclerotic changes due to aging
modifiy the outcome [18]. In severe hypertension, arteriolar thickening
in the choroidal vessels is more severe than in retinal arterioles and
more closely resembles systemic arterial changes [19]. Focal occlusion
of choriocapillaris leads to necrosis of RPE leading to a patchy yellow
area, later with a pigmented center and a hypopigmented halo called
Elschnig’s spot [20]. In advanced hypertension only small segments or
no arterioles at all are visible and thus predominantly venules remain
visible. This is best seen in the vicinity of the fovea where arterioles
seem to terminate at a greater distance than usual from the fovea (fovea
hypertonica) [4,21].

Acute hypertension may cause disruption of the blood-retinal
barriers leading to retinal edema, lipidexudation and intraretinal
hemorrhages, findings similar to those seen in DRP. However,
hemorrhages are typically located in the nerve fiber layer and often
appear wedge shaped. Microaneurysms, the hallmark of DRP, are less
common. Furthermore, deposition of lipids around the fovea in the
outer plexiform layer appears as a star (so called macular star).

Hypertensive retinopathy represents a target organ damage
described by Liebreich in 1859: a patient with central retinanl vein
occlusion [22]. Various fundus changes may be divided into three
categories: hypertensive retinopathy, hypertensive choroidopathy and
hypertensive optic neuropathy. Hypertensive retinopathy appears
earlier and is the most common [8]. Vasospasm due to sudden high
blood pressure has been an explanation of generalized reduction
of caliber, and of localized constrictions of the arteries as well as of
transient attacks of blindness [13] which may still occur in e.g. pre-

eclampsia [23]. Keith, Wagener and Barker (1939) proposed the first
classification of hypertensive retinopathy and described the association
between the retinal arteriolar changes and survival [24]. This
classification is still used after minor modifications [25]. The first two
grades include general and focal narrowing and the third in addition
extravasal changes mentioned earlier and the fourth, optic disk edema.
Today, disk edema is not any more associated with increased mortality
when adequate medication is available [26].

Focal arteriolar narrowing

Gunn (1898) described that apparently normal size or generally
narrowed arterioles may have stretches which seemed to have
contracted and continue very narrow for some distance broadening
again to its original breadth [27]. Focal arteriolar narrowing is
considered definite if an arteriole estimated to be >50um in diameter
has a constricted area of two thirds or less the width of proximal and
distal vessel segments [28]. In the peripapillary region with the highest
density of nerve fibers, the sinking of an arteriole into the nerve fibers
may mimic local narrowing. Furthermore, arterioles tend to be slightly
narrowed on their crest or bottom of sinusoidal wave.

Raehlmann described proliferation of the intima, protruding
into the lumen of the vessel often in the form of a small mound [14].
The varying - gradual or abrupt, single or multiple, and occupying
short or long stretches, irregularly distributed narrowings chiefly in
the larger first and second order branches of the retinal artery near
arterial divisions, are called atheromas. Today, atheroma and medial
calcification is not considered to occur in the retinal arteriolar tree,
except in the vicinity of the optic disk where they would cause focal
arteriolar narrowing [5].

In both general and focal arterial narrowing fibrinoid degeneration,
fibrous thickening, fibro-hyalinoid thickening, and hyalinoid
thickening occur in the arterial wall [29]. These changes resemble
those found in intracerebral arterioles in patients with cerebrovascular
disease. Arteriolar changes near the optic disk are associated with
increased risk of cerebral hemorrhage and infarction [29]. Recently,
focal arteriolar narrowing has been associated with hypertension [16]
and cardiovascular morbidity and mortality [30].

