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Objective: To evaluate functional impairment in the cor-
neal endothelium of eyes in patients with diabetes melli-
tus, after small-incision cataract surgery.

Methods: Evaluation was performed in 93 eyes in pa-
tients with type 2 diabetes mellitus (diabetic group) and
93 eyes in patients without diabetic mellitus (nondia-
betic group) who underwent cataract surgery. Using a
topography system, the corneal thickness in the central
area was measured before surgery and 1 day, 1 week, and
1 month after surgery. Corneal endothelial cells were
counted using a noncontact specular microscope.

Results: No significant differences in any preoperative
measures were observed between the diabetic and non-

diabetic groups. The increase in corneal thickness 1 month
after surgery was significantly higher in the diabetic group
than in the nondiabetic group (P=.03). The corneal en-
dothelial cell losses 1 day and 1 week after surgery were
significantly higher in the diabetic group than in the non-
diabetic group (after 1 day, P=.03; and after 1 week,
P=.04).

Conclusion: Compared with nondiabetic eyes, eyes of
patients with diabetes mellitus showed more damage in
corneal endothelial cells due to cataract surgery and a de-
lay in the postoperative recovery of corneal edema.
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I N RECENT YEARS, ADVANCES HAVE

been made in cataract surgery be-
cause of improvement in surgical
equipment,viscoelasticagents,and
techniques, expanding the indica-

tions for thissurgery.After thedevelopment
of phacoemulsification, corneal endotheli-
al damage was not an absolute contraindi-
cation for cataract surgery. However, bul-
louskeratopathy inducedbymechanical in-
juryinthecornealendotheliumisintractable;
therefore, preoperative evaluation of endo-
thelial tissue is important.

Corneal damage is often encountered
after intraocularsurgeryinpatientswithdia-
betes mellitus. Based on this finding, fragil-
ity of the cornea in patients with diabetes
mellitus has been suggested.1-3 In general,
the cornea of patients with type 1 diabetes
mellitus shows morphological abnormali-
tiesofendothelialcells (polymegethismand
pleomorphism),4-11 butnormalbarrier func-
tionasrepresentedbyfluoresceinpermeabil-
ity.8,9,12 Inaddition,althoughcornealedema
inducedbycontactlenswearissimilarindia-
beticandnondiabeticgroups,cornealedema
recovery is slower in patients with diabetes
mellitusthanincontrolsubjects.13,14Thissug-
gests that the cornea in patients with diabe-

tes mellitus is weaker than the normal cor-
neaagainstphysicalstress. Incontrast,Wes-
tonetal15 reportedthat inducedswellingwas
less in patients with diabetes mellitus than
in controls, and the corneal deswelling rate
wasnotdifferentbetweendiabetic andcon-
trolsubjects.Therefore, inthepresentstudy,
we evaluated functional impairment in the
cornealendotheliumofeyesofpatientswith
diabetes mellitus after small-incision cata-
ract surgery.

METHODS

Evaluation was performed in 93 eyes in patients
withtype2diabetesmellitus(diabeticgroup)and
93eyesinpatientswithoutdiabetesmellitus(non-
diabeticgroup)whounderwentcataract surgery
(phacoemulsificationandintraocularlensimplan-
tation) at our division between March 15, 2000,
and June 20, 2002. The nondiabetic group was
selected randomly, and both groups were age-
matched.Writteninformedconsentwasobtained
fromallpatientsbeforesurgeryandexaminations,
and the study was approved by an ethics com-
mittee. The mean±SD age was 68.8±8.9 years
in the nondiabetic group and 68.6±8.8 years in
the diabetic group (Table). Because the cornea
was evaluated, patients with corneal disorder or
historyofocularoperation,contact lenswear,and
ocular injury were excluded. Surgery was per-
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formed by 4 experienced surgeons, who had performed cataract
surgery inmorethan500cases.Therewerenodifferencesbetween
the 2 study groups in phacoemulsification time and intraocular
infusion volume.

