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Case reports: Intraoperative
migratory retinal venous
thrombus in proliferative diabetic
retinopathy
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Purpose: This study aimed to study the characteristics, possible causes, and
clinical implications of intraoperative migratory retinal venous thrombus in
proliferative diabetic retinopathy (PDR).

Cases: Two middle-aged Chinese patients with diabetes mellitus presented with
blurred vision and were diagnosed with PDR and tractional retinal detachment
(TRD). An interesting phenomenon was observed during pars plana vitrectomy
in both patients. Movement of tiny white thrombi and interruption of blood flow
were observed in a branch of the central retinal vein when the vein was pulled
at the time of fibrovascular membrane delamination and disappeared with
the elimination of retinal traction after finishing the process of delamination.
Laboratory studies revealed abnormal erythrocyte sedimentation rate, fibrinogen,
D-dimer, international normalized ratio, and IgA anti-p2-glycoprotein | in one
patient and elevated fibrinogen and IgA anticardiolipin in the other. Follow-
up examinations at 1week, 1, 3, and 6 months postoperatively showed good
prognosis. Fluorescein fundus angiography at 1 month postoperatively showed
neither embolus sign nor prolonged venous filling time in both patients.

Discussion: Local blood stasis of the retinal vein persistently dragged by the
fibrovascular membrane may result in thrombogenesis, and traction of the
retina during the delamination process may lead to the movement of thrombi.
On the other hand, endothelial injury and disordered local blood stasis during
delamination may also activate the biological coagulation process and instant
thrombus formation. As well, antiphospholipid antibodies may also be a risk
factor of ocular thrombogenesis.

Conclusion: This study provides the first videos recording migratory thrombus
in terminal vessels, which indicates that fibrovascular membrane in PDR can
lead to thrombogenesis due to dragging and hemostasis of the involved retinal
vein. PDR patients with fibrovascular membranes may benefit from early relief of
vascular traction through fibrovascular membrane delamination.

KEYWORDS

fibrovascular membrane delamination, migratory retinal venous thrombus,
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Introduction

Diabetic retinopathy (DR) is a prevalent and severe complication
of diabetes mellitus (DM) (1). Similar to the development of
DM-associated complications in other systems, the disturbance of
microcirculation is a notable pathological change in DR (2, 3).
Proliferative diabetic retinopathy (PDR) leads to profound vision
impairment due to severe complications including vitreous
hemorrhage and tractional retinal detachment (TRD). For cases of
PDR accompanied by TRD, pars plana vitrectomy (PPV) is necessary.
This study is the first to present imaging evidence of an interesting
phenomenon observed during PPV and fibrovascular membrane
delamination for PDR: migratory retinal vein thrombosis. The article
analyzes and discusses the potential causes and clinical implications
of this phenomenon, aiming to reach a better understanding of DR
and the timing of surgical interventions for PDR with concurrent TRD.

Case description

A 54-year-old Chinese woman (Patient 1) presented to our
ophthalmology clinic with blurred vision in her right eye for over a
month. The patient had a 7-year history of type 2 diabetes mellitus
(T2DM) with poor She had
phacoemulsification cataract extraction and intraocular lens (IOL)

control of glucose level
implantation in both eyes 1year ago. At presentation, her best-
corrected visual acuity (BCVA) was finger count in the right eye and
20/50 in the left eye. Fundus examination of the right eye revealed vast
preretinal hemorrhage in the posterior polar and superior regions,
together with scattered intraretinal hemorrhage spots and asteroid
hyalosis in the periphery (Figure 1A). Microaneurysms and retinal
hemorrhage in all quadrants of the fundus as well as a few hard
exudates in the posterior polar retina were observed in the left eye
(Figure 1B). Ultrasound revealed vitreous opacity and tractional
retinal detachment (TRD) in the right eye (Figure 1C). She was
diagnosed with proliferative diabetic retinopathy (PDR) in both eyes.
Laboratory studies revealed elevated erythrocyte sedimentation rate,
fibrinogen, and D-dimer, as well as a reduced international normalized
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ratio. IgA anti-p2-glycoprotein I (B2-GPI) remained positive during a
follow-up over 12weeks since the first visit. At admission, fasting
blood glucose (FBG) and postprandial blood glucose (PBG) were
5.53mmol/L and 16.60mmol/L, respectively. Blood pressure was
160/100 mmHg. Glycosylated hemoglobin HbA1c was 8.2%.

