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Abstract

Background: Primary vitreoretinal lymphoma (PVRL) is an aggressive lymphoma that may present with protean
features and represents a diagnostic challenge. Given that patients with PVRL are at high risk of CNS involvement
with a high mortality and morbidity rate, prompt diagnosis is crucial to initiate treatment early in the disease course.
A multimodality imaging approach including fundus photography, fundus autofluorescence (FAF), optical coherence
tomography (OCT), fluorescein and indocyanine angiography, and electroretinography (ERG) can provide informa-
tion to establish a diagnosis and provide objective measures for management. We review key findings seen via these
imaging modalities in patients with PVRL.

Observations: Fundus photography can highlight commonly seen patterns of PVRL including vitritis, subretinal
disease, retinal pigment epithelial (RPE) abnormalities, optic nerve edema, retinal detachment, and less typical
retinitis-like lesions. FAF can identify characteristic patterns of hyper- and hypoautofluorescent signal abnormalities
in the macula. Spectral-domain OCT will demonstrate vitreous cells, RPE nodularity, and hyperreflectivity of the outer
retina. The presence of a hyper-reflective band in the subretinal space and infiltrates between the RPE and Bruch'’s
membrane can assist in distinguishing PVRL from choroidal lymphoma. Vertical hyperreflective columns (VHRLs) are
another pertinent finding that may represent microinfiltrates of the tumor. OCT has proven to be a particularly use-
ful modality in assessing the progress of treatment in PVRL. Fluorescein angiography can show RPE changes, which
include granularity, late staining at the RPE level, and blockage. Indocyanine green angiography (ICGA) primarily
shows hypocyanescence, which corresponds to PVRL lesions on fundus photography and may occur secondary to
loss of RPE and choriocapillaris.

Conclusion: While PVRL remains a challenging disease to diagnose and follow, the use of a multimodality imaging
approach may assist in establishing a diagnosis. Because of the anatomic spaces PVRL may affect, fundus photog-
raphy, OCT, FAF, angiography, and ERG can identify key characteristics of the disease, differentiate PVRL from other
diseases, and provide baseline information for targeted systemic and local therapies. Further assessment of anatomic
and functional targets will aid our clinical application of multimodal imaging in the management of PVRL.
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Background

Primary vitreoretinal lymphoma (PVRL), also known
as primary intraocular lymphoma, is the most common
intraocular lymphoma with approximately 380 incident
5 _ - : cases in the United States annually [1]. It is an aggressive
UTSr/L\Jh\sen Eye Institute, University of Nebraska Medical Center, Omaha, NE, high-grade lymphoma, usually of the diffuse large B-cell
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nervous system (CNS) lymphoma. While approximately
15% of patients with primary CNS lymphoma develop
PVRL, 65-90% of patients with PVRL develop primary
CNS lymphoma [1]. Primary CNS lymphoma is a rare
primary CNS tumor comprising only 2% of primary
CNS tumors that most frequently presents in the elderly
or immunocompromised populations [3]. However, it
is associated with high mortality and morbidity. Spe-
cifically, the median survival for patients is 10 months,
and for those older than 70, the median survival is
6—7 months [4, 5].

PVRL is a well-known masquerade syndrome that
may be challenging to diagnose [6]. The mean time from
ocular symptoms to diagnosis is 40 months, but the tim-
ing from symptom onset to diagnosis has been reported
to be up to 12 years in some instances [7]. The delay in
PVRL diagnosis can subsequently impede primary CNS
lymphoma diagnosis and treatment, impacting survival
outcomes for the patient. Thus, an accurate and timely
diagnosis of PVRL is imperative. The gold standard of
diagnosis is histologic and immunochemical confirma-
tion via a sample obtained by a diagnostic vitrectomy,
retinal or subretinal biopsy [1]. However, recent advances
in ophthalmic imaging have identified features that sup-
port the diagnosis of PVRL. These features can be used
to reduce the need for invasive tissue diagnosis in some
cases, decrease time to achieve a definitive diagnosis,
and provide objective measures to monitor treatment
response (see Table 1). In this review, we summarize the
multimodal findings on ophthalmic ancillary testing pre-
sented in the literature. We review characteristic findings
of PVRL found on various imaging modalities, includ-
ing fundus photography, fundus autofluorescence (FAF),
optical coherence tomography (OCT), fluorescein angi-
ography (FA), indocyanine green angiography (ICGA),
and electroretinography (ERG).

