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An electrophysiological study on children and young
adults with Alport's syndrome
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Abstract
Alport's syndrome is characterised by pro-
gressive haematuric nephritis and high tone
sensorineural hearing loss. Ocular signs are
variable, the most consistent findings being
anterior lenticonus and retinal flecks in the
macula and mid peripheral areas. Previous
electrophysiological studies on patients with
Alport's syndrome have mostly been on adult
patients undergoing haemodialysis, or after
renal transplantation. A group of young
patients with Alport's syndrome were studied
to assess if early electrophysiological changes
were detectable. A total of 20 patients (15
males and five females) between the ages of3 5
and 22 years (mean 12-7 years) were
examined and compared with control subjects.
Visual evoked potentials and electroretino-
grams were obtained following flash and
pattern reversal stimulation. Electro-oculo-
grams were also recorded. No significant
electrophysiological changes were found in any
of the 20 patients, including four who had
visible fundus changes.
(BrJ Ophthalmol 1994; 78: 44 48)
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Alport's syndrome is anX linked disorder affect-
ing basement membrane collagen.13 The syn-
drome is characterised clinically by progressive
haematuric nephritis and high tone sensorineural
hearing loss. Ophthalmic changes have also been
reported, the most consistent findings being
anterior lenticonus and flecks in the macular and
mid peripheral retina."' Retinal abnormalities
less frequently reported include drusen in
Bruch's membrane, retinal pigment epithelium
dystrophy, macular degeneration, and hyper-
fluorescent window defects on fluorescein
angiography.46 11-13

The majority ofmales with Alport's syndrome
have haematuria and high tone hearing loss by
the age of 10 years. Renal failure tends to occur in
the second to fourth decade of life.9 1'4- Females
exhibit greater phenotypic variation. Some
females are as severely affected as males, while
others have persistent haematuria as the only
symptom.""'6 The variable gene expression seen

in females can be explained by random inactiva-
tion of the X chromosome (Lyon hypothesis).'7

Flinter and Chantler'7 reported a high inci-
dence of ocular changes (72% males, 38%
females) in a group of 188 patients with Alport's
syndrome. Other studies have found a lower
incidence of ocular changes ranging between
11% and 43%791 18

Reports of electrophysiological findings in
patients with Alport's syndrome are also varied.
Normal electroretinograms (ERGs) have been
reported in about 55% of the total of 29 patients

with Alport's syndrome reported in the litera-
ture,5 710-1219 and subnormal ERG amplitudes in
the remaining 45% 78 11-13 2021
Most studies find that the electro-oculogram

(EOG) is normal.57810 11 112 However, Hochge-
sand et al12 described subnormal light rises in
association with retinopathy in three patients,
and Perrin et al7 found that one patient out of
seven had both a subnormal EOG light rise and a
subnormal ERG amplitude.
Only a few studies have assessed the visual

evoked potential (VEP) in patients with Alport's
syndrome. Setala et al13 recorded responses to
flash in two patients and found the VEP to be
delayed in one patient and normal in the other.
Zylbermann et al8 reported a VEP with sub-
normal amplitude but normal latency in one
young female with Alport's syndrome.

Most previous studies have reported electro-
physiological findings in adult patients with
Alport's syndrome undergoing haemodialysis or
after renal transplantation. There is little in-
formation on the incidence of electrophysio-
logical changes in the broad range of unselected
patients with Alport's syndrome, or in young
patients with the disorder. We have recorded
VEPs, ERGs, and EOGs in 20 young patients
with Alport's syndrome to investigate the preva-
lence of electrophysiological changes in children
and young adults. The 20 patients were reviewed
by the departments of ophthalmology, nephro-
logy, genetics, and audiology. The electro-
physiological results presented here formed part
of the patients' ophthalmic review.

Methods
Letters explaining the study were sent to the
parents of all children who were, or had been,
under the care of the nephrology department at
the Hospital for Sick Children. A total of 20
patients with Alport's syndrome (15 male, five
female) aged between 3 5 and 22 years (mean
12-5 years) were examined.
In 13 of the patients the diagnosis of Alport's

syndrome was confirmed by finding characteris-
tic electron microscopic changes of the glo-
merular basement membrane on renal biopsy
(the biopsy specimen was considered positive if
diffuse glomerular basement membrane thicken-
ing and splitting were present). The remaining
seven patients had a history of chronic haema-
turia and a sibling or a first cousin who was renal
biopsy positive for the disease.

In all patients, ERGs and VEPs were recorded
simultaneously for both pattern reversal and
flash stimulation. A reversing checkerboard (50'
checks, 3 rev/s, contrast 90%) was displayed on a
television screen. At the viewing distance of
1 metre, the stimulation field subtended 28°
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horizontally, and 200 vertically. In addition, a

flash stimulus was presented at the rate of 3 per

second using a hand held lamp (Grass PS22,
intensity 4) placed 15 cm from the patients' eyes.

