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Abstract: This review article summarizes the patho-anatomy of the vortex veins, the major
drainage channels for the choroid, and describes the various pathways of diseases associated
with vortex vein abnormalities. This report also details the technical advancements to image
the vortex veins, such as ultra-widefield indocyanine green angiography, which are critical to
elucidate the importance of the vortices in various retino-choroidal disorders. Future applica-
tions of these advanced imaging systems to better understand the role of the vortex veins in
health and disease are also discussed.
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Anatomy

The vorticose veins, more commonly referred to as vortex veins, drain the ocular
choroid. Some empty into the cavernous sinus through the superior orbital veins,
whereas others drain into the pterygoid plexus through the inferior orbital veins.'
Each quadrant is traditionally thought to be associated with at least one vortex vein.
When identified funduscopically, their number varies from 4 to 8, with the majority
of the normal population having 4 (35%) or 5 (30%).” Studies based on ultra-
widefield indocyanine green angiography (ICGA), however, have estimated
a higher average of 8 vortex veins per eye (Figure 1).> This number includes
smaller venous ampulla that would be otherwise missed on a routine fundus
evaluation, as the smaller drainage channels may be invisible with ophthalmoscopic
examination, as detailed later.” There is great variability in terms of the location and
number of these drainage channels in the human eye. This review highlights the
importance of vortex vein imaging and its relevance for understanding normal
choroidal physiology and choroidal vascular abnormalities in the context of retino-
choroidal diseases.

Historical Perspectives
Historically, studies on the subject of vortex veins were performed to outline the
anatomic aspects and the related complications that may develop during extra-
ocular muscle and scleral buckle surgeries.* © Most of the earlier anatomical studies
analyzing vortex veins were performed on cadaver eyes. These studies demon-
strated marked variations in the venous system of the orbit in humans.” Variability
was described with respect to the number of vortex veins in each quadrant, the
scleral exit sites, and the distance from the nearest extra-ocular muscles.®

Vortex vein ampullae can be identified with ophthalmoscopic examination and
their location serves as an important landmark to denote the equator of the globe
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Figure | Ultra-widefield Indocyanine green angiography images depicting the pre-
sence of multiple vortex veins (yellow arrows) in a central frame (A). Superior
steered (red arrows, B); and inferior steered (blue arrow, C) images revealing the
presence of additional vortex veins in the same eye.

(Figure 2). However, as these vortex veins traverse a short
intra-scleral course before exiting the eye, the actual exit
points are usually situated posterior to the equator. This
anatomic characteristic is extremely important to keep in
mind when manipulating extra-ocular muscles, as vortex

Figure 2 Widefield color fundus image of the left eye in a healthy patient showing
the convergence of large choroidal veins to multiple vortex vein ampullae (yellow
arrows) in the inferior hemisphere. The location of these ampullae roughly approx-
imate the position of equator of the globe.

veins can be inadvertently damaged during surgical manip-
ulation. However, Hayreh in 1973 showed that experimental
occlusion of less than three vortex veins did not appear to
cause any deleterious effect on retinal or choroidal tissue.”
This, however, may not hold true in a clinical setting. Using
ICGA, Takahishi et al demonstrated choroidal vascular
remodeling and opening of new drainage channels following
obstruction of the vortex vein outflow due to scleral buckle
surgery,
choroidopathy.'®'? Development of inter-vortex collateral

carotid cavernous sinus fistula and radiation

channels may explain these new drainage routes. Opening
up of pre-existing, clinically invisible vortex drainage chan-
nels is another possibility, as ICGA based studies have
demonstrated existence of higher number of vortex veins
in healthy eyes as discussed later. In fact, in vivo studies by
Hayreh et al dating back about 3 decades demonstrated that
no anastomoses exist between vortex vein systems in
healthy eyes under physiologic conditions."> A detailed
description of the applied anatomy of vortex veins in asso-
ciation with scleral buckle surgery is presented later.

