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Purpose. To describe the clinical features of combined central retinal artery and vein occlusion (CCRAVO). Methods. /is
retrospective study included 33 admitted patients (33 eyes) who had CCRAVO. Clinical data, such as age, gender, best-
corrected visual acuity (BCVA), intraocular pressure (IOP), findings on fundus color photography and fundus fluorescein
angiography (FFA), and information about follow-up, were collected and analyzed. Results. /e age of the patients with
CCRAVO ranged from 22 to 78 years, with a mean of 48.8± 14.1 years. At presentation, BCVA of the involved eyes ranged from
no light perception (NLP) to 20/20. In addition, 45.5% (15/33) of the eyes had BCVA of finger counting (FC) or below, whereas
12.1% (4/33) had BCVA of 20/60 or above. /e IOP was lower in the involved eyes than in the fellow eyes (15.0± 3.0mmHg vs.
16.4 ± 2.3mmHg, p � 0.03). Ophthalmoscopic examination showed changes in both central retinal artery occlusion (CRAO)
and central retinal vein occlusion (CRVO), including retinal hemorrhage, retinal ischemic whitening, optic disc hyperemia
and/or edema, venous dilation and tortuosity, cotton wool spot (CWS), and Roth’s spot. FFA showed prolonged arm-to-retina
time (ART) and retinal arteriovenous passage time (RAP) (17.1 ± 4.9 s and 12.1 ± 8.8 s, respectively). Capillary nonperfusion
(CNP) was seen in 21 eyes (63.6%), and in 14 (42.2%) of these, CNP was larger than 10 disc areas. At 2 to 3 weeks after
presentation, BCVA improved in 23 eyes (71.9%) and further deteriorated in 5 eyes (15.6%). Retinal ischemic whitening
improved in more than half of the eyes, whereas retinal hemorrhage increased in nearly half of the eyes. Follow-up ranged from
6 to 56 months. Seven patients were lost to follow-up. At final follow-up, six eyes had a visual acuity of 20/60 or greater, but 6
eyes had FC or worse. Four eyes developed neovascularization on follow-up. Conclusion. CCRAVO is a sight-threatening
entity. Manifestations of CRAO and CRVO can be seen simultaneously in the early stage of disease, and CRVOmay play a more
important role in the development of CCRAVO.

1. Introduction

Combined central retinal artery and vein occlusion
(CCRAVO) is an uncommon disorder that can cause severe
visual damage. /is entity combines the clinical features of
central retinal artery occlusion (CRAO) and central retinal
vein occlusion (CRVO), such as ischemic retinal whitening,
a cherry-red spot in the macula, retinal hemorrhage, and
dilated and/or tortuous retinal veins. Conditions such as

systemic lupus erythematosus [1, 2], Behçet’s syndrome [3],
orbital inflammatory pseudotumor [4], posterior scleritis
[5], retrobulbar injection [6], ocular trauma [7], hyper-
homocysteinemia [8], and leukemia [9] have been reported
to be associated with this disorder. Since only a small
number of cases have been reported, the course, clinical
manifestations, and visual prognosis have not been well
defined. /is study described the clinical features of 33 cases
(33 eyes) of CCRAVO.
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2. Materials and Methods

/is retrospective study included 33 patients who had
CCRAVO and were admitted to Hebei Eye Hospital, Hebei
Province, China, between January 2013 and December 2017.
Inclusion criteria were as follows: (1) acute unilateral visual
loss; (2) manifestation of CRVO, e.g., flame-shaped or
patchy retinal hemorrhage, dilated and/or tortuous retinal
vein; (3) changes associated with CRAO, including ischemic
retinal whitening, cherry-red spot in the macula, delayed
filling of the retinal vessels, and prolonged retinal arterio-
venous circulation on fundus fluorescein angiography
(FFA).

/e study adhered to the tenets of the Declaration of
Helsinki and was approved by the institutional review board
of the hospital. After informed consent was obtained from all
participants, clinical data, such as age, gender, best-corrected
visual acuity (BCVA), intraocular pressure, findings on
fundus color photography and FFA, and optic coherent
topography (OCT), were collected. A statistical description
was generated with SPSS for Windows, version 18.0.

3. Results

/e entity was unilateral in every case. Table 1 summarizes
the demographic characteristics of the 33 patients. Only
approximately half of the patients had a history of systemic
disease. Hypertension or diabetes was not especially com-
mon. One patient had Meniere’s syndrome. One patient had
rheumatism, and intracranial venous sinus thrombosis was
noted after admission. One patient underwent cesarean
section 13 days before presentation. One patient had re-
current oral ulcer in the previous two years, and Behçet’s
syndrome was suspected but not confirmed.

