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Abstract

Purpose To compare the concentration of

amino acids in subretinal and vitreous fluid of

patients with primary rhegmatogenous retinal

detachment to that of control vitreous.

Methods This prospective, observational

study measured amino-acid levels in

subretinal fluid of patients undergoing scleral

buckle placement (n¼ 20) and vitreous fluid in

patients undergoing pars plana vitrectomy

(n¼ 5) for primary retinal detachment.

Vitreous fluid from patients undergoing

vitrectomy for macular hole (n¼ 7) or

epiretinal membrane (n¼ 3) served as a

control. Subretinal fluid and control vitreous

were analysed using high-pressure liquid

chromatography. Retinal detachment

vitreous was analysed using capillary

electrophoresis-laser-induced fluorescence.

Results Mean levels of glutamate

(27.071.7 lM), aspartate (4.174.0 lM), and

glycine (44.1731.0 lM) in subretinal fluid and

glutamate (13.4711.9 lM) in the vitreous were

significantly elevated in retinal detachment

compared to control vitreous. A significant,

positive association was observed between

levels of aspartate and glutamate in subretinal

fluid (Spearman’s correlation coefficient: 0.74,

Po0.01). Mean arginine levels did not differ

significantly between subretinal fluid and

control vitreous. Levels of alanine, tyrosine,

valine, isoleucine, leucine, and phenylalanine

were significantly lower in subretinal fluid

compared to control vitreous (all Po0.01).

Conclusions Glutamate levels in subretinal

fluid and vitreous of patients with primary

retinal detachment is significantly elevated in

comparison to control vitreous. This finding

lends further support to the hypothesis that

elevated glutamate levels may result from

ischaemia of the outer retina secondary to

retinal detachment.
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Introduction

Patients who undergo retinal detachment (RD)

repair for a macula-on1 or macula-off RD2 often

lose vision despite a good anatomic result. The

mechanisms underlying this vision loss are not

fully understood. Many abnormal molecular

and cellular events occur rapidly after RD and

could be responsible for this visual impairment.

Photoreceptor outer segment degeneration

appears to be an initial cause of vision loss

following RD.3–6 Studies in detached cat retina

show chronic changes in this area that include

formation of membrane-bound sacs and

atrophy.3 While reattachment may induce rod

and cone outer segments to regenerate, a

primate study showed persistent abnormalities

such as altered disc stacking in this region of the

retina.7 Other events affecting the

photoreceptors include apoptosis and loss of

structural integrity, both of which are thought to

contribute to the vision impairment following

RD.8–10 Misalignment of photoreceptors,

measured by Stiles–Crawford function, may

also be a problem after RD repair.11,12 Müller

cells have been shown to react within 15 min of

RD,13 with proliferation and hypertrophy of

their processes seen as little as two days post-

detachment.14,15 This abnormal growth leads to

their extension into the subretinal space,

formation of intraretinal scars, and irregularities

within retinal synaptic connections.14,16,17 Visual

recovery also may be hampered by an

outgrowth of neurites from second- (bipolar and

horizontal cells) and third-order neurons
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(ganglion cells). This effect, termed sprouting, may

contribute to unstable retinal circuitry after RD.18,19

Elevated levels of glutamate have been shown to be toxic

to retinal neurons, especially retinal ganglion cells.20,21

Animal studies have shown that alterations within the

glutamatergic system of the retina occur early and could

be one of the first biochemical changes associated with

RD.22 Excitotoxicity produced by glutamate induces

degeneration in the inner retina23 and could be a

mediating factor in suboptimal vision following RD.

The separation of the neural retina from the

underlying choroidal vasculature creates an ischaemic

environment in the outer retina, which can induce

pathological metabolic and cellular alterations.10,24,25

Accumulation of glutamate has been observed in animal

models of retinal ischaemia,26–29 and animal studies of

RD have shown excess glutamate levels and lower

glutamine synthetase (GS) activity within the retina.30–32

Moreover, increased levels of glutamate were recently

found in the vitreous fluid of human subjects with RD.33

It was hypothesized that the retinal ischaemia

associated with RD leads to the accumulation of

glutamate within the retina. To test this hypothesis, the

level of glutamate and other amino acids in subretinal

and vitreous fluid of patients with primary RD was

measured and compared to that in control vitreous. The

control vitreous used in this study was taken from

patients undergoing retinal surgery for either epiretinal

membrane or macular hole. We are unaware of any

previous study that has examined amino-acid levels in

subretinal fibrosis (SRF) of patients with primary RD.