A 23-gauge PPV was performed for the patient using a standard
vitrectomy system (Stellaris Elite™ PC, Bausch & Lomb Inc., USA).
Valved cannulas were selected to allow stable intraoperative fluidics
and intraocular pressure controlled approximately 30 mmHg. Resight
700 Fundus Viewing System (Carl Zeiss Meditec AG, Germany) with
a spheric widefield lens 128D and an aspheric lens 60D was used.
During the procedure, preretinal hemorrhage in the posterior polar
and superior regions, scatted hard exudates, as well as fibrovascular
membrane and local TRD along the superotemporal retinal vessel
arcade, were observed. In brief, core vitrectomy and posterior vitreous
detachment (PVD) were performed, and preretinal hemorrhage was
eliminated. An unimanual segmentation-and-delamination approach
and suck-and-cut technique were applied to remove the fibrovascular
membrane. Forceps were also used to loosen and separate tightly
adherent fibrovascular membranes, followed by cutting using the
vitreous probe. Peripheral vitrectomy, panretinal photocoagulation
(PRP), and air tamponade were performed afterward.

Interestingly, rapid movement of tiny white thrombi was observed
in the superotemporal branch of the central retinal vein at the time of
fibrovascular membrane delamination (shown in Figure 2 and
Supplementary Video S1). The thrombi moved from the site of
delamination toward the optic disc three times when the surgeon
pulled the retinal vein during the process of delamination, with a
duration of approximately 2-3s each time. This phenomenon
disappeared with the elimination of retinal traction after finishing the
process of delamination.

Similar phenomenon was also observed in another 63-year-old
Chinese woman (Patient 2) who presented with decreased vision in
the right eye for 2months. She had phacoemulsification cataract
extraction and IOL implantation in both eyes 10years ago, and PRP
in both eyes 8years ago (Figures 3A,B). She had a history of T2DM
with fair control of glucose levels for over 10years. Her BCVA was
20/133 in the right eye and 20/25 in the left eye. Evident tractional

Right eye

FIGURE 1

Left eye

Preoperative examination of Patient 1. (A) Ultra-widefield fundus photography of the right eye revealed vast preretinal hemorrhage in the posterior
polar and superior regions, together with scattered intraretinal hemorrhage spots and asteroid hyalosis in the periphery. (B) Ultra-widefield fundus
photography of the left eye revealed microaneurysms and retinal hemorrhage in all quadrants of the fundus as well as a few hard exudates in the
posterior polar retina. (C) Ultrasound of the right eye revealed vitreous opacity and tractional retinal detachment.
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FIGURE 2

Intraoperative observation of migratory retinal venous thrombus in Patient 1. Rapid movement of tiny white thrombi was observed in the
superotemporal branch of the central retinal vein at the time of fibrovascular membrane delamination. The upper two images displayed the full view,
while the lower two images displayed the magnified view. Red arrows indicated the migratory retinal venous thrombus.

retinal detachment was observed in the right eye, with the involvement
of the macular area (Figures 3A,C). Slight hemorrhagic vitreous
opacity was also present. OCT revealed retinal detachment and
epiretinal membrane in the macular area (Figure 3D). At admission,
FBG and PBG were 6.49mmol/L and 11.80mmol/L, respectively.
Blood pressure was 154/77 mmHg.

Laboratory studies revealed positivity for IgA anticardiolipin
(aCL) and elevation in fibrinogen. She was also diagnosed with PDR
in both eyes, and a 23-gauge PPV was scheduled. During the surgery,
a massive fibrovascular membrane was observed in the superior retina
along the vessel arcade, leading to evident TRD in the superotemporal
region and a small retinal hole in the superior region. Core vitrectomy
and PVD were performed, followed by fibrovascular membrane
delamination. Perfluorocarbon liquid was used to flatten the detached
retina. Retinal photocoagulation was performed around the retinal
hole and in the peripheral retina. Silicone oil tamponade was
performed at the end of the surgery.

It is worth mentioning that white migratory thrombi with a
similar diameter to the vessel were observed twice in a branch retinal
vein during fibrovascular membrane delamination, with a duration
of approximately 2-3's each time, similar to that in Patient 1 (shown
in Figure 4A and Supplementary Video S2). Interruption of blood
flow was also observed for three times with evident segmental
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whitening of the vein, which appeared when the membrane
delamination began and disappeared immediately once the
delamination  stopped  (shown in  Figure 4B  and
Supplementary Video S3).

