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Abstract
Purpose—To evaluate early changes in the central retinal response in HIV positive patients without
infectious retinitis using multifocal electroretinography (mfERG).

Design—The study was a case control study.

Methods—We evaluated three cohorts - HIV negative controls and two groups of HIV positive
patients separated according to their nadir CD4 counts (≥100 and <100 for a minimum of 6 months).
MfERG first (FOK) and second order (SOK) kernels were analyzed separately by areas of rings,
quadrants and individual hexagons for each cohort.

Results—Of 103 hexagon locations of FOK results there were no significant differences in
amplitudes of P1 and N1 across the groups (0.05<p<0.50); although there was a trend for an overall
reduction in the amplitudes. Similarly, latency N1 did not differ (0.28<p<0.95). There were
significantly delayed latencies of P1 between cohorts across 103 hexagons in both kernels. SOK
results also showed significant delay in latencies of P1 and a trend of reduced P1 amplitudes across
studied locations among cohorts (0.24<p<0.08).

Conclusion—The results demonstrate widespread delay in latency in HIV positive patients,
especially in those with prolonged low (below 100) CD4 nadir counts. These findings suggest early
diffuse dysfunction of the inner retina resulted from severe HIV disease even in the era of HAART.

Introduction
As of December 2007 there are over 33 million people infected with human immunodeficiency
virus (HIV) worldwide and more than 1.3 million live with HIV in North America alone 1.
Since the introduction of highly active antiretroviral therapy (HAART) in 1996 the mortality
and rate of severe systemic complications has significantly decreased among these patients. In
particular, the incidence of infectious cytomegalovirus (CMV) retinitis has declined 75–85%,

Address for Correspondence: William R. Freeman, M.D., Professor of Ophthalmology, Director Jacobs Retina Center, Shiley Eye
Center, University of California San Diego, 9415 Campus Point drive, La Jolla, CA 92093-0946, Fax 858-534-7985.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Am J Ophthalmol. Author manuscript; available in PMC 2009 October 1.

Published in final edited form as:
Am J Ophthalmol. 2008 October ; 146(4): 579–588. doi:10.1016/j.ajo.2007.12.021.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



as compared to the pre-HAART era 2, 3. Due to immune recovery and an increase of CD4
counts induced by HAART, the incidence of immune recovery uveitis (IRU) and related visual
loss has increased up to 63% in patients with regressed CMV 4,5,6. But even inclusive of IRU,
the most common ocular manifestation (up to 50% of patients) 7 of HIV disease remains to be
non-infectious HIV retinopathy characterized by cotton wool spots, intraretinal hemorrhages
and microaneurysms. Although non-infectious HIV retinopathy usually is not associated with
loss of visual acuity 8, the visual function in HIV positive patients may be disturbed even
without any visible structural damage to the retina. It had been reported previously that visual
field 9, 10, contrast sensitivity, color sensitivity 11, 12 and results of the electrophysiological
tests 13,14, 15,16 are abnormal in HIV positive patients without any fundoscopic changes. It
was also shown that these patients have significantly thinned retinal nerve fiber layer (RNFL)
17, 18.

We previously studied a small group of HIV positive patients without infectious retinitis using
a mfERG 30Hz flicker stimulus to determine the outer retina function in these patients by
analyzing the first order kernel (FOK). Our results did not show any consistent evidence of
significant outer retina damage 19.

Multifocal ERG has been used to localize focal retinal damage occurring in numerous diseases
and disorders 20,21,22,23,24,25,26,27 and has been proven to be a reliable diagnostic tool in
clinical settings. Mulifocal ERG can measure the function of the outer retina as well as the
inner retina. The first order kernel (FOK) reflects the average retinal response after a single
flash (mean difference between response to bright and dark stimuli), and the second order
kernel (SOK) represents the degree to which the retinal response is affected by an immediately
preceding stimulus (dark or light). 28

Although the exact retinal origin of the SOK component is still not fully understood, most
investigators agree that the second order kernel parameters reflect early changes in adaptive
retinal mechanisms and inner retina cell function. 29, 30 The SOK of multifocal ERG has been
shown to be sensitive to determining early retinal abnormalities in diseases involving mainly
the inner retina, such as diabetes 22,23,31,32, glaucoma 20,33,34, 35,36 and Leber’s hereditary
optic neuropathy 21.

