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PURPOSE: To evaluate the long-term corneal endothelial cell density (ECD) and outcomes after iris-
fixated aphakic intraocular lens (IOL) implantation in children after bilateral congenital or juvenile
cataract extraction and to compare the outcomes with data in the literature.

SETTING: Academic Medical Centre, Amsterdam, The Netherlands.

DESIGN: Case series.

METHODS: This retrospective study evaluated the charts and endothelial photographs of children who
hadArtisan aphakic IOL implantation. Themain outcomemeasurewas theECDat the last follow-up visit.

RESULTS: The mean age of the 10 patients (20 eyes) at IOL implantation was 7.4 years (range 4.3 to
11.1 years) and at the last follow-up, 19.6 years (range 14.3 to 26.6 years). After a mean follow-up
of 12.3 years (range 10.0 to 15.6 years), the mean ECD was 2702 cells/mm2 (range 1382 to 3974
cells/mm2). Although this is comparable to the mean normal endothelial cell counts in this age
group reported in the literature, a wider range of ECD was found in the current study.

CONCLUSIONS: Themean corneal ECD after more then 10 years of follow-up was comparable to the
mean normal ECD for this age group reported in the literature. The high standard deviation of the
mean ECD in the current study highlights the importance of prospective studies on the ECD after
iris-fixated aphakic IOL implantation in young patients.
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At present, in-the-bag fixation of a posterior chamber
IOL is the first choice of pediatric cataract surgeons
in almost all cases of congenital and juvenile cataract
with an intact capsular bag.1,2 An iris-fixated aphakic
intraocular lens (IOL) is a suitable choice in the
absence of capsule support, for example in aphakia
after surgery for luxation of the crystalline lens (ie,
Marfan syndrome) or traumatic cataract. In these
cases, an iris-fixated aphakic IOL is preferred over im-
plantation of an angle-supported or scleral-sutured
IOL in some European countries. Several studies3–7

report safe implantation of these IOLs in children.
A concern about iris-fixated IOL implantation is cor-

neal endothelial cell loss. Safety to the corneal endo-
thelium is of great importance in pediatric patients
because of their long life expectancy. Studies of the
corneal endothelium after iris-fixated aphakic IOL
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implantation in children report promising results.
However, these studies comprised small numbers of
patients and the promising findings have to be con-
firmed in a larger group of patients. Earlier, our group
published long-term endothelial cell density (ECD)
results after Artisan iris-fixated aphakic IOL (Ophtec
BV) implantation in unilateral cases.5

This current study evaluated the long-term out-
comes in a larger group patients that were operated
on for bilateral congenital or juvenile cataract and
had implantation of an Artisan aphakic intraocular
lens IOL between 1991 and 1999. At that time in our
university center, aphakia after cataract removal for
bilateral congenital and juvenile cataract was consid-
ered an indication for aphakic iris-fixated IOL implan-
tation. One reason this IOL was chosen was the
possibility of future IOL exchange in the growing eye.3
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Table 1. Patient and IOL characteristics.

Parameter Right Eye (n Z 10) Left Eye (n Z 10) Both Eyes (n Z 20)

Age (y) at IOL implantation
Mean G SD 7.2 G 1.9 7.6 G 1.9 7.4 G 1.9
Range 4.3, 11.1 4.3, 11.1 4.3, 11.1

Follow-up (y)
Mean G SD 12.5 G 1.9 12.2 G 1.7 12.3G 1.7
Range 10.0, 15.6 10.0, 15.5 10.0, 15.6

Age (y) at follow-up
Mean G SD 19.6 G 3.5 Same Same
Range 14.3, 26.6 Same Same

Primary IOL implant, n (%) 12 (60) 12 (60) NA
Secondary IOL implant, n (%) 8 (40) 8 (40) NA
Mean time (y) between LE and IOL implant G SD (n Z 4) 4.9 G 1.0 5.0 G 1.0 NA
Sex

Male 3 3 6
Female 7 7 14

Preop AL (mm)
Mean G SD 22.5 G 1.7 22.6 G 1.4 22.5 G 1.5
Range 20.2, 24.8 20.4, 24.7 20.2, 24.8

Preop ACD (mm)*
Mean G SD 3.5 G 0.5 3.5 G 0.4 3.5 G 0.5
Range 2.9, 4.6 3.2, 4.3 2.9, 4.6

Range of IOL power (D) 12, 27 13, 27 12, 27
Target SE refraction (D)

Mean G SD C0.50 G 1.50 C0.50 G 1.50 C0.50 G 1.50
Range �0.50, C3.50 �0.75, C3.75 �0.75, C3.75

SE refraction (D) at last follow-up
Mean G SD �3.50 �3.00 �3.25
Range �12.5, �0.25 �9.25, 0.00 �12.50, 0.00

