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Pearls Diagnostic Vitreoretinal Surgery

e The preoperative clinical impression
and differential diagnosis are important
in guiding the selection of diagnostic
testing to be performed on intraocular
specimens.

* PCR of aqueous and vitreous samples
provides a highly sensitive and specific
assay in the diagnosis of suspected
infectious posterior uveitis or uncertain
etiology and/or atypical presentation,
allowing the differentiation of diverse
potential microorganisms.

e Chorioretinal biopsies are preferred for
uncertain disease processes primarily

Indications

In the vast majority of cases of posterior uveitis, a
diagnosis may be reached by the combination of
a comprehensive medical and ophthalmic history,
review of systems, complete ocular examina-
tion, and directed laboratory investigations. The
primary tissue level of intraocular inflammation
(retinitis vs. choroiditis), the number (paucifo-
cal vs. multifocal), location (posterior pole vs.
periphery), and other lesion descriptors (color,
size, shape), together with host factors (immu-
nocompetence) are often sufficient to make a

involving choroid in which the retina
may be secondarily affected such as
tuberculosis, sarcoidosis, PIOL, and
cancer metastasis without evidence of
systemic malignancy.

diagnosis based on “pattern recognition” in the
correct clinical context [1]. For example, an area
of focal retinitis adjacent to a hyperpigmented
chorioretinal scar with accompanying vitritis
in an otherwise healthy patient is suggestive of

toxoplasmic retinochoroiditis, whereas typical
multifocal wedges of hemorrhagic retinitis and
scant vitreous cell in a profoundly immunosup-
pressed patient with HIV/AIDS evoke a diagno-
sis of CMV retinitis.

Diagnostic dilemmas arise when the clinical
presentation is atypical (diffuse toxoplasmic
retinochoroiditis in an immunocompromised
patient resembling necrotizing herpetic reti-
nitis), when the systemic work up in incon-
clusive, or where there has been inadequate
response to or worsening of inflammation
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Fig. 11.1 (a) Classical toxoplasmic retinochoroiditis
with an area of active focal retinitis adjacent to an old cho-
rioretinal scar. (b) Diffuse toxoplasmic retinochoroiditis

Table 11.1 Indications
surgery
Uveitis unknown etiology
Clinical presentation insufficient to make diagnosis
Atypical presentation
Systemic workup inconclusive
Inadequate response to conventional therapy
Suspected intraocular infection
Suspected intraocular malignancy

Biopsy has potential to alter management of uveitis and
impact systemic health

for diagnostic vitreoretinal

with conventional therapy (unsuspected pri-
mary intraocular lymphoma or the treatment
of infectious uveitis with corticosteroid mono-
therapy) (Fig. 11.1). In such cases, paracente-
sis to acquire aqueous fluid and vitreoretinal
surgical techniques to obtain vitreous, reti-
nal, subretinal, and/or chorioretinal biopsy
specimens for directed laboratory analysis
are essential in the differentiation of purely
inflammatory from infectious and neoplastic
etiologies and so allow the commencement of
appropriate, specific therapy for these patients
with severe, sight-threatening posterior uveitis
(Table 11.1).

in an immunocompromised host. Funduscopic appear-
ance inadequate to differentiate to this entity from her-
petic necrotizing retinitis and syphilitic chorioretinitis

Anterior Chamber Paracentesis

Diagnostic anterior chamber paracentesis is a rel-
atively safe procedure which may be performed
in an outpatient setting and may serve as a use-
ful adjunct in the diagnosis and monitoring of a
variety of infectious and noninfectious uveitic
entities as well as masquerade syndromes [2].
Among 361 patients undergoing this procedure,
no major complications (endophthalmitis, cata-
ract, keratitis) were reported [3] while in more
recent retrospective study of 560 uveitic eyes,
mild adverse events (anterior lens capsule touch,
intracameral air, betadine allergy) were seen in
only 4 (0.7%) cases [4].

While aqueous samples may be processed for
microbiologic examination, such as Gram stain
and culture in cases of suspected intraocular
infection, they are typically sent for qualitative
or real-time polymerase chain reaction (PCR)
and/or local pathogen-specific antibodies with
Goldmann-Witmer coefficient (GWC), the lat-
ter being more commonly employed in Europe.
For PCR analysis, the aqueous is most useful
when the differential diagnosis is narrow, as the
maximum obtainable volume of aqueous is small
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(300 pL), limiting the number of diagnostic tests
that can be performed. For example, in patients
presenting with the typical clinical feature of the
acute retinal necrosis syndrome (ARN), PCR of
the aqueous is usually sufficient to detect varicella
zoster (VZV), herpes simplex (HSV), cytomega-
lovirus (CMV), or Toxoplasma gondii DNA and
confirm the diagnosis [5]. The diagnostic yield
can be increased by using PCR and the GWC
together as these tests are complementary for the
diagnosis of infectious uveitis [6]. While ante-
rior paracentesis with PCR had little diagnostic
utility and resulted in few management changes
(13%) among patients with suspected infectious
anterior uveitis [7], aqueous analysis with PCR
and GWC for VZV, HSV, CMV and Toxoplasma
gondii was positive in 29% of 152 cases of pos-
terior uveitis but in none of 40 controls, resulting
in a change of management in 24% of patients
[8]. In the latter study, clinical features associated
with a positive result included extensive retinitis
and focal chorioretinitis, whereas multifocal cho-
rioretinitis, retinal vasculitis, and neuroretinitis
were rarely positive.

Cytologic analysis of aqueous specimens may
be confirmatory in presumed phacogenic uve-
itis, revealing lipid-laden macrophages, and in
suspected neoplastic masquerades, such as pseu-
dohypopyon in the setting of acute myelogenous
leukemic infiltration of the uveal tract [9].

Finally, measurement of IL-10 levels in the
aqueous humor of patients suspected of pri-
mary intraocular lymphoma (PIOL) may be use-
ful both as a screening tool and in monitoring
the response to therapy. The mean IL-10 values
were found to be significantly different between
patients with PIOL and uveitis, with a cutoff of
50 pg/ml being both highly sensitive (89%) and
specific (93%) [10].

Diagnostic Vitrectomy

Diagnostic vitrectomy is considered in patients
with sight-threatening posterior uveitis in which

the clinical presentation and initial noninvasive
testing have failed to establish a pathoetiologic
diagnosis and/or had been unresponsive to stan-
dard treatment. In this setting, vitreous biopsy
analysis has the potential to significantly alter
management by differentiating infectious, non-
infectious and neoplastic uveitic masquerade
processes. Specifically, diagnostic vitrectomy is
employed in cases of suspected infectious pos-
terior uveitis due to bacteria (acute and delayed
onset postoperative endophthalmitis,), viruses
(the herpetic necrotizing retinitides (ARN and
progressive outer retinal necrosis or PORN)),
protozoal and helminthic diseases (Toxoplasma
gondii and Toxocara spp.), and fungi (endog-
enous endophthalmitis). Vitreous biopsy is an
essential intervention in the diagnosis of mas-
querade syndromes such as PIOL and intraocular
Whipple’s disease [11].