Pattern ERGs (PERGs) and flash ERGs
(FERGs) were recorded from 14 patients using
gold foil electrodes inserted in the lower fornix. A
topical anaesthetic (amethocaine 1 -0%) was

administered before electrode insertion. Silver/
silver chloride electroencephalogram (EEG) elec-
trodes placed on the lower eyelid, were used to
record skin ERGs in the remaining six patients
(five were less than 8 years old) since they would
not accept gold foil electrodes.
The flash and pattern VEPs were recorded

from two silver/silver chloride EEG electrodes
placed on the occipital midline: one at Oz (10-20
System, approx 3 5 cm above the inion) and the
other at the inion.

All active ERG and VEP electrodes were

referred to a midfrontal electrode (Fz). The
recording amplifier bandpass was set between 3
Hz and 125 Hz. A total of 128 pattern reversals or
flashes were summed for each averaging run.

A Cadwell ganzfeld stimulator was used to
elicit single flash ERGs in 12 of the patients who
would accept gold foil electrodes. Patients'
pupils were dilated (phenylephrine 2-5%) and
dark adapted for 20 minutes. Single flash ERGs
were recorded under scotopic conditions to dim
white light (0-4 cd.m .s at the bowl surface) and
to bright white light (3-73 cd.m .s). A total of
four flashes separated by 30 second intervals
were presented at each intensity. Photopic ERGs
and 40 Hz flicker were recorded using bright
flashes (3-73 cd.m-2.s) against a constantly
illuminated white background (78 cd.m2).
In 14 of the patients the ganzfeld was used to

record the EOG. This was monitored every 2
minutes during a period of 15 minutes in dark-
ness followed by 15 minutes under photopic
conditions. Saccades were elicited by sequential
fixation on light emitting diodes with 30 degrees
separation. EOG change was assessed by com-

puting the light peak to dark trough (Arden)
ratio. In one very young patient aged 3'/2 years
(case 9), saccades were recorded just for the
short periods around the dark trough and light
peak times normally found in healthy controls
(that is, 8 to 12 minutes in darkness.followed by 6
to 9 minutes in light).22

Ganzfeld ERGs obtained with gold foil elec-
trodes, and EOGs, were recorded in 10 healthy
controls aged between 18 and 30 years (mean
23 years). While the age range and mean of the
controls is higher than that of the patients,
comparisons are valid since ERG amplitude, and
the change in corneoretinal potential as measured
by the EOG, are the same as adults by 12 months
of age.2326

Sixteen of the 20 patients tested had normal
renal function while two were in chronic renal
failure and two had received successful renal
transplants. Neither of the patients in chronic
renal failure had undergone haemodialysis.

Pattern and flash VEPs were recorded from 18
normal controls who were age matched in range
and distribution to the group of patients with
Alport's syndrome.

Results
A summary of relevant clinical details and elec-
trophysiological findings for each of the patients
is given in Table 1.
The amplitude and latency components of the

ERG and VEP responses are shown in Table 2 for
the group ofpatients with Alport's syndrome and
for the control group.
The PERG amplitudes of the control group

varied considerably and this is reflected by the
wide 95% confidence interval (Fig 1, dotted
lines). The smallest PERG of 2 7 ,V obtained in
the Alport's group (case 1) using gold foil elec-
trodes was not considered abnormally low. The
P50-N95 amplitude components were also
measured, as were P50 and N95 latencies (Table
1). The amplitudes and latencies of the PERG

Table I Summary ofpatient details

Age Renal Renal Hearing
Patient Sex (years) function transplant loss Lens Retina ERG VEP EOG

1 M 22 Normal Yes x 2 Yes PSCC Flecks - LL
2 M 13 Normal - Yes - - - - -
3 M 17 Normal - Yes - - - - ND
4 M 20 Normal - Yes AL - - LL
5 F 15 Normal Yes Yes PSCC Flecks
6 M 21 CRF - Yes - - - LL
7 M 7 Normal - Yes - - - - ND
8 M 5 Normal
9 M 3 Normal
10 M 16 Normal
11 F 11 Normal - - - - - - -

12 F 17 CRF - Yes - Depigmented - LL -

13 M 15 Normal - Yes - -- - ND
14 F 12 Normal
15 M 4 Normal - - - - - - ND
16 M 8 Normal - - - - - - ND
17 M 9 Normal - Yes - Flecks
18 M 12 Normal -