Cataract surgery was performed under Tenon anesthesia.
A nonsuture sclerocorneal incision (3.5 mm from the 12-
o’clock position) was made, and continuous curvilinear cap-
sulorrhexis was performed, using Healon (Pharmacia, Uppsala,
Sweden) as a viscoelastic agent. The nucleus was divided by
the phaco-chop method, and phacoemulsification and aspira-
tion were performed. For cataract surgery, Accurus (Alcon Labo-
ratories, Inc, Fort Worth, Tex) equipment was used, and BSS
PLUS (Alcon Laboratories, Inc) was the perfusion fluid used.
After cortical aspiration, an acryl-foldable intraocular lens
(Acrysof MA60BM; Alcon Laboratories, Inc) was inserted.

The corneal thickness in the central area was measured
using the ORBSCAN topography system (ORBTEK; Bausch &
Lomb, Rochester, NY) before surgery and 1 day, 1 week, and 1
month after surgery. Corneal endothelial cells were counted
using a noncontact specular microscope, NONCON ROBO (Ko-
nan Medical, Inc, Hyogo, Japan). These examinations were per-
formed in a masked manner by one technician (S.M.).

The items evaluated in this study were central corneal thick-
ness (in micrometers), endothelial cell density (cells per square
millimeter), percentage of hexagonal cells, and the coefficient
of variation before and after operation. Changes in each item
after operation were compared between the diabetic and non-
diabetic groups by t test.

RESULTS

Beforecataractoperation,theage-matchednondiabeticgroup
had a mean±SD central corneal thickness of 541.9±33.3
µm, corneal endothelial cell density of 2721.6±348.1
cells/mm2, coefficient of variation of 0.306±0.066, and
58.8%±10.4% hexagonal cells. The diabetic group had a
mean±SD central corneal thickness of 544.0±37.2 µm, cor-
neal endothelial cell density of 2727.9±404.0 cells/mm2,
coefficient of variation of 0.314±0.072, and 57.7%±13.2%
hexagonal cells. No significant difference was observed in
any preoperative item measured between the diabetic and
nondiabetic groups. In addition, in the diabetic group, cen-
tral corneal thickness, endothelial cell density, coeffi-
cient of variation, and percentage of hexagonal cells were
not significantly associated with the severity of diabetic
retinopathy (Table).

Serial changes in the increase in central corneal thick-
ness after operation are shown in Figure 1. Compared
with the preoperative thickness, increases observed 1 day,
1 week, and 1 month after operation were 4.2%, 0.9%, and
0.04%, respectively, in the nondiabetic group and 3.9%,

1.6%, and 1.6%, respectively, in the diabetic group. The
increase after 1 month was significantly higher in the dia-
betic group than in the nondiabetic group (P=.03).

Serial changes in endothelial cell loss after opera-
tion are shown in Figure 2. The endothelial cell losses
occurring 1 day, 1 week, and 1 month after operation were
2.1%, 3.6%, and 3.2%, respectively, in the nondiabetic
group and 7.0%, 7.9%, and 7.2%, respectively, in the dia-
betic group. Endothelial cell losses occurring after 1 day
and 1 week were significantly higher in the diabetic group
than in the nondiabetic group (after 1 day, P=.03; and
after 1 week, P=.04).

The coefficients of variation 1 day, 1 week, and 1
month after operation were 0.334, 0.316, and 0.308, re-
spectively, in the nondiabetic group and 0.331, 0.314,
and 0.312, respectively, in the diabetic group, without
significant differences between the 2 groups (Figure 3).

The percentages of hexagonal cells 1 day, 1 week, and
1 month after operation were 56.7%, 57.7%, and 57.2%,
respectively, in the nondiabetic group and 53.3%, 55.6%,
and 55.7%, respectively, in the diabetic group, without sig-
nificant differences between the 2 groups (Figure 4).