Vitreous Tap/Biopsy

Vitreous biopsy techniques include a one-
port approach using a 22-27-G needle on a
1 ml or 3 ml syringe inserted into the vitreous
cavity through the pars plana (vitreous tap).
Advantages of this approach include the con-
venience of the outpatient setting and the need
for minimal equipment, and so, it may be ide-
ally suited for cases in which a relatively small
sample volumes are required (0.5-2.0 ml of
intraocular fluid) and in which the differen-
tial diagnosis is narrow, such as in the setting
of postoperative endophthalmitis, or when the
exclusion or inclusion of only one or two diag-
nostic entities (e.g., necrotizing viral retinitis) is
required. Disadvantages include smaller sample
volumes limiting the number and type of poten-
tial diagnostic tests, especially when the differ-
ential diagnosis is broad, and the potential for
iatrogenic complications associated with vitre-
ous base traction and hypotony. In the setting of
acute postoperative endophthalmitis, the endo-
phthalmitis vitrectomy study (EVS) found no
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difference in outcomes between immediate tap/
biopsy group and the three-port PPV group for
patients with better than light perception vision
at the study entry [12]. While there was a higher
positive culture rate from vitreous samples as
compared to those obtained from the aqueous,
there were no differences in outcomes between
the study groups with respect to vision, micro-
bial yield, operative complications, or short-
term retinal detachment [13]. Among 59 patients
with posterior or panuveitis who underwent vit-
reous biopsy obtained either by vitreous tap or
during standard three-port PPV, the initial diag-
nosis was confirmed or an infectious etiology
excluded in 68% while the biopsy result altered
management significantly in 12% of patients
[14]. Complications were few and included one
case each of hypotony and retinal detachment.

Pars Plana Vitrectomy (PPV)

A standard three-port PPV (20, 23, 25, and
27 G) is generally preferred when the differen-
tial diagnosis is broad as it allows larger sample
volumes to be obtained in a controlled manner,
and so, greater latitude in the scope of labora-
tory testing, as well as the opportunity to per-
form simultaneous therapeutic vitrectomy as
needed (Fig. 11.2). Valved trocar smaller gauge
(23, 25, and 27 G) transconjunctival, sutureless
vitrectomy systems may be ideally suited for

Fig. 11.2 Standard
vitrectomy

three-port 25 G pars

plana

diagnostic purposes as well as therapeutically,
when vitrectomy is required to clear the visual
axis and/or in addressing vitreoretinal structural
pathology. During diagnostic PPV, an undi-
luted (pure) vitreous specimen of up to 1.5 ml
is obtained initially with the vitreous cutter con-
nected directly to a 3 ml syringe under manual
aspiration with the infusion line off until the eye
softens. Larger volumes of undiluted vitreous
(average of 2.4 ml) may be obtained using per-
fluorocarbon-perfused vitrectomy in which aspi-
rated vitreous is replaced with perfluorocarbon
liquid which is manually and simultaneously
injected into the vitreous cavity through the infu-
sion line connected to a syringe [15]. A dilute
specimen is then obtained with the infusion
line turned on, manually aspirating into a 20 ml
syringe and/or by collecting the vitreous wash-
ings from the machine cassette. Depending on
the suspected preoperative differential diagnosis,
the undiluted sample is sent for PCR, cytologic
and cytokine analysis, while the dilute specimen
is processed for cell block preparation for cyto-
logic analysis [hematoxylin-eosin (HE), periodic
acid-Schiff (PAS) stains], immunohistochemis-
try (CD20, CD3, in situ hybridization for x and 4
light chains), flow cytometry, and microbiologi-
cal analysis for cultures [16] (Table 11.2).

Subretinal, Endoretinal,
and Chorioretinal Biopsy

Occasionally, analysis of the vitreous is either
inappropriate or fails to provide useful diag-
nostic information. Uveitic masquerade syn-
dromes such as PIOL presenting with subretinal
or sub-RPE infiltration and certain infectious
entities (i.e., atypical presentations of toxo-
plasmosis, necrotizing herpetic retinitis, syphi-
litic and candida retinitis), which are primarily
located in the neurosensory retina or RPE, may
require subretinal [17] or endoretinal biopsy
[18-20] for definitive diagnosis (Fig. 11.3). In
other instances, chorioretinal biopsy may be
required for patients with progressive, medi-
cally unresponsive, sight-threatening infectious
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Table 11.2 Vitreous sample processing

Autoimmune

Lymphoma Infectious inflammatory Tumor metastasis
Undiluted Cytologic analysis PCR: Toxoplasma Cytologic Cytologic analysis
vitreous PCR: IgH gene gondii, HSV, VZV, analysis

rearrangements and TCR TB complex, CMV  Cytokine

Cytokine analysis analysis (IL-10

(IL-10 to IL-6 ratio) to IL-6 ratio)

Myd88 L265P gene mutation
Diluted Cell block preparation for Cell block Cell block preparation for
vitreous cytologic analysis: preparation for cytologic analysis,

HE and PAS stains

Immunohistochemistry/flow
cytometry (CD20 and CD3)

In situ hybridization (x and
A light chains and EBV)

Adapted from: Mehta et al. [65]

stains

cytologic analysis
HE, PAS, fungal

immunohistochemistry

Microbiological
analysis for cultures

CMYV cytomegalovirus, EBV Epstein-Barr virus, HE hematoxylin-eosin, HSV herpes simplex virus, /gH heavy-chain
immunoglobulin, /L interleukin, PAP Papanicolaou, PAS periodic acid-Schiff, PCR polymerase chain reaction, 78

tuberculosis, TCR T-cell receptor, VZV varicella zoster virus

Fig. 11.3 (a) Color photograph of primary intraocular lymphoma presenting with subretinal infiltration. (b) SD-OCT
of nasal retina showing both subretinal and sub-RPE infiltration

(tuberculosis), non-infectious (sarcoidosis), and
masquerade (Whipple’s disease) chorioretinal
processes [21].

