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CLINICAL CASE REPORT

Two cases of unilateral cone–rod dysfunction presenting 
in adult females
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the second patient. Genetic testing in the first patient 
identified three heterozygous variants in PRPH2, 
RCBTB1, and USH2A. The second patient was found 
to have heterozygous variants in BBS1 and ABCA4.
Conclusion These two cases add to the literature 
of case reports of unilateral cone–rod and rod-cone 
dystrophies. However, the underlying etiology of the 
unilateral pattern of cone–rod dysfunction and the 
significance of the heterozygous mutations found in 
both cases remains uncertain.

Keywords Unilateral retinal dystrophy · Retinitis 
pigmentosa · Cone–rod dystrophy · Electroretinogram

Introduction

Ophthalmologists have wrestled with the diagnosis 
of slowly progressive monocular visual loss for many 
decades (Francois and Verriest 1952, Franceschetti, 
Francois, and Babel, 1963) [1, 2]. The gradual loss of 
cone and/or rod function in one eye can occur from 
acquired causes such as trauma, medication toxic-
ity (i.e., phenothiazine, chloroquine, hydroxychloro-
quine), infection (i.e., syphilis, rubella, toxoplasmo-
sis), and inflammation. The presentation of unilateral 
cone and/or rod dysfunction may also be a highly 
asymmetric manifestation of a bilateral hereditary 
disease.

In recent decades, the rapid increases in our under-
standing of genetic disease have reinforced the notion 

Abstract 
Purpose To describe cases of unilateral cone–rod 
dysfunction presenting in two middle-aged females.
Methods This case series highlights two middle-
aged female patients with progressive visual decline 
in one eye. Fundus photography, fundus autofluo-
rescence (FAF), spectral-domain optical coherence 
tomography (SD-OCT), multi-focal electroretino-
gram (mfERG), full-field electroretinogram(ffERG), 
and genetic testing were obtained.
Results In the first patient, mfERG showed an extin-
guished response and ffERG demonstrated markedly 
reduced a-wave and b-wave amplitudes (more pro-
nounced under photopic conditions) in the right eye. 
SD-OCT showed attenuation of the ellipsoid zone 
of the right eye. Similar findings were appreciated in 
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that nearly all hereditary retinal conditions are bilat-
eral due to germ-line mutations in genes critical for 
ocular development and function. As both eyes in 
any one patient have the same parents, it is problem-
atic to fit monocular cases into this framework. The 
term “dystrophy” has even acquired a connotation of 
implied underlying genetic etiology, although this is 
certainly not intrinsic to the etymology of the word 
which is the Greek equivalent of “bad nutrition or 
growth.”

Case reports consistently turn up of unilateral 
cone–rod dystrophies or rod-cone dystrophies (i.e., 
retinitis pigmentosa) in which acquired etiologies 
have been ruled out and there are truly no signs of 
disease in the fellow eye [3–7]. Recently with the 
advent of genetic testing, there been cases describing 
unilateral phenotypes with an associated germ-line 
mutation [8–10]. An intriguing example of a patient 
with a small patch of apparent retinitis pigmentosa-
like retinopathy in one eye is shown in Fig.  1. This 
patient exhibits a localized region of typical bone-
spicule pigmentation (Fig. 1A, B) with normal OCT 
and a corresponding temporal visual field defect in 
the right eye (Fig. 1D). The patient belongs to a three-
generation pedigree of family members with retini-
tis pigmentosa. Both the patient and her father have 
documented heterozygous mutations in the rhodopsin 
gene RHO, which typically causes retinitis pigmen-
tosa as an autosomal dominant trait.

In this note, we report two adult women who pre-
sented with slowly progressive retinal dysfunction in 
one eye with an apparent selective cone–rod pattern 
of loss. Though we were unable to document likely 
causative mutations, we find no evidence for localized 
alternative etiologies for the monocular visual impair-
ments, suggesting monocular cone–rod dystrophy as a 
possible underlying etiology.

Case 1: A 57-year-old female presented with 
4  years of progressive painless visual decline in the 
right eye. Her past medical history was remarkable 

for hypertension. On initial examination, best-cor-
rected visual acuity was 20/50 right eye and 20/20 
in the left eye. She had a relative afferent pupillary 
defect (rAPD) and correctly read none of the 14 Ishi-
hara color plates with the right eye; color vision was 
normal in the left eye. Intraocular pressures and ante-
rior segment examination were normal. Dilated fun-
dus examination was significant for bilateral enlarged 
cup-to-disk ratios and mild macular depigmentation 
in the right eye.