Imaging of Vortex Veins

A variety of imaging modalities have been used to charac-
terize the vortex vein anatomy including color fundus photo-
graphy, fundus
autofluorescence, fluorescein angiography, spectral-domain

near-infrared reflectance  imaging,
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optical coherence tomography with enhanced depth imaging
(SD-OCT + EDI), and swept source technique with deeper
imaging capabilities, though ICGA may provide the best
assessment.'*'> Various other imaging techniques have
been employed, but these are largely research oriented.
The recent integration of ICGA on ultra-widefield
(UWF) imaging platforms can facilitate assessment of
the normal vortex vein anatomy (Figure 3).°> The use of
stereographic projection software integrated into Optos
UWF systems (Optos PLC, Dunfermline, UK) projects
the peripheral and posterior segment features in corrected
physical dimensions, thus allowing precise measurements
to be obtained.'® Kakiuchi et al recently described a novel
method of visualization of vortex veins without the need
for dye injection. Their approach was based on isolating
the 635nm scanning light in pseudo-color images obtained
with Optos UWF systems to enhance visibility of the
choroidal vessels.!” While these planar imaging techniques
using the Optos UWF systems can encompass a wide field
of view, they are limited by the lack of cross-sectional
information. As a result, investigators have employed
optical coherence tomography (OCT) and OCT angiogra-
phy (OCTA) to perform depth-resolved and volumetric
assessments of the retina and choroid. Choudhry et al
analyzed the peripheral retinal structures using a steering
based OCT technique to cover about 200 degrees of field

Figure 3 Ultra-wide field Indocyanine green angiography image of the left eye in
a young healthy adult showing the classical location of vortex vein ampulla in the
superonasal, superotemporal, inferotemporal, and inferonasal quadrants. Each vor-
tex vein appears to drain its associated quadrant.

of view.'"® The vortex veins were seen as dilated hypo-
reflective tubular structures in the choroid.

Regardless of the imaging method employed, the num-
ber of vortex veins identified with imaging is consistently
higher than the number observed during funduscopic
examination. The average number observed with UWF
pseudocolor montage images of healthy eyes is 8.1+£1.4
in a recent study,'” whereas the UWF ICGA analysis of
a healthy population revealed an average number of 8.0
+2.1 vortex veins in each eye.’ This later study also
uncovered some interesting facts about the distribution of
vortex veins such as: vortex vein ampullae are located at
an average distance of 14.2 + 1.1 mm from the optic nerve;
ampullae are never observed in the 3- and 9-o0’clock mer-
idians; and there is no relationship of the distribution or
location of vortex vein ampullae with either age, gender,
ethnicity or axial length. However, eyes with long axial
lengths may display atypical locations of vortex veins
including vortex veins exiting adjacent to the optic nerve
and/or within the macula (further discussed in the section
of pachychoroid diseases). The clinical significance of the
number of vortex veins in an eye is discussed in the
following sections.

The recently developed wide field OCT device (Canon
Xephilio OCT-S1 SS-OCT, Canon Medical Systems,
Zoetermeer, The Netherlands) enables the visualization
of the en-face structural OCT mosaic image with
a potential to show all the vortex veins. The device also
has an option for OCT angiography; however, there is little
information published on the OCTA characterization of
vortex veins as of today.

Choroidal Blood Flow Regulation

The choroidal circulation is an important component of the
blood supply to the optic nerve head.?® The blood flow in the
ocular tissues is usually non-uniform as it demonstrates
a pulsatile nature of flow. Also, factors like intraocular pres-
sure variations and a thick non-compliant scleral coat result
in non-uniform blood flow dynamics. Therefore, regulatory
mechanisms are needed to maintain a constant supply of
nutrients and oxygen in the ocular tissues. Choroidal vessels
have a parasympathetic and sympathetic innervation which is
thought to be relevant to the regulation of flow in these
vessels.”'*® The intrascleral portions of the vortex veins,
however, are also thought to be an important site of choroidal
blood flow regulation.**2® Thus, there may be a hybrid con-
trol of choroidal blood flow with local and systemic mechan-
isms. Understanding mechanisms of choroidal blood flow
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regulation including the role of vortex vein ampullae and the
anatomy of vortex vein exit sites is becoming more relevant
in the light of new evidence regarding choroidal influence on
various retinal pathologies. These pathways may also be
important considerations for the development of suprachor-
oidal delivery as a route for administration of therapies to the