All patients had a sudden decrease in visual acuity. As
shown in Table 2, BCVA at presentation varied from no light
perception (NLP) to 20/20. In 15 eyes (45.5%), BCVA was
finger counting (FC) or less, but 4 eyes (12.1%) had BCVA of
20/60 or greater. /e involved eyes had lower IOP (range,
10–24mmHg; 15.0± 3.0mmHg) than the contralateral eyes
(range, 13–21mmHg; 16.4± 2.3mmHg), with a statistically
significant difference (t� − 2.273, p � 0.03). Relative afferent
pupillary defect (RAPD) was positive in 27 (81.8%) patients.
Anterior chamber cells were observed in 3 patients, one of
whom had marked anterior chamber cells complicated with
recurrent oral ulcer, vitreous opacity and hemorrhage, and
severe retinal hemorrhage (Figure 1(b)).

Retinal hemorrhage in CCRAVO was similar to that in
CRVO. In 15 eyes (45.5%), punctate, flame, or splinter-
shaped hemorrhage was mainly restricted to the posterior
pole (Figures 1(a) and 1(c)) and the periphery of the retina
was relatively free of hemorrhage. In another 7 eyes,
hemorrhage was marked in both the central and peripheral
retina (7/33, 21.2%). One eye had preretinal hemorrhage at
presentation (Figure 2(a)), and 1 patient had vitreous
hemorrhage (Figure 1(b)). Optic disc hyperemia and edema
(24/33, 72.7%), retinal venous dilation and tortuosity (32/33,
97.0%), and cotton wool spots (25/33, 75.8%) were common
signs at the initial visit (Figure 1). /e swelling optic disc in

the involved eyes turned red as a result of hyperemia but did
not protuberate high into the vitreous cavity. Nevertheless, a
normal optic disc (2/33, 6.1%) or an optic disc with only
hyperemia (4/33, 12.1%) or edema (3/33, 9.1%) was seen in a
few cases. At presentation, all patients had retinal venous
dilation and tortuosity except one who had vitreous in-
jection of ranibizumab 2 weeks before presentation and
showed narrowing retinal veins and arteries. Perivenous
sheathing was seen in 2 eyes (Figure 1(b)). A total of 6 eyes
had narrowing retinal arteries, 2 of which had completely
occluded retinal arteries that appeared as white lines
(Figure 1(d)). Retinal ischemic whitening of different de-
grees in the post pole was uneven, which made the cherry-
red spot atypical in most eyes (Figure 2(a)). Milky-white
opacity with a clear border adjacent to the retinal vascular
arcade or in the papillomacular region was noted in 10 eyes
(Figures 1(c) and 3(a)), and in 1 of these, the opacity was
caused by cilioretinal artery occlusion instead of retinal
arterial occlusion (Figure 1(c)). Additionally, Roth’s spots
were seen in 15 eyes (15/33, 45.5%) (Figure 1(a)).

All patients underwent FFA at presentation. Arm-to-
retina time (ART) ranged from 7.0 to 27.6 s (17.1± 4.9 s).
Only 2 eyes had normal ART (<11 s)./e retinal vein did not
show filling in the late stage of angiography (after 20
minutes) in 2 eyes (Figure 1(d)). In the other 31 eyes, retinal
arteriovenous passage time (AVP) ranged from 2.7 to 44 s
(12.1± 8.8 s) (Figures 2(b) and 2(c)). Twenty eyes underwent
video recording at the early stage of FFA, and 14 of these
showed oscillating filling. Capillary nonperfusion (CNP) was
found in 21 eyes (63.6%) at presentation, 14 (42.4%) of which
had CNP that was larger than 10 disc areas (Figures 2(c) and
2(d)).

OCTwas performed on 20 eyes. /e main abnormalities
shown with OCT included retinal thickening (15 eyes, 75%),
macular retinal serous detachment (11 eyes, 55%)
(Figure 3(b)), hyperreflectivity in the inner retina (15 eyes,
75%), and macular cystoid edema (5 eyes, 25%).

All patients underwent emergent treatment, such as
oxygen inhalation, retrobulbar injection of atropine, and
intravenous administration of vasodilating agents. One

Table 1: Demographic features and history.