Follow-up examinations were scheduled at 1week, 1, 3, and
6 months postoperatively. Examinations of Patient 1 demonstrated a
well-attached retina (Figure 5) and improved BCVA at 3 months after
surgery. In Patient 2, though BCVA was much improved, optical
coherence tomography showed persistent local detachment in the
macular area. Silicone oil was removed at 4 months postoperatively
after the local retinal detachment was mostly relieved. Follow-up at
6 months postoperatively revealed that the slight local subretinal fluid
remained, yet no obvious retinal detachment was detected by
ultrasound (Figure 6). Fluorescein fundus angiography (FFA) was
carried out in both patients at 1 month postoperatively, which revealed
normal venous filling without embolus sign in Patient 1 (Figure 7A
and Supplementary Videos 54, S5) and delayed venous filling without
embolus sign in Patient 2 (Figure 7B and Supplementary Videos S6, S7).

The study protocol adhered to the tenets of the Declaration of
Helsinki and was approved by the Medical Ethics Committee of the
Second Affiliated Hospital of Zhejiang University School of Medicine,
Hangzhou, China. All the clinical data were obtained from the

electronic medical record system, with the patients’ consent.
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Right eye

FIGURE 3

Preoperative examination of Patient 2. (A) Ultra-widefield fundus photography of the right eye revealed evident tractional retinal detachment with the
involvement of the macular area, together with previous PRP spots in the periphery. (B) Ultra-widefield fundus photography of the left eye revealed
previous PRP spots in the periphery. (C) Ultrasound of the right eye revealed evident tractional retinal detachment and slight hemorrhagic vitreous
opacity. (D) OCT of the right eye revealed retinal detachment and epiretinal membrane in the macular area.

FIGURE 4

Intraoperative observation of migratory retinal venous thrombus and blood flow interruption in Patient 2. (A) White migratory thrombi with a similar
diameter to the vessel were observed during fibrovascular membrane delamination. (B) Interruption of blood flow was observed with evident
segmental whitening of the vein, which appeared during the process of membrane delamination. The upper images displayed the full view, while the
lower images displayed the magnified view. Red arrows indicate the migratory retinal venous thrombus. Red arrowheads indicate blood flow
interruption.
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FIGURE 5

photography (B) and ultrasound (C) revealed a well-attached retina.

Postoperative examination of Patient 1 at 3 months. Anterior segment photography (A) revealed no positive findings. Ultra-widefield fundus

FIGURE 6

Postoperative examination of Patient 2 at 6 months. Anterior segment photography (A) revealed no positive findings. Slight local subretinal fluid was
discovered by OCT (B), yet no obvious retinal detachment was detected according to ultra-widefield fundus photography (C) and ultrasound (D)

Discussion

These two cases are presented for discussion of the possible causes
and clinical implications of the thrombi observed during fibrovascular
membrane delamination in PDR surgery.

Up till now, no similar phenomenon has been reported, to our
knowledge. There are two probable assumptions. First, according to
these two cases, the venous thrombus is more likely to occur in PDR
accompanied by TRD, with significant traction and twisting of the
retinal vein. A probable interpretation is that local blood stasis of the
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retinal vein persistently dragged by the fibrovascular membrane may
result in thrombogenesis, and traction of the retina during the
delamination process may lead to the movement of thrombi. Second,
since there is no evident thrombus observed before delamination, the
thrombi were more likely to be a result of instant biological coagulation
activation due to endothelial injury and disordered local blood stasis
during the delamination process. As we know, red thrombi composed
mainly of erythrocytes rather than fibrin are more commonly seen in
veins due to lower blood flow velocity (4). Yet in the condition of local
venous stasis or turbulence of blood flow, mixed thrombi with a
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FIGURE 7

superotemporal branch of the central retinal vein.

FFA of Patients 1 and 2 at 1 month after surgery. (A) Venous phase (at 20 s) of FFA showed normal venous filling and no embolus sign in Patient 1
(B) Arteriovenous phase (at 22 s) of FFA showed delayed venous filling without embolus sign in Patient 2. Red arrow indicates the location of the
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stratified body composed of a mixture of erythrocytes, fibrin, and
platelets may also be slowly formed in veins. It has also been reported
that the microthrombi in the retinal capillaries of DR individuals were
identified to be fibrin-platelet thrombi (5). White-centered retinal
hemorrhages, also known as Roth spots, are frequently observed in
the case of inflammation (e.g., subacute bacterial endocarditis),
malignancy (e.g., leukemia), and other systematic conditions such as
anemia, DR, and hypertension. The formation of Roth spots has been
demonstrated to be related to fibrin-platelet thrombi formation due to
retinal microvascular and capillary injury, rupture, and hemorrhage,
which may share some resemblance with the venous thrombi in our
cases (6, 7). Blood status may recover after the removal of the
fibrovascular membrane in time, which may explain the negative FFA
finding in Patient 1 postoperatively after relief from traction and
recovery of normal blood supply. However, in patients with more
severe TRD, the blood flow stasis may not be completely reversible
after prolonged traction of the fibrovascular membrane, as indicated
by the FFA finding in Patient 2 postoperatively, which showed delayed
venous filling.