Fundus Photography (Fig. 1A)

Clinical features of PVRL seen on fundus photography
include vitreous haze or clumps, optic nerve edema,
perivascular sheathing, sub-retinal pigment epithe-
lium (RPE) lesions, cream-colored lesions, or serous
retinal detachments [8]. In an evaluation of 43 eyes of
23 patients with PVRL, four patterns were detected
on fundus photography: vitritis (46% of eyes), subreti-
nal lesions (46%), optic nerve edema (10%), and retinal
detachment (12%) [9]. Specifically, eyes with only vitritis
showed visual acuities of 20/27 at 6 months and 20/34 at
12 months post-presentation. Conversely, eyes with optic
disc edema or retinal detachment had an average visual
acuity of hand motion at 6 months and light perception
at 12 months [9]. In 47% of eyes, ultra-widefield fundus
photography detected more abnormalities than standard
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30 degree images [9]. Fundus photography may also assist
in monitoring PVRL changes over time. Mantopoulos
and Cebulla report a biopsy-proven case of PVRL with
spontaneous regression of a sub-RPE lesion documented
on color fundus photographs and OCT [10].

In addition to the typical findings of vitritis, subretinal
lesions, and RPE change, fundus photography can also
document atypical lesions. For example, PVRL and sec-
ondary vitreoretinal lymphoma (VRL) may rarely present
with a retinitis-like picture [11-13]. Suspicion for PVRL
should be raised if individuals with retinitis-like lesions
fail to respond to antiviral therapy, particularly if molecu-
lar diagnostics for a viral etiology are negative.

Fundus autofluorescence

A variety of fundus autofluorescence (FAF) patterns has
been reported. During active PVRL, hyperautofluores-
cence of the sub-RPE lesions and alternating hyper- and
hypoautofluorescence of the macula are the most com-
monly seen patterns [9, 14, 15]. The hyperautofluores-
cent spots have also been found to correlate with nodular
hyperreflective spots on OCT [14]. The granular hyper-
autofluorescence and hypoautofluorescence pattern
on FAF was reversed on fluorescein angiogram [16]
(Figs. 1B, C). Egawa et al. hypothesized that lympho-
matous RPE infiltration in the form of sub-RPE lesions
could alter RPE metabolism and manifest as hyperauto-
fluorecence [16] (Fig. 2B). In areas where there appears
to be lymphomatous infiltration above the RPE, the FAF
pattern is hypoautofluorescent, possibly due to tumor
blockage of normal RPE fluorescence [16, 17] (Fig. 3B).
Hypoautofluorescence can also be seen in cases of RPE
atrophy after regression of the lesion [14, 15, 17]. Inter-
estingly, these lesions often appear hook-shaped [17].
Hyperautofluorescent dots were also seen in an inactive
eye that was previously active [9]. Thus, while FAF pat-
terns can be extremely helpful to identify diffuse and
focal areas of RPE disturbance, the variegated pattern
makes it challenging to draw conclusions about disease
activity based solely on FAF patterns.

Importantly, a normal fundus autofluorescence does
not rule out PVRL. In a report by Casady et al., seven of
18 eyes (39%) did not have any remarkable findings on
FAF [14]. Of these, two eyes (one patient) were in remis-
sion, and five eyes (four patients) were active [14].

Optical coherence tomography

OCT often demonstrates vitreous cells (100% of eyes),
RPE nodularity (63%), and outer retinal hyperreflec-
tivities (43%) [9, 18, 19] (Figs. 2C and 3C). Less common
findings included pigment epithelial detachments (PEDs)
(30%-50%) (Figs. 1D and 3C), epiretinal membranes
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Imaging modality

Features found on imaging of PVRL

Utility in diagnosis or workup of PVRL

Fundus photography

Fundus autofluorescence (FAF)

of the macula

Optical coherence tomography (OCT)  Vitreous cells, RPE nodularity, outer retinal hyper-

reflectivities

Fluorescein angiography (FA)

Visualization of vitreous haze and cellular debris,
optic nerve edema, perivascular sheathing, sub-
retinal pigment epithelium cream-colored lesions,
serous retinal detachments, atypical features mimick-
ing viral retinitis