Arteriolar dilatation

Arterioles may be dilated as caused by retinal capillary non-
perfusion which leads to tissue hypoxia and autoregulatory dilatation
of arterioles [9]. Arteriolar dilatation decreases the resistance to flow,
creating a decreased pressure fall in the arterioles with a consequent
increased hydrostatic pressure in the capillaries and venules [9,10].
Law of Poiseuille: AP=Q8hl/pr*, where AP is the pressure fall in vessel,
Q is the blood flow, h is the blood viscosity, 1 the vessel length and r
the vessel radius [9,10]. Increased vascular hydrostatic pressure leads
to increased flow of fluid from the intravascular compartment into
the interstitial tissue compartment according to Starling’s law: AP-
AQ=0, where AP is the vascular transmural difference in hydrostatic
pressure, AQ oncotic pressure difference between the interstitial matter
and blood [9,10]. As the hydrostatic pressure within the capillaries and
venules rises, the diameter of the vessels increases according to the
law of Laplace: T=APr/e, where T is the wall tension of the vessel, AP
constitutes the transmural pressure difference, r is the vessel radius
and e relates to the wall thickness and elasticity [9,10]. While in some
studies smoking has been associated with lower AVR, in some it has
been associated with larger arteriolar as well as venular calibers, the
effect being greater on venules [17].
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Focal arteriolar dilatation

Focal dilatation of the precapillary retinal arterioles may occur due
to the autoregulatory disturbance resulting in abnormal permeability
of the dilated segment to macromolecules into the wall of distended
arteriolar segments, and into the adjacent retinal tissue [31]. This
leads to focal accumulation of the plasmatic deposits in the retinal
tissue giving rise to the ophthalmoscopically visible whitish at first
pinpoint lesions that fuse together to form larger spots [31]. According
to Hayreh et al. (1986) [31] as precapillary retinal arterioles lie in the
retinal layers deeper than the nerve fiber layer this explains the location
the focal intraretinal periarteriolar transudate in the deeper layers of
the retina [31].

Arteriolar sinusoidal elongation

As the arteries increase in length, as well as thickness, they become
increasingly tortuous [5] which is called sinusoidal elongation. An
increased transmural pressure in a passive tube leads to an increase
in the diameter and the length of the tube, causing tortuosity [9,10].
The fullness and tortuosity of the larger retinal arteriolar branches are
associated with arteriolosclerosis [32].

Arteriolar tortuosity was first described by Gunn (1898). It may be
a generalized finding or best seen in the small arterioles of the macular
region called Salus sign [5,14]. It is not uncommon to meet with an
excess of smooth curve tortuosity merely as a congenital condition.
Gauss estimated that 15% of people have some congenital tortuosity
of the arterioles and 6% of both arteries and veins [33]. Friedenwald
(1931) [14] described it in congested fundi in patients with fever and
eye-strain.

Arteriolar straightening

In elderly persons, retinal arterioles in involution sclerosis may
either be tortuous or relatively straight [3]. Furthermore, the color
of the blood column is diminished in intensity. Friedenwald (1931)
[14] emphasized that hypertension but not aging caused straightening
and arteriolar caliber variation. The straightness of the retinal arteries
and their tendency to branch at acute angles are due to a longitudinal
shrinkage in the central vessel, which draws the branches to the first
and second order into the disk [14].

Changes in arteriolar branching

Chronic hypertension may cause disadvantageous branching
geometry in the retinal vasculature, with reduced circulatory efficiency
and microvascular rarefaction. Measurements of bifurcation angles
and retinal arteriolar diameters in response to acute hyperoxic and
hypercapnic stress have demonstrated diminished vascular reactivity.

Increased arteriolar wall reflex

Light streak is an increased wall reflex seen from arterioles. The
secondary and tertiary branches of the central retinal artery are mainly
affected. Some branches show it more markedly than others in an eye.
The normal arterial reflex stripes originate on the anterior surfaces of
the blood column [4]. It is affected by diameter and smoothness of the
reflecting surfaces and the transparency of the overlying tissues [14].
Also the size of the pupil and the construction of the ophthalmoscope
or camera influence the reflection from the convex cylindrical surfaces
of the vessel wall.

