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Summary 

This study includes the fourteen Icelanders who had penetrating keratoplasty for 

macular corneal dystrophy during 1974 through 1988, and a further five patients 

whose deterioration of vision has so far not led to surgery. The clinical presentation, 

mode of inheritance and the course of the disease were similar to those seen in other 

studies. The genealogical part of this study indicates that the gene responsible for the 

disease was already present in Iceland in the 18th century. Though consanguinity, as 

usually defined, was found to be uncommon, the relatively small pool of genes in the 

Icelandic population which numbers at present about 250,000 has led to higher 

prevalence of macular corneal dystrophy than elsewhere. The histopathological 

findings concur with the conventional description of macular corneal dystrophy, 

with the exception of two patients with unusually severe photophobia. In these two 

cases, electron microscopy revealed that the most anteriorly situated deposits were 

sometimes associated with increased electron-density of small clusters of basal 

epithelial cells in the overlying epithelium, such cells also being reduced in size and 

exhibiting few organelles other than swollen mitochondria. 

Corneal dystrophies are inherited as autoso
mal dominant traits with the exception of 
macular corneal dystrophy and isolated 
instances of congenital heriditary endothelial 
and posterior polymorphous dystrophies. 
They primarily affect one layer of the cornea 
except macular corneal dystrophy where 
there is stromal as well as endothelial involve
ment. I This dystrophy was first recognised in 
1890 by Groenouw2 and in 1938 transmission 
as an autosomal recessive trait was demon
strated by Bucklers. 3 Consequently both 
parents of affected individuals would be 
expected to be carriers of the gene. 

When vision has deteriorated so as to affect 

normal activities keratoplasty is the treatment 
of choice. Lamellar keratoplasty should be 
avoided in macular corneal dystrophy because 
this dystrophy extends through the full thick
ness of the cornea. 4 Macular corneal dystro
phy may also recur within grafts after 
penetrating keratoplasty. 5 

Macular corneal dystrophy may be caused 
by failure to synthesise normal mature ker
at an sulphate proteoglycan or there may be a 
defect in catabolism. 6,7 The results of a recent 
investigations suggest that macular corneal 
dystrophy may manifest heterogeneity with at 
least two varieties i. e. keratan sulfate negative 
(type I) and keratan sulfate positive (type II). 
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Fig. 1. Pedigree I: this pedigree may be considered 
classical for autosomal recessive inheritance. 

Material, Methods and Results 

Clinical observations: Our study includes the 
fourteen Icelanders, who had penetrating ker
atoplasty for macular corneal dystrophy 
during 1974-88 and a further five patients 
whose deterioration of vision has so far not led 
to surgery. In all instances both eyes were 
affected. The dystrophy in our 19 patients was 
detected at ages ranging from 3-25 years but 
in most instances the patients were in their 
teens. The vision had begun to deteriorate 
between the age of 15-25 years progressing to 
poor vision at the age of 19-35 years. 
Clinically the corneae were characterised by 
non-vascularised, poorly demarcated, gray
white, irregular opacifications within a 
diffusedly clouded stroma. The opacities were 
more dense in the axial region where they 

were first seen, though the entire cornea was 
involved later with some spots extending to 
the limbus. The opacities enlarged with time 
and did coalesce in some instances. The 
central denser macular opacities were found 
in the anterior stroma some even sub
epithelial, leading to irregular corneal surface 
and thus inducing irregular astigmatism . 
These superficial opacities also lead to photo
phobia and irritation. 

The four patients in family one (Fig. 1) have 
had penetrating keratoplasty in both eyes and 
the diagnosis has been confirmed by light 
microscopy in all instances and electron 
microscopy in two instances. Two of them had 
severe problems with photophobia and sensa
tion of corneal foreign body before and after 
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Fig. 2. Pedigree II: the pseudodominance in this ped
igree may reflect the high carrier frequency in the 
Icelandic population. 
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Fig. 3. Pedigree Ill: this was the only family where intermarriages were found. 

keratoplasty and it is noteworthy that they 
were not improved by the use of a bandage 
contact lens either prior to or after ker
atoplasty. The two youngest sisters in this 
family complained of photophobia and recur
rent foreign body sensation during their teens 
but the only abnormality found was "rough
ness" of the corneal epithelium and their 
symptoms diminished after the age of twenty. 

Epidemiology, Genealogy and Inheritance: 
Our 19 patients from eleven families may be 
divided into three categories. First, eight 
patients, who were the only individuals 
affected in their families with no family 
history and no evidence of consanguinity. 

Secondly, eight patients from two families 
where several members were affected (Figs. 1 
and 2) , in one of them through two genera
tions (pseudodominance) . In these families 
there was no previous history of the disease. A 
genealogist traced these families eight genera-

tions back from the parents of the affected 
individuals to exclude consanguinity. 

