THE WAGNER SYNDROME VERSUS
HEREDITARY
ARTHROOPHTHALMOPATHY*

BY Irene H. Maumenee, MD,
Hans Ulrich Stoll (BY INVITATION), AND
(BY INVITATION) Marilyn Baird Mets

INTRODUCTION

IN 1938 WAGNER! DESCRIBED A SWISS FAMILY IN WHICH A DISORDER SHOWING VIT-
real and retinal changes was inherited in an autosomal dominant manner.
He coined the term “degeneratio hyaloideo-retinalis hereditaria.” At the
later suggestion of Alexander and Shea,? the eponym “Wagner disease”
was applied to a series of patients who showed a vitreal degeneration in
association with an increased incidence of retinal detachments. Since
then, retinal surgeons have used the term Wagner disease for patients
who develop retinal detachments that are presumably caused by vitreous
traction due to an inherited abnormality of the vitreous. The original
family report by Wagner! was followed up by Béhringer et al,® and is
being reexamined by Stoll.3* The disease was classified by Ricci* under
the vitreoretinal degenerations.

Wagner! described 18 affected persons, ranging in age from 5 years to
42 years. After the later evaluation by Bohringer et al,® the pedigree’
included 28 patients in five generations. None of the patients of Wagner’s
original family had had a retinal detachment, and none were observed in
the later follow-ups. For statistical reasons, it seemed unlikely that these
people suffered from the same disease that American retinologists refer to
as Wagner disease. However, after reading the early publications on the
Wagner syndrome, it was also unclear exactly why the patients lost vision.

*From the Wilmer Ophthalmological Institute, The Johns Hopkins Hospital, Baltimore,
Maryland (Dr Maumenee and Dr Mets), and the Augenklinik des Universititsspital,
Ziirich, Switzerland (Dr Stoll). This study was supported in part by grant EY 01773 of the
National Eye Institute.
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I therefore requested, and was kindly given permission to visit the eye
department of the University of Ziirich (Professor R. Witmer, Director),
where patients of this family are still under follow-up.

CASE REPORTS

I examined six members of the original pedigree, one of whom had earlier
been thought to be affected® but on our reexamination proved to be
normal. Thus, we were left with five patients whose years of birth ranged
from 1923 to 1953. These five patients had been examined earlier by
Wagner' and/or Bohringer et al® (Fig 1). In addition, Prof Wagner pro-
vided us with one histologic slide from one eye of a patient from his
original family.

CASE 1

This 29-year-old patient (Patfent V/18 in Fig 1; V/16 in Ref 3) has worn glasses
since age 12 or 13 years, with normalization of vision. At about age 20 she was
diagnosed as having an exotropia. On ocular evaluation her visual acuity was: OD,
20/40 with —4.25 + 0.75 X 100 and OS, 20/30 with —3.25 + 0.25 x 65. She
had a large positive angle kappa. Corneal diameters were 10 mm each. The
keratometer readings were: OD, 45.0/47.5 X 100 and OS, 45.8/48.0 X 65.
Intraocular pressures by applanation tonometry were 16 and 18 mm Hg in the
right and left eyes, respectively. There were shallow anterior chambers, with
grade 1 open angles. Slit lamp examination showed posterior cortical opacities
that were compatible with the visual acuity. The vitreous was fluid, with occa-
sional strands. The macula and optic disc had been dragged temporally in both
eyes. The retinal vessels, especially the arterioles, were narrow. A few isolated
round pigment spots were present, and also a vitreous condensation line over-
lying the equatorial retina. The vitreous membrane was partly fenestrated. The
physical examination was unremarkable.