Methods

Patients

This is a prospective, observational study of amino-acid

levels in SRF of patients undergoing a scleral buckle

placement and vitreous fluid in patients undergoing pars

plana vitrectomy for primary RD. The study protocol and

consent form was approved by the Human Studies

Committee at the Massachusetts Eye and Ear Infirmary.

None of the patients in this study had had previous

retinal surgery. Patients undergoing vitrectomy surgery

for macular hole or epiretinal membrane served as

controls. Demographic information including age, sex,

and affected eye was collected for each study group.

Relevant clinical characteristics were recorded for later

statistical analysis. Patients were specifically questioned

to estimate the duration between occurrence of the RD

and time of sampling. Snellen visual acuity was recorded

at the first visit and last follow-up visit and later

converted into the logarithm of the minimal angle of

resolution (logMAR) units. LogMAR units was

calculated by obtaining the logarithm of the reciprocal of

the Snellen visual acuity for vision better than or equal to

20/400. The following conversion was used for patients

with vision worse than 20/400: counting fingers¼ 1.6,

hand movements¼ 2.0, light perception¼ 2.5, and no

light perception¼ 3.0 logMAR units.

Sample collection

Subretinal fluid samples were obtained from 20 patients

undergoing scleral buckle placement for RD via modified

external needle drainage.34 In this procedure, the

intraocular pressure is temporarily raised to high levels

by tightening the scleral buckle. The subretinal space is

entered externally, under the bed of the buckle, using a

27G needle on a 3 cm3 syringe without the plunger. The

procedure is directly visualized ophthalmoscopically and

the SRF is removed passively. As the drainage proceeds,

the needle tip is usually redirected in the subretinal space

to remove remaining SRF and to avoid retinal

perforation. Once the SRF drainage is complete, the

needle is withdrawn from the eye and the area is

inspected. This method of collecting SRF provides

relatively clean samples, free from contamination with

blood. In this study, SRF samples were immediately

placed on dry ice and frozen at �801C until amino acid

analysis. Undiluted vitreous specimens (B1.5 ml) from

5 patients with RD and 10 patients with either an epiretinal

membrane (n¼ 7) or macular hole (n¼ 3) undergoing

pars plana vitrectomy were collected. Vitreous fluid was

obtained via a 3 cm3 syringe that was connected to a

three-way stopcock system that had been placed in the

aspiration line near the vitreous cutter.35 Prior to turning

on the infusion, the stopcock lever is directed away from

the vitrectomy machine and the vitrectomy cut rate is

lowered to 250 cuts per minute. Vitreous was then

aspirated using manual aspiration. After the vitreous

sample was obtained, the stopcock lever was returned to

its original position and the syringe was removed. For

RD-Vit samples, the tube contained 100 ml 1 M acetic acid

(pH 2–3) to deactivate protease. The samples were placed

on dry ice and immediately stored at �801C (SRF and

Control-Vit) or 41C (RD-Vit) until amino-acid analysis.

Amino-acid analysis

Before being sent for analysis, the samples were given a

unique code for identification. Subretinal fluid and

vitreous fluid controls were analysed for 10 amino acids

using a Beckman 7300 Amino Acid Analyzer: alanine

(Ala), arginine (Arg), aspartate (Asp), glutamate (Glu),

glycine (Gly), isoleucine (Ile), leucine (Leu),

phenylalanine (Phe), tyrosine (Tyr), and valine (Val). The

Beckman analyzer uses an ion-exchange column to
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separate amino acids and post-column reaction with

ninhydrin/hydrindantin (Beckman Nin-Rx, Beckman

Coulter, Fullerton, CA, USA) for detection at 570 and

440 nm. The samples were vortexed, then spun in a

microcentrifuge to pellet the solids. A 100 ml aliquot of

the supernatant was taken from each sample and dried in

a Savant SC110A Speed-Vac. The aliquots were dissolved

in 100 ml of loading buffer (Beckman Na–S with 2 nmol

homoserine per 100ml as an internal standard), and then

filtered. The recovered volume was measured and

diluted back up to 100 ml to load on the analyzer. The

results have been corrected to the original 100 ml taken by

using the measured volume as the per cent injected.