posterior segment of the eye (discussed in later section).?’®

Clinical Significance of Vortex Vein
Imaging

Vortex Vein Varices

Vortex vein ampullae can become enlarged, and this enlarge-
ment is termed a varix, a benign and incidental clinical finding.
It is important to recognize these varices as they must be
differentiated from mass lesions such as choroidal nevi, mela-
noma or metastatic lesions.”* ' Historically, there have been
a number of eyes enucleated due to a varix of a vortex vein
ampulla that was mistaken for a uveal tumor.*>>* Advances in
imaging techniques have reduced the frequency of these unne-
cessary enucleations in recent years.>> Also, the dynamic nat-
ure of varices (ie, increased size with valsalva maneuver,
reduced size with pressure on the globe, and dynamic change
with different gaze and body posture, and a predominant nasal
identifying
accurately.®'>2%3% An ultrasound B-scan is usually the

location) may assist in these lesions
first step to assess these varices once detected on a routine
fundus evaluation.®® With sonography, they exhibit well-
defined dome-shaped elevation with high echogenicity of the
retino-choroidal layer and a low internal echogenicity, and they
need to be differentiated from a small melanoma or
a hemorrhagic retinal pigment epithelial detachment. On SD-
OCT, vortex vein varices have been described as crescent-
shaped elevations with larger choroidal veins merging towards
the elevation.””° The diagnosis of a varix can be confirmed
with ICGA imaging which shows pooling of the dye in the
conglomerate of ampullary veins; and a fluctuating size of
the varix on changing gaze positions and with pressure on the
globe.'** There are also reports of posteriorly located varices
of vortex veins, which can be easily misdiagnosed as intrao-
cular tumors if a clinician is unaware of the variability in the

location of vortex veins.*!

Uveal Effusion Syndrome: Relation to
Vortex Veins

The location of vortex veins is known to limit the exten-
sion of suprachoroidal effusion, creating the lobed appear-
ance of choroidal elevation. Uveal effusion syndrome is

a condition where absence of vortex veins or increased
resistance at the level of these veins can represent
a possible causative factor.*? As a result, surgical decom-
pression or unroofing of the vortex veins may be
a potential therapeutic option.** Increased scleral thickness
may impose as a factor in the pathogenesis of uveal effu-
sion resulting from choroidal congestion due to impaired
venous drainage, the same etiology which has also been
implicated in the development of CSC.** Imanaga et al
also investigated the scleral thickness in eyes with CSC
and found thicker sclera, especially surrounding the vortex
veins.*® In support of this hypothesis, researchers further
reported resolution of CSC with scleral fenestration
surgery.***® These studies suggest impairment of vortex
vein drainage flow as a possible pathophysiologic mechan-
ism in at least some eyes with diseases featuring
a congested choroid.

Pachychoroid Disease

The assessment of the vortex veins may also be relevant to
understanding the pathophysiology of the pachychoroid
disease spectrum, particularly since there is increasing
evidence suggesting choroidal venous congestion as
a common pathogenic background to this complex of
clinical phenotypes.*”>? Supporting the initial ICGA
observations of choroidal flow abnormalities in eyes with

33757 3 number of

central serous chorioretinopathy (CSC),
more recent OCT-based studies have demonstrated dilata-
tion and enlargement of choroidal vessels in the Haller’s
layer in eyes with pachychoroid diseases.”® °' The venous
side of the choroidal circulation represents the principal
setting of these vascular alterations. Hiroe and coworkers
have described patterns of asymmetric choroidal venous
drainage in the macula of eyes with CSC.%* Processes of
vascular remodeling including formation of inter-vortex
venous anastomoses (Figure 4) have also been demon-

