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Abstract
Background/aims—Deturgescence of the
corneal stroma is controlled by the pumping action of the endothelial layer and can
be monitored by measurement of central
corneal thickness (pachymetry). Loss or
damage of endothelial cells leads to an
increase in corneal thickness, which may
ultimately induce corneal decompensation and loss of vision. Little is known
about the eVect of moderate reductions in
endothelial cell number on the thickness
of the corneal stroma. This study aimed to
investigate this matter further using patients who had incurred moderate decreases in their endothelial cell counts as a
result of cataract surgery.
Methods—Central corneal thickness was
measured 1 day before surgery, 1 day after
surgery, and again at 3 months or 1 year.
Endothelial cell counts were also performed 1 day before surgery and thereafter at 3 months or 1 year after surgery. The
relationship between these two parameters was assessed statistically. Precise
measurements of central corneal thickness were made by optical low coherence
reflectometry. For comparative purposes,
this parameter was also determined by
ultrasonic pachymetry. Central corneal
endothelial cell numerical density was
estimated on photomicrographs taken
with a specular microscope.
Results—All patients had significant postoperative corneal swelling on the day after
surgery; preoperative values were restored by 3 and 12 months, even though
significant endothelial cell losses had
occurred. No correlation existed between
central corneal thickness and central corneal endothelial cell numerical density.
Measurements estimated by ultrasonic
pachymetry were more variable and significantly higher than those determined
by optical low coherence reflectometry.
Conclusion—As long as the numerical
density of the corneal endothelial cells
does not fall below the physiological
threshold, a moderate decrease in this
parameter does not compromise the
pumping activity of the layer as a whole.
(Br J Ophthalmol 2001;85:18–20)

Endothelial cells of the human cornea maintain this tissue in a dehydrated state by their
pumping activity, thereby assuring its transparency, This is an active process which is
controlled by Na+/K+-ATPase and involves the
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generation of a bicarbonate ion gradient across
the corneal endothelium.1–5
The corneal endothelium consists of a monolayer of polygonal cells, the numerical density
of which is highest at birth (3000 cells/mm2)6
and declines slowly but steadily thereafter.7 8 A
minimal numerical density of 400–500 cells/
mm2 is required to sustain the pumping activity
of the endothelium. Dysfunction results in corneal decompensation and loss of vision. The
fact that the endothelium becomes gradually
depleted of cells rather than compensating for
its losses reflects the limited capacity of these
cells to regenerate.6 9 10 This situation may
become exacerbated by losses incurred during
the course of certain diseases or after intraocular surgery.7 8
The corneal thickness of newborn infants is
highest during the first 24 hours after birth and
decreases significantly after 48 hours.11 12 This
thinning process continues steadily until the
age of 3,13 at which time the thickness of the
adult cornea is attained.14 Thereafter there is a
gradual but insignificant decrease in the thickness of this tissue.15–20 The rate of corneal
deswelling after oedema, measured as the percentage recovery per hour, is significantly
higher in young patients than in older ones.21 22
Moderate damage of the corneal endothelium
during surgery may lead to a transient increase
in corneal thickness as measured by pachymetry, although data pertaining to this are contradictory. Some authors have reported that all
patients regained preoperative values after 4
weeks,23 24 whereas others have found increases
to be sustained up to 6 months25 26 or even 1 year
postoperatively.27 These discrepancies may reflect inexactitudes both in the measurement of
central corneal thickness (by ultrasonic pachymetry) and in the estimation of endothelial cell
numerical density. In the former instance, incorrect placement of the pachymeter head and the
relative experience of the operator may be
sources of considerable variation.
It has now become possible to make more
precise measurements of the central corneal
thickness by optical low coherence reflectometry. This study was undertaken to ascertain
whether a moderate decrease in endothelial
cell numerical density induced by a single
phacoemulsification step influences the central
corneal thickness, accurately determined, in a
given individual at various time intervals up to
1 year after surgery.
Patients and methods
PATIENTS

Thirty white patients (15 women and 15 men)
of mean (SD) age 71 (15) years (range 34–93)
were examined at a single ophthalmology unit

Br J Ophthalmol: first published as 10.1136/bjo.85.1.18 on 1 January 2001. Downloaded from http://bjo.bmj.com/ on January 22, 2022 by guest. Protected by copyright.

Corneal thickness and endothelial density before
and after cataract surgery

19

Corneal thickness and endothelial density before and after cataract surgery

1
0.95

Corneal thickness (mm)

0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
1200

1400

1600

1800

2000

2200

2400

2600

2800

3000

Endothelial cell numerical density per mm2

Figure 1 Corneal thickness and endothelial cell numerical density measured by optical low
coherence reflectometry 1 day before surgery, 1 day after surgery, and 3 or 12 months after
surgery.
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Figure 2 Central corneal thickness measured by optical low coherence reflectometry
(OLCR) and ultrasonic pachymetry (USP) 1 day before surgery (pre-op), 1 day after
surgery (post-op), and 3 or 12 months after surgery.

