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Summary 
Corneal discs from 10 cases of posterior polymorphous dystrophy (PPD) and 20 cases 

of congenital hereditary endothelial dystrophy (CHED) were compared and con
trasted using light and electron microscopy. Secondary epithelial changes were 

similar in both diseases but spheroidal degeneration of stroma was seen more 
commonly in dominant CHED and not at all in PPD, when band, calcific, kera
topathy was commoner. 

Changes at the level of Descemet's membrane showing failure to regulate growth 
were seen in recessive CHED whereas dominant CHED and PPD were both associ
ated with development of a fibrillary posterior collagen layer (PCL). Grotesquely 
banded PCL was also seen in some cases of PPD. Endothelial changes included 

vacuolation, development of microvilli and desmosomes in both diseases but multi
layering was more common in PPD. The viscous layer of the cornea was seen by TEM 
in one case of PPD. 

Posterior polymorphous dystrophy (PPD) 
and congenital hereditary endothelial dys
trophy (CHED) have been considered by 
some authors to be similar diseases, 1,2 possibly 
due to abnormal final differentiation of neural 
crest cells.3 Most patients with PPD have 
bilateral non-progressive, asymptomatic 
disease, which rarely requires keratoplasty, 
hence the small numbers of histological 
reports in the literature compared to the rela
tively high incidence of the disease in the 
population. CHED, in contrast, is a much less 
common disease, especially in the autosomal 
dominant form, but a much greater propor
tion of patients require surgery and their discs 
are available for histology.4 The largest pub
lished series of PPD is that of Krachmer5 who 
reports on the clinical and pathological find
ings in 13 patients. The next largest6 is of nine 
patients. Our series differs from the former5 

since none of our 10 cases has glaucoma,5,7 nor 
do they have features of Chandler's syn
drome,S broad iris synechiae,9,lo or anterior 
chamber dysgenesis. One of our cases did 
however have Alport's syndrome with associ
ated deafness and hereditary nephritis.12 

Material and Methods 

Since this paper contrasts the findings in 10 
cases of PPD with those of 20 cases of CHED 
reported separately,4 only the PPD patients 
are described here. Five of the ten patients 
had attended Moorfields Eye Hospital and 
five other corneas were submitted to the Insti
tute for analysis. All patients underwent pen
etrating keratoplasty due to progressive 
disease or decompensation following cataract 
surgery and had been observed clinically for 
several years. Slit-lamp examination showed 
vesicles, plaques or 'snail tracks' at the level of 
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the endothelium. Descemet's membrane was 
often thickened and band keratopathy was 
common. All 10 patients required ker
atoplasty for increasing corneal oedema, with 
increased thickness on pachymetry. 

Results 
The mean age at keratoplasty was 51 years in 
contrast to the patients with CHED, where 
the recessive group underwent surgery at 10.5 
years and the dominants, who tended to pres
ent later and were initially less eager to 
undergo surgery, were operated on at a mean 
age of 34.4 years. 

The epithelial changes, usually regarded as 
secondary, included thinning and oedema in 
both diseases but subepithelial fibrosis was 
commoner in PPD (Table I). Stromal spheroi
dal degeneration was noted in autosomal 
dominant CHED but not in PPD, whereas 
band calcific keratopathy, as had been 
clinically demonstrated, was commoner in 
PPD. Vascularisation was not a feature of 
PPD. The thickness of Descemet's membrane 
was measured by graticule at x400 using light 
microscopy and the results are shown in 

Table I Comparison between PPD and CHED 

PPDIO 

Epithelium 
Thinning 50% 
Oedema 40% 

Bowman's zone 
Subepithelial fibrosis 90% 
Calcification 50% 

Stroma 
Vascularisation 10% 
Spheroidal degeneration 0 

Figure 2. The patients with PPD showed 
broad but nodular thickening whereas in 
CHED the thickness of Descemet's mem
brane (DM) was more uniform. The mean 
thickness of DM in autosomal dominant 
patients was 13.4 f.lm and in recessives 14.5 f.lm 
whereas the maximum thickness of DM in 
PPD was much greater when compared to the 
predicted thickness,13 with a mean of 2 1.5 f.lm 
(Fig. 1). 