63765 Gimilar to

strated in eyes with pachychoroid disease,
what has been described in eyes with carotid cavernous
fistulas or vortex vein obstruction subsequent to scleral
buckle procedures.®® The exact causes of choroidal venous
congestion producing these alterations are still poorly
understood and the regulatory mechanisms of choroidal
blood flow possibly implicated in the pathogenesis of
pachychoroid disease are currently being investigated. As
the only exit routes of the choroidal venous circulation
from the globe, vortex vein ampullae and the intra-scleral
path of vortex veins may be important sites of choroidal

outflow regulation through flow resistance modulation.?®
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Figure 4 Early-mid phase ultra-widefield indocyanine green angiography image of the right eye of a 38-year-old man with complex central serous chorioretinopathy. There is
marked congestion of choroidal veins that appear abnormally enlarged, especially in the inferotemporal and superonasal vortex vein systems. Note the dense network of
inter-vortex venous anastomoses in the macular and peripapillary region connecting the superonasal, superotemporal and inferotemporal vortex vein systems (red arrows).

In order to investigate this postulate, scleral thickness has
been evaluated in eyes with CSC and found to be greater
than in healthy controls, suggesting its possible role in
reducing the trans-scleral resorption of choroidal fluid
and causing obstruction to the choroidal blood outflow
due to the longer intrascleral path of vortex veins.*®°
The thickened sclera may also impart increased resistance
due to the mechanical compression over the intra-scleral
course. The ability of UWF imaging to visualize a greater
portion of the fundus compared to traditional devices can
be useful in analyzing pachychoroid disease-related con-
ditions. In 2016, Pang and coworkers described dilated
choroidal vessels and engorged vortex vein ampullae in
UWF ICGA images of eyes with CSC, suggesting outflow
congestion as a possible contributing factor to the patho-
genesis of this disease.®” With binarization of UWF ICGA
images, Hirahara et al demonstrated significantly higher
vascular density in the choroid of eyes with CSC as
compared to healthy controls, including the macular region
and peripheral areas.®® These data were attributed to vari-
able increases in choroidal vessel diameters rather than
increases in overall choroidal vessel count. Jung et al
quantitatively analyzed UWF ICGA images by comparing
the quadrant brightness relative to a reference quadrant
within the same eye and demonstrated variations in chor-
oidal venous outflow in both normal eyes and eyes with
CSC and pachychoroid pigment epitheliopathy.’® These
authors proposed that increased brightness levels along
the inferior quadrants may suggest venous outflow

congestion among eyes with pachychoroid diseases.
Jeong et al evaluated UWF ICGA images of patients
with polypoidal choroidal vasculopathy (PCV) and
showed greater vortex vein engorgement and increased
areas of choroidal hyperpermeability in the macula com-
pared to normal controls.® Researchers have also utilized
artificial intelligence to evaluate UWF ICGA images for
classifying pachychoroid disease, and associated engorge-
ment of the outflow channels.”® Pachychoroid neovasculo-
pathy and type 1 macular neovascularization in eyes with
pachychoroid disease phenotype are differentiated from
typical age-related macular degeneration with absence of
features such as soft drusen.”' These eyes exhibit
a significantly higher frequency of inter-vortex venous
anastomoses between the dilated superior and inferior
vortex veins in the macular region.®'-¢*"2