A collaborating laboratory collected the RD vitreous

fluid and performed amino-acid analysis. Calibration

curves were constructed using a standard. Analysis of

2 ml aliquots began with derivatization of vitreous amino

acids with 2ml 20 mM CBQCA (Molecular Probes,

Eugene, OR, USA) in the presence of 2ml 10 mM cyanide.

The pH value of the vitreous samples was between 2 and

3 due to the acetic acid addition. Therefore, the 10 mM

cyanide was diluted in 250 mM phosphate buffer (pH

12.0) for the derivatization process. The reaction mixture

of vitreous sample and CBQCA was allowed to react for

2 h at room temperature prior to capillary

electrophoresis-laser-induced fluorescence (CE-LIF)

analysis.36 The running buffer consisted of 20 mM

sodium tetraborate, 20 mM sodium chloride, 45 mM

sodium dodecyl sulphate, and 55 mM b-cyclodextrin

(b-CD), and the separation was carried out at 17 kV

applied voltage.

The CE-LIF system contained a high-voltage power

supply (Spellman, Hauppage, NY, USA), a ZETALIF LIF

detector (Picometrics, Paris, France), and an argon ion

laser (Coherent, Santa Clara, CA, USA) at 488 nm. All CE

analyses were performed at room temperature with

40 cm� 360 mm OD� 50mm ID (30 cm effective length)

fused-silica capillaries (BioTAQ, Gaithersburg, MD,

USA). In this work, gravimetric sample injection was

used with a 30 cm height difference for 5 s. The system

operation and data acquisition was performed with a

custom LabVIEW (National Instruments, Austin, TX,

USA) program and the data were analysed by using

Microsoft Excel and Class Eleganza CE station software

V5.5 (Ayer Rajah Industrial Estate, Singapore).

Statistical analysis

Amino-acid concentrations in SRF and RD-Vit were

compared with Control-Vit using the Wilcoxon’s rank-

sum test because the data were not normally distributed.

Demographic information and clinical characteristics

were compared using the two-sample t-test, Wilcoxon’s

rank-sum test, or Fisher’s exact test depending on the

types of variables (continuous or categorical) and their

distributions (normal or non-normal). The association

between the concentration of amino acids in the SRF and

patient age, sex, affected eye, macular detachment, RD

duration, preop vision, extent of RD, presence of grade C

PVR, lens status, and postop vision was assessed either

by the Spearman’s rank correlation or Wilcoxon’s rank-

sum test. A P-value of o0.05 was considered statistically

significant.

We certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this research.

Results

Subretinal fluid (n¼ 20) and vitreous fluid (n¼ 5)

samples were obtained from patients with primary RD.

Vitreous fluid (n¼ 10) from patients with an epiretinal

membrane or macular hole served as controls. Basic

demographic information and clinical characteristics of

the three groups are summarized in Table 1. Mean age

was 49.5 years (713.8 years SD) in the SRF group, 66.1

years (712.1 years SD) in the Control-Vit group, and 63.8

years (715.5 years SD) in the RD-Vit group. SRF patients

were significantly younger than Control-Vit patients

(P-value¼o0.01). No other significant differences existed

in demographic information between the two RD groups

and controls. Mean duration of follow-up time was 20.5

months (718.7 months SD, range from 1 week to 75

months) for the SRF group and 4.1 months (71.7 months

SD, range from 1.5 to 6 months) for RD-Vit. The mean RD

Table 1 Basic demographic information and clinical characteristics

Vit
Control
(n¼ 10)

RD-Vit
(n¼ 5)

RD-SRF
(n¼ 20)

Age (years)a 66.1712.1 63.8715.5 49.5713.8

Female 7 (70%) 5 (100%) 8 (40%)
Right eye 6 (60%) 3 (60%) 10 (50%)
Pseudophakic 2 (20%) 4 (80%) 6 (30%)
Duration of detachment (days)* 52.4765.4 33.1768.9
Macular detachment 4 (80%) 9 (45%)
Clock hours of retinal
detachment*

6.473.6 5.473.0

PVR grade C (Y/N) 0 6 (30%)
Preoperative visual acuity*,b 1.470.8 0.970.7
Postoperative visual acuity*,b,c 1.070.7 0.470.5
Duration of follow-up (months) 4.171.7 20.5718.7
Range of follow-up (months) 1.5–6 0.25–75

*Data are presented as mean7SD (standard deviation).