Gunn (1898)[27] described increased wall reflex as that the entire
breadth of such arterioles seems abnormally light in color, as if there

was an unusual reflection from their coats, and not merely an increased
brightness of the central streak [27]. This gives the impression of
unusual fullness and roundness of the contour of the arteriole.
Sometimes this bright line is not uniform, but a series of brighter points
at intervals [27]. Friedenwald (1931) [14] noted further the irregularity
of the arterial reflex with spots of increased brightness to be associated
with fine irregularities in the arteriolar caliber, called beading. In
extreme constriction of the arterioles, the light streak may disappear
entirely [14].

The increased arteriolar light reflex correlates with hyalinisation of
the arteriolar wall. Hyaline material, often with considerable lipid, first
is deposited just outside the endothelium. As the disease progresses,
the muscularis becomes involved, and finally the entire thickness of
the vessel wall. The arteriole becomes rigid and contractile power is
diminished or lost [5]. In the pathophysiological changes of the vessel
wall, the lamellar arrangement of the basement membrane substances
and collagen fibers are an important factor for the vessel reflexes.
Increased arterial wall reflex is associated with blood pressure, serum
glucose as well as alcohol consumption [35].

When the arteries have an exceptionally bright reflex and the vessel
has a metallic appearance like what would be presented by bright
burnished copper wire it is called copper wire artery. The central light
streak is very distinct and sharp, while the whole surface of the vessel is
of a lighter color than usual [34] and the light reflex occupies most of
the surface of the vessel [5]. In the extreme form of arteriolar sclerosis
the vessel wall is so thickened, as a result of hyalinization and lipid
infiltration, that the vessel wall obscures the blood column entirely
which is called silver wire artery [5]. The artery appears as a white
cord, even though blood is still circulating through it [5]. Very narrow
arteries may be entirely occluded.

Macroaneurysm

Macroaneurysm is an acquired focal aneurysmal dilatation of an
arteriole, usually occurring in the first three orders of the arteriolar tree
and giving rise to star-shaped exudation and sometimes complicated
by preretinal or intravitreal hemorrhage and macular edema when
located in the temporal side. It may mimic wet age related macular
degeneration. Spontaneous resolution with thrombosis within the
macroaneurysm may occur. Its most common risk factors are aging
and hypertension [36].

Arteriolar sheathing

Arteriolar walls that are partially opaque but a ribbon of blood can
still be seen or with white lines on one or both sides of it are called
arterial sheathing [37]. Silver-white lines of the arterioles on both
sides of the vessel represent the proliferation of the perivascular glial
cells that overlay the vessels as shown by electron microscope. These
changes may be found in patients with advanced DRP, often years after
panretinal photocoagulation.

Changes in Venules

General venular dilatation

Venules appear generally dilated. This may be caused either by
impaired venous drainage or by increased blood flow in the retina.
General venular dilatation is associated with younger age, impaired
fasting glucose and diabetes, dyslipidemia, obesity, systemic markers of
inflammation (e.g. higher white blood cell counts, erythrocyte counting
rate and C-reactive protein) and cigarette smoking [17]. Association
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with endothelial dysfunction has been less consistent. In some studies
larger retinal venular caliber has been associated with an increased
risk of clinical stroke, and sub-clinical changes such as cerebral
infarction, MRI-defined white matter lesions and lacunar infarctions
[17]. Furthermore, larger venular caliber predicts nephropathy in both
type 1 and type 2 diabetes. Larger arteriolar and venular calibers have
been found to be associated with smoking, the effect being greater on
venules [17].

In hyperglycemia, increased retinal blood flow and vasodilation
occur and appears as generally dilated venules. On the contrary, venous
changes due to ischemia associated with capillary dropout which leads
to a focal dilatation of adjacent venous segments resembling a string
of beads is called venous beading [37]. Venous beading, an essential
element of DRP together with IRMA and numerous microaneurysms
and hemorrhages reflects permanent vaso-occlusion. Venous beading
of these three changes has the strongest predictive value for occurrence
of proliferative changes and thus has a central role in the classification
of the severity of DRP [13].