It is not entirely clear if the visual loss in HIV positive patients without infectious retinitis is
due to retinal or neural dysfunction. We hypothesized that since early visible retinal changes
involve the inner retina (cotton wool spots, microaneurysms), it is most likely that the inner
retina is the site of early functional sub-clinical changes leading to structural abnormalities
seen later in the course of the disease. This is confirmed by visual field abnormalities showing
loss of retinal nerve fiber layer (Goldbaum MH et al.. IOVS 2007;48: ARVO E-Abstract 704).

As we previously showed that the outer retina is not the main source of abnormalities in these
patients 19, the current study is designed to determine the extent and localization of inner retina
dysfunction. In our previous study we did not use the algorithm sensitive to determining inner
retina function, therefore for this study we chose to use the double flash recording algorithm
(SOK) of mfERG that allowed us to investigate the first and second order kernel components
of mfERG responses simultaneously (SOK algorithm is described in Methods section in
details). Our goal was to determine if there is a difference in FOK or SOK responses between
HIV negative controls and HIV positive patients without infectious retinitis with low (below
100) or high (over 100) CD4 counts.

Methods
A total of 147 participants were tested in our study; 106 were chosen from a cohort of HIV
positive patients seen at the Jacobs Retina Center at the University of California San Diego
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(UCSD) from May 2005 to September 2006; and 41 HIV negative participants (73 eyes)
volunteered for participation in the control group. The Institutional Review Board at UCSD
approved the study protocol and study procedures conformed to the Health Insurance
Portability and Accountability Act (HIPAA) regulations and the Declaration of Helsinki for
research involving human subjects.

The 106 HIV positive patients were divided into two groups according to their nadir CD4
counts. The high CD4 count group (H) included 50 patients (86 eyes) whose nadir CD4 count
never dropped below 100 and the low CD4 count group (L) included 56 patients (85 eyes)
whose nadir CD4 count was below 100 for a minimum of 6 months. Table 1 describes the
patients’ characteristics for each of the three cohorts. There was no significant difference in
age between the groups.

We tested eyes without any visible retinal changes, except CWS due to non-infectious HIV
retinopathy, as determined by ophthalmoscopy and fundus photography. Four of the eyes had
non-infectious HIV retinopathy (CWS) at the time of exam and we did not exclude those eyes.
Also, we did not exclude patients who has had a history of HIV retinopathy but at the time of
exam did not have any apparent retinal changes. The presence of retinal diseases such as CMV
retinitis, glaucoma, diabetes, AMD or abnormal ocular media in the tested eyes were carefully
excluded. No participants had a refractive error of more than −4.0D or +2.5 D. All were able
to maintain steady central fixation. We did not test eyes affected by CMV retinitis in HIV
positive patients, and used only unaffected eyes in our analysis. We also tested only one eye
in healthy volunteers according to their request.

Multifocal Electroretinogram Technique (mfERG)
Pupils were fully dilated with 1% tropicamide and 2.5% phenylephrine hydrochloride. After
topical anesthesia with propacaine a Dawson-Trick-Litzkow thread electrode (DTL Plus
Electrode, Diagnosys LLC, Lowell, MA) was placed under the lower lid of the tested eye and
the contralateral eye was occluded. Two gold-cup electrodes were used for ground (attached
to the forehead) and reference (attach to the temple) after cleaning of the skin with abrasive
gel.