RD-SRF, retinal detachment-subretinal fluid.
aSignificantly different between Vit control and RD-SRF (P-value o0.01).
bSnellen visual acuities were converted into a logarithmic scale

(logMAR).
cSignificantly different between RD-Vit and RD-SRF (P-value¼ 0.03).

Amino acids and RD
KM Bertram et al

584

Eye



duration was 33.1 days (768.9 days SD, range from 1 to

270 days) for the SRF group and 52.4 days (765.4 SD,

range from 3 to 150 days) for the RD-Vit group. A

significantly better postoperative visual acuity was

observed in the SRF group as compared to the RD-Vit

group (P-value¼o0.05).

Comparisons of mean levels of amino acids between

Control-Vit, RD-Vit, and SRF are presented in Table 2.

The mean level of glutamate in RD-Vit was 13.4 mM

(711.9 mM SD), which was significantly higher than the

Control-Vit glutamate level, 1.7 mM (70.8 mM SD,

P-value¼ 0.01). Glutamate levels in SRF had a mean of

27.0 mM (719.7 mM SD), and were also significantly

elevated relative to Control-Vit (P-value o0.01).

Aspartate and glycine also had mean concentrations in

SRF that were significantly higher than the control group,

Control-Vit (P-values: 0.01 and o0.01, respectively).

Mean arginine levels did not differ significantly between

SRF and Control-Vit. All other measured amino acids

(alanine, tyrosine, valine, isoleucine, leucine, and

phenylalanine) were present in SRF at significantly lower

concentrations as compared to Control-Vit (P-values all

o0.01).

Comparing SRF demographic information and clinical

characteristics with glutamate levels in SRF did not yield

any significant associations (Table 3). However, the data

do reveal a significant, positive association between

aspartate levels and glutamate levels in SRF (Spearman’s

correlation coefficient: 0.74, P-value¼o0.01). Glutamate

levels in SRF of 11 cases of macula-on detachment did not

correlate with postoperative visual acuity (Spearman’s

correlation coefficient: 0.27, P-value¼ 0.42). Tables 4 and

5 show amino-acid concentrations in subretinal and

vitreous fluid for individual patients.

Discussion

Glutamate was present at significantly higher

concentrations in SRF and vitreous fluid of patients with

primary RD as compared to controls. Subretinal aspartate

and glycine levels were also found to be significantly

elevated. Furthermore, a significant, positive association

was observed between aspartate levels and glutamate

levels in SRF.

These findings partially support those of a recent

clinical investigation that found elevated glutamate

levels in the vitreous of patients with RD.33 However,

that study, unlike this one, did not show a significant

difference in aspartate or glycine levels between RD

vitreous and controls. These differences might be

explained by variations in high-performance liquid

chromatography methods. Another study did find

elevated aspartate in cat retina after experimental RD,32

and a rat model of retinal ischaemia has shown elevated

levels of glycine in the vitreous.27 Amino-acid levels in

the Control-Vit group were comparable to those found by

Honkanen et al.37

Several plausible theories exist for the accumulation of

glutamate in the retina and vitreous following RD. In

Table 2 Amino-acid levels in Vit Control, RD-Vit, and RD-SRF (mM)

Glu Asp Gly Arg Ala Tyr Val Ile Leu Phe

Vit Control
(n¼ 10)

1.770.8 1.170.8 4.072.7 39.4716.3 88.4735.0 31.9713.7 11274.4 28.3712.0 63.5721.9 31.7711

RD Vit
(n¼ 5)

13.4711.9 F F F F F F F F F

P-valuea 0.01
RD-SRF
(n¼ 20)

27.071.7 4.174.0 44.1731.0 52.7746.0 45.4735.7 15.0711.1 19.9753.8 14.3717.9 32.4732.1 19.5719

P-valueb o0.01 0.01 o0.01 40.05 o0.01 o0.01 o0.01 o0.01 o0.01 o0.01

RD-SRF, retinal detachment-subretinal fluid.

Data are presented as mean7SD (standard deviation).