Fine-Needle Aspiration Biopsy
(FNAB)

A variation of the vitreous biopsy technique
is the fine-needle aspiration biopsy (FNAB) in
which a 25-30 G, 1.5 inch (3.75 cm) needle is
bent to an angle and connected to an aspirating
syringe. The needle is passed into the eye via a
pars plana incision and used to aspirate subreti-
nal material under direct visualization with indi-

rect ophthalmoscopy [22, 23]. As a vitrectomy
is not performed with this technique, it carries
a greater risk for vitreoretinal traction-related
complications such as retinal detachment and
does not allow for adequate gas tamponade
postoperatively.

Subretinal Aspirate

Alternatively, infiltrative subretinal material
may be sampled during the course of PPV fol-
lowing vitreous biopsy as described above,
complete vitrectomy and removal of the pos-
terior hyaloid. The biopsy site is usually
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selected at the edge of the lesion, at the junc-
tion of affected and normal retina, preferably
in the superior hemiretina, to maximize the
efficacy of postoperative gas tamponade. The
biopsy site is then surrounded with endolaser
and any vessels are diathermized. The intra-
ocular pressure (IOP) is raised temporarily to
greater than 50 mm Hg to reduce the risk of
bleeding. A microvitreoretinal blade is used to
incise the retina, and a 25-gauge, flexible, sili-
cone cannula with the tip previously beveled
is placed in the subretinal space; an assistant
aspirates the biopsy specimen manually into
a 3 ml syringe. The silicone-tipped cannula
allows visualization of the cells flowing into
the needle. Several such sites may be needed
in order to obtain an adequate specimen and
increase the yield. Fluid can be drawn from the
mid-vitreous cavity to ensure that all the cells
are in the syringe. A total volume of 0.5-1.0 ml
within the syringe is usually adequate. Another
maneuver to increase the yield is to enlarge the
retinotomy, thus gaining access to a larger area
of the subretinal space and obtaining a larger
cellular aspirate. In some instances, material
beneath the retina may be grasped with subreti-
nal forceps and removed. After the intraocular
specimen is removed, the intraocular pres-
sure is lowered and hemostasis is confirmed.
The peripheral retina is examined to exclude
the presence of breaks or tears; an air-fluid
exchange is performed, endolaser is applied
around the retinotomy sites if not performed
previously and the eye is insufflated with long-
acting gas tamponade.

In the case of intraocular neoplasm and PIOL
in particular, the aspirated material is more likely
to have a higher concentration of viable cells
than the adjacent intraocular fluid, reducing the
chances of a false-negative cytologic result which
occurs not infrequently following vitreous biopsy
alone. Therefore, it is recommended that both
vitreous biopsy and subretinal aspirate be per-
formed during diagnostic PPV in suspected cases
of PIOL which harbor characteristic subretinal
lesions.

Endoretinal and Chorioretinal
Biopsy

Judicious preoperative consideration of the dif-
ferential ~diagnosis, careful biomicroscopic
examination, multimodal imaging, and the
disease course influence the choice of surgi-
cal procedure and so the biopsy site and depth.
Endoretinal biopsy is ideal for the detection of
intracellular pathogens such as HSV, VZV, CMV,
and Toxoplasma gondii that spread by cell-to-cell
contact within the retina, bacterial (syphilis) and
fungal (candida) infections producing a retinitis
and infiltrating processes (PIOL) located in the
subretinal space and RPE in which the overlying
vitreous may not be affected. Chorioretinal biop-
sies are preferred for uncertain disease processes
primarily involving choroid in which the retina
may be secondarily affected such as tuberculosis,
sarcoidosis, PIOL, and cancer metastasis without
evidence of systemic malignancy.

Endoretinal biopsy is performed during the
course of PPV following vitreous biopsy, com-
plete vitrectomy, and removal of the posterior
hyaloid. As previously described with a subreti-
nal aspirate, the biopsy site is usually selected at
the junction of affected and normal retina, pref-
erably in the superior hemiretina, to maximize
the efficacy of postoperative gas tamponade, and
surrounded with endolaser. If the retina is already
detached, internal diathermy may be substituted
and used to treat any vessels within the site. For
cases in which the retina is attached, a 39 G can-
nula is used to inject saline under the neurosen-
sory retina to create a small bleb. Again, the IOP
is raised temporarily to greater than 50 mm Hg
to reduce the risk of bleeding. An incision is then
made in the retina using a needle knife, or MVR
blade and vertical intraocular scissors are used to
complete the neurosensory retinectomy to obtain
at least a 2 mm by 2 mm biopsy specimen, left
attached at one corner. The infusion should be
temporarily turned off prior to removing the reti-
nal sample to prevent turbulence and loss of the
specimen. Broad-based forceps are then used to
grasp the specimen and remove it from the eye.
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Care should be taken not to lose the retinal biopsy
sample as the forceps leave the eye at the sclerot-
omy site. Alternatively, the biopsy specimen may
be manually aspirated through an 18-gauge nee-
dle into a 10 cc syringe and diluted to about 3 cc,
visually confirming the specimen in the syringe.
The plunger from the syringe is removed by the
surgical assistant and the contents emptied onto a
sterile petri dish, again confirming the presence
of the specimen in the dish. After carefully aspi-
rating excess fluid, the isolated specimen may
be partitioned as described below. The periph-
eral retina is then examined, retinopexy applied
to breaks if present, the retina is reattached with
air-fluid exchange and long-acting non-expansile
concentration of perfluoropropane (15%) or sul-
fahexafluoride (20%) is exchanged with the air.
Chorioretinal biopsy may be performed tran-
sclerally [21] or more commonly, by an ab interno
approach [24]. As previously mentioned, FNAB
may also be used to obtain retinal or choroidal
tissue [25]. The majority of eyes undergoing ab
interno chorioretinal biopsy have already under-
gone an inconclusive diagnostic vitrectomy and
is described as follows [26]. If not previously per-
formed, a vitreous biopsy, complete vitrectomy,
and removal of the posterior hyaloid are achieved
prior to delineating the intended biopsy site with
endodiathermy or endolaser. Endodiathermy is
preferred as this may achieve better retinal and
choroidal hemostasis. After elevating the IOP
to 50-60 mm HG, vertical scissors are used to
incise the retina and choroid down to the sclera.
The incision follows the outline of the diathermy
nearly 360 degrees leaving the specimen hinged
at one corner to prevent it from dislodging and
floating freely in the vitreous cavity. While this
procedure may be performed with 20-25 G vit-
rectomy systems, the access sclerotomy is usu-
ally 20 G and enlarged with an MVR blade prior
to removal of the specimen. The chorioretinal tis-
sue is then grasped near the hinge with a broad-
platform forceps and removed rapidly from the
eye to prevent hypotony and bleeding that may
result from reduced intraocular pressure during
this phase of the procedure. Bare sclera should

be visualized within the biopsy site. The speci-
men is transferred to a specimen cup, partitioned
as described below and the sclerotomy sutured
immediately to its original size. Additional dia-
thermy may be applied to the edge of the biopsy
site and blood and/or residual tissue remnants
removed with the vitreous cutter. Intraocular
pressure is then slowly reduced and hemostasis
verified. The peripheral retina is then examined,
retinopexy applied to breaks if present, an air-
fluid exchange is performed draining through the
biopsy site which is then and surrounded with
several rows of endolaser. A non-expansile con-
centration of perfluoropropane (15%) or silicone
oil is employed as an extended tamponade.