The stimuli were displayed on a CRT monitor (70Hz) with RETIscan software Version 3.20.15
(Roland Consult Elektrophysiologische Diagnostik Systeme, Wiesbaden, Germany) using a
double flash paradigm to evoke a more pronounced SOK response. The room was darkened
and the viewing distance was 28 cm (11inches) which allowed a viewing angle of
approximately 28 degrees. Presbyopic participants used appropriate correction if necessary for
clear visualization of the fixation target.

An array of 103 hexagons, scaled with eccentricity was displayed in the following sequence:
511×10 (H1DDDDH2H3DDD), where H is a light frame and D is a dark frame. The sample
distance was 1.1 ms (901Hz) and the frame frequency was 70 Hz. The first order kernel was
recorded as a response after a single H1 flash with a 66.4 ms interval of four dark frames
allowing the retina to recover before H2 and an immediate H3 flash (double flash), which
evoked the second order kernel response when the retina did not have sufficient time to recover
from the preceding flash. Each hexagon was temporally modulated between black (<2 cd/m2)
and white (200 cd/m2) with a contrast of 98%, according to a pseudorandom binary m-sequence
with a base interval of approximately 16.6 ms. Each step of the m-sequence consisted of 5
frames in 83 ms lengths. Responses were band-pass filtered outside 10 to 100 Hz and amplified
100,000 times. Occasional artifacts, such as blinks during the recording, were eliminated by
the RETIscan software and that part of the sequence was immediately repeated to record a new
response free of artifacts.
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A standard m-sequence was recorded over a 12 minutes per eye period and divided into 8 short
segments (89 sec each) for patient comfort. The recording protocol was chosen according to
the ISCEV guidelines for basic mfERG 37. To increase sensitivity to identify abnormalities in
the amplitudes and latencies, we set the filters between 10–100Hz, instead of more commonly
recommended 10–300 Hz, as this range of filtering was shown to be more sensitive to detect
inner retinal responses in diabetes 39,40

The mean simultaneous response component for the first order kernel and second order kernel
was recorded. Implicit times (latencies) and response densities - the amplitude relative to their
respective areas (nV/deg2) of the first negative peak (N1) and the first positive peak (P1) were
measured for both kernels. The N1 response amplitude was measured from the starting baseline
to the base of the N1 trough; the P1 response amplitude was measured from the N1 trough to
the peak P1. Averages of responses recorded during 8 cycles were calculated for each subject
for 103 hexagons and analyzed with the RETIscan software. For all data obtained with the left
eye the mfERG values were left-right flipped along the vertical axis so that they were
comparable to the right eye data for statistical analysis.

Statistical Analysis
Analysis of responses was done by regional averages derived from concentric rings (6),
quadrants (4) (Figure 1) and the whole field, as well as individually by each of 103 hexagons.
FOK and SOK components were analyzed separately among the studied cohorts. Ring 1
(central hexagon): 3°, ring 2: 3°–6°, ring 3: 6°–10°, ring 4: 10°–15°, ring 5: 15°–22°, ring 6:
22°–28°. Quadrants: superior nasal (SN), inferior nasal (IN), inferior temporal (IT), superior
temporal (ST).

Analysis of variance was used to compare each of the FOK and SOK responses by areas across
the three study cohorts. All averages were calculated per eye. All analyses were conducted at
the 0.05 level and utilized SAS, version 10.0 (Cary, NC).

Results
First Order Kernel (FOK) response

In the analysis of FOK by rings and quadrants (Table 2), there was no difference in the
amplitude N1 and P1, but there was a statistically significant delay in P1 latency in areas of
rings 3 to 6 (tested retina of 6° degrees to 28° degrees from the fovea) (Table 2) in patients
who had a history of prolonged low CD4 counts (0.0001<p<0.02). The analysis of FOK in
average across the 103 hexagons and by quadrants showed significant delay in latency P1
across all 4 sectors in HIV positive patients as well (0.0001<p<0.03). The percent difference
in mean P1 latency between controls and low CD4 group was on average 3 % (Table 4)

Second Order kernel (SOK) response
The analysis of SOK by rings and quadrants (Figure 1) also showed statistically significant
difference in the latencies, with delayed latencies (implicit times) in HIV positive patients
compared to controls in the same areas as FOK abnormalities (Table 3). The distribution pattern
of the statistically significant delays in implicit times of SOK is shown in Figure 2.