Electron microscopy showed much greater 
contrasts between the two diseases. In CHED 
the thickening in recessive disease is associ
ated in some cases with unrestricted growth of 
fetal type of Descemet's membrane, causing 
great thickening of the anterior banded zone 
(ABZ). In some cases, posterior non-banded 
zone (PNBZ), with basement membrane and 
occasional foci of long spaced collagen, was 
also thickened.4 Some cases of recessive 
disease but all cases of dominant disease 
showed a posterior collagenous layer of the 
fibrillary or birds nest pattern4 and it was this 
type of more non-specific thickening of 
Descemet's membrane by a fibrillary PCL, l4 
that was observed in 62.5 per cent of the 

CHED20 

AD6 AR14 

80% 31% 
50% 81% 

60% 19% 
20% 0 

30% 0 
50% 6 

Descemet's membrane Maximum (nodular) (Diffuse) (Diffuse) 
Increased thickness it 21.5 11m it 13.4 11m it 14.5 [lm 

E.M. of Descemet's 
ABZ Normal Normal Thick 20% 
PNBZ Thin Thin Thick 
PCL fibrillar 62.5% 100% 16% 
Caricature banded 37.5% 0 0 

Endothelium pigmentation 10% 40% 56% 
Multilayering 60% 25% 20% 
Many microvilli 62.5% 0 30% 
Vacuolation 62.5% 25% 83% 
Desmosomes 37.5% 0 10% 
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Fig.l(a) Maximum thickness of DM in PPD against age (curve is pred icted value for age). 
(b) Mean thickness of DM in CHED (curve is pred icted value for age). 

patients with PPD. The rest of the patients 
showed a grotesque caricature of ABZ 
banded material in a banded PCL,14 where 
stacks or sheets of long (or wide) spaced col
lagen mixed between basement membrane 
and odd strands of collagen mimicked the 
orderly arrangement of ABZ. Most of the 
cases of PPD showed thinning of the normal 
posterior non-banded zone but the anterior 
banded zone was normal. 

Endothelium showed less evidence of pig
mentation with melanin in PPD, only being 
seen in one case, whereas 40 per cent of auto
somal dominant and 56 per cent of recessive 
cases had endothelial cells with melanin 
within them but conversely multilayering 
visible with light microscopy was much com
moner in PPD where 60 per cent of the cases 
showed it, compared to 20 per cent in autoso
mal recessive disease and 25 per cent in auto
somal dominant cases. 

Using both scanning (SEM) and transmis
sion electron microscopy (TEM) the multi
layering of cells was more dramatic, in PPD 
multilayering was seen both in association 
with nodular thickening of the DM and in 
areas where more normal thickness could be 
seen. Multilayering of cells (Fig. 2) was often 
less apparent in SEM but often similar cells, 
bristling wtih microvilli, could be seen 
beneath a peeling top layer of cells. Microvilli, 
often in hundreds, could be seen over the 
surface of cells in PPD especially, where 62.5 
per cent of cases had them, compared to only 
30 per cent of autosomal recessive CHEDs 
and no case of autosomal disease (Figs. 2 
and3). 

Vacuolation of the endothelial cell layer, 
seen at light microscopy, was confirmed by 
transmission electron microscopy. The vac
uoles are intercellular cisterns15 often seen 
beside effete cells, in conjunction with multi-
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Fig. 2 Microvilli seen on lOp surface and on peeled 
under·surface of multiple layered endothelial cells in 
PPD. (SEM x600) 

layering by more viable cells. Development of 
hemidesmosomes adjacent to Decemet's 
membrane or posterior collagenous layer, was 
seen in cases of multilayered PPD and was 
noted in conjunction with development of 
desmosomes in between the multilayered 
cells. This was seen in 40 per cent of cases of 
PPD, especially when layers of cells exceeded 
2 cells thick (Fig. 4). In a case of CHED pre
viously noted as unusual,4 similar multilayer
ing with development of more strongly 
marked zonulae occludens was seen but true 
desmosomes were only seen between cells in 
the uppermost layers. Thick viscous layer was 
seen in one case of PPD. 

