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CLINICAL INVESTIGATION

Electroretinograms as an indicator
of disease activity in birdshot

retinochoroidopathy

Abstract Purpose: To determine
whether electroretinogram results
can help predict the success in taper-
ing of immunosuppressive medica-
tion in patients with birdshot retino-
choroidopathy. Methods:. Fifteen pa-
tients with birdshot retinochoroidop-
athy who had at |east three seria
electroretinograms (ERG) during the
course of their disease were included
in the study. Charts of patients seen
at the Immunology and Uveitis Ser-
vice at the Massachusetts Eye and
Ear Infirmary, Boston, Massachu-
setts were retrospectively reviewed.
Seven parameters of the ERGs were
examined: dim scotopic amplitude,
bright scotopic amplitude, bright
scotopic implicit time, single-flash
photopic amplitude, single-flash
photopic implicit time, 30 Hz flicker
amplitudes, and 30 Hz flicker im-
plicit times. For each parameter the
patients were divided into two
groups, those with normal and those

with abnormal responses at the time
their immunosuppressive medication
taper was initiated. The percentage
of patientsin each group who were
able to successfully taper their im-
munosuppressive medication was
calculated. A successful taper of
medi cation was defined as no recur-
rence of disease signs or symptoms
for at least 1 year after the medica-
tion was terminated. Results: Abnor-
malities in the bright scotopic re-
sponse amplitudes and 30 Hz flicker
implicit times were associated with
recurrence of inflammation asimmu-
nosuppressive therapy was tapered.
Conclusion: ERG can serve as a use-
ful adjunct in helping determine
when to initiate tapering of immuno-
suppressive therapy in patients with
birdshot retinochoroidopathy.

Introduction

Birdshot retinochoroidopathy (BSRC) is a rare form of
uveitis characterized by the presence of multiple depig-
mented spots at the level of the choroid and retina pig-
ment epithelium [7]. The disease is also accompanied by
retinal vasculitis and vitritis, but minimal anterior seg-
ment inflammation. There is a strong association of this
disease with the HLA-A29 haplotype [2, 5, 7]. Patients
often present with complaints of blurry vision, floaters,
photopsias, and difficulty with night vision[2]. Abnor-
malities usually exist in the electroretinograms (ERGs) of

these patients, including decreased scotopic and photopic
amplitudes as well as a prolongation of the implicit times
of the electrical responses [1, 3, 9]. B-wave amplitudes
are affected more than awave amplitudes, resulting in
the negative type response often associated with inner ret-
inal dysfunction and night blindness. In the extreme, the
ERG can be so markedly diminished as to resemble the
responses seen in severe retina degenerations.

The clinical course of BSRC is often characterized by
repeated cycles of inflammation. Vision loss usualy re-
sults from cystoid macular edema, epiretina membrane
formation, and subretinal neovascularization [2, 8]. No
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standard treatment regimen exists for patients with BSRC,
and many clinicians often start treatment with topical or
peribulbar steroids. Unfortunately, progression from mild
to more severe disease occurs frequently, with as many as
54% of patients treated with local therapy aone experi-
encing aloss of at least two lines of Snellen visual acuity
[2, 4, 7, 10]. This has prompted our group to ingtitute the
use of systemic treatment with cyclosporin A (CSA) or
azathioprine as afirst line therapy for patients with BSRC.

Severa types of therapeutic dilemmas may confront the
physician tresting a patient with BSRC because of the re-
current nature of the disease. Patients may have resolution
of their symptoms with treatment, only to have disease ac-
tivity return as the immunomodulatory agents are tapered.
Additionally, patients may complain of symptoms such as
decreased vision, especiadly in dim illumination, and im-
paired color perception even when minimal if any inflam-
meation is evident on clinical examination. In these situa-
tions it may be difficult to determine whether these symp-
toms result from occult yet potentially damaging inflam-
mation that might require increased immunomodul ation.

Few guidelines exist to help the clinician determine
an appropriate schedule for the withdrawal of immuno-
modulatory therapy. We wondered whether one might be
able to use ERG data as an indicator of disease activity,
and whether this information might predict the likeli-
hood of success of tapering the medication without re-
currence of disease activity. We therefore constructed
this study to test the hypothesis that abnormalitiesin the
ERG correlate with the need for continued immunomod-
ulation in patients with BSRC.