Characteristic Total (n� 33)
Male, n (%) 20 (60.6%)
Onset age

Range (yr) 22–78
Mean (yr, mean± SD) 48.8± 14.1
Median (yr) 51.0

Systemic history
Hypertension 10 (30.3%)
Diabetes 2 (6.1%)
Anemia 3 (9.1%)
Other 4 (12.1%)

Interval between onset and presentation 7 hr–2mo
≤1 day 8 (24.2%)
1–3 days 8 (24.2%)
3–7 days 9 (27.3%)
7–14 days 6 (18.2%)
>14 days 2 (6.1%)
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patient was referred to the department of hematology be-
cause of anemia. Of the patients, 14 were treated with
corticosteroid retrobulbarly or systemically. Table 3 shows
the changes in visual acuity and ophthalmoscopic exams 2 to
3 weeks after presentation. Of the involved eyes, 71.9% (23/
32) had variable degrees of visual improvement but 15.6%
(5/32) had visual deterioration. Two patients lost their
fundus record. In the other 30 patients, more than half of the
eyes showed alleviation of retinal ischemic whitening as well
as optic disc hyperemia and edema. However, retinal
hemorrhage increased in nearly half of the patients. Pan-
retinal photocoagulation (PRP) was performed on 3 eyes in
the early stage of the disease (within 1 month after onset).
Follow-up ranged from 6 to 56 months. Seven patients were
lost to follow-up. BCVA at the last follow-up is shown in
Table 2. BCVA decreased in 7 eyes, and retinal hemorrhage
was absorbed during months after onset. /e optic disc
turned pale in all eyes during follow-up (Figure 1(d)).
Neovascularization occurred in only 4 eyes, including 2 eyes
that had vitreous hemorrhage (VH) caused by retinal
neovascularization and 2 eyes that had neovascular glau-
coma (NVG). Eyes with VH had good visual acuity after
emergent treatment (20/30 and 20/20, respectively). During
follow-up, retinal hemorrhage increased and visual acuity
decreased. Even though PRP was performed on these 2 eyes,
retinal neovascularization and VH still occurred. Eyes that
developed NVG initially present poor visual acuity (both
FC), multiple CWSs, and completely occluded retinal ar-
teries (Figure 1(d)). No improvement in visual acuity was
seen after treatment, and NVG occurred 1 and 7 months,
respectively, after onset.

4. Discussion

/is study summarized the findings of a series of patients
with CCRAVO. Most patients had severe visual damage,
although some still had relatively good vision. Ophthal-
moscopic fundus findings at presentation were characterized
by manifestations of both CRAO and CRVO, including
hyperemia and edema of the optic disc, tortuosity and/or
dilation of the retinal vein, retinal hemorrhage, CWSs, and
variable degrees of retinal ischemic whitening. FFA showed
delayed filling of the retinal vessels, prolonged retinal ar-
teriovenous circulation, and early retinal CNP. OCTshowed
retinal thickening, macular retinal serous detachment, and
hyperreflectivity in the inner retina. In more than half of the
eyes, visual acuity improved and signs associated with
CRAO improved 2 to 3 weeks after presentation, whereas
retinal hemorrhage increased in nearly half of the eyes.
During follow-up, all eyes developed a pale optic disc.

Approximately three-fourths of the eyes had visual acuity of
20/200 or below during follow-up. Although nearly two-
thirds of the eyes had large areas of CNP at presentation,
only a small number of eyes developed neovascularization.

Mean age of the patients in this study was 48.8± 14.1
years (range, 22–78 years), similar to that reported by Vallée
et al. [10] and that of patients with combined central retinal
vein and cilioretinal artery occlusion reported by Hayreh
et al. [11]. However, the patients in this study were much
younger than the patients reported by Brown et al. [12] and
Schmidt [13]. /ey were also younger than the patients who
had only CRVO [14] or CRAO [15].