Diabetic retinopathy (DR) is the most common vision-threatening
disease among the working-age population, accounting for 2.5% of the
37 million blindness cases worldwide, according to the data from the
World Health Organization (1). It is a common microvascular
complication of diabetes, characterized by progressive microvascular
injury contributing to retinal ischemia, neovascularization, and
altered retinal permeability (8). The abnormality in the coagulation-
fibrinolytic system is one of the main pathological alterations in DR,
especially in PDR, which leads to retinal ischemia (9, 10). Increased
prevalence of microthrombi has been reported in retinal
microvasculature in both human and animal models with diabetes (5,
11), though no retinal venous thrombus has been directly observed so
far. Fujisawa et al. found an independent association between T2DM
and increased blood viscosity due to high fibrinogen levels, which in
turn play a role in the advancement in DR (12). Patients with PDR had
higher D-dimer and shorter activated partial thromboplastin time
than healthy individuals, DR patients without DR (NDR), and with
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non-PDR (NPDR), indicating higher level hypercoagulable state in
PDR patients (13, 14). In recent years, growing consensus is emerging
that the coagulation-fibrinolytic system not only directly results in
thrombosis and hemostasis but also promotes inflammation and
contributes to retinal vascular dysfunction (15). Various studies
demonstrated that platelet adhesion to the injured diabetic
endothelium may contribute to both ischemia and inflammation in
DR (16, 17). Therefore, the interrupted coagulation-fibrinolytic
system plays a key role in diabetes-induced vascular injury and the
progression from NDR and NPDR to PDR.

A number of studies have listed diabetes as a systemic risk factor
for retinal vein occlusion (RVO) (18-21). Due to the existence of
confounding factors between RVO and DR, it has not been proved
whether DR itself is an independent risk factor for RVO. However,
several studies have indicated mechanical compression of the retinal
veins may result in turbulent blood, causing injury to the venous
endothelium that leads to venous occlusion (19, 22-25). Therefore, it
is speculated that hemostasis within the fibrovascular membranes in
PDR may also contribute to thrombogenesis. It would be interesting
and significant to further study the different prevalence of RVO
between populations with NDR, NPDR, and PDR, which may clarify
the association between thrombogenesis and hemostasis within the
fibrovascular membranes.

At present, multiple therapeutic strategies have been focusing on
the inhibition of the clotting pathway of blood coagulation cascade or
platelet aggregation to relieve the vascular dysfunction in DR (26, 27).
According to these two cases, PDR patients with fibrovascular
membranes may as well benefit from early relief of vascular traction
through fibrovascular membrane delamination. As well, it is also
necessary to be on the alert for the signs of RVO both before and
after surgery.

Antiphospholipid antibodies (aPLs) are a group of antibodies,
including aCL, p2-GPJ, and lupus anticoagulant, which are related to
autoimmune response to phospholipids and are commonly positive in
patients with antiphospholipid syndrome (APS) (28). Studies showed
aPLs were more prevalent in patients with RVO, and patients positive
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for aPLs were more prone to develop transient amaurosis fugax, RVO,
retinal artery occlusion, and anterior ischemic optic neuropathy,
indicating aPLs as a risk factor of ocular thrombogenesis (29, 30). This
also explains the positivity of aPLs in these two patients.

This study has some limitations. First, the number of cases
included in this study is relatively small. Second, the predicted factors
and clinical characteristics of venous thrombosis have not yet
be identified. Expansion of the sample size is necessary to further
research into the causes and prognostic implications of this
phenomenon in the future.

Conclusion

In summary, these two cases present some known but
uncommon features in DR. Though hemostasis and formation of
microthrombi in retinal vascular are known to be typical alterations
of DR, it is not easy to capture the live image of this phenomenon.
These two cases probably provided the first visual evidence of retinal
venous thrombogenesis and thrombus movement, which facilitates
a better understanding of DR. Early fibrovascular membrane
delamination in PDR patients with TRD may acquire better
outcomes, as indicated by the different FFA characteristics
postoperatively in the two cases.
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