Patients and methods

Charts of al patients with BSRC seen in the Immunology Service of
the Massachusetts Eye and Ear Infirmary between January 1995 and
July 2000 were reviewed retrospectively. IRB approval was ob-

tained for this review. All patients had the diagnosis of BSRC made
based on the following criteria: the presence of typical cream-col-
ored fundus lesions in the posterior pole, the presence of a vitritis
with retinal vascular leakage on fluorescein angiography, and mini-
mal anterior segment inflammation [7]. We obtain ERGs as part of
our initial evaluation and subsequent monitoring of all patients with
BSRC. As this study is attempting to correlate ERG findings as a
function of the clinical course of the disease over time, only patients
who had at least three serial ERGs performed were included in the
study. The decision to begin tapering a patient off of immunosup-
pressive medication was based on the absence of active inflamma-
tion on clinical examination for aminimum of 1 year, and was inde-
pendent of the patient’s ERG results. A successful taper of medica-
tion was defined as no recurrence of disease signs or symptoms for
at least 1 year after the medication was terminated.

Seven parameters of the ERG recordings from patients who
met the above-defined criteria were analyzed: dim scotopic ampli-
tude, bright scotopic amplitude, bright scotopic implicit time, sin-
gle-flash photopic amplitude, single-flash photopic implicit time,
30 Hz flicker amplitudes, and 30 Hz flicker implicit times. For
each parameter the patients were divided into two groups, those
with normal and those with abnormal responses. For each parame-
ter a chi-squared test was used to determine the significance of the
dependence between the partition of the parameter to normal or
abnormal values and the ability to taper a patient off of medica-
tion. The exact distribution of the chi-squared values under the
null hypothesis of the random partition of the 15 patients was gen-
erated. The 95th and 99th percentiles of the null distribution were
then determined. Chi-squared values greater than 3.8 showed sig-
nificance at the P=0.05 level, and chi-squared values greater than
6.6 showed significance at the P=0.01 level.

Electroretinograms were performed on a UTAS-E 2000 system
(LKC Technologies, Gaithersburg, Md.). The measurements were
performed in accordance with the international standard protocol
[6]. Implicit times were calculated by system software for the
30 Hz flicker response. Prolongations in the implicit time were de-
fined as an increase in the implicit time over the upper limit (95%
confidence interval) for the normal age-adjusted reference values
(unpublished data). ERG results were interpreted by one of the au-
thors (J.L.), who was masked as to the clinical course of the pa-
tients' disease and type of therapy being administered.

Table 1 Profile of patients with birdshot retinochoroidopathy undergoing tapering of immunosuppressive therapy (CSA cyclosporin A)

Patient Sex Age Immunosuppression Taper successful? Final visual acuity
(years)

oD (O]
1 Male 52 CSA Yes 20/15 20/20
2 Male 41 CSA, azathioprine No 20/25 20/25
3 Male 58 CSA, azathioprine No 20/32 20/20
4 Female 49 CSA No 20/20 20/20
5 Female 61 CSA No 20/30 20/25
6 Female 67 CSA No 20/25 20/25
7 Female 57 CSA No 20/32 20/40
8 Female 38 CSA Yes 20/20 20/20
9 Female 31 CSA No 20/25 20/20
10 Male 45 CSA Yes 20/40 20/40
11 Female 29 CSA No 20/20 20/25
12 Male 51 CSA, azathioprine No 20/80 20/25
13 Male 69 CSA, retinal S-antigen Yes 20/20 20/20
14 Female 58 CSA, azathioprine No 20/60 20/60
15 Male 66 CSA No 20/40 20/30
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Results

Fifteen patients met our study inclusion criteria (Table
1). All these patients were positive for the HLA-A29 an-
tigen. The values for each of the seven ERG parameters
are shown in Table 2. The ERG parameter that showed
the most significant correlation with an inability to taper
medi cation was the 30 Hz flicker implicit times (P=0.01)
(Table 3). Only 1 of 11 patients with prolonged 30 Hz
flicker implicit times could be successfully tapered off
medication. Of the four patients with normal implicit
times, three achieved a successful taper. The degree of
implicit time prolongation in patients varied from 1% to
31% above the upper limit of normal for the age-adjust-
ed reference values. For most patients the extent of pro-
longation decreased as a function of the amount of im-
munosuppressive medication received, but any prolonga-
tion was still correlated with unsuccessful tapering off
medication.