Usually, the main symptom of CCRAVO is painless
visual impairment. /e degree or pattern of visual im-
pairment is comparable to that of CRAO.Many reports have
shown that CCRAVO frequently decreases visual acuity to
FC and HM, or even to NLP [6, 12, 16, 17], but a few re-
searchers have also shown that fairly good visual acuity can
be maintained [10, 18–20]. In Brown’s study [12], 87% (20/
23) of eyes with CCRAVO had visual acuity between FC and
NLP. Visual acuity remained FC or less in 14 of 15 eyes
(93.3%) that underwent follow-up for 6 months. However,
in this study, only 45.5% (15/33) of eyes had visual acuity of
FC or less initially and 23.1% (6/26) had visual acuity of FC
or less at final follow-up. In Vallee’s study [10], final visual
acuity was even better. Fewer than 20% of eyes had visual
acuity of less than FC, whereas nearly half of the eyes had
visual acuity of 20/25 or better. /e degree and duration of
ischemia caused by CCRAVO could account for the vari-
ation. In Brown’s study, the patients were much older, more
patients had systemic diseases or topical conditions, and
more eyes had moderate or severe hemorrhage. However,
the patients in Vallee’s study seemed to have much milder
retinal hemorrhage or edema, and much shorter interval
between the onset and presentation, probably associated
with better visual prognosis. /e current study included
more eyes, and the frequency of retinal damages, such as
retinal hemorrhage or edema, was relatively even. So, in this
study, some eyes maintained relatively good visual acuity,
whereas others had poor visual acuity.

It has been reported that CRVO can cause a decrease in
IOP in the involved eye [21]. /is study also found this
phenomenon in CCRAVO. /e mechanism is unknown.
/e decrease in IOPmay be related to release of cytokines by
the retina as a result of ischemia or hemorrhage [21].

/e diagnosis of CCRAVO is based on ophthalmoscopic
fundus findings that include tortuosity and dilation of the
retinal vein, swelling and hyperemia of the optic disc, retinal
hemorrhage and ischemic whitening, a cherry-red spot,
CWS, or Roth’s spot. Abnormality of the optic disc and

Table 2: BCVA at presentation, 2 to 3 weeks after presentation, and at last follow-up.

BCVA At presentation Two to 3 weeks after presentation Last follow-up
≥20/60 4 (12.1%) 7 (21.9%) 6 (23.1%)
20/200–20/60 3 (9.1%) 6 (18.8%) 1 (3.8%)
20/400–20/200 0 4 (12.5%) 4 (15.4%)
20/2000–20/400 11 (33.3%) 11 (33.3%) 9 (34.6%)
FC, LP, or NLP 15 (45.5%) 4 (12.5%) 6 (23.1%)
Total (eyes) 33 32 26
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retinal vein is the most prominent sign in the early stage.
Both in this study and in Brown’s report [12], tortuosity and
dilation of the retinal vein and swelling and hyperemia of the
optic disc were frequently seen. Retinal hemorrhage varies in
extent and degree in CCRAVO, similar to that in CRVO.
Retinal ischemic whitening often distributes unevenly in the

post pole, suggesting that ischemia varies in different parts of
the retina. /e macula is the most involved region, probably
because of its poor tolerance to ischemia and vulnerable
blood supply by paramacular small vessels. Slight ischemia
may not cause significant retinal change. However, in some
conditions, the ischemia is so severe in some regions that the

(a) (b)

(c)

(d)

Figure 1: Fundus abnormalities at presentation. (a) Swelling optic disc with hyperemia, dilated and tortuous veins, mild hemorrhage,
uneven macular ischemic whitening, atypical cherry-red spot, and Roth’s spot. (b) Severe retinal hemorrhage, inferior vitreous hemorrhage,
and perivenous sheathing along the superonasal branch vein. (c) Ischemic whitening with a clear border by the optic disc (red arrow). FFA
showed delayed filling of the cilioretinal artery. (d) Optic disc edema without marked peripapillary CWS and completely occluded arteries in
the nasal quadrant. FFA showed unfilled retinal vessels at the late stage. About one month after onset, a pale optic disc was seen and retinal
vessels appeared as white lines.
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involved retina turns milky-white with a clear border. A
cherry-red spot is not always typical and may be in-
distinguishable (Figure 3(a)) as a result of uneven retinal
ischemic whitening and macular edema caused by retinal
vein occlusion. In time, retinal changes related to artery
occlusion resolve earlier than those of CRVO. Finally, optic
nerve atrophy develops.

FFA can evaluate the retinal circulation and the
morphology of retinal vessels, providing useful in-
formation for eyes with CCRAVO. Delayed filling of the
retinal vessels and prolonged retinal arteriovenous passage
were common in CCRAVO. Some eyes in this study
showed an oscillating filling pattern. /is filling pattern
means that the retinal artery fills for a variable distance
during systole, but the filling retracts or stops during

diastole. All of these signs suggest poor retinal perfusion
and circulation. In addition, 63.6% of eyes (21/33) had CNP
at presentation in this study, some of which was extensive.
However, most eyes with CNP did not have neo-
vascularization during follow-up.