19 F 11 Normal
20 M 13 Normal - Yes AL

ERG=electroretinogram.
VEP=visual evoked potential.
EOG=electro-oculogram.
--normal finding.
CRF=chronic renal failure.
AL=anterior lenticonus.
PSCC=posterior subcapsular cataract.
LL=aamplitude at lower limit of normal.
ND=test not done.
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Table 2 Group averages and rangesfor all tests

Patents with Alpores syndrome Nornal controls

Amplitude (,uV) Latey (ms) Amplitude (,uV) Latency(ms)

Test Mean Range Mean Range n Mean Range Mean Range n

PERG P50
foil 4-3 2-5-6-7 48-6 46-8-51-0 14 5-1 2-8-8-8 49-0 46-8-52-8 10
skin 2-2 0-5-3-8 48-4 45-6-51-6 8 1-7 1-2-3-4 49-4 46-8-52-8 10

PERG N95
foil 6-3 2-6-10-4 80-7 73-2-96-0 14 8-4 5-0-12-9 83-7 75-0-97-2 10
skin 2-8 1-3-5-2 79-8 68-4-90-0 8 2-0 1-2-3-5 81-5 69-6-88-8 10

Pattern VEP 15-4 4-7-27-5 103 94-112 20 18-5 4-8-39-6 103 92-111 18
Flash VEP 22-6 9-6-44-4 101 80-133 20 17-6 6-7-33-0 109 78-126 18
Scotopic ERG

foila 136 80-205 39-1 37-2-41-4 14 153 74-213 40 5 38-4-42-0 10
skina 31-3 14-8-49-2 38-2 32-4-40-8 20 34-1 20-6-53-2 40 0 38-4-42-0 10

Photopic ERG
foila 79 41-127 31-6 28-8-33-6 14 90 38-138 33-1 31-2-36-0 10
skina 24-6 11-4-36-3 31-5 28-8-33-6 20 19-2 11-6-38-1 32-5 30-0-36-0 10

Single flash ERG
Scotopic
dim whitea 274 201-422 69-5 57-6-78-0 12 298 146-364 69-0 61-6-81-2 10
bright whitea 405 258-556 49-4 46-0-52-8 12 439 244-594 52-0 504-55-2 10

Photopic
bright whitea 77 32-125 26-8 27-2-30-0 11 87 46-164 29-0 27-6-31-2 10
40 Hz flicker 17-8 11-0-26-6 25-7 24-7-27-0 11 21-4 7 9-34-9 25-8 25-0-26-8 10

aAmplitude: a-b wave peak-to-peak.
Latency: b-wave only.
PERG=pattern electroretinogram.
VEP=visual evoked potential.

P50 and N95 components were within normal
limits for all the patients with Alport's syndrome.

Six patients (cases 1, 3, 4, 6, 7, and 12) had
pattern VEP (P100) amplitudes which were near
the lower limit of normal (4-8 ,uV) (Fig 2). Four
of these patients (cases 1, 4, 6, and 12) also had
small flash VEPs. Cases 3 and 7 had much larger
responses to flash stimulation than for pattern.
All patients had normal VEP latencies to 50'
checks (Fig 3).

In the 12 patients with Alport's syndrome
tested with the ganzfeld stimulator and gold foil
electrodes, the mixed cone/rod ERG a-b wave
amplitudes to bright single flashes were within
normal limits and evenly distributed about the
control mean (Fig 4). The rod mediated b-wave
amplitudes to dim flashes presented under
scotopic conditions, and the cone mediated
amplitudes to bright flashes presented under
photopic conditions, were also within normal
limits. There were no significant a- or b-wave
latency differences when comparing patients and
controls. Photopic 40 Hz fficker amplitudes and
latencies were similarly within normal limits
(Table 1).
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Figure I Pattern electroretinogram (PERG) (P50)
amplitude to 50' checks. PERG recorded using goldfoil
electrodes. (-)=mean amplitude ofthe control group; and
(---)=95% confidence interval. (x)=patients with normal
renalfunction; (O)=patients in chronic renalfailure;
(O)=patients who had received renal transplants.

The light peak to dark trough ratios (Arden
index) of the EOG for the 15 patients tested are
shown in Figure 5. All patients had ratios of 2-2
or higher, the lower limit of normal for our
laboratory being 1-85. Patient 4 had a super-
normal ratio of 4-7.

Figure 6 shows VEP, ERG, and EOG tracings
from two of the patients. Case 6 was in chronic
renal failure at the time of recording and had a
renal transplant 3 months later. He gave smaller
pattern VEP and flash ERG responses compared
with both the normal control, and with case 11
who had normal renal function.