COMMENT

Corneal endothelial abnormalities in diabetic patients have
been reported.4-11 However, these are morphological ab-
normalities, such as polymegethism and pleomorphism, and
do not include abnormal permeability. Studies4,5,7-9 have
found no significant differences in the endothelial cell den-
sity between eyes of patients with and without diabetes
mellitus. The cornea has been reported to be thicker in eyes
of diabetic patients than in eyes of nondiabetic subjects by
some authors9,10 but shown to be similar by others.6,9 Rosz-
kowska et al10 demonstrated that the cornea in diabetic pa-
tients is significantly thicker than the cornea in nondia-
betic subjects, speculating that the pump function of the
corneal endothelium is decreased, resulting in edema against
osmotic pressure in eyes of diabetic patients. On the other
hand, no association between corneal thickness and reti-
nopathy or diabetic control has been reported.7,11 In this
study, the mean thickness of the central cornea before op-
eration was slightly thicker in the diabetic group (544.0 µm)
than in the nondiabetic group (541.9 µm), but the endo-
thelial cell density, coefficient of variation, and percent-
age of hexagonal cells did not significantly differ between
the 2 groups. However, because cataract surgery was in-
dicated in both groups in this study, the results cannot be

Preoperative Data*

Preoperative Value
Nondiabetic Group

(n = 93)

Diabetic Group

Overall
(N = 93)

No Retinopathy
(n = 34)

Simple Retinopathy
(n = 36)

Proliferative Retinopathy
(n = 23)

Age, y 68.8 ± 8.9 68.6 ± 8.8 69.1 ± 10.2 70.4 ± 5.2 67.1 ± 9.3
Corneal thickness, µm 541.9 ± 33.3 544.0 ± 37.2 536.5 ± 40.8 548.5 ± 37.5 545.5 ± 35.6
Endothelial cell density, per mm2 2721.6 ± 348.1 2727.9 ± 404.0 2696.6 ± 452.7 2740.2 ± 293.2 2726.7 ± 422.2
Coefficient of variation 0.306 ± 0.066 0.314 ± 0.072 0.321 ± 0.063 0.304 ± 0.081 0.311 ± 0.075
Hexagonal cells, % 58.8 ± 10.4 57.7 ± 13.2 54.5 ± 12.1 60.2 ± 17.4 60.0 ± 12.1

*Data are given as mean ± SD.
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directly compared with those of other studies that as-
sessed diabetic and nondiabetic groups irrespective of sur-
gical indications.

Concerning postoperative changes, the increase in
central corneal thickness was highest 1 day after opera-
tion among the 3 time points measured in the diabetic
and nondiabetic groups, but recovered thereafter. How-
ever, the recovery rate was slow in the diabetic group com-
pared with the nondiabetic group. The increase in cen-
tral corneal thickness 1 month after operation was 0.04%
in the nondiabetic group and 1.6% in the diabetic group,
showing significantly poor recovery in the latter. There-
fore, recovery of corneal edema after cataract surgery may
be delayed in the cornea of diabetic patients, as the cor-
neal thickness will not have returned to the preopera-
tive level 1 month after surgery.

Previous studies16-18 have shown that endothelial cell
density decreases 6% to 10% after phacoemulsification for
cataract. In this study, the decrease in endothelial cells was
maximal 1 week after operation among the 3 time points
measured in the diabetic and nondiabetic groups. The en-
dothelial cell losses 1 day and 1 week after operation were
significantly greater in the diabetic group (7.0% and 7.9%,
respectively) than in the nondiabetic group (2.1% and 3.6%,
respectively). Based on these results, we speculated that
the corneal endothelium in diabetic patients is under meta-
bolic stress, and weaker against mechanical loads, such as
cataract surgery, than that in nondiabetic subjects.