Thirdly, three patients, two sisters and their 
male first cousin (Fig. 3) , and in this last family 
intermarriages were common. 

The fact that the common ancestors of the 
parents of persons with macular corneal dys
trophy were not found until in the 18th cen
tury, together with the available information 
of the geographical whereabouts of the fam
ilies for more than two centuries may permit 
us to assume that heterozygous carriers for 
macular corneal dystrophy were present in 
Iceland early in the 18th century. 

Treatment: Fourteen patients, 26 eyes, have 
had penetrating keratoplasy (PK) , which 
amounts to 30. 2 per cent of all PKs during the 
15 year period of study (Table) . 

The patients age in years when PK was first 
performed was 21-86 years, mean 37, mode 
32 years. The patient who was 86 years old 
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Table I Indications for penetrating keratoplasty in 
Iceland 1974--88 

Macular corneal dystrophy 
Granular corneal dystrophy 
Bowman layers dystrophies 
Keratoconus/-globus 
Fuchs endothelial 
dystrophy 
ABK and PBK 
Herpes simplex 
Regraft 
Caustic burn 
Trauma 
Corneal scar 
Interstitial keratitis 
Keratitis profunda 
Perforation from RA 
Corneal abcess 
ICE syndrome 
Total: 

No. eyes 

26 
1 

2 
8 

6 
7 
9 
8 
1 
4 
7 
2 
1 

2 
1 
1 

86 

Per cent 

30.2 
1.2 

2.3 
9.3 

7.0 
8. 1 
10.5 
9.3 
1.2 
4.6 
8. 1 
2.3 
1.2 

2.3 
1.2 
1.2 

100.00 

when PK was first done, lived in a remote area 
and had had superficial corneal scraping 
several times through his life with some tem
porary improvement in vision. Other stromal 
dystrophies requiring PK are rare in Iceland 
(Table I). Five eyes out of the 26 have had a 
regraft, one of them had the initial graft five 
years after having sustained penetrating 
ocular trauma with iris adhesions. This eye 
was regrafted 14 years later because of endo
thelial failure, the other eye of the same 
patient had to be regrafted six years after the 
initial procedure because of endothelial 
decompensation. Of the remaining three eyes 
two were regrafted three and four years 
respectively after the initial procedure, both 
having had episodes of rejection and later 
endothelial decompensation, and in the third 
eye the decompensation followed cataract 
removal in a 72 year old lady. The fifth eye 
never cleared after the initial procedure, 
probably due to poor donor material, and was 
regrafted 18 years later. These five regrafts 
have remained clear with follow up from 1-9 
years, though an episode of rejection recurred 
in one eye. None of the removed donor discs 
showed evidence of recurrence of the disease, 
either clinically or on light microscopy. No 
lamellar grafts were done. 

Histopathology: Twenty of the 26 corneal but-

tons removed at the time of penetrating ker
atoplasty were examined by light microscopy. 
Sections of paraffin-embedded tissue were 
stained with haematoxylin and eosin and with 

alcian blue, colloidal iron and the periodic 
acid-Schiff sequence for the histochemical 

identification of glycosaminoglycans9 (Fig. 4). 
In 13 cases we also stained histological sec
tions using Grocott's methenamine-silver 
technique, which was found to be an excellent 
method for visualising the intra- and extra
cellular deposits.1O The stromal deposits of 
finely granular, amorphous material demon
strated in this way gave negative reactions to 
the Masson trichrome and congo red stains. 

Aggregates of glycosaminoglycans were 
observed in keratocytes and in the extracellu
lar stroma, particularly anteriorly beneath a 
Bowman's layer that was commonly thinned, 
eroded or split above and around the heavier 
deposits. Endothelial cells contained similar 
fine granules in their cytoplasm, although 
Descemet's membrane was free of deposits. 
Descemet's membrane was, however, fre
quently thickened and showed focal posterior 
excrescences. The corneal epithelium was of 
uneven thickness in every case, especially in 
relation to the most superficial deposits where 
it was often attenuated, with focal clusters of 
degenerate cells (Fig. 5) . Rarely, 
alcianophilic deposits were observed within 
the epithelium in relation to areas having a 
defective Bowman's layer. 

Transmission electron microscopy was per
formed in respect of two patients, both 
brothers from Pedigree I who had excep
tionally pronounced photophobia (Figs. 6 and 
7) . In each case packets of flocculent fibrillo
granular material were identified within the 
cytoplasm of stromal keratocytes, some of 
which presented degenerative changes in the 
form of condensed cytosol and myelin figures, 
and in extracellular locations. The most 
anteriorly situated deposits were sometimes 
associated with splitting, erosion and dehis
cence of Bowman's layer and with increased 
electron-density of small clusters of cells in the 
overlying epithelium, such cells also being 
reduced in size and exhibiting few organelles 
other than swollen mitochondria with absent 
cristae. 
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Fig. 4. An accumulation of finely granular alcianophilic material in the anterior stroma is associated with 
attenuation of the epithelium and erosion of Bowman's layer. (Alcian blue, X450). 