Complications

The risks associated with intraocular biopsy pro-
cedures are congruent with those of vitreoretinal
surgery in general. These include endophthalmi-
tis, vitreous and choroidal hemorrhage, retinal
breaks and detachment, proliferative vitreoreti-
nopathy (PVR), elevated intraocular pressure
(IOP), cataract progression, and exacerbation of
underlying intraocular inflammation. In a recent
retrospective review of 29 consecutive cases
undergoing chorioretinal biopsy for suspected
intraocular lymphoma over a 15 year period, no
intraoperative complications were reported [14].
During the follow-up period, the complication
rate was 14% and included two vitreous hemor-
rhages, both of which resolved spontaneously,
and two late retinal detachments, each success-
fully repaired.

Sample Processing

The preoperative clinical impression and dif-
ferential diagnosis are important in guiding the
selection of diagnostic testing to be performed
on intraocular specimens. Likewise, preopera-
tive communication with respective laborato-
ries is essential for effective sample processing.
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Vitreous may be sent for cytopathology, flow
cytometry, cytokine analysis, microbial culture,
antibody testing, and molecular studies (PCR)
(Table 11.2). Likewise, endoretinal and cho-
rioretinal biopsy specimens are oriented and
partitioned in the OR as follows: fresh tissue
for microbiology, PCR, and cell culture media
(RPMI); formalin fixation for paraffinization,
immunohistochemistry, and/or in situ hybridiza-
tion; and 4% glutaraldehyde for light and elec-
tron microscopy.

Cytology

Cytological evaluation may be performed on
cells harvested from the vitreous, subretinal
aspirate or chorioretinal biopsy specimen and
requires immediate attention to prevent cellu-
lar degradation, especially in cases of suspected
intraocular lymphoma, where rapid transport to
the lab in tissue-culture medium (e.g., RPMI-
1640S) may preserve cellular viability. While it
remains the gold standard for the diagnosis of
intraocular lymphoma, the sensitivity of vitreous

Fig.11.4 Primary
intraocular lymphoma:
light microscopy with
hematoxylin and eosin
highlighting large
lymphoid cells with
scant basophilic
cytoplasm and large,
round-oval, indented or
hypersegmented nuclei
with prominent,
frequently multiple
nucleoli

cytopathology for this diagnosis has been histori-
cally low [27]. Samples are typically paucicel-
lular, previous treatment with corticosteroids is
cytolytic to lymphoma cells, and the presence of
reactive T lymphocytes admixed with necrotic
cells and debris may confound cytologic inter-
pretation. Ultimately, cytologic evaluation may
be limited by the skill of the cytopathologist and
by its inability to immunophenotype (determine
B-cell or T-cell origin) lymphocytes. Typical
cytologic findings of PIOL on light microscopy
(LM) with conventional stains (hematoxylin
and eosin or Giemsa) include large lymphoid
cells with scant basophilic cytoplasm and large,
round-oval, indented or hypersegmented nuclei
with prominent, frequently multiple nucleoli
with mitotic figures [28] (Fig. 11.4). Tumor cells
located between Bruch’s membrane and the RPE
is pathognomonic of PIOL [29].

Finally, in the appropriate clinical context,
cytologic assessment of vitreous biopsy speci-
mens has been shown to be of value in supporting
the diagnosis of sarcoid-related posterior seg-
ment inflammation and in directing appropriate
therapy [30].
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Immunohistochemistry

Immunohistochemical techniques detect cell
or tissue-bound antigens with monoclonal anti-
bodies either by microscopic examination of
immunofluorescence or by using fluorescence-
activated cell sorters, otherwise known as flow
cytometry (FCI). Both of these techniques permit
the immunophenotyping of lymphocytes and so
have been applied to the diagnosis of intraocular
lymphoma and its differentiation from infectious
and non-infectious uveitis [31, 32]. Specifically,
most primary intraocular lymphomas consist of
populations of monoclonal B lymphocytes that
stain for specific B-cell markers (CD-19, CD-20,
and CD-22) and have restricted expression of
kappa or lambda chains, while in non-infec-
tious posterior uveitis; there is a predominance
of CD4+ helper or inducer T lymphocytes and
elevated interleukin-2 receptor levels (CD-25)
which is correlated with uveitis activity [33].
T-cell lymphomas, while much less common,
can be identified by T-cell markers such as CD3
and DCS8. In one study, FCI identified intraocu-
lar lymphoma in 7 or 10 patients as compared
to only 3 diagnosed by cytology, [32] while in
another, it provided corroborative support in 6
patients diagnosed by both modalities [34]. Davis
and colleagues have reported that CD-22 + B
lymphocytes comprising >20% of total cells on
FCI had a positive predictive value of 88% for
lymphoma while a CD4:CDS8 T-lymphocyte ratio
of >4 had a similarly positive predictive value of
70% for immunologically mediated uveitis [35].

Cytokine Analysis

Cytokine analysis of vitreous and/or aqueous
samples from patients with suspected intraocu-
lar lymphoma may serve as a useful adjunct in
distinguishing this entity from inflammatory pos-
terior uveitis and in monitoring disease activity.
Interleukin-10 (IL-10) is preferentially produced
by malignant B lymphocytes in patients with
intraocular lymphoma, whereas, interleukin-6
(IL-6) is found in high levels in patients with
inflammatory uveitis [36]. Specifically, elevated

vitreous levels of IL-10 and a ratio of IL-10 to
IL-6 of >1 are suggestive of a diagnosis of PIOL
[37, 38]. Likewise, IL-10 levels in the aqueous
humor may be a useful biomarker for the diagno-
sis of PIOL and correlate with clinical response
to local chemotherapy [10].

Microbiologic Analysis

While culture remains the gold standard for the
diagnosis of intraocular infection, especially in
cases of bacterial endophthalmitis, many intra-
ocular microbes (viruses) are difficult to recover
and identify by this method. It is important to
hold bacterial specimens for a least 1 week and
fungal cultures for 1 month as some organisms
(Propionibacterium acnes) may require extended
time periods to grow (Fig. 11.5).