Discussion 

Posterior polymorphous dystrophy and con
genital hereditary endothelial dystrophy have 
been stated to be similar diseases, occurring as 
part of the spectrum of a single entity based on 

Fig. 3 Protruding microvilli on surface of 'epithelial
ised' endothelial cell riding over more effete cells in 
PPD. (SEM x6,OOO) 

observations that some ultrastructural fea
tures are similar,2 and that within one family 
some patients will only have a few vesicles and 
be diagnosed as having PPD, whilst others 
have severe stromal and epithelial oedema, 1 
which may be labelled as CHED .16 The major
ity of posterior polymorphous dystrophy 
patients with limited posterior corneal 
involvement, often retain normal vision, and 
are free from symptoms, 1 and therefore will 
not usually come to keratoplasty. However, 
these ten cases, some of which,17,18,19 have 
been the subject of previous study (although 
further material has been examined for the 
current review), all required keratoplasty for 
decompensation or increasing stromal and 
epithelial oedema, coupled in some cases, 
with band keratopathy. The ten cases of PPD 
tended to present later than our 20 cases of 
CHED, many of whom, especially the reces
sives, presented within the first ten years of 
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life. Some of the CHED patients were initially 
misdiagnosed as congenital buphthalmos, and 
treated inappropriately with drainage sur
gery, although all had normal intraocular 
pressure and corneal diameters. Such con
fusion did not arise in the PPD patients, who 
had classical signs of PPD, including snail 
tracks and vesicles, many of whom had been 
followed clinically for years, before requiring 
surgery. 

This picture of the heterogenous endo
thelium in PPD and Descemet's membrane, 
gained clinically using the slit lamp and con
firmed with specular microscopy, is amply 
demonstrated in our study and others, when 
the nodular or warty18,20 appearance and irreg
ularity of Descemet's membrane has also 
been commented on.6 

Although primarily an endothelial dys
trophy, the changes at the level of Descemet's 
membrane excite great interest. The develop
ment of Descemet's membrane, regulated by 
the subjacent endothelium, derived from neu
ral crest cells,21 normally results in an anterior 
banded zone (ABZ) formed in utero and a 
posterior non-banded zone, which in the 
absence of any pathological change except 

increasing senescence, is laid down as a fairly 
homogenous posterior non-banded zone 
(PNBZ) composed predominantly of base
ment membrane material with some focal 
fibrillar or widespaced collagen.13 Since the 
structure of Descemet's membrane and any 
subsequent posterior thickening may be 
regarded as a record22 of insults or endothelial 
cell behaviour, the findings of normal ABZ in 
our patients with PPD in contrast with the 
recessive patients with CHED, indicates that 
in our group of PPD patients endothelial cells 
dysfunction occurred after the eighth month 
of development. In contrast to our cases, a 
case of PPD in a 2.112 month old child was 
reported,23 in which no normal Descemet's 
membrane was discernible. The thinning of 
the PNBZ in many of the patients with PPD 
and dominant CHED, indicates that endo
thelial cell dysfunction can occur early in life 
in both of these diseases but the non-specific 
pathological response of secretion of an 
abnormal posterior collagenous layer of the 
fibrillary type is also similar in both. The cross 
linking bridges formed by filaments in the 
normal ABZ, leading to the characteristic 
banding, are grotesquely caricatured in the 
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acquired posterior collagenous layer of some 
of our cases of PPD, where wide spaced col
lagen also forms a quasi-hexagonal pattern 
layered through. basement membrane-like 
material, mimicking ABZ in a coarsened fash
ion. Occasional fibrils of fine collagen are also 
present. 