Ala, alanine; Arg, arginine; Asp, aspartate; Glu, glutamate; Gly, glycine; Ile, isoleucine; Leu, leucine; Phe, phenylalanine; Tyr, tyrosine; Val, valine.
aComparison between Vit Control and RD-Vit.

bComparison between Vit Control and RD-SRF.

Table 3 Association between glutamate levels of subretinal
fluid and characteristics of RD

Variable Spearman’s correlation
coefficients

P-value

Age (years) �0.12 0.62
Sex (M/F) �0.12 0.60
Affected eye (OD/OS) �0.17 0.46
Macular involvement (Y/N) 0.08 0.74
RD duration (days) �0.27 0.25
Preop vision (logMAR) 0.13 0.59
Extent of RD (%) �0.41 0.08
PVR (Y/N) grade C �0.19 0.42
Lens status (phakic/
pseudophakic)

�0.25 0.30

Postop vision (logMAR) 0.01 0.95
Postop vision (logMAR) 0.27 0.42

RD, retinal detachment; logMAR, logarithm of the minimal angle of

resolution; OD, Oculus Dexter; OS, Oculus Sinister.
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attached retina, glutamate is released from presynaptic

neurons into the extracellular space, from which most of

it is transported into Müller cells via the glutamate/

aspartate transporter.38 Glutamate is immediately

converted into the non-toxic amino-acid glutamine by

the enzyme GS, and then exported to neighbouring

neurons where it is hydrolysed by glutaminase to reform

glutamate.39–41 Disruption of the retinal glutamate

reuptake transporter, glutamate/aspartate transporter,

has been shown to lead to increased vitreal glutamate

and subsequent ganglion cell death in an animal study.42

Glutamate/aspartate transporter-deficient mice show a

much greater sensitivity to the retinal damage induced

by ischaemia.43 Ischaemic disruption of glutamate

transport could be caused by elevated extracellular levels

of Kþ .44 Studies of experimental RD in cat found

Table 4 Characteristics of patients with RD and amino-acid level (mM) in subretinal or vitreous fluid

Age
(years)

Sex RD
(days)

Sample Ma Preop
VA(X)

Postop
VA(X)

Glu Asp Gly Arg Ala Tyr Val Ile Leu Phe

44 F 30 S On 40 25 23.18 3.09 30.43 20.10 47.74 10.03 2.22 4.11 24.64 15.15
51 M 5 S On 25 20 20.39 0.56 40.90 13.80 28.86 5.15 1.41 5.13 10.11 5.68
56 F 1 S Off HM 32 55.10 11.30 145.90 148.52 48.78 10.41 223.70 80.20 147.30 77.50
60 M 1 S On HM 25 23.47 1.50 23.58 45.90 . 10.52 3.61 7.83 22.65 11.04
58 M 180 S Off CF 50 14.05 2.51 17.60 . 26.89 . 1.26 4.31 23.22 .
63 F 1 S On 30 25 10.70 1.04 64.61 57.91 11.07 2.78 9.14 . 11.40
55 F 2 S On 20 32 48.90 3.39 34.20 . 47.22 7.38 1.84 7.41 18.69 8.89
72 M 14 S Off HM CF 2.22 0.79 33.90 47.07 10.73 41.42 13.68 33.36 55.34 38.98
45 F 30 S On 20 20 1.25 0.60 32.90 . 13.08 . . . . .
76 F 7 S Off CF 25 30.12 5.90 69.21 35.26 84.30 12.86 3.49 14.16 28.44 15.65
64 M 7 S Off 200 63 16.09 3.70 17.23 13.46 11.56 2.34 0.63 1.29 6.42 2.24
34 M 5 S On 160 25 2.10 0.52 82.20 53.12 51.73 15.28 4.70 13.01 26.19 15.06
46 M 21 S Off 160 200 9.84 2.05 46.70 18.09 21.65 4.24 1.17 2.71 5.78 20.90
50 M 1 S On 40 20 47.42 2.53 44.49 60.41 12.91 21.11 5.85 14.44 47.84 20.40
33 F 60 S Off CF 200 30.12 6.45 24.12 70.38 65.67 22.51 5.27 13.65 30.24 11.62
33 M 270 S Off 400 CF 30.12 6.45 24.65 71.38 65.65 5.27 13.33 30.65 11.65
24 M 1 S On 30 20 21.81 4.80 15.07 26.72 40.15 8.98 2.51 6.05 17.28 7.42
41 F 3 S On 40 20 26.13 4.25 31.47 25.77 43.51 8.17 2.42 7.65 15.29 7.68
48 M 1 S On 200 25 71.70 16.70 56.80 173.90 164.30 29.00 76.60 27.70 55.00 15.90
36 M 21 S Off 40 30 56.17 2.89 66.80 7.66 20.82 34.99 . 5.29 18.59 54.43
66 F V Off 11.49
77 F V Off 2.49
34 F V On 29.97
72 F V Off 20.44
70 F V Off 2.63