Reports [1, 2, 12] have shown that CCRAVO can lead to
retinal or iris neovascularization with poor visual prognosis.
In Brown’s study [12], 81% (17/21) of eyes developed
rubeosis iridis during follow-up. Of the 3 eyes that un-
derwent PRP, rubeosis iridis occurred in 2. By contrast, no
eyes in Vallee’s study [10] had neovascularization. In this
study, only 4 eyes developed neovascularization. Of these, 2
had vitreous hemorrhage and the other 2 had neovascular
glaucoma. Patients in Brown’s study were older and had
worse systemic or topical conditions. /eir visual damage

(a) (b) (c) (d)

Figure 2: A woman had sudden visual loss for 2days. (a) Fundus photograph revealed ischemic retinal whitening, retinal hemorrhage, and
preretinal hemorrhage. (b) FFA showed that the retinal arteries began to fill 15 s after injection of dye. (c)/e retinal vein showed dye at 26 s.
(d) Large areas of retinal capillary nonperfusion and severe vessel leakage developed.

(a) (b)

Figure 3: A woman had sudden visual decrease 13 days after cesarean section. (a) Fundus photograph showed dilated veins, mild
hemorrhage, and uneven retinal ischemic whitening without a cherry-red spot. (b) OCT showed serous macular retinal detachment and
hyperreflection of the inner retina.

Table 3: Changes 2 to 3 weeks after presentation.

BCVA Optic disc hyperemia or edema Retinal ischemic whitening Retinal hemorrhage
Improved 23 (71.9%) 17 (56.7%) 24 (80.0%) 9 (30.0%)
No change 4 (12.5%) 10 (33.3%) 3 (10.0%) 6 (20.0%)
Decreased 5 (15.6%) 3 (10.0%) 3 (10.0%) 15 (50.0%)
Total (eyes) 32 30 eyes 30 eyes 30 eyes
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was also worse, suggesting more severe ischemia. All of these
factors could be associated with ocular neovascularization.
/e eyes that developed neovascularization in this study
showed some similarity. In the eyes that developed vitreous
hemorrhage, visual acuity was relatively good after emergent
treatment and deteriorated gradually thereafter with in-
creasing hemorrhage. /is process is similar to that of
CRVO. Although PRP was performed, vitreous hemorrhage
could not be prevented. In the other eyes with NVG, visual
acuity was FC at presentation. Ophthalmoscopic evaluation
showed marked CWSs and completely occluded retinal
vessels that appeared as white lines on fundus photography
or as unfilled retinal vessels on FFA. /e eyes did not re-
spond to emergent treatment. Rubeosis iridis developed
during follow-up. /is neovascularization is similar to that
induced by CRAO, which is associated with extraordinary
prolonged retinal vessel filling and failure to gain reperfu-
sion [22, 23].

/e mechanism of CCRAVO has not been well studied.
CRVO may play a more critical role than CRAO. Brown’s
study [12] and this study both found cases in which
CCRAVO followed CRVO, suggesting CRAO could be a
complication of CRVO. Previous reports showed that
CRVO can occur in combination with central or branch
retinal artery occlusion or cilioretinal artery occlusion. In
this case series, there is also a case of CRVO in combination
with central retinal and cilioretinal artery occlusion. /e
extent of retina involved by vein occlusion is always larger
than or equal to that involved by artery occlusion. Artery
occlusion could be secondary to CRVO, which increases
the intraluminal pressure of the retinal capillary bed, and
the pressure is transmitted to the retinal artery to decrease
or even stop the blood flow. Furthermore, this study
showed that when ischemic whitening, together with optic
disc hyperemia and swelling, resolved in more than half of
the involved eyes during the first 2 to 3 weeks after pre-
sentation, retinal hemorrhage continued to deteriorate in
nearly half of the eyes. CRVO persisted much longer than
CRAO. When CRVO occurs, there may be simultaneous
abnormal retinal artery perfusion [24]. Optic disc swelling
and retinal edema related to CRVO may further compress
the retinal arteries, narrowing and possibly occluding
them. /is may be the reason why there is narrowing of the
arteries with CCRAVO.

5. Conclusion

In summary, CCRAVO is a sight-threatening entity. /e
involved eye shows changes associated with both CRAO and
CRVO simultaneously at presentation, but CRVO may play
a more important role in the development of CCRAVO.
CRAO could resolve sooner than CRVO. A pale optic disc
develops at last, and only a small number of eyes develop
neovascularization.
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