Intraocular Antibody Analysis

Intraocular antibody production as a measure of
the host response to a specific microbial patho-
gen can be computed utilizing the GWC: the
ratio of specific antibody (aqueous or vitreous)/
total IgG (aqueous or vitreous) to specific anti-
body (serum)/total IgG (serum) as measured by
enzyme-linked immunosorbent assay (ELISA)
or radioimmunoassay [39]. A ratio of greater
than 4 is considered diagnostic of local antibody
production [40]. Antibody testing of ocular flu-
ids remains the gold standard for the diagno-
sis of ocular toxocarasis [41]. It has been used
more widely in Europe than in the United States
as an adjunct to the diagnosis of toxoplasmosis
[42], necrotizing herpetic retinitis due to herpes
simplex virus (HSV) and varicella zoster virus
(VZV) while it is of little value in the diagnosis
of cytomegalovirus (CMV) retinitis [43].

Molecular Analysis
PCR of aqueous and vitreous samples provides

a highly sensitive and specific assay in the diag-
nosis of suspected infectious posterior uveitis or
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Fig. 11.5 Gram stain
revealing a colony of
gram-positive rods
consistent with
Propionibacterium
acnes. Note the yellow
lens capsule inferiorly.
(Courtesy of Nick
Mamalis, MD)

Table 11.3 PCR for intraocular infection

HSV I, VZV,CMV, EBV
Toxoplasma gondii
Mycobacterium tuberculosis
Borrelia burgdorferi
Propionibacterium
Leptospirosis

Tropheryma whipelli

Fungi (28s rDNA gene)
Bacteria (16s rDNA gene)
Metagenomics deep sequencing

uncertain etiology and/or atypical presentation,
allowing the differentiation of diverse poten-
tial microorganisms (Table 11.3). Small vol-
umes of fluid (0.1 ml) can be analyzed for the
detection and differentiation of herpes family
viruses (HSV 1, HSV 2, HSV-6, VZV, CMV, and
EBV). While the test sensitivity is greater for
the vitreous than the aqueous, in many cases of
necrotizing retinitis, PCR and/or antibody deter-
minations from the aqueous alone may provide
sufficient substrate for analysis, obviating the
need for vitrectomy [44].

PCR-based assays have also been developed
for the detection of Toxoplasma gondii, bacteria,
and fungi in cases of both acute and delayed-
onset postoperative endophthalmitis. In one study

using “universal” 16S rDNA primers, bacterial
DNA was amplified in nearly all cases of acute
postoperative endophthalmitis [45], while in the
Endophthalmitis Vitrectomy Study, the reported
rate of culture-positive cases was only 70%
[46]. Similarly, diagnostic yields of up to 92%
in cases of delayed-onset endophthalmitis due to
Propionibacterium acnes, Staphylococcus epi-
dermidis, or Actinomyces israelii [47] and fungi
[48] have been reported, significantly improving
the time to diagnosis over traditional techniques.
PCR screening of vitreous samples has proven
invaluable in the diagnosis of medically unre-
sponsive, atypical, or otherwise unusual causes
of posterior uveitis, such as suspected Whipple’s
disease [49], Lyme disease [50], ocular tubercu-
losis [51], or cat-scratch disease [52].
Furthermore, the recent development by Doan
and colleagues of an unbiased metagenomics
deep sequencing approach to identify infectious
organisms (fungi, parasites, DNA and RNA
viruses) in otherwise idiopathic uveitis using
small volumes of ocular fluid will likely change
our concept of etiopathogenesis for many uveitic
entities [53]. Finally, the diagnostic yield of PIOL
may be improved by isolating cells with cytologic
abnormalities with either laser capture or manual
microdissection for PCR-based molecular assays
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to detect IgH, bcl-2, or T-cell receptor gamma
gene rearrangements [54-56]. Furthermore, dis-
covery of the myeloid differentiation primary
response gene 88 (Myd88) mutation L265P in
86.7% of primary vitreoretinal lymphoma in one
series might make PCR testing for this mutation
highly sensitive in the diagnosis of PIOL. PCR
testing for the Myd88 L265P mutation can be
performed on paraffin-embedded blocks as well
as live cells [57].

Outcomes

The reported yield following diagnostic PPV
ranges from 20% to 92% [16, 31, 35, 58-62].
This variability is due in part to diverse defini-
tions of the final diagnosis but more importantly
to specific patient/case factors (preoperative
clinical diagnostic suspicion and previous expo-
sure to antimicrobial/anti-inflammatory therapy),
vitreous sample processing (effective preopera-
tive communication, time lag to testing, number
and types of tests ordered, experience of cytopa-
thologist), and surgical technique. In one series
of 87 patients, the overall diagnostic yield in dif-
ferentiating infectious from neoplastic disease
in eyes with posterior uveitis was 39% [60]. A
specific diagnosis was reached more often when
an underlying infection was suspected preoper-
atively (42% of 65 eyes) as compared to intra-
ocular malignancy (10% of 71 eyes). Intraocular
antibody testing and PCR had the highest yields
at 46% and 39%, respectively. In another study
from the Bascom Palmer Eye Institute, vitre-
ous analysis led to a diagnosis in 61% of 78
consecutive patients with 81% of patients having
a final diagnosis that matched the indication for
surgery [35]. When the initial and final clinical
diagnoses were compared, the efficiency of the
diagnostic procedure for cytology, flow cytome-
try, and bacterial/fungal culture were 67%, 79%,
and 96%, respectively. The positive predictive
value for cytologic evaluation for lymphoma was
100%, while the negative predictive value was
60.9%. For intraocular infection, the positive and
negative predictive values for bacterial/fungal
culture were 100% and 94.9%, respectively.

The diagnostic value of PCR from 105 aque-
ous and 38 vitreous specimens from among 133
patients with putative infectious chorioretini-
tis was reported from the same institution [63].
A definitive pathogen (HSV, VZV, CMV, EBY,
T. gondii) was identified in 81% of 95 patients,
leading to an alteration in treatment in 24% based
on PCR alone. Clinical features associated with a
positive result included early presentation (within
a week of onset), extensive areas of retinitis, reti-
nal vasculitis, and immunocompromised status.

Most recently, the largest data pool of reported
cytologic diagnoses has been reviewed from
among 5736 vitreous samples obtained dur-
ing diagnostic and therapeutic vitrectomy from
three teaching intuitions [16]. In eyes undergoing
diagnostic PPV for suspected B-cell lymphoma,
all 29 cases displayed cytologic atypia, whereas
B-cell monoclonality by PCR analyses for IgH
gene rearrangements was seen in 21 specimens.
Cytologic analysis was likewise diagnostic in
other patients suspected of malignancy including
those with retinoblastoma, melanoma, and meta-
static adenocarcinoma. The authors concluded
that cytologic evaluation of vitrectomy samples
provides valuable information in differentiating
nonpathologic findings from infectious, inflam-
matory, and neoplastic conditions and stressed
the importance of preoperative communication
between the surgeon and pathologist.

