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Figure 2 Case 3. (A)
Endothelial micrograph of
the eye with toxic
endothelial cell destruction
(TECD) 6 months after
cataract surgery. Note the
endothelial oedema and
large cells. The endothelial
cell density is 694
cells/mm?. (B) Endothelial
cell layer of the TECD eye
2 years after cataract
surgery shows a regular
endothelial cell layer with
an endothelial cell density
of 919 cells/mm?. (C)
Four years after surgery the
endothelial monolayer is
still intact. No endothelial
oedema is seen and the
endothelial cell density is
861 cells/mm?. (D) The
unoperated contralateral
eye shows a regular
endothelial monolayer with
an endothelial cell density
of 2699 cells/mm?.

corneal endothelium is very limited, some mito-
sis of the endothelium has been described in
vitro and in vivo,2%-22 In cats, also a species with
very limited replication of corneal endothelial
cells, centrally induced mechanical trauma also
led to a slight increase in endothelial cell density
after 18 months.?? In addition to the aforemen-
tioned hypotheses for the increase in endothelial
cell density, it is known that the accuracy of
endothelial cell density measurements some-
times can be questioned and considerable
sample errors may occur.?* However, the
stability of the mean endothelial cell area in the
control eyes and the lack of a significant dif-
ference between standard deviations of cell area
for both TECD eyes and control eyes suggest an
accurate method of specular microscopy and
endothelial morphometry.

There are studies that have established the
factors of endothelial function after cataract
surgery used to predict future endothelial
decompensation.}41 It is believed that large
endothelial cell loss in the early postoperative
phase is a risk factor for future endothelial
decompensation.!? 16 Hoffer described a case
report of a patient with a cell count of 370
cells'mm?, who developed a bullous kerato-
pathy 1 year after this measurement.!4 In our
series with morphometry data only one patient,
patient no 2, developed a corneal decompensa-
tion 9 months after the 4 year follow up
specular photography and fluorophotometry
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measurements. At that time, the endothelial
cell density was 919 cellsyfmm?, much higher
than the patient reported by Hoffer.
Unfortunately, the two other patients in this
group who needed a corneal transplantation
never recovered clear corneas after the initial
decompensation that permitted specular
microscopy.

Bates emphasised the importance of the first
postoperative month cell loss as a predictor for
bullous keratopathy with long term follow
up.!5 16 In a longitudinal study on endothelial
morphometry after cataract surgery he found a
mean endothelial cell density of 1726 (647)
cellsymm? 6 months after surgery, in a group of
patients who ultimately would develop a
bullous keratopathy. The mean time period for
corneal decompensation after cataract surgery
was 3-5 years postoperatively and the mean
endothelial cell density at this point was 515
(97) cellssfmm?2. Obviously, despite even a
lower mean cell density 6 months postopera-
tively, cell loss in the TECD group does not
progress in the same rate as reported by Bates.
In Bates’s series factors like low grade uveitis,
vitreous loss during cataract surgery, or
intraocular lens malposition may have con-
tributed to a continuous, possibly immune
mediated, damaging effect on the endothelial
monolayer.

Other authors suggest that the preoperative
coefficient of variation and percentage of
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hexagonal cells are related to the risk for the
development of postoperative corneal oedema
and susceptibility to surgical trauma.?> This
point has been confirmed in corneal endo-
thelial wound healing studies of cats, where a
correlation was found between permanent
endothelial decompensation and a decrease of
endothelial cell density to 40% of baseline
values, a decrease in hexagonals to 33%, and
a three to fourfold increase in coefficient of
variation, respectively.26 In addition, a corre-
lation also was shown between endothelial
dysfunction and the occurrence of giant
endothelial cells with a surface area 7-5-13-5
times of normal endothelial cells.26 Despite
our high initial cell loss of 72% we were
unable to demonstrate a similar relation.
Furthermore, no statistical difference was
found for either the coefficient of variation or
the percentage of hexagonal cells between 6
months and 4 years postoperatively suggest-
ing that a stable endothelial layer can be
maintained for more than 4 years, even after
severe cytotoxicity trauma to the corneal
endothelium.

Our study showed no correlation between
endothelial permeability and the endothelial
variables of wound healing 4 years after severe
endothelial trauma. The corneal endothelial
permeability of the TECD eyes was within the
range of normal values as reported by various
investigators.!927-29 These results are in
accordance with earlier reports that showed a
return of endothelial permeability to normal
values 3 months after routine cataract
surgery.?® Similarly, endothelial permeability
returned to normal values 3 months after
traumatic wounding of cat endothelium.3!
However, other studies have shown increased
endothelial permeability values within 3
months after intraocular surgery.3? One study
in patients after keratoplasty showed a
decreased endothelial permeability, possibly
owing to the decrease in intercellular space
which could be the result of the increased
incidence of giant endothelial cells.3® Despite
the prevalence of many large endothelial cells
in our series we were unable to confirm these
findings. Based on our results it appears
that the endothelial permeability, even after
extensive endothelial cell destruction, does not
increase as long as a restored monolayer is
present. However, in cases with a disruption or
a stressed state of the monolayer, as was seen
in the patients with corneal oedema or guttata,
increased permeability values were deter-
mined.