Affected —.~.=Outline of ished b 1 Death )
oo Qutie of pedrse publhed by ath in early childhood
@ P73 Attected by history > Examined by present authors @1 Stlibirth or abortion
—— Sy"'v'i"' of padigres published 1 Death at age specified E Ilegrtimacy

FIGURE 1

Pedigree of family originally described by Wagner! and further described by Bohringer et
al.®
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CASE 2

This 36-year-old patient (Patient IV/28 in Fig 1; IV/28 in Ref 3) was known to have
visual problems since age 5 or 6 years. He has experienced a recent subjective
decline in visual acuity. In 1982, his acuity was 20/30 OU with plano + 0.25 X
180 and —0.75 + 1.50 X 5. Intraocular tensions on applanation were 22 and 19
mm Hg, respectively. There was a large positive angle kappa. Stereo acuity was
noted to be 50 seconds of arc. The corneal diameters were 10.5 mm each. On slit
lamp examination and Goldmann three-mirror lens evaluation, he had an early
posterior cortical cataract OU, vitreous liquefaction, and signs of early chorioreti-
nal atrophy with dragging of the macula, OU.

CASE 3

This 38-year-old man (Patient IV/27 in Fig 1; IV/27 in Ref 3) was noted to be
myopic in the first grade (RE, —5.00; L, —4.00). He developed painless, pro-
gressive loss of vision during the past 8 or 10 years and had a cataract extraction in
the left eye in 1981 and in the right eye in 1982. The visual acuity OU was 20/20
with his contact lenses. On slit lamp examination the anterior vitreous face was
visible, and there was a posterior vitreous detachment with almost totally lique-
fied vitreous. On Goldmann three-mirror lens evaluation he had a membranous
strand of vitreous, with a posterior attachment that proceeded forward and in-
serted into the inferotemporal retina. This membrane was avascular. No circular
membrane was present. His physical examination was normal.

CASE 4

This 59-year-old woman (Patient IV/11 in Fig 1; IV/11 in Ref 3) had worn glasses
since before she started school, and she had never had normal night vision. In
1975 she had bilateral cataract extractions six months apart. Her electroretino-
gram (ERG) that year showed a reduced b wave and delayed implicit time. On
ocular evaluation in 1982 her visual acuity was OD: 20/25 with +10.00 and OS:
20/30 with +10.25 + 0.25 x 60. Intraocular pressures on applanation were 15
and 14 mm Hg. Corneal diameters were 11.5 mm OU. Keratometer readings
were: OD, 42.5/43.0 x 180 and OS, 42.5 sphere. On slit lamp examination she
was bilaterally aphakic, with an optically empty vitreous cavity in both eyes. On
fundus examination she had temporal pallor of the optic nerve, with striking
chorioretinal atrophy involving the posterior pole but sparing the macular area. In
the peripheral retina of both eyes she had large areas of vitreous condensation,
and in the left eye this formed an almost total circular band (Fig 2 A and B). In
both eyes, there were areas of sheathing of the retinal vessels and of lattice
degeneration.

CASE 5

This 54-year-old man (Patient IV/13 in Fig 1; IV/13 in Ref 3) has had left strabismic
amblyopia all his life. He has never had normal night vision, and he has had slowly
progressive loss of vision in his right eye since age 35. The left lens was extracted
in 1967, and the right lens in 1968. On ocular evaluation in 1982 his visual acuity



352 Maumenee

FIGURE 2
Fundus views of patient IV/11 (case 4) seen through Goldmann three-mirror lens. A: Area of
transmission of normal appearing retina and B: area resembling retinitis pigmentosa.

was 20/40 in the right eye and counting fingers at 3 feet witha +9.50 +1.25 x 40
correction OD and balance lens OS. Corneal diameters were 10 mm OU. His
intraocular tensions on applanation were 19 and 20 mm Hg. On slit lamp examina-
tion the patient was aphakic. In the right eye two parallel membranes could be
seen in the vitreous cavity, and these probably corresponded to the anterior and
posterior vitreous face. On fundus examination he had a pale optic nerve with
constricted retinal vessels, and diffuse chorioretinal atrophy out to the midperiph-
ery, with a slightly more normal macular area and far periphery. At the area of the
equator there was vitreous condensation in a circular band (Fig 3 A and B). A
visual field in 1982 showed a 5 degree central field to an 1/4 test object with a
residual peripheral field to a V/4 test object in the right eye, and similar but even
more severe changes in the amblyopic left eye (Fig 4 A, B, and C). Dark adapta-
tion studies performed at various times since 1965 showed an elevated final rod
threshold with an earlier normal but later abnormal rod cone break (Fig 5 a, b,
and c¢). In 1965 a dark adapted ERG showed b waves of 60 microvolts. In 1979
there were markedly reduced rod and cone responses with a delayed b wave
implicit time (Courtesy Dr G. Niemeyer). The physical examination was unre-
markable.