Hyperautofluorescence of sub-RPE lesions and
alternating or stippled hyper/hypoautofluorescence

Granularity, late staining at RPE level, blockage;
reversed granular pattern of hyperfluoresence and
hypofluorescence compared to FAF

Indocyanine green angiography (ICGA) Hypocyanescence

Electroretinography (ERG)

Reduced cone and rod responses; negative wave-
form ERG on bright flash response with diminished
b-wave response smaller than corresponding a-wave

Direct visualization of findings and monitoring disease
progression over time

Identification of diffuse and focal areas of RPE distur-
bance

Monitor response to treatment by assessing for pres-
ence of hyperreflective subretinal lesions (representa-
tive of lymphomatous infiltrate)

May assist in monitoring for progression of disease or
recurrence

Can help rule out other syndromes with characteristic
ICGA findings (i.e. sarcoidosis or white dot syndromes)
that can be similar to PVRL

More research on utility of ERG needed for PVRL

Fig. 1 Clinical imaging features of a patient with a diagnosis of PVRL and macular degeneration. A Color fundus photograph of the right

eye showing vitreous opacity and multiple chorioretinal lesions with variable pigmentation B Fluorescein angiography showing staining of
chorioretinal lesions and retinal pigment epithelial (RPE) changes. C Fundus autofluorescence of the right eye showing corresponding areas of
hypoautofluorescence. D OCT showing RPE elevation and overlying cystoid edema
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(yellow arrows)

Fig. 2 Clinical imaging features of a patient with primary central nervous system lymphoma and recurrent PVRL. A Color fundus photograph of the
left eye showing multiple hypopigmented lesions. B Fundus autofluorescence of the left eye showing corresponding hyperautofluorescent spots
within the posterior pole and mid-periphery. C OCT showing nodular lesions at the level of the RPE and outer retinal/ellipsoid zone irregularity

(19-36%), and retinal fluid or disorganization (13—17%)
[9, 19-21].

Barry et al. describe specific findings that are highly
suggestive of PVRL, including a confluent hyper-reflec-
tive band in the subretinal space and infiltrates localized
between the RPE and Bruch’s membrane. These charac-
teristics can help distinguish PVRL from choroidal lym-
phoma, which presents with infiltrates deep to Bruch’s
[22].

OCT is an excellent tool to monitor response to treat-
ment in PVRL. There are multiple reports of hyperre-
flective subretinal lesions on OCT that likely represent
lymphomatous infiltrate as they resolve or develop into
subretinal fibrosis with treatment [19, 20, 23-27]. In
one report, after completion of treatment, all abnor-
malities on initial OCT vanished, including subretinal
fluid, outer retinal fuzzy borders, PED, and intraretinal
infiltration [19]. However, stigmata of retinal destruc-
tion appeared, including subretinal fibrosis, disruption
of the outer retina, and retinal thinning [19].

An OCT imaging finding termed “vertical hyperre-
flective columns” (VHRLs) was found in 58.3% of eyes
with vitreoretinal lymphoma [28]. Of note, 2 of the 7

patients had secondary vitreoretinal lymphoma [28].
Hyperreflective intraretinal bands had previously been
described in studies; however, these VHRLs extended
from the inner retina to the RPE and varied in width
[22, 28, 29]. They were commonly located along major
vessel arcades or temporally to the fovea but were
not detectable on color or infrared photography [28].
VHRLs are thought to represent microinfiltrates of
tumor [28].

Anterior segment OCT has been used to diag-
nose recurrence of PVRL in a previously vitrecto-
mized patient [30]. The patient was symptomatic with
decreased vision and was clinically found to have ante-
rior vitreous opacification and cells [30]. The anterior
segment OCT demonstrated vitreous debris in the ret-
rolenticular space [30].

Fluorescein angiography

RPE changes from PVRL are highlighted on FA and are
the most common finding. These changes include gran-
ularity, late staining at the RPE level, and blockage [31]
(Fig. 1B). The granular pattern of hyperfluorescence and
hypofluorescence seen on FA is reversed in FAF [16]. FA
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Fig. 3 Clinical and imaging features of a patient with a diagnosis of PVRL. A Color fundus photograph of the left eye showing discrete yellow
chorioretinal lesions (black arrow). B Fundus autofluorescence showing small, hypoautofluorescent spots (small white arrows) consistent with PVRL.
C OCT showing hyperreflective RPE clumping and irregularity (white arrow with black outline) consistent with PVRL

patterns in PVRL patients often have a “mottled” appear-
ance despite the absence of clinical RPE disturbances. It is
hypothesized that diffuse lymphomatous infiltrates under
the RPE are impermeable to fluorescein since tumor cell
membranes act as a barrier, and the infiltrates would also
block choroidal hyperfluorescence [31]. However, some
infiltrates behave like drusen and manifest as late staining
on FA [31].