After severe endothelial cell loss a delicate
balance between corneal oedema and clarity
exists. At present, we do not know to what
extent the endothelial pump should increase
its activity in corneas with low cell counts to
maintain corneal clarity. Probably, different
stress factors to the corneal endothelium
should be discerned: an acute toxicity mech-
anism with extensive endothelial cell loss,
followed by a quick response in recovery of
corneal clarity and stabilisation of the mono-
layer versus a gradual cell loss associated with
the presence of a continuous inflammatory
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stimulus. These additional stimuli may
exceed the capacity of the endothelial pump
and/or the endothelial barrier in a com-
promised endothelium to maintain corneal
clarity. Previous studies support this hypoth-
esis since intraocular inflammation has been
shown to affect corneal oedema by both an
increase in endothelial permeability and a
decrease in Na/K ATPase pump site
density.34

In summary, the results of this study suggest
that the human corneal endothelium can
recover from toxic endothelial cell destruction
provided there are enough endothelial cells to
migrate over Descemet’s membrane and re-
establish the barrier. In this series of patients,
the majority recovered; however there were
three patients where the endothelial cell
destruction exceeded the ability of the
endothelial cells to recover, and the cornea
decompensated.

Supported by the Dutch Corneal Society, the Rotterdam
Foundation to prevent Blindness, and NEI grant EY00933.

1 Breebaart AC, Nuyts RMMA, Pels E, Verbraak FD. Toxic
endothelial cell destruction of the cornea after routine
extracapsular cataract surgery. Arch Ophthalmol 1990;
108: 1121-5.

2 Nuyts RMMA, Edelhauser HF, Pels E, Breebaart AC.
Toxic effects of detergents on the corneal endothelium.
Arch Ophthalmol 1990; 108: 1158-62.

Liesegang TJ, Bourne WM, Ilstrup DM. Short- and long-
term endothelial cell loss associated with cataract extrac-
tion and intraocular lens implantation. Am §¥ Ophthalmol
1984; 97: 32-9.

4 Schultz RO, Glasser DB, Matsuda M, Yee RW, Edelhauser
HF. Response of the endothelium to cataract surgery.
Arch Ophthalmol 1986; 104: 1164-9.

Matsuda M, Miyake K, Inaba M. Long-term corneal
endothelial changes after intraocular lens implantation.
Am ¥ Ophthalmol 1988; 105: 248-52,

6 Yee RW, Matsuda M, Schultz RO, Edelhauser HF.

Changes in the normal corneal endothelial cellular pattern
as a function of age. Curr Eye Res 1985; 4: 671-8.

7 Kraff MC, Sanders DR, Liebermann HL. Specular
microscopy in cataract and intraocular lens patients. Arch
Ophthalmol 1980; 98: 1782-4.

8 Rao GN, Stevens RE, Harris JK, Aquavella JV. Long-term
changes in corneal endothelium following intraocular lens
implantation. Ophthalmology 1981; 88: 386-97.

9 Kraff MC, Sanders DR, Liebermann HL. Monitoring
for continuous cell loss with cataract extraction and
intraocular lens implantation. Ophthalmology 1982; 89:
30-4.

10 Azen SP, Hurt A, Steel D. Effects of the Shearing posterior
chamber intraocular lens on the corneal endotheliunt. Am
J Ophthalmol 1983; 95: 798-802.

Matsuda M, Suda T, Manaba R. Serial alterations in
endothelial cell shape and pattern after intraocular
surgery. Am § Ophthalmol 1984; 98: 313-9.

12 Oxford cataract treatment and evaluation team (OCTET).
Long-term corneal endothelial cell loss after cataract
surgery. Arch Ophthalmol 1986; 104: 1170-5.

13 Liesegang TJ. The response of the corneal endothelium to
intraocular surgery. Refract Corneal Surg 1991; 7: 81-6.

14 Hoffer KJ. Corneal decomposition after corneal endo-
thelium cell count. Am ¥ Ophthalmol 1979; 87: 252-3.

15 Bates AK, Cheng H, Hiorns RW. Pseudophakic bullous
keratopathy: relationship with endothelial cell density and
use of a predictive cell loss model. Curr Eye Res 1986; 5:
363-6.

16 Bates AK, Cheng H. Bullous keratopathy: a study of
endothelial cell morphology in patients undergoing
cataract surgery. Br ¥ Ophthalmol 1988; 72: 409-12.