Wide-field fundus photos and fundus autofluo-
rescence (FAF) images of both eyes were grossly 
unremarkable. [Fig. 2A, B]. Spectral-domain optical 
coherence tomography (SD-OCT) of the posterior 
poles showed granular loss of the outer nuclear layer 
and ellipsoid zone in the right eye and was within 
normal limits in the left eye [Fig.  2C]. SD-OCT of 
the retinal nerve fiber layer (RNFL) is not shown but 
was normal. Humphrey 24–2 visual fields showed an 
irregular central scotoma of the right eye and a nor-
mal field of the left eye [Fig. 2D].

To rule out mass lesions and causes of non-glauco-
matous optic neuropathy, magnetic resonance imag-
ing (MRI) of the brain and orbits with and without 
contrast was obtained and was within normal lim-
its. Serologic studies of Lyme immunoglobulins, 
Treponema pallidum antibody, Quantiferon gold, 
rheumatoid factor, anti-proteinase 3, anti-myeloper-
oxidase, anti-aquaporin 4, anti-cyclic citrullinated 
protein, and angiotensin-converting enzyme were 
negative or within normal limits. There were no 
remarkable family history, history of trauma, or evi-
dence of inflammation in either eye.

Multi-focal electroretinograms (ERGs) were 
obtained on the Diagnosys Espion-3 with Daw-
son–Trick–Litzkow (DTL) fiber electrodes (Diag-
nosys LLC USA, Lowell, MA). The response array 
had low-normal amplitude in the left eye, but was 
reduced by about 75% in the right eye [Fig. 3]. Upon 
close inspection, the response waveforms were most 
severely attenuated centrally. Full-field ERGs were 
obtained with the Diagnosys Espion-3 also using 
DTL fiber electrodes. Under photopic conditions, 
a-wave and b-wave amplitudes were greatly attenu-
ated in the right eye, whereas responses from the 
left eye were within normal limits [Fig. 4]. Photopic 
b-wave implicit times were prolonged by 7 ms in the 
right eye compared with the left eye. Under scotopic 
conditions, the asymmetry in the response amplitudes 

Fig. 1  Fundus photos A and autofluorescence B show local-
ized pigmentary retinopathy of the right eye. SD-OCT of the 
macula C appears normal. Goldmann visual fields C show a 
inferotemporal visual field defect of the right eye correspond-
ing to the fundus appearance. There is a family history of reti-
nitis pigmentosa, apparently inherited in autosomal dominant 
fashion. Both the patient and her father carry the same patho-
genic mutation in the rhodopsin gene, RHO c.511C > T, p. 
(Pro171Ser)

◂
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Fig. 2  Fundus A and autofluorescence B of both eyes appear 
within normal limits. SD-OCT of the macula C exhibits atten-
uation of the outer segment ellipsoid zone in the right eye (red 
arrow) with a reduction in the distance between the ellipsoid 
line and the retinal pigment epithelium underneath the fovea 

with an essentially normal ellipsoid zone in the left eye. Hum-
phrey visual field 24–2 D demonstrates an irregular central 
scotoma in the right eye with an enlarged blind spot. The vis-
ual field of the left eye was within normal limits
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between the two eyes was less dramatic than under 
photopic conditions, confirming the loss of function 
affecting cones more than rods [Fig. 4].

Utilizing the patient’s saliva as a sample, 
genomic DNA was enriched for targeted regions 
using a hybridization-based protocol and sequenced 
using Illumina sequencing technology. Heterozy-
gous variants of undetermined significance were 
identified in PRPH2, RCBTB1, and USH2A. Of 
note, the PRPH2 gene is associated with both auto-
somal dominant and autosomal recessive disor-
ders including retinitis pigmentosa (MedGen UID: 

334,168), Leber congenital amaurosis (MedGen 
UID: 137,922, macular dystrophy (MedGen UID: 
1,636,950), and central areolar choroidal dystrophy 
(MedGen UID: 442,696).