There are no large-scale data on the diagnos-
tic yield of trans pars plana subretinal aspira-
tion, FNAB, endoretinal or chorioretinal biopsy
as these procedures are performed relatively
infrequently. In one series of 67 patients under-
going FNAB for melanoma, the adequate yield
was obtained in 97% of eyes. In a retrospective
review of 14 retinal, subretinal, retino-choroidal
and choroidal biopsies taken for 13 eyes with
uveitis of unclear etiology suspected of harbor-
ing infectious or malignant disease, the patho-
logical diagnosis differed from the initial clinical
diagnosis in 5 of 13 cases [64]. In seven, the
tissue biopsy result directed specific treatment,
while in 4, the biopsy excluded malignancy but
failed to provide a specific diagnosis. In a recent
retrospective review of 29 patients undergoing
chorioretinal biopsy for suspected intraocular
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lymphoma, a definitive diagnosis was achieved
in 59%, malignancy was effectively excluded in
31%, while in 10% a definitive diagnosis could
not be reached [14]. Significant levels of vitritis
appeared to be strongly predictive of a definitive
biopsy result relative to lesser degrees of vitreal
inflammation.

Summary

Diagnostic vitreoretinal surgery is an essen-
tial intervention for sight-threatening uveitis of
unknown etiology in which the clinical presenta-
tion and systemic workup are either atypical or
insufficient to make a diagnosis and/or when the
response to conventional therapy is inadequate or
paradoxical. This is especially important in cases
of suspected intraocular infection or malignancy
where intraocular fluid and/or tissue biopsy have
the potential to significantly alter the manage-
ment of uveitis and impact the systemic health
of the patient.

References

1. Jabs DA, Busingye J. Approach to the diagno-
sis of the uveitides. Am J Ophthalmol. [Research
Support, N.I.LH., Extramural Research Support, Non--
U.S. Gov’t]. 2013;156(2):228-36.

2. Hunter RS, Lobo AM. Current diagnostic approaches
to infectious anterior uveitis. Int Ophthalmol Clin.
[Review]. 2011;51(4):145-56.

3. Vander Lelij A, Rothova A. Diagnostic anterior cham-
ber paracentesis in uveitis: a safe procedure? Br J
Ophthalmol. 1997;81(11):976-9.

4. Trivedi D, Denniston AK, Murray PI. Safety profile
of anterior chamber paracentesis performed at the slit
lamp. Clin Experiment Ophthalmol. [Comparative

Study Research  Support, Non-U.S. Gov’t].
2011;39(8):725-8.
5. Harper TW, Miller D, Schiffman JC, Davis

JL. Polymerase chain reaction analysis of aqueous and
vitreous specimens in the diagnosis of posterior seg-
ment infectious uveitis. Am J Ophthalmol. [Research
Support, N.I.H., Extramural Research Support, Non--
U.S. Gov’t]. 2009;147(1):140-7.e2.

6. De Groot-Mijnes JD, Rothova A, Van Loon AM,
Schuller M, Ten Dam-Van Loon NH, De Boer JH, et al.
Polymerase chain reaction and Goldmann-Witmer
coefficient analysis are complimentary for the diagno-
sis of infectious uveitis. Am J Ophthalmol. [Research
Support, Non-U.S Gov’t] 2006;141(2):313-8.

10.

11.

12.

13.

14.

15.

17.

. Anwar Z, Galor A, Albini TA, Miller D, Perez V,

Davis JL. The diagnostic utility of anterior chamber
paracentesis with polymerase chain reaction in ante-
rior uveitis. Am J Ophthalmol. [Comparative Study
Research Support, N.LLH., Extramural Research
Support, Non-US Gov’t; Research Support, US
Gov’t, Non-PHS] 2013;155(5):781-6.

. Rothova A, de Boer JH, Ten Dam-van Loon NH,

Postma G, de Visser L, Zuurveen SJ, et al. Usefulness
of aqueous humor analysis for the diagnosis of poste-
rior uveitis. Ophthalmology. [Research Support, Non--
U.S. Gov’t]. 2008;115(2):306-11.

. Ayliffe W, Foster CS, Marcoux P, Upton M,

Finkelstein M, Kuperwaser M, et al. Relapsing acute
myeloid leukemia manifesting as hypopyon uveitis.
Am J Ophthalmol. [Case Reports Research Support,
Non-U.S. Gov’t]. 1995;119(3):361-4.

Cassoux N, Giron A, Bodaghi B, Tran TH, Baudet S,
Davy F, et al. IL-10 measurement in aqueous humor
for screening patients with suspicion of primary
intraocular lymphoma. Invest Ophthalmol Vis Sci.
2007;48(7):3253-9.

Rickman LS, Freeman WR, Green WR, Feldman
ST, Sullivan J, Russack V, et al. Brief report: uveitis
caused by Tropheryma whippelii (Whipple’s bacil-
lus). N Engl J Med. [Case Reports Research Support,
Non-U.S. Gov’t; Research Support, U.S. Gov’t,
P.H.S.] 1995;332(6):363-6.

Results of the Endophthalmitis Vitrectomy Study.
A randomized trial of immediate vitrectomy and of
intravenous antibiotics for the treatment of postop-
erative bacterial endophthalmitis. Endophthalmitis
Vitrectomy Study Group. Arch Ophthalmol. [Clinical
Trial Multicenter Study Randomized Controlled
Trial Research Support, U.S. Gov’t, PH.S.].
1995;113(12):1479-96.

Han DP, Wisniewski SR, Kelsey SF, Doft BH, Barza
M, Pavan PR. Microbiologic yields and complication
rates of vitreous needle aspiration versus mechanized
vitreous biopsy in the Endophthalmitis Vitrectomy
Study. Retina. [Clinical Trial Comparative Study
Multicenter Study Randomized Controlled Trial
Research Support, Non-U.S. Gov’t Research Support,
U.S. Gov’t, PH.S.] 1999;19(2):98-102.
Mastropasqua R, Thaung C, Pavesio C, Lightman S,
Westcott M, Okhravi N, et al. The role of chorioretinal
biopsy in the diagnosis of intraocular lymphoma. Am
J Ophthalmol. 2015;160(6):1127-32.e1.
Quiroz-Mercado H, Rivera-Sempertegui J, Macky
TA, Navarro-Lopez P, Griselda-Alvarez L, Ibarra-
Ponce N, et al. Performing vitreous biopsy by
perfluorocarbon-perfused  vitrectomy. Am J
Ophthalmol. 2005;140(6):1161-3.