Prof Wagner kindly sent us a histologic preparation obtained from the
eye of an additional family member (I111/24 in Fig 1; I11/24 in Ref 3). This
patient had total bilateral lens dislocation. The lens dislocated into the
vitreous cavity in the right eye, and on several occasions into the anterior
chamber in the left eye. He developed secondary glaucoma in the left eye
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FIGURE 3
Fundus view of patient IV/13 (case 5) seen through the contact lens. A: Area of chorioretinal
atrophy with pigment migration demarcated by the broad whitish membrane. B: Different
area of same eye showing sharply delineated membrane, seen through sector iridectomy
(asterisk marks the iris).

and purulent spontaneous perforation of a corneal ulcer led to enuclea-
tion. On histologic examination, there were several adhesions between
the retina and choroid (Fig 6 A and B), the choroid itself showed large
hemorrhagic detachments. The retina was thinned in all quadrants, and
in part was reduced to a glial membrane. In other areas photoreceptor
cells could be identified. There was perivascular pigment migration re-
sembling retinitis pigmentosa (Fig 7 A and B).

Using data from the descriptions by Wagner,! Bohringer et al,® and our
own data, the following natural history can be summarized for this syn-
drome. Patients have mild night blindness in early childhood. At school
age, a mild myopic prescription will normalize the visual acuity. The
visual status remains stable until the age of 30 to 40 years, when the
progressive developments of posterior cortical and posterior subcapsular
cataracts greatly reduce the visual acuity. After cataract extraction, visual
acuities of 20/20 were obtained in patients in the present generation. In
previous generations, patients did not regain useful visual acuities after
lens extractions. The causes of lack of recovery of vision after cataract
surgery ranged from postoperative glaucoma to optic atrophy to chorio-
retinal degeneration, but the causes did not include retinal detachments.
This slowly progressive chorioretinal degenerative disease leads to ring
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FIGURE 4
Progressive visual field loss during nine years in case 5. A: Left and right eye, respectively,
in 1967. B: Left and right eye in 1976. c: Right eye in 1982.



Wagner Disease 355

108 108 108

108 108 108

104 104 100

100 10° 100

102 102 102

o NORMALBAND 1, nomwALBAND NORMALBAND

0° T L T T T T 10° T T T T T T 1 10— T T T T 1
MIN 5 10 15 20 25 30 35 40 MIN 5§ 10 15 20 25 30 35 40 MIN 5 10 15 20 25 30 35 40

FIGURE 5

Dark adaptation rates in case 5 in a: 1965, b: 1967, and c: 1976, showing rod and cone
involvement. Final rod threshold is only one log unit elevated, thus reflecting contribution
of far peripheral retina to final level.

scotomata and presumably later loss of central visual acuity. Case 5 is now
54 years of age, and his visual field is constricted to a 5-degree field to a
I/4 test object on the Goldmann perimeter, with residual peripheral
islands (Fig 4). Considerable vitreal degeneration was a prominent fea-
ture in all patients with an optically empty vitreous cavity, in which
isolated strands of vitreous were visible. Dense whitish membranous
material was aggregated at the equator near the retina. At times, the
demarcation was sharp, but it could be indistinct and progressively lead-
ing into normal retina. Dragging of the macula was noted in two patients,
and a microcornea of 10.0 mm was seen in two members and assumed by
the family members to be part of the ocular pathology. Dislocated lenses
were reported in two patients by Wagner.! Thus, the disorder described
by Wagner is characterized by progressive vitreoretinal degeneration
with early myopia and a predominance of vitreal degeneration. The de-
velopment of presenile cataracts requiring surgery at about age 40 years
will temporarily reduce visual acuity, but normal acuities may be