Abnormalities can be present in vortex veins draining
specific posterior segment sectors in eyes with pachychor-
oid diseases. A study by Chung et al showed the presence
of engorged vortex veins in specific quadrants in eyes with
polypoidal choroidal vasculopathy.”> These engorged
veins were associated with increased choroidal thickness
in all the eyes. Other studies have reported dilatation of
choroidal vessels in the early phase of ICGA in eyes with
CSC, with this dilatation evident in more than 80% of
studied eyes and extending along the entire length of the
vessel up to the vortex vein ampulla in the late phases of
the ICGA.**”* Overall, these reports highlight the impor-
tance of evaluating the sites of choroidal blood outflow
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and visualizing the entire choroidal drainage pathways, ~Spaceflight-Associated Neuro-Ocular
including the vortex vein ampullae, in order to better Syndrome

understand the pathophysiology of the pachychoroid dis- Astronauts who experience extended time (several

ease spectrum (Figure 5). Resolution of inter-vortex . .
o months) in space may develop a number of abnormalities
venous anastomoses and reduced dilation of sub-macular ) _ '
and peripheral choroidal veins following treatment may of the central nervous system and eye including ventricular

prove to be a useful endpoint biomarker to monitor ther- enlargement in the brain, optic disc edema, enlargement of

apeutic responses in such eyes. the optic nerve sheaths, choroidal thickening, a peculiar

Figure 5 (A) Early-mid phase ultra-widefield indocyanine green angiography (UWF ICGA) image of the left eye of a 57-year-old man with simple central serous
chorioretinopathy. The superonasal vortex vein system appears relatively hypoplastic. Consequently, the overall choroidal venous drainage appears imbalanced, with
inferior vortex vein systems draining a greater proportion of the post-equatorial fundus compared to the superior ones. Their ampullae and major venous branches appear
dilated, suggesting choroidal venous congestion mostly involving the inferior quadrants. Major venous branches of the inferotemporal vortex vein system surround the optic
disc and drain a large portion of the parapapillary region, not respecting the physiologic geometry of choroidal venous watersheds that usually pass horizontally through the
disc and fovea, and vertically through the papillomacular region. (B) Mid-late phase UWF ICGA image of the same eye, showing choroidal vascular hyperpermeability in the
macular region. Dashed boxes in (A and B) show the location of the SS-OCT scan displayed in (C and D). (C and D) Fifteen x 9 mm swept-source optical coherence
tomography (SS-OCT) en face projection of structural signal and SS-OCT color-coded thickness heat map obtained segmenting the choroid from Bruch’s membrane to the
choroid-scleral junction. The en face SS-OCT images are aligned and superimposed over the early-mid and mid-late UWF ICGA image displayed in (A and B), respectively,
showing intervortex venous anastomoses between the temporal vortex vein systems and the area of maximal choroidal thickness corresponding to the region of choroidal
vascular hyperpermeability.
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type of globe flattening, and hyperopic refractive shifts; all
collectively known as spaceflight-associated neuro-ocular
syndrome.”* The lack of gravitational forces associated
with space travel is thought to shift the blood and cere-
brospinal fluid towards the head, resulting in increased
systemic venous pressure and leading to optic nerve sheath
swelling, flattening of the posterior globe, and other asso-
ciated features. The choroidal thickening and apparent
choroidal vascular dilation in these patients may be related
to engorged intrascleral vortex veins.”> These changes may
persist long after termination of space flight due to perma-
nent alteration of the choroidal blood flow physiology in
these astronauts. The optic nerve congestion is also
thought to derive from a reduced buffering capability of
congested choroidal venous drainage channels leading to
increased outflow resistance. Chronic venous insufficiency
of the choroid that is thought be an important component
of SANS, may also be relevant to other disorders including
carotid cavernous sinus fistula and peripapillary pachy-

choroid syndrome.