The percent difference in latencies between controls (C) and High CD4 (H) was 3.1% and C
and Low (L) was 3.7% (Table 4). In the macular area (rings 1–2) the percent difference was
minimal – 1.5% between C and L. In the rings from 3 to 6 it varied from 3.4 to 3.9% between
C and L. (Table 4).
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Although there was no statistically significant reduction in the amplitude of N1 and P1 between
groups if analyzed by either kernel, we found a trend of P1 amplitude reduction in HIV positive
patients across all areas in both kernels (Table 2–Table 3). Sample waveforms originated from
individual hexagons as well as waveforms averaged by rings are shown in Figure 3 for the
controls and low CD4 counts group of patients.

Discussion
HIV is a complicated multi-systemic disease and the visual loss that these patients experience
may be due to localized retinal and/or generalized neurological changes. It has been previously
shown that patients with AIDS experience a lower axonal population with the extent and pattern
of axonal loss suggesting that changes may be due to secondary damage of the inner retina
(thining of RNFL) 17, 18 but also may reflect an AIDS-associated primary neuropathy 38. In
the current study we focused on the detection of retinal abnormalities that may be present in
early HIV disease and precede the infectious HIV retinopathy or the central vision loss. For
this purpose we used multifocal electroretinography (mfERG) that has been shown to be a
sensitive test to determine functional retinal abnormalities in diseases that mainly involve the
inner retina, such as diabetes or glaucoma 20,22,23,33,34, 35. We did not exclude from our
study those patients who have had history of prior HIV related background retinopathy such
as cotton wool spots, non-infectious retinopathy or those who had these retinal changes at the
time of the mfERG recording. We only excluded patients with infectious HIV retinopathy,
such as CMV retinitis.

In our previous study 19 we primarily investigated the outer retina’s involvement in a limited
cohort of HIV patients using 30Hz flicker algorithm of mfERG. We did not find any significant
difference in the amplitudes of the FOK, but found 18 focal abnormal points with delayed FOK
latencies, not following any particular pattern. Our conclusion was that the outer retina is not
a major site of early retinal abnormalities in HIV patients.

The current study was designed to investigate the inner retina involvement with a different
sequence of stimuli (double flash algorithm with longer periods between flashes), allowing us
to analyze mfERG responses from both the outer and inner retina as well as identify more
pronounced and consistent changes in the implicit times of both kernels. Also the cohort of
participants in the current study was considerably larger than in our previous study. To increase
sensitivity to identify abnormalities in the amplitudes and latencies, we set the filters between
10–100Hz, instead of more commonly recommended 10–300 Hz, as this range of filtering was
shown to be more sensitive to detect inner retinal responses in diabetes 39,40.

The second order kernel (SOK) represents the degree to which the retinal response is affected
by an immediately preceding stimulus. This response component thus reflects the effects of
fast adaptive mechanisms in the retina. The findings of Palmowski et al 28 and Fortune et al
40 suggest that recovery of retinal sensitivity following a flash is abnormal in diabetes, even
before the retinopathy is visible. Such pre-background diabetic retinopathy typically affects
the inner retina: ganglion cells 41 and Muller cells 42.