Decreased bright scotopic response amplitudes also
mirrored the predictive value of the 30 Hz flicker implic-
it time (P=0.05), with only one of nine patients having a
decreased amplitude achieving a successful taper. The
intra-patient variability in the amplitude measurements
varied more than the implicit times, even for similar de-
grees of disease activity (data not shown).

Casel

Patient 8 was a patient in whom the 30 Hz flicker implic-
it time correlated well with success in tapering of immu-
nosuppressive medication. Patient 8 was a 38-year-old
woman who also presented to our service with a sudden
onset of blurry vision and photopsias and visual acuities
of 20/20 OD and 20/20 OS. The anterior segment exami-
nation disclosed no anterior chamber cells, but 1+ vitre-
ous cells were seen. Examination of the retina showed
depigmented lesions scattered throughout the midperiph-
ery at the level of the retinal pigment epithelium in both
eyes. The diagnosis of BSRC was made, and the patient
was started on CSA therapy at a dose of 200 mg/day.
This dose was raised to 500 mg/day over a 6-month peri-
od in response to worsening inflammation and symp-
toms. Seven months after the immunosuppressive thera-
py was started, all seven parameters of the ERG, and
particularly the 30 Hz flicker implicit times, were normal
(Table 2, Fig. 1). The patient's CSA dose was decreased
to 300 mg/day and she was maintained at that dose for
the next 6 months. Repeat ERG testing at that time again
showed normal responses. The patient’'s CSA dose was
slowly tapered over the following 12 months. During the
course of this taper the patient experienced several epi-
sodes of increased floaters and worsening photopsias.
Electroretinograms measured during these episodes of
worsening symptoms revealed normal bright scotopic

Table 3 Chi-squared analysis of the correlation between different
ERG parameters and the ability to taper a patient off of immuno-
suppressive medication. A value greater than 3.8 is significant at
P=0.05 and a value greater than 6.6 is significant at P=0.01

Number of patients Chi-squared
Tapered Not tapered Total

Dim scotopic amplitude
Normal 2 5 7
Abnormal 2 6 8 0.02435
Bright scotopic amplitude
Normal 3 2 5
Abnormal 1 9 10 4.2613
Bright scotopic implicit time
Normal 3 8 11
Abnormal 1 3 4 0.0077
Single-flash photopic amplitude
Normal 3 4 7
Abnormal 1 7 8 1.7593
Single-flash photopic implicit time
Normal 3 4 7
Abnormal 1 7 8 1.7593
30 Hz flicker amplitude
Normal 3 5 8
Abnormal 1 6 7 1.0288
30 Hz flicker implicit time
Normal 3 1 4
Abnormal 1 10 11 6.616

Dim Bright Bright 30 Hz Flicker

Scotopic Seotopic Photopic
Patient 8 B NpoEs i
(normal) \ \ : 1 T

‘: { -—."J b

' fii iy
Patient 9 f 477 N

VP
Patient 10

Fig. 1 Full-field ERGs for patients 8, 9, and 10 showing each pa-
tient’s response to single-flash dim scotopic, bright scotopic, and
bright photopic stimuli. For each patient the upper curve is from
the right eye and the lower curve is for the left eye. Also shown
are the responses to 30 Hz flicker stimulation. An upward deflec-
tion represents cornea positivity. Stimulus onset is designated by
the solid vertical lines in the single flash responses and by vertical
shock artifacts in the 30 Hz flicker responses. The calibration bar
in the lower right hand corner is 50 ms along the horizontal axis
and 100 pV aong the vertical axis. Age-adjusted values for the
normal range for patient’s response are given in Table 2
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amplitudes and 30 Hz flicker implicit times, suggesting
that the symptoms were not due to recurring inflamma-
tion. Tapering of the medicine was continued despite the
symptoms, and the patient was successfully taken off the
medi cation. No recurrence of symptoms or clinically evi-
dent inflammation has occurred in 1 year of follow-up
since medication has been terminated.