Ala, alanine; Arg, arginine; Asp, aspartate; Glu, glutamate; Gly, glycine; Ile, isoleucine; Leu, leucine; Ma, macular status; Phe, phenylalanine; Postop VA,

postoperative visual acuity (20/X); Preop VA, preoperative visual acuity (20/X); RD, retinal detachment; S, subretinal fluid; Tyr, tyrosine; V, vitreous; Val,

valine; HM, Hand Motions; CF, Counting Fingers (data not avilable).

Table 5 Characteristics of control patients and amino-acid level (mM) in vitreous fluid

Age (years) Sex Disease Glu Asp Gly Arg Ala Tyr Val Ile Leu Phe

66 F ERM 2.92 1.45 8.84 40.89 103.46 31.97 108.76 25.41 61.22 28.95
79 F ERM 1.12 0.45 3.95 36.85 55.90 14.67 63.64 19.03 40.73 15.76
41 F ERM 0.70 0.80 5.05 34.00 68.81 34.03 87.51 19.86 51.07 33.60
67 M ERM 1.68 2.63 2.68 55.83 104.48 30.70 118.43 29.32 65.22 43.36
80 F ERM 1.47 1.78 8.48 63.91 169.40 34.50 197.37 44.09 96.34 46.34
63 F ERM 2.39 1.00 2.06 24.39 76.85 26.64 70.82 14.86 41.71 20.89
64 M ERM 2.93 1.67 2.30 41.16 105.25 66.22 177.07 50.41 104.33 47.02
77 F MH 1.80 0.21 2.35 5.75 86.31 23.11 77.04 18.19 44.21 25.60
71 M ERM 1.37 0.26 2.12 40.20 50.81 22.65 111.22 37.74 69.79 25.61
53 F MH 1.09 0.76 1.90 50.70 62.43 35.37 108.98 23.80 60.75 30.24

Ala, alanine; Arg, arginine; Asp, aspartate; ERM, epiretinal membrane; Glu, glutamate; Gly, glycine; Ile, isoleucine; Leu, leucine; MH, macular hole; Phe,

phenylalanine; Tyr, tyrosine; Val, valine.
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elevated levels of glutamate coupled with a rapid

decrease in GS expression in Müller cells.14,30 Marc et al30

found that glutamate levels persisted in Müller cells

following RD but decreased in the retinal pigment

epithelium, a pattern that suggests an alteration in

glutamate metabolism rather than a sustained increase in

neuronal glutamate release. GS has also been shown to

influence glutamate clearance from the synaptic cleft and

amplified expression of GS has provided protection from

excess glutamate.45,46 Retinal ischaemia secondary to RD

may play a role in disrupting the mechanisms of

reuptake and degradation responsible for maintaining

glutamate homeostasis.

Glutamate toxicity most probably results from osmotic

damage and calcium insult. Excess sodium entry into the

cell, stimulated by elevated glutamate levels, is coupled

with water and chloride entry, which leads to osmotic

cell lysis and neuronal swelling.47 In addition, glutamate

has a high affinity for N-methyl-D-aspartate (NMDA)

receptors, overactivation of which causes a large influx of

calcium into the cell. This increase in calcium leads to

protease and lipase activation, endonuclease activation,

kinase activation, and cell membrane deterioration, and

ultimately contributes to cell death. Glutamate-mediated

NMDA stimulation may also lead to increased nitric

oxide production, with a resultant inhibitory effect on

energy production in the mitochondria.27

Because aspartate is also regulated by glutamate/

aspartate transporter, the reduced reuptake associated

with ischaemia could also account for the increased

concentration of this amino acid after RD.48 Increased

neuronal release of aspartate under ischaemic conditions

has also been found. Altered glutamate metabolism and

transamination reactions associated with ischaemia

could also account for the elevated levels of aspartate,

which is a metabolite/precursor for glutamate.49 Both of

these explanations can account for the observed positive

association between aspartate and glutamate levels in

SRF. Aspartate may also act as a neurotoxin,50 acting

through NMDA receptors in a fashion similar to

glutamate.