Case 2: A 53-year-old female presented with 
4  years of progressive painless visual decline in the 
right eye. On initial exam, best-corrected visual acuity 
was 20/40 right eye and 20/20 left eye. She was noted 
to have a trace rAPD of the right eye and correctly 
read none of the 14 Ishihara color plates; color vision 
in the left eye was normal. Intraocular pressures and 

Fig. 3  mfERGs show an extinguished response in the right 
eye (left column) and a low-normal response in the left eye 
(right column). Gray bars show normal range of ring-average 

amplitudes in our laboratory. Insets show response waveform 
arrays: In the right eye, there is a suggestion of greatest attenu-
ation centrally
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anterior segment examination were normal. Dilated 
fundus examination was unremarkable.

Wide-field fundus photos were unremarkable. FAF 
showed slight hyperautofluorescence within the mac-
ula and along the arcades [Fig.  5A, B]. SD-OCT of 
the posterior poles showed granular loss of the ELM 
and EZ in the right eye and was within normal lim-
its in the left eye [Fig. 5C]. OCT-RNFL was within 
normal limits. HVF 24–2 visual fields showed diffuse 
non-specific loss of the right eye and a normal field of 
the left eye [Fig. 5D].

MRI brain and orbits did not reveal mass lesions 
or inflammatory lesions. Laboratory testing includ-
ing anti-aquaporin 4, anti-myelin oligodendrocyte 
glycoprotein, angiotensin-converting enzyme, and 
lysozyme was negative or within normal limits. There 
were no remarkable family history, history of trauma, 
or evidence of inflammation in either eye.

Multi-focal ERGs were obtained on the Diagnosys 
Espion-3 with DTL fiber electrodes (Diagnosys LLC 
USA, Lowell, MA). The response array amplitudes 
were normal in the left eye, but were attenuated by 
about 80% in the right eye [Fig. 6]. Full-field ERGs 
under photopic conditions showed a-wave and b-wave 
amplitudes that were greatly attenuated in the right 
eye, whereas responses in the left eye were within 
normal limits [Fig. 7]. Photopic b-wave implicit times 
were prolonged by 10 ms in the right eye compared 
with the left eye. Moreover, under dark-adapted con-
ditions, response amplitudes in the right eye were less 
diminished, confirming the loss of function affecting 
primarily cones compared to rods [Fig. 7].

Genetic testing of the patient’s saliva sample iden-
tified a pathogenic heterozygous mutation in the 
BBS1 gene and a pathogenic yet low penetrance het-
erozygous mutation in the ABCA4 gene. Of note, the 
BBS1 gene is associated with autosomal recessive 

Bardet–Biedl syndrome and non-syndromic retini-
tis pigmentosa, neither of which were suspected in 
this patient. In addition, ABCA4 is associated with 
autosomal recessive inherited retinal disorders such 

Fig. 4  Full-field ERGs and responses to ISCEV-standard 
stimula (light-adapted 3.0, light-adapted 30-Hz flicker, dark-
adapted 0.01, dark-adapted 3.0, dark-adapted 10.0, and dark-
adapted oscillatory potentials) are shown. In each frame, 
responses of the right eye are shown on the left side, and 
responses of the left eye are shown on the right side. Each 
frame shows waveforms of two response events, and the aver-
aged response of six events. Note response asymmetry, with 
greater relative attenuation of responses from the right eye 
under photopic conditions than under scotopic conditions. The 
latency of the response to photopic flicker is delayed as seen by 
comparison with the stimulus markers

▸
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as Stargardt disease, which again did not match this 
patient’s presentation.

Discussion

Cone–rod dystrophies (CRDs) are a heterogeneous 
group of retinal disorders characterized by dysfunc-
tion or loss of cone function and to a lesser extent, 
that of rods [11]. CRDs manifest after late childhood 
or early adulthood, and the estimated prevalence is 
one in 40,000.12. On dilated examination, CRDs 
are classically characterized by pigmentary changes 
within the macula. Typical symptoms include 
decreased visual acuity, dyschromatopsia, photopho-
bia, decreased contrast sensitivity, and central visual 
field defects. As the disease progresses, nyctalopia 
and peripheral visual field loss can occur. With the 
help of ERG and FAF, the diagnosis of CRD can be 
made readily. On ERG, the 30 Hz flicker usually has 
an increased implicit time. In addition, rod and cone 
amplitudes may be diminished with cone responses 
being impacted more than rods. Occasionally, one 
may observe an electronegative ERG—one in which 
the a-wave is larger in amplitude than the b-wave [11]. 
FAF classically demonstrates hyperautofluorescence 
within the macula corresponding to areas of retinal 
degeneration [13]. CRDs tend to be non-syndromic, 
though they can be a feature of diseases such as olivo-
pontocerebellar degeneration, amelogenesis imper-
fecta, Pierre-Maria ataxia among others. Mutations in 
24 genes have been linked with CRD [11]. ABCA4 is 
implicated in 30 to 60% of autosomal recessive cases; 
CRX and GUCY2D in autosomal dominant cases; and 
RPGR in X-linked cases [12].