(Inselspital, University of Bern, Switzerland)
between January 1998 and September 1999.
All patients were informed as to the nature of
the study and consented to undergo corneal
thickness and endothelial cell numerical density measurements.
STUDY DESIGN

All patients underwent cataract surgery performed by the same surgeon (phacoemulsification and implantation of an intraocular lens).
Measurements of the central corneal thickness
were made 1 day before, 1 day after, and then
again at 3 months or 1 year after the operation
(according to when the subject was available
for examination).
Central corneal thickness was measured
with an optical low coherence reflectometer
operating at a scanning speed of 0.5 m/s and a
repetition rate of 15 Hz using a superluminescent diode (emission wavelength 850 nm).
For each eye (n=32) the mean (SD) value
of 60 consecutive scans was calculated, all
measurements being made by the same
person. This method has a precision of about
1 µm and a high intrasession and intersession
reproducibility.28–31
For comparative purposes the central corneal thickness was also measured by ultrasonic
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pachymetry (DGH 1000 Technology Inc). For
each eye the mean (SD) value of three
measurements, each determined by the same
person, was calculated. According to the
manufacturer the precision of this method is
about 5–10 µm.
The numerical density of endothelial cells in
the central cornea (cells/mm2) was estimated
on photomicrographs taken with a non-contact
specular microscope SP1000 (Topcon Corporation, Fisba Optik, St Gallen, Switzerland)
using the fixed frame technique. For each eye
the mean of measurements made on three
micrographs was calculated. The inexactitude
of this method lies in the range of 5–10%.
Statistical analyses were performed using the
Student’s t test and Wilcoxon’s test.
Results
Before surgery the mean (SD) central corneal
thickness of the patient cohort was 537 (27) µm
(range 469–590 µm; Figs 1 and 2). One day
after surgery all corneas had a significantly
increased central corneal thickness compared
with the preoperative values (p=0.002; mean
621 (95) µm; range 488–980 µm; Figs 1 and 2)
and with those made on fellow eyes 1 day after
surgery (p<0.001 (data not shown)). After 3
months or 1 year the corneal thickness had
returned to preoperative values (p=0.004; mean
539 (28) µm; range 494–597 µm; Figs 1 and 2).
Fellow eyes exhibited slight but insignificant
thinning at this second postoperative examination (data not shown).
All patients incurred significant endothelial
cell losses after surgery, the mean loss being
346 (94) cells/mm2 (16%; p=0.001; Fig 1).
Ultrasonic pachymetric estimates of central
corneal thickness were, on average, 0.036 µm
greater (range 0.031–0.040 µm; n=100) than
those determined by optical low coherence
reflectometry, this diVerence being significant
(p<0.048).
There was no correlation between central
corneal thickness and central corneal endothelial cell numerical density.
Discussion
The results of this study confirm the findings of
other authors that endothelial cell numerical
density within the physiological range is not correlated with central corneal thickness.23–27 Our
data further reveal that central corneal thickness
returns to preoperative values after 3 or 12
months, irrespective of the severity of endothelial cell loss. This finding supports the data published by Cheng et al 23 and Amon et al.24 The
persistent increases in central corneal thickness
reported by Olsen25 26 and Kohlhaas et al 27 6 and
12 months, respectively, after surgery could have
been due to the imprecision of the ultrasonic
pachymetric measurements (3–65 µm deviation
from true values)32 or to pre-existing abnormalities in endothelial cell morphology.33
Reported measurements of central corneal
thickness determined by ultrasonic pachymetry exhibited greater fluctuations than did
those estimated by optical low coherence
reflectometry. Apart from this, diVerences in
mean values for a particular individual at a
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given time were also observed between the two
methods of measurement. This discrepancy
has its origin in the calibration of the ultrasonic
pachymeter and arises from errors of amplification for the refractive index and/or the speed
of ultrasound in the cornea.
Kohlhaas et al27 reported no further postoperative loss of endothelial cells after 4 weeks,
which suggests that wound healing is complete
by this time. This postulate accords well with
the findings of Cheng et al23 and Amon et al24
who also observed preoperative corneal thickness values to be restored within a similar
period of time.
A healthy cornea is able to compensate rapidly for transient increases in central corneal
thickness after cataract surgery, but such is not
the case when the endothelium is diseased. In
patients with endothelial polymegathism the
return to preoperative values of corneal thickness is significantly slower than in those with a
normal endothelium.33 Furthermore, a positive
correlation has been found between central
corneal thickness, corneal permeability, and
endothelial cell size in patients with cornea
guttata.34 It is also of interest that, in studies
with explanted corneal buttons derived from
patients with bullous keratopathy, a linear
regression for corneal thickness and the
number of keratocytes has been observed.35 In
individuals with a predamaged endothelium,
postoperative corneal swelling has been shown
to be greater after 4 days and even 6 months
than in those with a healthy endothelium.16
Furthermore, in patients who have undergone
cataract surgery or who are suVering from
Fuchs’ disease, the deswelling rate of the
cornea is significantly lower than in controls.36
Large diurnal fluctuations in corneal thickness are observed in most individuals,37 but
these may be accentuated after anterior segment surgery.38
Precise measurements of corneal thickness
may therefore serve as a parameter for
assessing overall endothelial function in corneas with a diseased endothelium or with borderline low endothelial cell counts. In corneas
which have incurred moderate reductions in
the number of otherwise healthy endothelial
cells, the corneal thickness does not increase. A
healthy endothelium is thus able to maintain
corneal dehydration over a large range of
endothelial cell counts. In order to evaluate the
degree of surgical trauma and endothelial
status, morphological criteria are more precise.
This is because the functional capacity of the
endothelium is substantial and corneal cell
depletion is not reflected in corneal thickness
measurements until there has been substantial
loss of corneal endothelial cells.