Elevated levels of glycine following RD may result

from ischaemic reversal of the glycine transporter, found

in Müller cells.51 Since glycine also acts on NMDA

receptors and is thought to be required for channel

activation by glutamate, it is possible that this amino acid

contributes to some of the toxicity observed after RD.

Analysis of demographic information revealed a

significantly older Vit-Control population as compared to

the SRF group. This finding is likely due to the fact that

the control group was composed of patients with

macular hole or epiretinal membrane, ocular conditions

that typically affect older individuals. However, there

was no significant difference in age between the RD-Vit

and the Control-Vit groups. This may be due to the fact

that the RD-Vit population was disproportionately

composed of patients who were pseudophakic at the

time of their RD, making the choice of vitrectomy more

likely. The data show significantly better postoperative

visual acuity in the SRF group as compared to RD-Vit

group. This finding is attributable to the fact that the

RD-Vit group possessed a preponderance of those

clinical characteristics that are associated with poor

visual outcome: lower mean preoperative visual acuity,

increased percentage of patients with macula-off

detachment, and increased mean duration of RD

compared to the SRF group. No correlation was observed

between SRF glutamate levels and pre or postoperative

visual acuity, either overall or in patients with macula-on

RD. However, the small number of patients in this study

limits our ability to detect such a correlation, and a larger

study will be needed to determine whether there exists a

relationship between glutamate levels and visual

impairment following RD. Although the mean duration

of RD was shorter for the SRF group as compared to the

RD-Vit group, mean glutamate levels were higher in the

SRF group. Glutamate may concentrate more in the

smaller subretinal space as compared to the larger

vitreous space. Larger studies comprised of groups with

paired duration of RD are needed to further evaluate this

finding.

There are some limitations to this study that should be

kept in mind when interpreting these results. Compared

to the study by Diederen et al,33 this study analysed

relatively few patients. This small sample size may

explain the observed lack of association between

glutamate levels and pre and postoperative visual acuity.

This study lacked an ideal SRF control sample for

comparison due to the impossibility of collecting SRF in

patients without RD. However, the Control-Vit fluid

obtained nevertheless offers an appropriate comparison

since SRF is initially composed of liquid vitreous. The

two different methods used to measure amino-acid levels

will likely yield slightly different means and standard

deviations. The extent of this difference; however, is not

likely significant. Comparison of vitreous controls

analysed with both methods yielded similar results.

Indeed, using two different techniques, provided their

results are similar, reduces the likelihood of a bias in

either technique going undetected.

Oxygen supplementation may be effective in

renormalizing the glutamate cycle and preventing

further excitoxicity seen after RD. In a study by Lewis

et al,24 a cat model of RD was placed in a hyperoxic

environment and showed a stabilization of glutamate-

related neurochemical signatures. NMDA receptor

antagonists, such as memantine and dextromethorphan,

may also prove to be beneficial in attenuating retinal cell
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death secondary to glutamate excitotoxicity.19,27 Animal

studies on the use of NMDA receptor antagonists in RD

are needed to investigate these drugs as a possible

therapeutic modality.

In conclusion, this study found increased levels of

glutamate, glycine, and aspartate in SRF, and of

glutamate in vitreous fluid of patients with primary

rhegmatogenous RD. This study also found a significant,

positive association between glutamate and aspartate in

SRF. Our data do not show an association between any

other amino-acid levels and clinical characteristics

collected in this study, including pre and postoperative

visual acuity. This study lends further support to the

hypothesis that elevated glutamate levels in the vitreous

and SRF may result from ischaemia secondary to RD,

expanding upon earlier animal models22,30–32 of RD and a

recent clinical study of amino-acid levels in vitreous fluid

of patients with RD.33 To our knowledge, this is the first

study that has demonstrated elevated levels of glutamate

in SRF following RD. Additional studies are needed to

delineate the role of glutamate in human RD and to

investigate further any possible association between

glutamate levels and visual acuity.
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