. Mehta M, Rasheed RA, Duker J, Reichel E, Feinberg

E, Husain D, et al. Vitreous evaluation: a diagnos-
tic challenge. Ophthalmology.. [Multicenter Study].
2015;122(3):531-7.

Levy-Clarke GA, Byrnes GA, Buggage RR, Shen DF,
Filie AC, Caruso RC, et al. Primary intraocular lym-
phoma diagnosed by fine needle aspiration biopsy of
a subretinal lesion. Retina. 2001;21(3):281-4.



1"

Diagnostic Biopsies in the Management of Uveitis

143

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Freeman WR, Wiley CA, Gross JG, Thomas EL,
Rao NA, Liggett PE. Endoretinal biopsy in immu-
nosuppressed and healthy patients with retinitis.
Indications, utility, and techniques. Ophthalmology.
1989;96(10):1559-65.

. Rutzen AR, Ortega-Larrocea G, Dugel PU, Chong LP,

Lopez PF, Smith RE, et al. Clinicopathologic study of
retinal and choroidal biopsies in intraocular inflam-
mation. Am J Ophthalmol. [Research Support, Non--
U.S. Gov’t Research Support, U.S. Gov’t, PH.S.].
1995;119(5):597-611.

Freeman WR. Application of vitreoretinal surgery to
inflammatory and infectious disease of the posterior
segment. Int Ophthalmol Clin. [Research Support,
Non-U.S. Gov’t Research Support, U.S. Gov’t,
PH.S. Review]. 1992;32(2):15-33.

Martin DF, Chan CC, de Smet MD, Palestine AG,
Davis JL, Whitcup SM, et al. The role of chorioreti-
nal biopsy in the management of posterior uveitis.
Ophthalmology. 1993;100(5):705-14.

Palkovacs EM, Correa Z, Augsburger JJ, Eagle RC
Jr. Acquired toxoplasmic retinitis in an immunosup-
pressed patient: diagnosis by transvitreal fine-needle
aspiration biopsy. Graefes Arch Clin Exp Ophthalmol.
2008;246(10):1495-7.

Eide N, Walaas L. Fine-needle aspiration biopsy and
other biopsies in suspected intraocular malignant
disease: a review. Acta Ophthalmol. [Review]. 2009
Sep;87(6):588-601.

Cole CJ, Kwan AS, Laidlaw DA, Aylward GW. A new
technique of combined retinal and choroidal biopsy.
Br J Ophthalmol. 2008;92(10):1357-60.

Augsburger JJ, Shields JA. Fine needle aspiration
biopsy of solid intraocular tumors: indications, instru-
mentation and techniques. Ophthalmic Surg. [Research
Support, Non-U.S. Gov’t]. 1984;15(1):34-40.

Elliot D. Transvitreal chorioretinal biopsy. In: Elliot
DRP, editor. Surgical manafement of intraocular
inflammation and infection. London: JP Medical;
2013. p. 62-4.

Davis JL. Diagnosis of intraocular lymphoma. Ocul
Immunol Inflamm. 2004;12(1):7-16.

Whitcup SM, de Smet MD, Rubin BI, Palestine
AG, Martin DF, Burnier M Jr, et al. Intraocular
lymphoma. Clinical and histopathologic diagnosis.
Ophthalmology. 1993;100(9):1399-406.

Barr CC, Green WR, Payne JW, Knox DL, Jensen AD,
Thompson RL. Intraocular reticulum-cell sarcoma:
clinico-pathologic study of four cases and review of
the literature. Surv Ophthalmol. 1975;19(4):224-39.
Scott AW, Mruthyunjaya P, McCallum RM, Jaffe
GJ. Diagnostic yield of vitreous biopsy in presumed
sarcoidosis-related posterior segment inflamma-
tion. Graefes Arch Clin Exp Ophthalmol. [Case
Reports Research  Support, Non-U.S. Gov’t].
2012;250(9):1379-85.

Davis JL, Solomon D, Nussenblatt RB, Palestine
AG, Chan CC. Immunocytochemical staining of
vitreous cells. Indications, techniques, and results.
Ophthalmology. 1992;99(2):250-6.

32.

33.

34.

35.

36.

37.

38.

39

40.

41.

42.

43.

44,

45.

46.

Davis JL, Viciana AL, Ruiz P. Diagnosis of intraocu-
lar lymphoma by flow cytometry. Am J Ophthalmol.
1997;124(3):362-72.

Deschenes J, Char DH, Freeman W, Nozik R, Garovoy
M. Uveitis: lymphocyte subpopulation studies. Trans
Ophthalmol Soc U K. 1986;105(Pt 2):246-51.
Zaldivar RA, Martin DE, Holden JT, Grossniklaus
HE. Primary intraocular lymphoma: clinical, cytologic,
and flow cytometric analysis. Ophthalmology. [Case
Reports Research Support, Non-U.S. Gov’t Research
Support, U.S. Gov’t, PH.S.]. 2004;111(9):1762-7.
Davis JL, Miller DM, Ruiz P. Diagnostic test-
ing of vitrectomy specimens. Am J Ophthalmol.
2005;140(5):822-9.

Chan CC, Whitcup SM, Solomon D, Nussenblatt
RB. Interleukin-10 in the vitreous of patients with
primary intraocular lymphoma. Am J Ophthalmol.
1995;120(5):671-3.

Chan CC. Molecular pathology of primary intra-
ocular lymphoma. Trans Am Ophthalmol Soc.
2003;101:275-92.

Wolf LA, Reed GF, Buggage RR, Nussenblatt RB,
Chan CC. Vitreous cytokine levels. Ophthalmology.
2003;110(8):1671-2.

. Witmer RH. Antibody formation in rabbit eye stud-

ied with fluorescein-labeled antibody. AMA Arch
Ophthalmol. 1955;53(6):811-6.

Dussaix E, Cerqueti PM, Pontet F, Bloch-Michel
E. New approaches to the detection of locally
produced antiviral antibodies in the aqueous of
patients with endogenous uveitis. Ophthalmologica.
1987;194(2-3):145-9.

Benitez del Castillo JM, Herreros G, Guillen JL,
Fenoy S, Banares A, Garcia J. Bilateral ocular toxo-
cariasis demonstrated by aqueous humor enzyme-
linked immunosorbent assay. Am J Ophthalmol.
1995;119(4):514-6.