Our results showed a high correlation between low CD4 count nadir and delayed implicit times
found on both (first and second order) kernels. Also we found a trend of the P1 amplitudes
reduction in both kernel responses, though this reduction was not statistically significant (Table
2–3). As previously shown the P1 latency of the FOK is delayed in early diabetes but the
amplitude of the FOK is not necessarily reduced 23. We hypothesized that the mfERG changes
in diabetes and early HIV disease may be similar as both diseases affect inner retina and
microvasculature. It is important to remember that the SOK is not only affected by inner retinal
function, but also by middle and outer retina. Despite these limitations, the changes that we
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observed by mfERG are confirmed by other functional (visual field) and structural tests (OCT,
HRT, SLP). Therefore, this study shows that there is functional damage to the inner retina.
Unfortunately, there is not an electrophysiological test that isolates the inner retinal elements
form other retinal elements. If such a test were developed, our results suggest that this test
might show much more function loss.

The greater sensitivity of implicit times compared to amplitude is primarily because of lower
inter-subject variability; to reach statistical significance the relative deviation from “normal’
should be greater for amplitude than for implicit times 23. Therefore the latency delay is
reflecting subtle functional changes that are not yet pronounced as structural changes resulting
in markedly diminished amplitude and clinically relevant vision loss. The amplitude reduction
is a more evident indicator of profound retinal cell damage; yet implicit time delay probably
signifies a functional disturbance in communication between the retinal layers.

We want to note that in our study we used RETIscan and not the more widely used VERIS
system, and even though these two systems are comparable in precision for detection of retinal
abnormalities 43, our numerical results may show slightly higher amplitudes and slightly
longer implicit times than the data obtained using the VERIS system.

It was previously reported that the implicit times (latencies) of mfERG tend to increase with
increasing peripheral visual field defects in primary open-angle glaucoma 34. The difference
between our study and the work by Hasegawa and colleagues 34 is that we separated the retina
in concentric rings and Hasegawa and colleagues divided the retina into four quadrants. The
magnitude of latency change observed in our study is similar to those obtained in glaucoma
studies with visual field defects 34 and a relatively spared macula with both FOK and SOK
(Table 2–3).

The difference in latencies between the HIV and control group showed a trend of increasing
with eccentricity, which suggests that the inner retina damage in HIV patients differs from the
periphery to the macula and seems to be more pronounced at the periphery. The explanation
for these findings may be that the axonal loss in early HIV disease is most likely diffused, but
is more detectable by mfERG on the periphery because of less redundancy of axons (RNFL
thinning) towards the periphery. Pathological changes, such as microvascular compromise and
ischemia, would be much more noticeable in the periphery than in the macular region 44. This
phenomenon therefore does not necessarily imply that the HIV disease affects the peripheral
retina first. The lack of foveal involvement may be due to more robust and redundant retinal
elements, in particular ganglion cells, which also explains why clinically central vision is not
affected in early HIV disease. All of our patients in both cohorts (low and high CD4 counts)
had good central vision at the time of the testing (Table 1), which supports these findings and
suggests that central retinal function is not yet affected by the inner retinal changes we detected
with mfERG. It is our assumption that the inner retinal changes in HIV disease may precede
the clinical loss of vision in these patients by several years. Longitudinal studies need to be
performed to study this relationship.

It is also of interest to note that the majority of our HIV positive participants had been on
HAART therapy for a considerable period of time prior to our testing, leading us to assume
that this therapy alone may not protect against nor reverse the loss of retinal function in HIV
disease. For this reason, pharmacological neuroprotection may be important along with
systemic control of HIV disease itself to prevent vision loss in early stages of HIV disease.
This will require further investigation with longer follow up and larger cohort of participants.

In conclusion, we propose that the functional vision abnormalities experienced by HIV positive
patients without infectious retinopathy is most likely due to early diffuse changes in the inner
retina. Our results support this hypothesis as we found statistically significant delays in the