Vortex Veins and Suprachoroidal Drug
Delivery

The suprachoroidal space is being extensively investigated
as a potential route for drug delivery because it targets the
choroid, retinal pigment epithelium and retina with high
bioavailability, while avoiding deeper intraocular penetra-
tion which can incur a greater risk of complications such
as endophthalmitis, retinal detachment, and cataract
formation.”” As drugs delivered to the suprachoroidal
space tend to get cleared rapidly, long acting formulations
enabling  extended drug delivery are  under
evaluation.”>’®”7 Understanding clearance mechanisms
from the choroid and suprachoroidal space may be rele-
vant to the development and optimization of these
therapies.””’® Although various static, dynamic and meta-
bolic ocular barriers may be active, the effects of the
choroidal circulation on drug clearance mechanisms are
not yet clearly elucidated due to the difficulty in isolating
the choroidal circulation in experimental studies.”® The
high blood flow in the choroid may act as a sink causing
faster drug clearance from the suprachoroidal space.”’ In
experimental eyes, with large amounts of drug injected
into the suprachoroidal space, investigators have observed
drug leakage through openings on the surface of the eye

corresponding to vortex vein exit sites.*” Vortex veins and

the sites of ciliary artery penetrance may also be asso-
ciated with the circumferential spreading of suprachoroi-
dal-delivered formulations.®' For these reasons, a precise
localization of posterior ciliary arteries and vortex veins
may be important for selecting the best possible injection
strategies of suprachoroidal drug delivery to ensure ade-
quate distribution of the drug to the desired site of action.

Vortex Veins as a Possible Site of

Complication During Surgery
Since the introduction of scleral buckle surgery for repair
of rhegmatogenous retinal detachment, a known compli-
cation is injury to the vortex veins with associated clin-
ical sequelae such as choroidal detachment, vitreous
opacities, vitreous hemorrhage and elevated intra-ocular
pressure.” A retina surgeon must be aware of the possible
variations in vortex vein locations in order to avoid these
complications.*>’ Aside from surgical perforation, vortex
veins are also susceptible to directly compression by
bulky buckle elements. Takahishi et al studied the remo-
deling of choroidal drainage after vortex vein occlusion
in sclera buckle surgeries using ICGA.'® The same group
previously studied the remodeling effect on venous drai-
nage of other choroidal diseases, as mentioned
previously.'""'* They reported the formation of compen-
satory drainage routes 3 months after surgery. The
authors postulate the formation of inter-vortex venous
anastomoses or newer collateral channels as the possible
mechanism for this vascular remodeling. Some of the
smaller vortex vein channels evident on UWF ICGA
may form the substrate for these choroidal collateral
routes in cases where the larger ampullar trunk is
damaged during the surgical procedure. The recent
UWF ICGA studies showing a higher number of vortex
vein ampullae than that previously described support this
concept.” The smaller clinically invisible ampullaec may
assume a larger role in drainage following occlusion of
one or more larger channels. In support of this, as noted
above, experimental occlusion of fewer than 3 vortex
veins in previous studies showed no deleterious effects
on retinal or choroidal tissue, indicating the maintained
patency of the outflow pathways.” We would speculate
that the presence or opening up of smaller vortex vein
channels in the same quadrants as the occluded larger
veins may justify this observation.

Vortex vein injury can be associated with peri-operative
and post-operative complications. Suprachoroidal buckling
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is a rarely used technique to repair rhegmatogenous retinal
detachment, where injection of viscoelastic material into
the suprachoroidal space is used to create a chorioretinal
adhesion and closure of the retinal break.*>** A possible
complication resulting from direct damage to the vortex
vein during this procedure is suprachoroidal hemorrhage,
which is thought to result from injury to this highly vascular
region of the choroid.® Furthermore, a recent report has
associated a vortex vein varix with recurrent suprachoroidal
hemorrhage which occurred in close proximity to the
varix.®> A better understanding of vortex vein anatomy
and its variations in healthy and diseased states may curb
the unnecessary investigations by retinal surgeons dealing
with such eyes.

In summary, advances in imaging techniques, in parti-
cular UWF ICGA, has allowed improved in vivo visuali-
zation of the vortex veins and a better evaluation of the
choroidal drainage system in its complexity. These chor-
oidal outflow pathways may affect the pathophysiology
and/or the expression of various posterior segment dis-
eases with great impact on the general population. The
advent of therapeutics delivered to the suprachoroidal
space further highlights the importance of understanding
choroidal drainage pathways.
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