Ronday MJ, Ongkosuwito JV, Rothova A, Kijlstra
A. Intraocular anti-Toxoplasma gondii IgA antibody
production in patients with ocular toxoplasmosis. Am
J Ophthalmol. 1999;127(3):294-300.

de Boer JH, Verhagen C, Bruinenberg M, Rothova A,
de Jong PT, Baarsma GS, et al. Serologic and poly-
merase chain reaction analysis of intraocular fluids in
the diagnosis of infectious uveitis. Am J Ophthalmol.
1996;121(6):650-8.

Tran TH, Rozenberg F, Cassoux N, Rao NA, LeHoang
P, Bodaghi B. Polymerase chain reaction analysis of
aqueous humour samples in necrotising retinitis. Br J
Ophthalmol. 2003;87(1):79-83.

Lohmann CP, Heeb M, Linde HJ, Gabel VP, Reischl
U. Diagnosis of infectious endophthalmitis after cata-
ract surgery by polymerase chain reaction. J Cataract
Refract Surg. 1998;24(6):821-6.

Microbiologic factors and visual outcome in
the endophthalmitis vitrectomy study. Am J
Ophthalmol. [Clinical Trial Multicenter Study

Randomized Controlled Trial Research Support, Non--
U.S. Gov’t Research Support, U.S. Gov’t, PH.S.].
1996;122(6):830-46.



144

A.T.Vitale

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Lohmann CP, Linde HJ, Reischl U. Improved detec-
tion of microorganisms by polymerase chain reaction
in delayed endophthalmitis after cataract surgery.
Ophthalmology. 2000;107(6):1047-51; discussion
51-2.

Anand A, Madhavan H, Neelam V, Lily T. Use of
polymerase chain reaction in the diagnosis of fun-
gal endophthalmitis. Ophthalmology. [Comparative
Study Evaluation Studies Research Support, Non--
U.S. Gov’t] 2001;108(2):326-30.

Rickman LS, Freeman WR, Green WR, Feldman
ST, Sullivan J, Russack V, et al. Brief report: uveitis
caused by Tropheryma whippelii (Whipple’s bacil-
lus). N Engl J Med. 1995;332(6):363-6.

Mikkila H, Karma A, Viljanen M, Seppala I. The lab-
oratory diagnosis of ocular Lyme borreliosis. Graefes
Arch Clin Exp Ophthalmol. 1999;237(3):225-30.
Ortega-Larrocea G, Bobadilla-del-Valle M, Ponce-
de-Leon A, Sifuentes-Osornio J. Nested polymerase
chain reaction for Mycobacterium tuberculosis DNA
detection in aqueous and vitreous of patients with
uveitis. Arch Med Res. 2003;34(2):116-9.

Kerkhoff FT, Bergmans AM, van Der Zee A, Rothova
A. Demonstration of Bartonella grahamii DNA in
ocular fluids of a patient with neuroretinitis. J Clin
Microbiol. 1999;37(12):4034-8.

Doan T, Wilson MR, Crawford ED, Chow ED, Khan
LM, Knopp KA, et al. Illuminating uveitis: metage-
nomic deep sequencing identifies common and rare
pathogens. Genome Med. [Research Support, Non--
U.S. Gov’t Research Support, N.ILH., Extramural].
2016;8(1):90.

Baehring JM, Androudi S, Longtine JJ, Betensky RA,
Sklar J, Foster CS, et al. Analysis of clonal immuno-
globulin heavy chain rearrangements in ocular lym-
phoma. Cancer. 2005;104(3):591-7.

Chan CC, Wallace DJ. Intraocular lymphoma: update
on diagnosis and management. Cancer Control.
2004;11(5):285-95.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Wang Y, Shen D, Wang VM, Sen HN, Chan
CC. Molecular biomarkers for the diagnosis of primary
vitreoretinal lymphoma. Int J Mol Sci. [Research
Support, N.I.H., Intramural]. 2011;12(9):5684-97.
Raja H, Salomao DR, Viswanatha DS, Pulido
JS. Prevalence of Myd88 L265p mutation in histolog-
ically proven, diffuse large B-cell vitreoretinal lym-
phoma. Retina. [Research Support, Non-U.S. Gov’t].
2016;36(3):624-8.

Wittenberg LA, Maberley DA, Ma PE, Wade NK,
Gill H, White VA. Contribution of vitreous cytol-
ogy to final clinical diagnosis fifteen-year review of
vitreous cytology specimens from one institution.
Ophthalmology. 2008;115(11):1944-50.

Margolis R, Brasil OF, Lowder CY, Singh RP, Kaiser
PK, Smith SD, et al. Vitrectomy for the diagno-
sis and management of uveitis of unknown cause.
Ophthalmology. 2007;114(10):1893-7.
Mruthyunjaya P, Jumper JM, McCallum R, Patel DJ,
Cox TA, Jaffe GJ. Diagnostic yield of vitrectomy in
eyes with suspected posterior segment infection or
malignancy. Ophthalmology. 2002;109(6):1123-9.
Green WR. Diagnostic cytopathology of ocular fluid
specimens. Ophthalmology. 1984;91(6):726—49.
Stulting RD, Leif RC, Clarkson JG, Bobbitt
D. Centrifugal cytology of ocular fluids. Arch
Ophthalmol. 1982;100(5):822-5.

Harper TW, Miller D, Schiffman JC, Davis
JL. Polymerase chain reaction analysis of aqueous
and vitreous specimens in the diagnosis of poste-
rior segment infectious uveitis. Am J Ophthalmol.
2009;147(1):140-7 e2.

Johnston RL, Tufail A, Lightman S, Luthert PJ,
Pavesio CE, Cooling RJ, et al. Retinal and choroidal
biopsies are helpful in unclear uveitis of suspected
infectious or malignant origin. Ophthalmology.
2004;111(3):522-8.

Mehta M, et al. Vitreous evaluation: a diagnostic chal-
lenge. Ophthalmology. 2015;122(3):531-7.



	11: Diagnostic Biopsies in the Management of Uveitis
	Diagnostic Vitreoretinal Surgery
	Indications
	Anterior Chamber Paracentesis
	Diagnostic Vitrectomy
	Vitreous Tap/Biopsy
	Pars Plana Vitrectomy (PPV)
	Subretinal, Endoretinal, and Chorioretinal Biopsy
	Fine-Needle Aspiration Biopsy (FNAB)
	Subretinal Aspirate

	Endoretinal and Chorioretinal Biopsy
	Complications
	Sample Processing
	Cytology
	Immunohistochemistry
	Cytokine Analysis
	Microbiologic Analysis
	Intraocular Antibody Analysis
	Molecular Analysis

	Outcomes
	Summary
	References