FIGURE 6
A: Chorioretinal adhesions with photoreceptor loss and pigment migration around a scle-
rosed vessel (H&E, X 200). B: Chorioretinal adhesion at higher magnification (H&E, X 360).
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FIGURE 7
A: Area of transition between photoreceptor preservation and loss with preretinal pigment
migration (H&E, x150). B: Shown at higher magnification (H&E, X 300).

achieved after successful surgery, to be followed ultimately by visual loss
to a level ranging from legal to total blindness as the result of a progres-
sive chorioretinal atrophic process. This progressive chorioretinal atro-
phy, resembling retinitis pigmentosa, shows its first manifestation as
night blindness in childhood.

Roentgenograms of the epiphyses of the spine, of the proximal femora,
of the wrists and ankles were obtained on three patients. These roent-
genograms were interpreted as normal. No patient had a cleft palate, cleft
uvula, or a submucous cleft. There was no evidence of cardiovascular
disease, premature arthritis or arthrosis, or of mid-facial hypoplasia. The
patients considered themselves to be in excellent health except for their
visual problems.

DISCUSSION

Five members of Wagner’s original family were examined, and the histo-
logic preparation of one eye was reviewed. What disease do these patients
have? It is much easier to state what they do not have. They do not have
what is commonly referred to as “Wagner disease, ”>—that is, a disorder
in which vitreous degeneration is accompanied by a 50% retinal detach-
ment rate, frequently in childhood or adolescence. At present 28 known
affected members in the family are older than 30 years, and there is no
known case of spontaneous (or even traumatic) retinal detachment. Given
a detachment rate of 50%, the probability that by chance none of these
affected has developed a detachment is 0.5 x E28 which is equivalent to
about 1 chance in 270 million. However, very striking similarities to the
entity of vitreoretinal degeneration with retinal detachments exist.2 The
vitreous degeneration looks virtually identical to, or actually more severe,
in Wagner disease. There is an “optically empty” vitreous, with vitreous
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veils that proceed off from a circular band at approximately the equator
(Fig 2). There are perivascular pigment accumulations, sheathing, and
areas of lattice degeneration (Fig 3). The retinal degenerative changes are
much worse than those seen in vitreoretinal degeneration with retinal
detachment. These changes are the predominant features in Wagner
disease. Patients complain of having had night blindness since early
childhood. They may have normal visual acuity, although one of these
patients had an amblyopic eye with an esotropia. Dark adaption rates (Fig
5a, b, and c) and also final thresholds as measured by Wagner! showed a
slowly progressive decline, with progressive involvement of rods and
later of cones. At age 54, one patient has a remaining 5-degree central
field with a residual peripheral field using the 1/4 test object (Fig 4). His
ERG showed greatly reduced responses. At this stage his chorioretinal
changes cannot be differentiated from those seen in patients with typical
retinitis pigmentosa, although the vitreous changes (as previously stated)
are much more severe than those seen in retinitis pigmentosa.

What causes the vision loss in these patients? A typical case is that of
AH, born in 1860. He was totally blind when he died at age 65. No
attempt at lens extraction was done on this patient. Both of his sons had
bilateral lens extractions and, by history, they never regained useful
vision. Histologic observations on both eyes of both these patients are
given by Manschot,® who reports:

The sections clearly show that the circular equatorial line
represents the site where a preretinal membrane—which cen-
trally adheres to the retina and even covers the optic disc—
bends away from the retina to the periphery of the vitreous
cavity. The preretinal membrane contains holes; small free-
floating membranes are branching off from it. The membrane
ends free in the periphery of the vitreous space . . . the retina
exhibits various types of retinal and chorioretinal atrophy. The
greater part of the choroid is of normal structure.

Similar descriptions had been given earlier by Béhringer et al,3 based on
the same histologic specimen. Thus, the progressive chorioretinal at-
rophy will lead to final blindness in patients with this syndrome.