PEDs in PVRL patients present with varying patterns
on FA. Some demonstrate filling patterns typical for a
serous PED: a discrete well-circumscribed area of fluores-
cence through the transit phase with pooling in the late
phase. These findings are thought to result from injured
or dead tumor cells with a resultant zone of hyperfluores-
cence or a serous PED with a sparse collection of tumor
cells [31]. PEDs may also be hypofluorescent on FA, likely
from a dense collection of viable tumor cells [9, 31].

One prior report described capillary dropout by FA in
a patient with biopsy-proven PVRL [32]. The FA demon-
strated well-defined areas of capillary dropout across the
retina in one eye without disc leakage, cystoid macular
edema (CME), or vascular leakage [32]. There was also no
evidence of vascular occlusion or findings indicating dia-
betic retinopathy [32]. The authors hypothesized that the

capillary dropout might be due to lymphomatous cells
in the inner retinal layer and subsequent retinal vascular
occlusion.

Notably, more common evidence of active uveitis,
including optic nerve staining/leakage, perivascular
staining/leakage, and petaloid leakage of CME, are less
prevalent in PVRL patients. Optic nerve leakage/staining
was found in 4-45% of patients [7, 31]. Vascular leakage
was present in 6-36% of patients [31, 33]. In one study,
leakage improved after treatment in all patients and reap-
peared upon disease recurrence [9]. CME was seen in
six eyes (19%) in one study but only in one eye that did
not have a prior history of intraocular surgery [31]. Thus,
while CME, optic disc leakage, and retinal vascular leak-
age may be less prevalent than in other cases of endog-
enous uveitis, the presence of these findings should not
exclude lymphoma in the differential diagnosis.

Indocyanine green angiography

The most commonly observed finding on indocyanine
green angiography (ICGA) in PVRL is hypocyanes-
cence. Hypocyanescent lesions were found in 77% of
eyes in one study [33]. Another study found that 26% of
eyes with PVRL had small round hypocyanescent lesions
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that erased at the late phase and that 12% of eyes dem-
onstrated large hypocyanescent lesions [23]. Lavine et al.
noted the hypocyanescence found in 10 of 12 eyes (83%)
in their series correlated with scleral staining [9]. These
areas of scleral staining corresponded to white lesions
on fundus photos as well as hypoautofluroescence and
late hyperfluorescence on FA. This constellation of find-
ings on multi-modal imaging indicates a loss of both RPE
and choriocapillaris, making “scleral staining” a more apt
term than “window defects” [9]. ICGA was unremarkable
in areas of active sub-RPE lesions and active FA leakage
[9]. The utility of ICGA in the diagnosis of PVRL is lim-
ited due to its inability to demonstrate findings missed by
FA or FAF [9]. However, ICGA can help rule out other
syndromes with more characteristic ICGA findings, such
as sarcoidosis, birdshot retinochoroidopathy, or other
white dot syndromes, that often can be difficult to differ-
entiate from PVRL.

Electroretinography

One case report of a patient with suspected PVRL dem-
onstrated reduced cone and rod responses on full-field
electroretinography (ERG) [34]. The patient also had a
negative waveform ERG on the bright flash response with
a diminished b-wave response that was reduced when
compared to its corresponding a-wave [34]. 8 weeks
after systemic chemotherapy, rod and cone responses
improved but did not fully normalize [34]. However, the
negative waveform reverted to normal [34]. By 3 years of
follow-up, the amplitudes continued to improve but still
remained abnormal [34].

Conclusion

PVRL can often mimic other ocular diseases, making
diagnosis difficult and delayed. Identification of key find-
ings on multimodality ophthalmic imaging modalities
can help to identify pathologic lesions that raise the level
of suspicion for PVRL, potentially triggering a definitive
diagnostic procedure. Characteristic findings include vit-
ritis and subretinal or sub-RPE lesions that may represent
tumor infiltrates. Sub-RPE lesions can be hypo- or hyper-
autofluorescent and do not always correlate with disease
activity. Granular fundus autofluorescent changes com-
monly present with a reversed pattern on FA.