Case 2

In contrast to patient 8, one patient (patient 9) failed her
taper despite a normal implicit time. This patient was a
31-year-old woman who presented to our service with
recent onset of blurry vision and photopsias and with vi-
sual acuities of 20/25 OD and 20/30 OS. The anterior
segment examination disclosed 1/2+ anterior chamber
cells and 1/2+ anterior vitreous cells. Examination of the
retina disclosed depigmented lesions scattered through-
out the midperiphery at the level of the retinal pigment
epithelium in both eyes. HLA-A29 testing was positive.
The diagnosis of BSRC was made, and CSA therapy was
begun at a dose of 200 mg/day. The dose was increased
to 400 mg/day over a 1-month period. Initial ERG test-
ing showed decreased rod and cone amplitudes and a
prolongation of the 30 Hz flicker stimulus implicit time
by 27.0% in OD and 5.3% in OS. The implicit time in
the left eye was normal when tested 6 months after thera-
py was initiated. At that time the patient had no new reti-
nal lesions in either eye, and vitreal cells were substan-
tially fewer in number than prior to treatment. The pa
tient's CSA therapy was continued. After 9 months of
therapy, the patient had no evidence of intraocular in-
flammation on clinical examination, and the retinal le-
sions appeared inactive. After 18 months of CSA therapy
the implicit time in the right eye also became normal
(Figure 1). Examination at that time also showed no ac-
tive inflammation, and therefore the dose of CSA was
decreased to 300 mg/day. Over the next 3 months the
CSA dose was tapered to 100 mg/day, but after 3 months
at this dose the patient experienced worsening floaters
and photopsias. The clinical examination disclosed 1+
vitreous cells and new hypopigmented retinal lesions.
ERG recording at that time showed an implicit time that
was prolonged by 7.5% in the patient’s right eye and was
normal in the left eye. The patient’'s CSA dose was in-
creased to 400 mg/day and this resulted in a decrease of
her symptoms and in her inflammation. The patient is
currently still at this higher dose of CSA and is awaiting
repeat ERG testing.

Case 3

The one patient (patient 10) whose prolonged implicit
times did not correlate with an unsuccessful taper was a

45-year-old man who was referred to our service 13
years after he was initially diagnosed with BSRC. Previ-
ous therapy included topical steroid drops, sub-Tenon's
injection of steroids and oral prednisone. On presenta-
tion to our service the patient's visual acuities were
20/40 in each eye. Anterior segment examination dis-
closed mild posterior subcapsular cataracts. The patient’s
intraocular pressures were normal. The vitreous con-
tained 1+ cells, and the retina exhibited multiple depig-
mented spots at the level of the retinal pigment epitheli-
um, distributed throughout the midperiphery in both
eyes. Initial ERG measurements showed implicit times
prolonged by 16.6% and 10.1% in the right and left eye,
respectively. Both rod- and cone-mediated response am-
plitudes were decreased by over 70% from the lower
limit of the normal age-adjusted values (Figure 1). The
patient was started on CSA, but this was discontinued af-
ter 2 months because the patient was asymptomatic,
there was no evidence of active inflammation and the pa-
tient was reluctant to continue medication. The patient
had no recurrence of his symptoms or of the retinal or
choroidal lesions. His clinical examination remained sta-
ble and was still significant only for multiple large areas
of retinal pigment epithelial atrophy. His ERG remained
abnormal, showing prolonged implicit times and de-
creased rod and cone function.

Discussion

Management of the patient with BSRC can be very frus-
trating, with disease recurrences and the paucity of
markers of disease activity contributing to the confusion
surrounding adjustment of medication regimens. We be-
lieve that our analysis supports the idea that serial ERG
measurements are useful in the care of patients with
BSRC. Particularly, we find that the bright scotopic am-
plitudes and the 30 Hz flicker implicit times provide use-
ful markers of disease activity and can serve as a predic-
tor of recurrence of inflammation if immunomodulatory
therapy is tapered prior to normalization of those param-
eters. During the course of the medication taper these
ERG parameters are helpful in monitoring for renewed
inflammation that may require increased medication.
The contrast between patient 8 and patient 9 (case de-
scriptions above) highlights these points. In patient 8 the
normal implicit times correlated with the successful
taper, despite the occasional recurrence of subjective pa
tient symptoms. In patient 9, however, the taper proceed-
ed well when the implicit time was normal, but failed
when the implicit time became prolonged. The implicit
time became prolonged in only one eye, but this still cor-
related with a need for increased medication. It is inter-
esting to note that patient 9 did have a decreased single-
flash photopic response amplitude at the time the taper
was started, but this parameter of the ERG measurement
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was not found to be significantly correlated with failure
of medication withdrawal.