Both retinal arteriolar and venular dilatation in diabetic subjects
has been reported to be associated with incidence and progression
of DRP. Furthermore, normalization of the caliber of venules is
seen after improvement of blood sugar control as well as successful
treatment of macular edema and proliferative retinopathy by laser or
i.e. corticosteroids [38].

Localized venular narrowing

In the peripapillary region with the highest density of nerve fibers,
the sinking of venule similar to that of an arteriole into the nerve fibers
may mimic slight local narrowing as well as the venules may tend to
be slightly narrowed on their crest or bottom of the sinusoidal waves
which is neither a true focal venular narrowing. The etiology of a single
localized venular narrowing is not known neither is its predictive value
as clear as that of the focal arteriolar narrowing.

Venous tortuosity

Changes in configuration ie. tortuosity of venules are not
uncommon. Venous tortuosity may affect the main branches or smaller
venules. Venous tortuosity in the macular area causing venules to appear
zig-zag like, is called Guist sign [18]. Venous tortuosity may also occur
as an isolated normal variant or as a congenital phenomenon which
Gauss estimated to occur in 8% [33]. However, similar to arteriolar
tortuosity, it may follow the increase in transmural pressure in venous
circulation following dilatation and an increase in the diameter and
the length of the venules. This occurs in hyperglycemia but especially
in venous circulatory disturbances i.e. central retinal vein occlusion
and hemi- and branch retinal vein occlusion. Furthermore, dilated and
tortuous retinal veins may occur associated with blood dyscrasias e.g.
polycytemia vera, lymphoma, leukemia, and sickle cell disease due to
both widespread fundus ischemia and hyperviscosity [33].

Venous sheathing and perivenous exudates

White streaks or lines sometimes seen along the borders of the
venules are due to the presence of wandering cells in the perivascular
spaces, carrying off the detritus from retinal degeneration secondary to
arterial disease [14]. It is called sheathing. The complete opacification of
venous wall appearing as white threads may occur [37]. Hard exudates
occurring immediately adjacent to one or both sides of retinal veins,
simulating venous sheathing, are classified as perivenous exudates [37].

Arteriovenous Changes
Arterio-venous crossing sign

Arteriovenous crossing is a site where an artery, even its small
branch, passes over a vein [34]. In health the underlying venule is
dimly traceable underneath the arteriole. In histological findings,
both the arteriole and the venule first run in the nerve fiber layer.
Immediately before touching the arteriole, the venule dips down into
the outer plexiform or outer nuclear layers [2]. Because of the common
vascular adventitial sheath at the arteriovenous crossing sites, arterioles
especially when sclerotic and with thickened walls reduce the internal
caliber of the venules and tend to compress them. This may impair
the venular circulation. When on the contrary the venule lies on the
vitreous side of the arteriole at the crossing the venule may assume
the appearance of an arch or a hump over a sclerotic arteriole due to
vertical deflection [5]. This is called humping of a venule.

Arteriovenous crossing sign or nicking constitutes of local
narrowing, banking and deflection or arching of the underlying
venule. At first, the vein loses its central light streak on either side of
the crossing, then the column of blood in the venule appear tapered on
each side of the arteriovenous crossing because of compression [27,34].
In more advanced cases, the venule appears tapered as hourglass or the
column of blood in the venule vanishes on each side of the arteriole
[5]. The constrictions of the veins persist even when the blood pressure
falls to normal because of structural changes in the vessel walls [39].
As at the crossing site the venous blood flow is impeded the venule
becomes distended for some distance peripheral to the crossing site
which is called distal dilatation, banking, Gunn’s sign or Bonnet’s
sign) [34]. Hemorrhages from a venule thus distended with blood are
not uncommon as already described by Gunn (1892) [34].