OCT can be used to assess disease activity. OCT can
demonstrate a confluent hyper-reflective band in the sub-
retinal space and infiltrates localized between the RPE
and Bruch’s membrane. Active lesions can often present
with outer retinal fuzzy borders, PED, and subretinal
fluid, which resolve with treatment and may leave behind
subretinal fibrosis, disruption of the outer retina, and ret-
inal thinning.
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FA and ICGA also provide additional structural infor-
mation about disease processes associated with PVRL.
While FA findings including optic disc leakage, retinal
vascular leakage or petaloid edema may be observed
in other endogenous uveitis syndromes, their presence
should not exclude the possibility of PVRL. Moreo-
ver, ICGA can help to distinguish PVRL from other
uveitides with more characteristic ICGA findings.

Given the advances in ultra-wide field imaging to
document and follow lesions, complemented by OCT,
fundus autofluorescence, and traditional angiography,
multimodal imaging is a mainstay for the diagnosis
and management of PVRL. There is a continued need
for quantitative research using these methods, as well
as functional assessments including ERG [35]. Applying
a multimodal approach enhances the physician’s ability
to accurately and promptly diagnose PVRL. Specifically,
fundus photography allows for direct visualization of
retinal and subretinal lesions as well as detection of
subtle changes, particularly in the context of prior dif-
fuse RPE changes. In addition, fundus autofluorescence
and OCT provide meaningful structural information
including outer retina, RPE, and sub-RPE lesions that
may guide a clinician towards a definitive vitreous or
retinal biopsy. Early diagnosis of PVRL not only hastens
potentially vision-improving treatment but may also
spur urgent investigation and management for primary
CNS lymphoma, significantly improving patient health
and quality of life.

Abbreviations

PVRL: Primary vitreoretinal lymphoma; FAF: Fundus autofluorescence; OCT:
Optical coherence tomography; CNS: Central nervous system; RPE: Retinal
pigment epithelium; VHRL: Vertical hyperreflective column; ICGA: Indocyanine
green angiography; FA: Fluorescein angiography; ERG: Electroretinography;
PED: Pigment epithelial detachment; CME: Cystoid macular edema.

Acknowledgements
None.

Author contributions

LX played a key role in conception, conducted the literature review, and
wrote the manuscript. YH assisted with literature review and contributed in
writing and revising the manuscript. CA and AL gathered data, revised and
approved the final manuscript. SY played a key role in conception, revised the
manuscript, and provided the figures shown. All authors read and approved
the final manuscript.

Funding

This project was supported by the National Eye Institute of the National
Institutes of Health under award number RO1 EY029594 (SY). The content is
solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health or the views or policies
of the Department of Health and Human Services, nor does mention of trade
names, commercial products, or organizations imply endorsement by the U.S.
Government. Funding support is also provided by the Macula Society Retina
Research Foundation Cox Family Grant, Association for Research in Vision and
Ophthalmology Mallinckrodt Foundation Young Investigator Award, and the
Stanley M. Truhlsen Family Foundation, Inc.



Xu et al. International Journal of Retina and Vitreous (2022) 8:58

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analyzed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Retina Group of Washington, Washington, DC, USA. *Truhlsen Eye Institute,
University of Nebraska Medical Center, Omaha, NE, USA. *Emory Eye Center,
Emory University School of Medicine, Atlanta, GA, USA. “Department of Hema-
tology and Medical Oncology, Emory University School of Medicine, Atlanta,
GA, USA. *Winship Cancer Institute, Emory University School of Medicine,
Atlanta, GA, USA.

Received: 19 January 2022 Accepted: 11 August 2022
Published online: 26 August 2022

References

1. Chan CC, Rubenstein JL, Coupland SE, Davis JL, Harbour JW, Johnston
PB, et al. Primary vitreoretinal lymphoma: a report from an International
Primary Central Nervous System Lymphoma Collaborative Group sympo-
sium. Oncologist. 2011;16(11):1589-99.