Discussion
The 20 young patients with Alport's syndrome in
our series all had normal scotopic and photopic
ERGs. Normal ERGs were found even though
three patients had perimacular flecks typical of
Alport's syndromel' and one patient had a large
depigmented area not involving the maculae.
Subnormal ERG amplitudes 'have been

reported in patients without Alport's syndrome
after chronic renal failure,272' in those under-
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Figure 2 Pattern visual evoked potential (PVEP)
(P100) amplitude to 50' checks. (-)=the mean amplitude of
the control group; (---)=the range ofvaluesfrom 18 age
matched normal controls. Cases 1, 3, 4, 6, 7, and 12 are near
the lower limit ofnormal (4-8 ,V). (x)=patients with
normal renalfunction; (O)=patients in chronic renalfailure;
and ([)= patients who had received renal transplants.
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Figure 3 Pattern visual
evoked potential (PVEP)
(P100) latency to 50'
checks. All patients are
within normal limits.
(-)=mean latency ofthe
control group, and
(---)=95% confidence
interval. (x)=Patients with
normal renal function;
(O)=patients in chronic
renal failure; ([) patients
who had received renal
transplants.
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Figure 4
Electroretinogram (ERG)
a-b wave amplitudes to >
bright white singleflashes
presented under scotopic -
conditions and recorded
using goldfoil electrodes. Of Q.
the 12 patients tested under E
these conditions all were
within normal limits. >
(-)=mean amplitude of c

the control group, and
(---)=95% confidence l
interval. (x)=Patients with
normal renal function;
(O)=patients in chronic
renal failure; and
(O)=patients who had
received renal transplants.
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going haemodialysis,"' and after transplanta-
tion.3' Sverik et al32 found that ERGs were
generally abnormal after long term dialysis but
tended to normalise after successful transplanta-
tion. It is possible that renal dysfunction and/or
dialysis may have a role in producing ERG
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Patient number
Figure S Electro-oculogram (EOG) lightldark (Arden)
ratios ofthe 15 patients with Alport's syndrome. All patients
are within normal limits except case 4 who had an unusually
high ratio of4-7.

changes observed in Alport's syndrome. In pre-
vious studies ofpatients with Alport's syndrome,
of those cases with normal ERGs, seven had
functioning renal transplants,5'° " two were
undergoing haemodialysis,'9 and two had normal
renal function" 19; the renal status ofthe other five
patients was unstated.7"2 Of the 13 patients
reported with abnormal ERGs, four were under-
going haemodialysis,81 "20 2' one had a renal trans-
plant,'3 and two had normal renal function8 13; the
renal function in the remaining six patients was
unstated.7 12
Our normal EOG results are in line with the

majority of previous studies.57810 1' 1920 Hochge-
sand et al'2 described subnormal EOGs with
normal ERGs in three young patients with Alport's
syndrome (5-17 years). Fluorescein angiograms
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Figure 6 Examples ofelectroretinogram (ERG), visual evoked potential (VEP), and electro-oculogram (EOG) tracings
from a 23-year-old normal control (female, aged 23) (far left column), case 6 who was in renalfailure (male, 21'/2years)
(middle column), and case 1I who had normal renalfunction (female, 1 11/2years) (far right column).
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were abnormal in two of the patients and one had
a depigmented area in the temporal retina. The
authors concluded that these patients had a
retinopathy affecting only the retinal pigment
epithelium. Perrin etal' reported one patient out
of seven with both a subnormal EOG light rise
and a subnormal ERG amplitude. Neither study
reported the renal status of those patients with
abnormal EOGs.

It is possible the reduced pattern VEP ampli-
tudes in four ofour patients may be due to ocular
effects associated with renal dysfunction. Cases 1
and 5 had mild posterior subcapsular cataracts
and cases 4 and 20 both had an oil droplet reflex
on retinoscopy, an early sign of anterior lenti-
conus. In cases 1 and 4, the cataract and oil
droplet may have degraded the sharpness and
contrast of the checkerboard pattern to a signifi-
cant extent and thus reduced the pattern VEP
amplitude. However, in two other cases (Nos 5
and 20) their effect may have been much milder
as pattern VEPs were ofnormal size.
A history of renal insufficiency was present in

three of the four cases with reduced VEP
responses. Case 1 had received two renal trans-
plants, the second one being successful. Cases 6
and 12 were in chronic renal failure at the time of
testing, and case 4 had normal renal function.
While reduced VEP amplitudes have been
reported in patients suffering chronic renal
failure and in those undergoing dialysis," 3 signi-
ficantly increased pattern and flashVEP latencies
are the more common finding.3"37

In conclusion, children and adolescent
patients with Alport's syndrome appear not to
show consistent ERG, VEP, or EOG abnor-
malities. Electrophysiological changes pre-
viously described in Alport's syndrome may, in
part, be secondary to renal dysfunction, and
future studies should address this possibility.
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