Fig. 5. Section of araldite-embedded tissue showing splitting and dehiscence of Bowman's layer and focal 
epithelial degeneration in association with glycosaminoglycan accumulation in the anterior stroma. (Toluidine 
blue, X450). 
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Fig. 6. Electron micrograph showing membrane vesicles (MV) filled with fibrillo-granular material identified 
histochemically as glycosaminoglycan and cellular debris beneath an eroded Bowman's layer (BL). Some of the 
overlying epithelial cells (arrows) are abnormally electron-dense with shrunken nuclei and vacuolation attributable 
to mitochondrial swelling. (Glutaraldehyde/araldite!uranyl acetate/lead citrate, X3000). 

Discussion 

The prevalence of inherited diseases varies in 
different communities. This also applies to 
recessive conditions like macular corneal dys
trophy, which may occur fairly frequently 
because of high frequency of the gene in the 
population under consideration. The eight 

isolated cases in our study are in keeping with 
autosomal recessive inheritance. Regarding 
the three families where several members are 
affected, Pedigree I may be considered to be a 
classical case of autosomal recessive inheri
tance. In Pedigree II there is pseudodomi
nance present and this is probably related to 
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Fig. 7. Electron micrograph showing degenerate, electron-dense epithelium bounded by relatively normal cells 
and overlying an attenuated Bowman's layer (BL) with subjacent glycosaminoglycan. (Glutaraldehydelaralditel 
uranyl acetate/lead citrate, X4000). 
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high frequency of carriers in the Icelandic 
population. In Pedigree III consanguinity is 
present. The population of Iceland is at pres
ent about 250,000 and it's pool of genes is 
consequently relatively small. The geneologi
cal part of this study indicates that the gene 
responsible for MCD was present in Iceland 
early in the 18th century. 

Klintworthll has maintained a registry of 
persons with macular corneal dystrophy in the 
United States for 20 years. His registry con
tains pedigrees, ancestral migratory patterns 
and other information on about 200 affected 
individuals from more than 100 families with 
this condition. This corresponds to 0. 3 indivi
duals per 250,000 inhabitants, the same figure 
for Denmark is 0.512 and 19 for Iceland. 
Another indication for high prevalence of 
macular corneal dystrophy in Iceland is the 
fact that about every third corneal graft per
formed on Icelanders during the 15 year 
period of study was done because of macular 
corneal dystrophy. In comparison, studies 
from other countries have demonstrated all 
non-Fuch's corneal dystrophies combined to 
be the indication for PK in 3.4 per cent of 
instances in Los Angeles, 13 about 4 per cent in 
Ann Arbor, 14 and 6.7 per cent in 
Copenhagen. IS The average number of oper
ations 1974--1988 was 5.7 PKs per year 
whereby there was an increase by more than 
one third during the second half of the study 
compared with the first half. Estimated yearly 
number of PKs performed in the USA, calcu
lated for 250,000 inhabitants is 12.5, and the 
same figure for the United Kingdom is 6. 3. 16 

The histopathological findings in all cases, 
whether examined at light or electron micro
scope levels, concur with the conventional 
descriptions of macular corneal dystro
phy.17 · IH . 1 9 . 9 . 2o Guttate excrescences and more 
generalised thickening of Descemet's mem
brane, as seen in several of the present cases, 
are also recognised features,21 and, while this 
aspect of the cornea was not studied in the 
present series, apparent impregnation of the 
membrane with glycosaminoglycans has been 
disclosed by ultrastructural investigation.2l·22 
Of particular interest, however, are the epi
thelial changes noted in the two cases exam
ined by electron microscopy, especially as 
both patients complained of unusually severe 

photophobia. Epithelial defects, other than 
variations in thickness, have not been a con
spicuous feature of previously reported cases 
and it is tempting to suggest that this finding is 
related to the intense photophobia. As to the 
cause of the focal epithelial degeneration 
there is some difficulty in tI;'ying to ascribe this 
to breaks in the underlying Bowman's layer, 
since whereas defects at this level are frequent 
identifiable epithelial degeneration is rare. It 
may be, however, that the discrepancy is more 
apparent than real, given that the changes 
seen in the present cases were recognised only 
in toluidine blue stained araldite sections and 
by electron microscopy and were not seen in 
conventional paraffin-embedded sections. 
Whether the relationship, if real, between 
epithelial degeneration and deficiencies in 
Bowman's layer is mediated by contact with 
the stromal glycosaminoglycan or lytic sub
stances elaborated by the dystrophic ker
atocytes is open to question. 

This work was supported by the Landakot Hospital 
Research Fund. 
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