Unilateral prolongation of the implicit times was seen
in two other patients (patients 12 and 15), both of whom
experienced recurrent inflammation as the immunosup-
pressive medication was decreased. As with patient 9, the
inflammation in these two patients rebounded in both eyes
and not just the eye with the prolonged implicit time. This
reinforces the concept that BSRC is a bilatera disease, or,
more strongly stated, a systemic autoimmune disease that
requires systemic immune system modulation in order to
abrogate the inflammation and preserve retinal function.

The reason the ERG is a sensitive indicator of disease
activity is speculative, but this test may help assess the
functional integrity of the retina, which may be compro-
mised during active inflammation. Of course, marked
destruction of the retina due to chronic inflammation
will make ERG measurements irrelevant, as was seen in
patient 10 (case 1). This patient was able to stop immu-
nosuppressive medication despite a decreased bright sco-
topic amplitude and a prolonged implicit time. He had a
long history of BSRC, and the disease may have caused
too much permanent retinal damage to allow normaliza-
tion of electrical signals with CSA therapy. This suggests
that using the ERG as a marker of disease activity would
probably be most useful in patients with substantial
amounts of preserved retinal function.

The high correlation of certain ERG parameters with
successful or unsuccessful taper of medications suggests
several ways in which the ERG may be helpful to the cli-
nician in guiding therapy for patients with BSRC. We
suggest that baseline electroretinograms be obtained on
all patients meeting the clinical criteria for BSRC. Ther-
apy is then initiated and medication doses adjusted until
there is resolution of clinically apparent inflammation.
We believeit is highly desirable to continue therapy until
one sees, if possible, normalization of the ERG, particu-
larly the bright scotopic amplitudes and 30 Hz flicker
implicit times, in both eyes before beginning any attempt
at tapering the immunosuppressive medications. Finaly,
the patient may be monitored with ERG recordings at
regular intervals during the course of the taper, and if the
bright scotopic amplitude decreases or the 30 Hz flicker
implicit time becomes prolonged, then the immunosup-
pressive therapy should probably be increased. The fre-
guency with which one monitors implicit times during
the course of the taper may vary depending on the pa-
tient’s symptoms. Patients with long-standing inflamma-

tion resulting in widespread destruction of retinal ele-
ments will not fit well into this paradigm of sequential
ERG testing.

It is not uncommon for patients to require many
months of immunosuppressive therapy before successful
tapering of such therapy can begin [4]. Our experience
correlates well with this finding, and patients whose
medication is tapered prematurely very often have re-
bound inflammation. Even if the disease appears only
minimally active on clinical examination, our findings
suggest that inflammation is likely to return if the bright
scotopic amplitude is decreased or if the 30 Hz flicker
implicit time remains prolonged.

The magjority of our patients were treated with CSA as
the sole immunosuppressive agent, although some had a
second agent included in their regimen. It is possible that
the type of immunosuppressive agent could have an ef-
fect on the rate at which ERG normalization occurred,
and that patients treated with other types of medication
could have a better chance of a successful taper earlier in
the course of treatment.

Our sample size was too small to allow us to address
several important issues. First, we could not attach a sta-
tistical significance to the number of patients who had
norma ERG parameters at the start of their medication
taper and were successfully taken off the immunosup-
pressants. Stated another way, our data help us to predict
when a taper will be unsuccessful, but not when a taper
will be successful. Secondly, we do not know how long a
patient should be maintained on an immunosuppressive
medi cation, once the ERG has normalized, before a taper
is initiated. Additionally, the small sample size allowed
us to perform only a univariate analysis of the data.
Thus, a caveat should be attached to the P values provid-
ed in Table 3 in that significance may be somewhat ex-
aggerated due to the possibility of multiple-testing error.
Even accounting for this, however, the significance of
the 30 Hz flicker implicit time would still remainnear the
0.05 level. Finaly, we could not find any predictors of
which patients will have an improvement in their ERG
profiles and a normalization of their ERG. Hopefully, the
answer to these questions will become more evident as
we prospectively follow additional BSRC patients using
the guidelines suggested above.
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