In recent years, there is a growing body of evidence 
that this group of disorders can present unilaterally 
and/or asymmetrically. In 1994, Sieving published a 
case series of two patients with suspected unilateral 
cone–rod dystrophy with markedly diminished cone 
30-Hz flicker ERG responses. Both patients presented 
in their early-to-mid 60 s [5]. Nomura et al. described 
a case of a Japanese patient of unilateral cone 

dysfunction with bull’s eye maculopathy [7]. A large 
series by Farell described 14 cases of unilateral RP 
and three cases of unilateral CRD. His study found 
that unilateral RP comprised approximately 5% of RP 
cases and unilateral CRD comprises approximately 
2% of cases, though these may be overestimated [6]. 
Many case reports have described unilateral presenta-
tions of retinitis pigmentosa, though only a few with 
genetic associations. Unilateral presentation of inher-
ited retinal dystrophies such as RP may be further 
explained by either mosaicism or somatic mutations 
[8].

In our two cases, the phenotypes appeared truly 
unilateral without evidence of asymmetry to sug-
gest a bilateral process. Alternative diagnoses such 
as trauma, medication toxicity, infection, and inflam-
mation seemed unlikely in our cases based on patient 
history, laboratory testing, and clinical exam. Our 
patients showed findings suggestive of a selective 
preponderance of loss of cone function compared 
with rod function, with a greater disparity of ERG 
amplitudes between the affected and unaffected eyes 
under photopic conditions than under scotopic condi-
tions. This selectivity is not typically found in most 
of the possible alternative diagnoses. While acquired 
disorders can never be entirely ruled out and it is 
possible that the heterozygous mutations detected 
through genetic testing are incidental, it also remains 
a possibility that the heterozygous mutations have a 
pathologic contribution.

With the advent of genetic diagnosis in recent dec-
ades, there has emerged a reluctance to apply the term 
“dystrophy” to monocular cases of the sort described 
here in the absence of a plausible identified muta-
tion or at least a family history. We wish to point out 
that this hesitancy embodies an ironic difficulty: The 
presence of a likely causative mutation is no more 
explanatory of the absence of visual impairment 
in the better-seeing eye than the absence of a likely 
mutation is a difficulty in explaining the impairment 
in the poorer-seeing eye, particularly in light of the 
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limitations in our ability to identify causative muta-
tions even in clear cases of inherited retinal disease 
[14]

Writing in 1963, Franceschetti and colleagues 
summarized their discussion of unilateral pigmen-
tary retinopathy as follows: “There is no longer any 
reason to doubt the existence of unilateral pigmen-
tary retinopathy, particularly since the introduction of 

Fig. 5  Fundus A and autofluorescence B of both eyes appear 
within normal limits. There is slight hyperautofluorescence 
within the macula and along the arcades in the right eye com-
pared to the left eye. SD-OCT of the macula C exhibits attenu-
ation of the outer segment ellipsoid zone in the right eye (red 
arrow) and an essentially normal ellipsoid zone in the left eye. 
Humphrey visual field 24–2 D demonstrates a central scotoma 
in the right eye and an enlarged blind spot. The visual field of 
the left eye was within normal limits

◂

Fig. 6  mfERGs show an extinguished response in the right eye (left column) and a low-normal response in the left eye (right col-
umn). Insets show response waveform arrays: In the right eye, there is a suggestion of greatest attenuation centrally
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electroretinography. With the aid of this test, definite 
diagnosis can now be made immediately, and a long 
period of observation is no longer necessary. It seems 
likely that the number of authentic unilateral cases 
will increase in the future” [2]. While it is unclear 
whether ERG, or our other enhanced diagnostic tools 
have eliminated our reticence regarding these uni-
lateral cases, perhaps we should at least continue to 
entertain the possibility that the pathophysiology in 
these cases is more similar than different from that of 
bilateral cases with similar anatomic and physiologic 
findings.
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