The venule may also be displaced in direction of the arterial
circulation [27] resulting in three dimensional: lateral, vertical and
anteroposterior deflection of a venule from its normal course [5]. The
points of crossing have been shifted laterally by the tortuous arterioles,
or the arterial tree has shrunk longitudinally dragging the points
of crossing toward the disk [14]. An apparent displacement of the
underlying venule by the refraction of the overlying arterial coat is seen
when the arteriole is thickened, the retinal surface over the arteriole is
raised and sharply curved, the venule is a narrow one and the vessels
cross at acute angles [14].

The arch or so called arching sign formed by the venule extends
some part of vessel width to one side at the point of the arteriovenous
crossing to return in its original direction [4]. The arteriole appears at
approximately the center of the arch.

Degree of circulatory disturbance at the arteriovenous crossing-site
depends on the compression, banking, as well as deviation or arching
of the vein. Scheie’s classification of arteriolosclerosis is based on the
degree of the arteriovenous nickings and changes in the arteriolar wall
reflex [5].

Thickening of the arterial wall within the space circumscribed by
the common adventitia reduces the internal caliber of the vein. The
sclerotic arterial wall penetrates into the wall of the venule, causing a
phlebosclerosis. Thrombosis of the venous branches (i.e. branch retinal
vein occlusion) rarely occurs except as a result of arteriovenous crossing
sign [14]. Most often the superior temporal vein branch is occluded
[14]. The pathological vascular crossing is caused by proliferation of
the perivascular glial cells and swelling of the nerve fibers [6]. Nasal and
sometimes even temporal branch retinal vein occlusion may remain
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asymptomatic unless retinal neovascularization occurs and causes
vitreous hemorrhage or preretinal fibrosis and traction to the retina.

Similar to general arteriolar narrowing, arteriovenous crossing
sign has been found to be associated with hypertension [16], obesity,
inflammation, endothelial dysfunction and smoking [40] and cerebro-
and cardiovascular morbidity and mortality [30].

Arterio-venous anastomosis

Dilated and often slightly tortuous arteriolar and venous branches
occur due to shunting of circulating blood directly from arteriolar side
to the venular side due to capillary occlusion is called arterio-venous
anastomosis. They occur after central or branch retinal vein occlusions.
These changes may sometimes cause differential diagnosis problems
whether they are IRMA or NV.

Conclusion

The retinal blood vessels are accessible for detailed visualization in
a noninvasive manner during clinical examination of the ocular fundus
and in conjunction to assessment of the ocular fundus while screening
for the presence and severity of DRP. Architectural changes in the
retinal vascular network reflect the state of the human microcirculation
and may reveal pathological features. Recent measurements of retinal
vascular caliber, in particular, have confirmed the earlier studies about
the prognostic value of these changes [41]. Recognition of retinal
vascular changes and recording them even without measurements is
valuable. Many changes can be measured from digital images to gain
quantitative data. Changes in the retinal arterioles include general or
focal narrowing or dilatation, tortuosity i.e. sinusoidal elongation as
well as increased arteriolar wall reflex including copper or silver wire
arteries; and those in the retinal venules likewise dilatation, local
narrowing and tortuosity overall or in the macular area. The presence
and severity of the arteriovenous nickings can be assessed by grading
the severity of compression, banking and deflection or arching.
Relationship between the retinal vascular changes and DRP is manifold,
some changes especially venous dilatation are obvious risk factors and
indicators of DRP, while others may not e.g. slight narrowing of the
arterioles. Practical classification of various retinal vascular changes as
well as computer program for their quick quantitative assessment (e.g.
AVR, arteriolar and venular diameter equivalents as well as aspects
of tortuosity and branches) would be valuable for better utilization
of their information and to discover further factors e.g. genetic ones
influencing them.
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