Thepercentageofhexagonalcellsdecreasedafter1day
andwasslightly lower in thediabeticgroupthaninthenon-
diabetic group at each measurement point. The coefficient
of variationslightly increased1dayafteroperation,butdid
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Figure 1. The increase in corneal thickness after 1 month was significantly
higher in the diabetic group than in the nondiabetic group (P=.03).
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Figure 2. The endothelial cell losses occurring 1 day and 1 week after
surgery were significantly higher in the diabetic group than in the nondiabetic
group (after 1 day, P=.03; and after 1 week, P=.04).
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Figure 3. The coefficients of variation 1 day, 1 week, and 1 month after
operation were not different in the diabetic and nondiabetic groups.

70

60

50

40
Before 1 7 30

Time After Surgery, d

He
xa

go
na

l C
el

ls
, %

Nondiabetic Group 
(n = 93)
Diabetic Group 
(N = 93)

Figure 4. The percentages of hexagonal cells 1 day, 1 week, and 1 month
after operation were not different in the diabetic and nondiabetic groups.
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not significantly differ between the 2 groups. The corneal
endothelium, once decreased, does not proliferate, and the
defects are covered by stretching, extension, and transfer
of the residual corneal endothelium.19 Although we con-
sidered that the coefficient of variation and percentage of
hexagonal cells canbe indexesof the repairmechanism,no
marked difference was observed in either variable between
the diabetic and nondiabetic groups in this study.

GoebbelsandSpitznas12 performedfluorophotometry
of thecorneal endotheliumbeforeand4days,3weeks, and
6 weeks after phacoemulsification and intraocular lens im-
plantation, and endothelial permeability was evaluated in
the presence or absence of diabetes mellitus. Endothelial
permeability did not differ between the diabetic and non-
diabeticgroupsbeforeoperation,markedlyincreasedinboth
groups 4 days after operation, and recovered 3 weeks after
operation in the nondiabetic group but 6 weeks after op-
erationinthediabeticgroup.Thisresultwasconsistentwith
the delayed recovery of endothelial function in the cornea
of diabetic patients after cataract surgery observed in our
study. On the other hand, Furuse et al20 compared the en-
dothelial celldensity, coefficientofvariation, andendothe-
lial cell loss 3, 6, and 12 months after extracapsular cata-
ract extraction and intraocular lens implantation between
patients with and without diabetic mellitus and observed
endothelial cell density decreases of 10% to 20% in both
groups,withoutnoticeabledifferences.Thisvariationinfind-
ings between their study and ours may be because extra-
capsular cataract extraction is more invasive to the cornea
than phacoemulsification and masks diabetes mellitus–
associated differences.

One theory that can explain the fragility of the cor-
neal endothelium in eyes of diabetic patients is the polyol
osmotic theory.21-24 In diabetic patients, the polyol path-
way is enhanced, and excessive glucose is converted to
sugar alcohol, which accumulates in cells. Aldose reduc-
tase in the polyol pathway is distributed in the corneal
epithelium and endothelium.25,26 Accumulation of sugar
alcohol may induce hyperosmolality, causing corneal en-
dothelial fragility. Morphological abnormalities in the cor-
neal endothelium have been reported to improve after
administration of an inhibitor of this enzyme,27,28 which
supports the involvement of this enzyme in the devel-
opment of corneal endothelial abnormalities in eyes of
patients with diabetes mellitus.

CONCLUSIONS

Compared with nondiabetic eyes, eyes of diabetic patients
showedmoredamage incornealendothelial cellsaftercata-
ractsurgeryandadelay inthepostoperativerecoveryofcor-
neal edema.This suggests thateyesofdiabeticpatientsmay
be under metabolic stress and have corneal endothelium
with lower reserve ability than nondiabetic eyes. Although
normal corneal stability is maintained by the reserve func-
tion of corneal endothelial cells, surgical invasion destroys
reserve ability, resulting in delay in postoperative recovery
ofcorneal edemacomparedwithnondiabeticeyes.Because
of advances in small-incision cataract surgery, severe cor-
neal edema rarely develops, but the protection of the cor-
neal endothelium is important for long-term corneal func-
tion after intraocular surgery in eyes of diabetic patients.
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