2. Coupland SE, Damato B. Understanding intraocular lymphomas. Clin Exp
Ophthalmol. 2008;36(6):564-78.

3. Lukas RV, Stupp R, GondiV, Raizer JJ. Primary central nervous system
lymphoma-PART 1: Epidemiology, Diagnosis, Staging, and Prognosis.
Oncology. 2018;32(1):17-22.

4. Jahnke K, Korfel A, Komm J, Bechrakis NE, Stein H, Thiel E, et al. Intraocular
lymphoma 2000-2005: results of a retrospective multicentre trial. Graefes
Arch Clin Exp Ophthalmol. 2006;244(6):663-9.

5. Siegal T, Bairey O. Primary CNS Lymphoma in the Elderly: the challenge.
Acta Haematol. 2019;141(3):138-45.

6. Venkatesh R, Bavaharan B, Mahendradas P, Yadav NK. Primary vitreoreti-
nal lymphoma: prevalence, impact, and management challenges. Clin
Ophthalmol. 2019;13:353-64.

7. Cassoux N, Merle-Beral H, Leblond V, Bodaghi B, Miléa D, Gerber S, et al.
Ocular and central nervous system lymphoma: clinical features and
diagnosis. Ocul Immunol Inflamm. 2000;8(4):243-50.

8. Araujo |, Coupland SE. Primary vitreoretinal lymphoma—a review. Asia
Pac J Ophthalmol. 2017;6(3):283-9.

9. Lavine JA, Singh AD, Sharma S, Baynes K, Lowder CY, Srivastava SK. Ultra-
widefield multimodal imaging of primary vitreoretinal lymphoma. Retina.
2019;39(10):1861-71.

10. Mantopoulos D, Cebulla CM. Multimodal imaging of spontane-
ously shifting primary vitreoretinal lymphoma. Ocular Oncol Pathol.
2015;1(4):237-40.

11. Marchese A, Agarwal A, Miserocchi E, Giuffré C, Bandello F, Modorati G,
et al. Features of retinitis-like lesions in vitreoretinal lymphoma. Ocul
Immunol Inflamm. 2021;29(3):440-7.

12. Ryan ME, Shantha JG, Grossniklaus HE, Yeh S. Secondary vitreoretinal lym-
phoma masquerading as acute retinal necrosis. Ophthalmic Surg Lasers
Imaging Retina. 2015;46(10):1048-50.

13. Rali A, Xu LT, Craven C, Cohen JB, Yeh S, Grossniklaus HE, et al. Diagnostic
retinal biopsy in the management of secondary non-CNS vitreoretinal
lymphoma masquerading as viral retinitis: a case report. Int J Retina Vitre-
ous. 2021;7(1):58.

14. Casady M, Faia L, Nazemzadeh M, Nussenblatt R, Chan CC, Sen HN. Fun-
dus autofluorescence patterns in primary intraocular lymphoma. Retina.
2014,34(2):366-72.

Page 7 of 7

o

Egawa M, Mitamura Y, Hayashi Y, Semba K, Naito T. Changes of fundus
autofluorescence and spectral-domain optical coherence tomographic
findings after treatment of primary intraocular lymphoma. J Ophthalmic
Inflamm Infect. 2014;4(1):7.

16. Egawa M, MitamuraY, Hayashi Y, Naito T. Spectral-domain optical coher-
ence tomographic and fundus autofluorescence findings in eyes with
primary intraocular lymphoma. Clin Ophthalmol. 2014;8:335-41.

17. Ishida T, Ohno-Matsui K, Kaneko Y, Tobita H, Shimada N, Takase H, et al.
Fundus autofluorescence patterns in eyes with primary intraocular
lymphoma. Retina. 2010;30(1):23-32.

18. Huying ZW, Wenxue G, MaY, Ge W, Zhang X, Xiao Y, Peng X. Characteris-
tics of optical coherence tomography in patients with primary vitreoreti-
nal lymphoma. Chinese J Ocular Fundus Dis. 2021;37(2):133-7.

19. Zhao H, Wang X, Mao Y, Peng X. Longitudinal observation of OCT
imaging is a valuable tool to monitor primary vitreoretinal lymphoma
treated with intravitreal injections of methotrexate. BMC Ophthalmol.
2020;20(1):10.

20. Keino H, Okada AA, Watanabe T, Echizen N, Inoue M, Takayama N, et al.
Spectral-domain optical coherence tomography patterns in intraocular
lymphoma. Ocul Immunol Inflamm. 2016;24(3):268-73.