17 Mishima S. Clinical investigations on the corneal endo-
thelium. Am ¥ Ophthalmol 1982; 93: 1-29.

18 Schultz RO, Matsuda M, Yee RW, Edelhauser HF, Schultz
K]J. Corneal endothelial changes in type 1 and type 2
diabetes mellitus. Am ¥ Ophthalmol 1984; 98: 401-10.

19 Best JA van, Diestelhorst M, Leite E, Fantaguzzi S,
Schalnus R. Corneal endothelial permeability and
aqueous humor flow using a standard protocol.Graefes
Arch Clin Exp Ophthalmol (in press).

20 Treffers WF. Human corneal endothelial wound repair. In

vitro and in vivo. Ophthalmology 1982; 89: 605-13.

Singh G. Mitosis and cell division in human corneal endo-
thelium. Ann Ophthalmol 1986; 18: 88-94.

22 Laing RA, Neubauer L, Oak SS, Kayne HL, Leibowitz
HM. Evidence for mitosis in the adult corneal endo-
thelium. Ophthalmology 1984; 91: 1129-34.

23 Ling TL, Vannas A, Holden BA. Long-term changes in
endothelial morphology following wounding in the cat.
Invest Ophthalmol Vis Sci 1988; 29: 1407-12.

W

w

—
—

2

—


http://bjo.bmj.com/
http://group.bmj.com/

20

24 Hirst LW, Yamauyoshi K, Enger C, Vogelpohl W,
Whittington V. Quantitative analysis of wide-field
specular microscopy. II. Precision of sampling from the
central corneal endothelium. Invest Ophthalmol Vis Sci
1989; 9: 1972-9.

25 Rao GN, Aquavella JV, Goldberg SH, Berk SL. Pseudo-
phakic bullous keratopathy. Ophthalmology 1984; 91:
1135-40.

26 Landshman N, Ben-Hanaan I, Assia E, Ben-Chaim O,
Belkin M. Relationship between morphology and func-
tional ability of regenerated corneal endothelium. Inves:
Ophthalmol Vis Sci 1988; 29: 1100-9.

27 Carlson KH, Bourne WM. The clinical measurement of
endothelial permeability. Cornea 1988; 7: 183-9.

28 Carlson KH, Bourne WM, Brubaker RF. Effect of long-
term contact lens wear on corneal endothelial cell
morphology and function. Invest Ophthalmol Vis Sci 198;
29: 185-93.

29 Kuppens EVM], Stolwijk TR, Genderen MM van, Keizer
RW] de, Best JA van. Corneal endothelial permeability

Downloaded from bjo.bmj.com on February 13, 2012 - Published by group.bmj.com

Nuyts, Boot, van Best, Edelhauser, Breebaart

and aqueous humor dynamics in normal pressure glau-
coma. Int Ophthalmol (in press).

30 Sawa M, Sakanishi Y, Shimizu H. Fluorophotometric
study of anterior segment barrier functions after extra-
capsular cataract extraction and posterior chamber
intraocular lens implantation. Am ¥ Ophthalmol 1984;
97: 197-204.

31 Huang PT, Nelson LR, Bourne WM. The morphology and
function of healing cat corneal endothelium. Invest
Ophthalmol Vis Sci 1989; 30: 1794-801.

32 Sawa M, Araie M, Tanishima TA. Fluorophotometric study
of the barrier functions in the anterior segment of the eye
after intracapsular cataract extraction. Jpn ¥ Ophthalmol
1983; 27: 404-15.

33 Bourne WM, Brubaker RF. Decreased endothelial perme-
ability in transplanted corneas. Am ¥ Ophthalmol 1983; 96:
362-7.

34 MacDonald JM, Geroski DH, Edelhauser HF. Effect of
inflammation on the corneal endothelial pump and
barrier. Curr Eye Res 1987; 6: 1125-32.


http://bjo.bmj.com/
http://group.bmj.com/

Downloaded from bjo.bmj.com on February 13, 2012 - Published by group.bmj.com

BIO Long term changes in human corneal

J endothelium following toxic endothelial cell
destruction: a specular microscopic and
fluorophotometric study.

R M Nuyts, N Boot, J A van Best, et al.

Br J Ophthalmol 1996 80: 15-20
doi: 10.1136/bj0.80.1.15

Updated information and services can be found at:
http://bjo.bmj.com/content/80/1/15

These include:

References  Article cited in:
http://bjo.bmj.com/content/80/1/15#related-urls

Email alerting Receive free email alerts when new articles cite this article. Sign up in
service the box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://bjo.bmj.com/content/80/1/15
http://bjo.bmj.com/content/80/1/15#related-urls
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjo.bmj.com/
http://group.bmj.com/