Similar banded material was shown 
amongst other conditions. 14 However, as War
ing has recently written, the cornea is only 
capable of a limited number of responses to 
different stimuli.24 No fibrocellular posterior 
collagenous layer was seen in any of our cases 
of PPD and CHED. 

If snail tracks and vesicles are the clinical 
hallmarks of PPD then epithelialisation of 
endothelial cells must be deemed the path
ological equivalent.5 Development of multi
layered cells, linked by desmosomes,25 with 
surface microvilli6.25 and intracytoplasmic 
10 nm filaments which fluoresce with keratin 
markers,25 have been seen by many 
authors.5,6,9.19 Others have seen attenuated 

Fig. 5 Viscous layer in PPD. (TEM x12,OOO) 

endothelial cells and some authors have sug
gested a true mosaicism,6,26 resulting in failure 
in utero to produce normal DM.26 Alter
natively these authors26 discuss the metaplas
tic transformation2 theory. This theory 
suggests that the degree of corneal oedema 
and hence the clinical diagnosis depends on 
the failure to evolve epithelial-like cells, 
which presumably maintain the status quo for 
longer, as they are more commonly seen in 
PPD. One of our cases of recessive CHED in a 
young child did have epithelial-like cells, over 
a normal focally thinned ABZ and thin 
PNBZ, which by the time of his second ker
atoplasty had been thickened4 (case 20) by 
normal posterior NBZ. Epithelial cells can 
therefore be seen to preserve DM; however 
others have found that epithelial cells can be 
associated with abnormal DM and accumula
tion of a PCL. 7,11 Non-specific birds-nest 
fibrillary PCL was less commonly seen in PPD 
corneas with epithelial-like change. This type 
of PCL was however seen when mUltilayering 
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(of viable cells over effete cells, often with 
intervening vacuoles), was present in both 
PPD and CHED. We feel that it is unlikely 
that epithelial transformation is a mosaicism; 
it is more likely that although PPD usually 
manifests itself in later life, in some cases asso
ciated with early presentation, the cells are 
metaplastically transformed earlier. This fits 
with the non-specific development of epi
thelial cells in unrelated conditions,27 and the 
ability of endothelial cells in culture to 
develop desmosomes and intracytoplasmic fil
aments when growing out into a third dimen
sion28 rather than as a monolayer. 
Development of desmosomes rather than 
'zipper-like junctions' or prominent zonulae 
occludens appears to be a phenomenon 
arising as a result of multilayering, or vice 
versa, multilayering depends on the develop
ment of greater anchorage points, so that 
over-riding cells require such junctions in 
order not to topple off. 

This ability of corneal endothelial cells to 
adapt opportunistically both their morphol
ogy and physiology28 to altered circumstances 
may explain the heterogeneity of cell appear
ance in both PPD and CHED. 4 If the corneal 
endothelial cell's response is governed by 
local and different stimuli, resulting in an 
apparently similar appearance in several dis
eases, then some of the current controversy 
about the apparent similarities between PPD 
and the ICE syndrome may be resolved. 

The role of microvilli in transformed endo
thelial cells has yet to be determined. They 
were seen in vast quantities in several of our 
cases and it is fascinating to see the preserva
tion of the viscous layer in one case of PPD, 
was apparently due to the mat of microvilli 
tangling up the postulated glycosaminoglycan 
layer that is usually removed during process
ing (Fig. 5). Viscous layer has recently been 
preserved by special techniques in cats29 and 
has been seen in man by SEM. The thicker 
layer seen in our case of PPD may be as a 
result of increased secretion or greater tend
ency of the viscous layer to persist amongst 
the forest of microvilli. 

We would like to thank Mr. T. A. Casey for permission 
to include some of his patients. 
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