The differential diagnosis is complex, but primarily the Stickler syn-
drome has to be considered in these patients (Table I).5!° The patients in
the family described herein have none of the extraocular complications
seen in patients with classic vitreoretinal degeneration and retinal de-
tachment. There is no known case of deafness—and all Swiss males are
tested for their auditory status at the time of entry into the military
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service. With the exception of one young man, these patients were found
fit to join the military service despite their visual problems, which appar-
ently at that age were minor. There is no case of cleft hard or soft palate
known in this family. No abnormalities of the head or soft palate, or a
submucous cleft, were found in the patients I examined. JansenZ de-
scribed similar vitreal findings in patients who apparently were systemi-
cally normal; and he described a high frequency of retinal detachments,
which were difficult to cure. No detailed data on systemic evaluation of
these patients are available; however, Dr Deutman (personal communica-
tion, 1982) told me that they are indeed physically normal. Many of the
patients described in the United States and elsewhere with a diagnosis of
vitreoretinal degeneration and retinal detachments have an unusual facial
configuration, as described by Frandsen?! and others.2226 These are
clearly patients with extraocular manifestations of their disease; they have
a distinct phenotype and should not be confused with Wagner’s original
patients, who were systemically normal. Vitreoretinal degeneration with
retinal detachments occur in several types of bone dysplasia.?® The vitre-
ous pathology and the chorioretinal degeneration, without retinal de-
tachment and without extraocular abnormalities, appear to be pathogno-
monic of Wagner disease (Fig 8).

For puristic reasons we should give the eponym of Wagner disease to
the disorder he described, and we should reserve the term “vitreoretinal
degeneration with retinal detachment” for application to a larger series of
disorders, considering the fact that vitreoretinal degeneration as a com-
plication is not specific to one single entity, but rather is seen in numer-
ous disorders.

The question as to why the patients described by Wagner do not
develop retinal detachments has not been solved, since preretinal glial
proliferation is seen on histologic slides. Two patients seen by us had
dragged maculae, but no retinal detachment was observed. However, 1
have never seen a patient with classical retinitis pigmentosa who had a
retinal detachment. The chorioretinal adhesions that develop in the de-
generative process in the patients described by Wagner, and in classical
retinitis pigmentosa, may prevent detachments. The generalized connec-
tive tissue abnormality involving the vitreous in hereditary arthroophthal-
mopathy and related disorders may, in the absence of chorioretinal adhe-
sions, lead to vitreous traction and retinal tears, as the blinding com-
plication.28



362

STICKLER
SYNDROME

WAGNER
SYNDROME

- Retina
Vitreous

FIGURE 8
Relationship of vitreous to retina in A: retinal tear. B: Retinal dialysis. C: Stickler syndrome.
D: Wagner disease.
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DISCUSSION

Dr WiLLiaM Tasman. I would like to thank the Program Committee for allowing
me to discuss Doctor Maumenee’s paper on Wagner’s Syndrome vs Hereditary
Arthroophthalmopathy. Four years ago I co-authored an article having to do with
Wagner's Vitreoretinal Degeneration. No sooner had it been published than I
realized the condition we had described was Stickler’'s Syndrome rather than
Wagner’s. I mentioned this to my co-author and predicted that a letter to the
editor would undoubtedly be forthcoming, a prediction which came true a week
later. Since that time the difference between Wagner’s Disease and Stickler’s has
become more apparent. However, there are some who feel that the two condi-
tions are related and may represent different expressions of the same disorder.
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Doctor Maumenee, by going back and reexamining some of the original Wagner's
patients in light of our present day knowledge, has convinced me that this is
certainly not the case.

In 1938 Wagner described what he referred to as hereditary hyaloideoretinal
degeneration. His patients had a low degree of myopia and, as Doctor Maumenee
has pointed out, no retinal detachments were reported in any of them. Anterior
and posterior cortical lens opacities appeared in childhood. A decreased electro-
retinographic response and optic atrophy was also noted, but these findings were
not emphasized.