Falkenstein et al. Page 6

Am J Ophthalmol. Author manuscript; available in PMC 2009 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mfERG implicit times of both kernels. It is possible that these early changes may progress to
a more clinically significant vision loss over time. Prospective studies using mfERG recordings
in this same cohort of patients are underway.
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Figure 1. Arrangement of the individual hexagons by rings and quadrants
A. Superior nasal (SN), superior temporal (ST), inferior temporal (IT), inferior nasal (IN).
Central hexagon (52) is excluded from any quadrant. For statistical analysis the quadrant
distribution was flipped around the vertical axis for the left eyes.
B. Arrangement of concentric rings starting from central hexagon (52), which is the ring one
and towards the periphery scaled with eccentricity to the ring six. Number in each hexagon
represents individual hexagon numeration.
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Figure 2. Distribution pattern of the average second order kernel implicit time delays in our group
of HIV positive patients with history of low CD4 counts
A. This figure represents distribution of the delays analyzed and averaged by rings; dark rings
show the areas with statistically significant values (< 0.05) and white rings show non-
significant delay in implicit times.
B. Distribution of statistically significant delay in implicit times analyzed by individual
hexagon; dark hexagons represent statistically significant delay and white hexagons represent
statistically non-significant delays.
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Figure 3. Example of second order kernel (SOK) waveforms from the HIV negative control and
HIV positive patient with a history of low CD4 counts
A. Example of SOK waveforms recorded from an HIV negative control; B. The waveforms
averaged by rings from the same individual. C. Example of SOK waveforms from an HIV
positive patient with a prolong history of low CD4 counts; D. The waveforms averaged by
rings from the same patient. Note a delay of the average implicit time (latency) of P1 compared
to the same response from the control patient.
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Table 1
Participant Characteristics Stratified by Cohort

HIV positive Low HIV positive High HIV negative
nadir CD4 counts nadir CD4 counts Control Group

(n=56/85 eyes) (n=50/86 eyes) (n=41/73 eyes)
Age (years) 46.1±9.7 48.2±8.2 41.4±14.1

Gender: women 7 (12.5%) 4 (8%) 17 (41.5%)
Mean visual acuity − 0.015 (± 0.11) − 0.05 (± 0.13) −0.02 (± 0.12)

(ETDRS)* [=20/19] [=20/18] [=20/19]
Mean IOP (mm Hg) 13.2 ± 2.6 13.5 ± 2.6 12.9 ± 2.2

Per-patient number of
eyes tested†
Both eyes 52% (58 eyes) 72% (72 eyes) 78% (64 eyes)
Single eye 48% (27 eyes) 28% (14 eyes) 22% (9 eyes)

Note: Mean (SD) for continuous variables; frequency (percent) for discrete variables

*
Visual acuity data is presented in logMAR (±SD)[Snellen equivalent]

†
In control and High CD4 group one eye was tested for the reason of time and participant’s convenience; in Low CD4 count group only one eye was

tested if patient had history of CMV retinitis, currently active CMV retinitis or other retinal disease.
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Table 4
Mean Percent Difference in P1 Latency between Controls - HIV Low CD4 counts and Controls – High CD4 Counts

FOK* FOK SOK* SOK
Control-High Control-Low Control-High Control-Low

Ring 1 2.2% 2.9% 0.1% 1.5%
Ring 2 2.2% 3.5% 2.0% 1.9%
Ring 3 2.9% 4.3% 2.8% 3.6%
Ring 4 2.7% 3.2% 2.4% 3.1%
Ring 5 3.8% 3.2% 3.5% 3.4%
Ring 6 3.0% 3.9% 3.3% 3.9%

Quadrant SN† 3.6% 3.8% 3.4% 3.6%
Quadrant IN 2.0% 2.9% 3.7% 4.0%
Quadrant IT 3.1% 3.4% 3.4% 3.6%
Quadrant ST 2.9% 4.0% 5.1% 4.5%

Sum 3.1% 3.8% 3.1% 3.7%
*
FOK = first order kernel, SOK = second order kernel.

†
SN=superior nasal, IN= inferior nasal, IT =inferior temporal, ST =superior temporal.

High CD4 group = nadir CD4 count ≥ 100; Low CD4= nadir CD4 count < 100 for a minimum of 6 months.

Am J Ophthalmol. Author manuscript; available in PMC 2009 October 1.