21. Saito T, Ohguro N, lwahashi C, Hashida N. Optical coherence tomography
manifestations of primary vitreoretinal lymphoma. Graefes Arch Clin Exp
Ophthalmol. 2016;254(12):2319-26.

22. Barry RJ, Tasiopoulou A, Murray PI, Patel PJ, Sagoo MS, Denniston AK,
et al. Characteristic optical coherence tomography findings in patients
with primary vitreoretinal lymphoma: a novel aid to early diagnosis. Br J
Ophthalmol. 2018;102(10):1362-6.

23. Fardeau C, Lee CP, Merle-Béral H, Cassoux N, Bodaghi B, Davi F, et al.
Retinal fluorescein, indocyanine green angiography, and optic coher-
ence tomography in non-Hodgkin primary intraocular lymphoma. Am J
Ophthalmol. 2009;147(5):886-94.

24. Forooghian F, Merkur AB, White VA, Shen D, Chan CC. High-definition
optical coherence tomography features of primary vitreoretinal lym-
phoma. Ophthal Surg Lasers Imaging. 2011;42:97-9.

25. LiuTYA, Ibrahim M, Bittencourt M, Sepah YJ, Do DV, Nguyen QD. Retinal
optical coherence tomography manifestations of intraocular lymphoma.
J Ophthal Inflamm Infect. 2012;2(4):215-8.

26. Yeh S, Wilson DJ. Combination intravitreal rituximab and methotrexate for
massive subretinal lymphoma. Eye. 2010;24(10):1625-7.

27. Carbonell D, Mahajan S, Chee S-P, Sobolewska B, Agrawal R, Bllow T,
et al. Consensus recommendations for the diagnosis of vitreoretinal
lymphoma. Ocul Immunol Inflamm. 2021;29(3):507-20.

28. Dedk GG, Goldstein DA, Zhou M, Fawzi AA, Jampol LM. Vertical hyper-
reflective lesions on optical coherence tomography in vitreoretinal
lymphoma. JAMA Ophthalmol. 2019;137(2):194-8.

29. Jang HS, Sepah YJ, Sophie R, Bittencourt MG, Ferraz D, Hanout M, et al.
Longitudinal spectral domain optical coherence tomography changes in
eyes with intraocular lymphoma. J Ophthal Inflamm Infect. 2013;3(1):59.

30. DiaconitaV, Rihani H, Mares V, Nehemy MB, Bakri SJ, Pulido JS. The use of
anterior segment optical coherence tomography (ASOCT) in demonstrat-
ing recurrence of vitreoretinal lymphoma (VRL) in the anterior vitreous.
Int J Retina Vitr. 2019;5:19. https://doi.org/10.1186/540942-019-0169-8.

31. Velez G, Chan CC, Csaky KG. Fluorescein angiographic findings in primary
intraocular lymphoma. Retina. 2002;22(1):37-43.

32. Venkatesh R, Gurav P, Abhishek Dave P, Gandhi A. Capillary dropout: a
novel fluorescein angiography finding in primary vitreoretinal lymphoma.
Ocular Oncol Pathol. 2017;3(4):324-7.

33. Mapelli C, Invernizzi A, Barteselli G, Pellegrini M, Tabacchi E, Staurenghi G,
et al. Multimodal imaging of vitreoretinal lymphoma. Ophthalmologica.
2016;236(3):166-74.

34. Yasuda C, Ueno S, Kondo M, Kondo N, Piao C-H, Terasaki H. Analyses
of ERG in a patient with intraocular lymphoma. Clinical ophthalmol.
2010;4:301-6.

35. Rishi P, Maitra P, Das K, Rishi E, Manchegowda PT. Multimodal imaging

characteristics in eyes with vitreoretinal lymphoma treated with intravit-

real rituximab. Int Ophthalmol. 2021;41(8):2711-22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s40942-019-0169-8

	Multimodal diagnostic imaging in primary vitreoretinal lymphoma
	Abstract 
	Background: 
	Observations: 
	Conclusion: 

	Background
	Fundus Photography (Fig. 1A)
	Fundus autofluorescence
	Optical coherence tomography
	Fluorescein angiography
	Indocyanine green angiography
	Electroretinography

	Conclusion
	Acknowledgements
	References