By way of contrast, Stickler’s Syndrome includes a high incidence of retinal
detachment, arthropathy in 83% of cases, cleft palate in 28% of patients, micro-
gnathia in 17% of patients and neurosensory deafness in 9% of patients. None of
the five patients Doctor Maumenee was able to reexamine showed any of these
changes.

Of particular interest, however, were patients in cases 1 and 2. Case 1 was
myopic, had a positive angle kappa, corneal diameters of 10 mm, shallow anterior
chambers, a fluid vitreous, a macula and disc dragged temporally, and a vitreous
condensation line overlying the equatorial area which was partially fenestrated.
Case 2 was myopic to a lesser degree than case 1, but also had a positive angle
kappa and was described as demonstrating signs of early chorioretinal atrophy
with dragging of the macula in each eye. This suggests that retrolental fibroplasia
and familial exudative vitreoretinopathy should also be included in the differential
diagnosis of Wagner’s Disease. The patient in case 3 who is aphakic is described as
having vitreous coming from the posterior aspect forward to insert into the lower
temporal retina. Vitreous condensation was also noted in the retinal periphery of
case 4 as was sheathing of the retinal vessels and lattice degeneration. The patient
in case 5 had corneal diameters of 10 mm and chorioretinal atrophy out to the
midperiphery. Chorioretinal atrophy when present caused night blindness similar
to that seen in retinitis pigmentosa. All of these changes may appear in retrolental
fibroplasia, and many appear in familial exudative retinopathy. Thus, these condi-
tions enter the differential diagnosis.

None of the patients examined by Doctor Maumenee developed retinal de-
tachment. In addition, the pathology slides supplied by Professor Wagner showed
multiple adhesions between the retina and choroid possibly lessening the chance
of retinal detachment. As Doctor Maumenee points out, retinal detachment is
also rare in retinitis pigmentosa, again possibly due to marked chorioretinal
adhesion. However, we have seen exudative retinal detachment in patients with
retinitis pigmentosa on more than one occasion. Usually they are associated with
abnormal telangiectatic retinal vessels.

In summary, the characteristic features of Wagner’s Syndrome as described by
Doctor Maumenee include vitreous degeneration with an optically empty vit-
reous cavity and vitreous veils which arise at the level of the equator. Perivascular
pigmentation, sheathing, and areas of lattice are other features of the disorder.
Patients also complain of night blindness from early childhood on, and there is
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evidence that there is progressive decline in the dark adaptation rates showing a
slowly progressive involvement of rods and cones later. Thus, we are indebted to
Doctor Maumenee for helping to clarify the difference between Wagner’s Syn-
drome and Stickler's Hereditary Arthroophthalmopathy. To my mind she has
emphasized the true characteristics of Wagner’s Syndrome and has made us aware
of the fact that in many ways this is closer in symptomatology to retinitis pigmen-
tosa than Hereditary Arthroophthalmopathy. Her description also makes us aware
of retrolental fibroplasia and less likely familial exudative vitreoretinopathy in the
differential diagnosis.

Finally, I am puzzled as to why this condition is not seen in other areas of the
world. I have not seen a patient with true Wagner’s Syndrome as described by
Wagner in 1938 and now Doctor Maumenee in 1982. Perhaps the homogeneity of
the Swiss population vs the heterogeneity of those living in the United States may
offer a partial explanation.

Dr Irene H. MauMenee. I would like to thank Doctor Tasman for his in-depth
discussion of my paper. I thank him for his suggestion of including familial
exudative vitreoretinopathy into the differential diagnosis. I thought about this
but did not do it for two reasons. I have not seen extensive vitreous abnormalities
in patients with familial exudative vitreoretinopathy and patients with this latter
diagnosis commonly have severe exudative signs with lipid storage around the
macular region. The patients discussed here are certainly different in these two
respects.

In 1937 Doctor Philip Lewis gave his first presentation to the American Oph-
thalmological Society. He was the last speaker on the last day of the meeting. I am
here now in the same situation hoping that I will have as long and happy a
relationship with this society as he has had over the years. I thank the Society for
~rcepting me as a memher