ACD Z anterior chamber depth; AL Z axial length; implant Z implantation IOL Z intraocular lens; LEZ lens extraction; SE Z spherical equivalent
*n Z 12

867LONG-TERM ECD AFTER APHAKIC IOL IMPLANTATION IN CHILDREN
PATIENTS AND METHODS

This retrospective chart review comprised all children who
had bilateral congenital and juvenile cataract extraction with
Artisan aphakic IOL implantation at the time of the primary
surgery or as a secondary procedure. All included patients
were recruited fora recent follow-upvisit, atwhich time endo-
thelial cell photographs were taken. None of the children had
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persistent fetal vasculature, glaucoma, or trauma. All patients
or their parents provided informed consent.
Surgical Technique
Cataract extraction was performed by irrigation/aspira-
tion (I/A) by the same surgeon. Planned anterior vitrectomy
was not a standard procedure and when not performed, the
posterior capsule was left intact. In some cases with an intact
posterior capsule, Elschnig pearls obscuring the visual axis
developed during follow-up. Thesewere surgically removed
through the anterior segmentwith the pupil dilated. One or 2
paracenteses were made, and the Elschnig pearls were
removed with a cannula using I/A. The posterior capsule
was always left intact during this procedure. Sodium hyalur-
onate 1.0% (Healon) was used in all cases.

The axial length (AL) of the eye was measured using
applanation A-scan biometry at the time of surgery.
Endothelial Cell Density and Central Corneal
Thickness
Endothelial photographswere takenwith anoncontact au-
tofocus SP-2000P specular microscope (Topcon Corp.) at the
last follow-up visit. At least 2 corneal endothelial photo-
graphs were taken of each eye. The analysis was performed
- VOL 37, MAY 2011
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Table 2. Endothelial cell results at the last follow-up.

Parameter Right eye (n Z 10) Left eye (n Z 10) Both eyes (n Z 10)

ECD (cells/mm2)
Mean G SD 2634 G 746 2769 G 800 2702 G 757
Range 1382, 3831 1796, 3974 1382, 3974

Mean coefficient of variation in cell size 30.0 29.8 29.9
Mean % hexagonal cells 61.7 65.9 63.8

ECD Z endothelial cell density
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once on the qualitatively best image using IMAGEnet 2000
software (Topcon Corp.). The software automatically de-
noted the cell borders. Before endothelial cell parameters
were computed, an examiner (M.L.S) fully trained in the tech-
nique interactively corrected errors in cell border imaging.
The validity of such evaluation using the combined specular
microscope and software has been reported.8 Analysis of at
least 75 cells per image is needed for accurate estimates of
the ECDwhen assessing the corneal endotheliumby noncon-
tact specular microscopy.9

The central corneal thickness (CCT) was measured with
the same specular microscope.
Statistical Analysis
Statistical analysis was limited because of the small num-
ber of patients. Results are reported as the mean G SD. The
results were compared with data in the literature.
Table 3. Clinical outcomes at last follow-up.

ECD (Cells/mm2) CCT (mm)

Pt OD OS OD OS Age (Y

1 2538 2272 545 548 19.2

2 1382 2385 562 561 22.1

3 1863 1796 500 486 26.6
4 2126 2187 437 453 22.0
5 2322 2380 492 488 18.6

6 3323 2835 510 495 17.5

7 3279 3769 540 557 22.0

8 3040 3859 558 609 16.7
9 3831 3974 659 633 14.3
10* 2639 2227 619 660 17.4

CCT Z central corneal thickness; CDVA Z corrected distance visual ac
pearls; FUZ follow-up; IOLZ intraocular lens.LEZ lens extraction; OD
Z neodymium:YAG laser capsulotomy
*Nance Horan syndrome
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RESULTS
Patient Characteristics
Between 1991 and 1999, 14 children had bilateral
congenital or juvenile cataract extraction and aphakic
IOL implantation. Four children were excluded from
the study because endothelial photographs could not
be taken due to nystagmus (2 patients) or psychomo-
tor retardation (2 patients). All 8 eyes of the 4 children
had a clear cornea at the last follow-up visit. The
remaining 10 patients (20 eyes) were included in this
study. The ethnicity was white in 7 patients and part
white or not known in 3 patients. Table 1 shows the
patients’ characteristic.

One patient had X-linked Nance-Horan syndrome,
characterized by the association of congenital cataract
FU (Y)

) OD OS Complications

12.0 11.1 d

15.6 13.5 OD: Traumatic IOL dislocation
2� (10 & 12 y after IOL implant)

15.5 15.5 d

12.9 13.4 d

11.9 11.1 OD: blunt trauma (football) 8 y
after IOL implant; no dislocation

11.5 11.2 OD: blunt trauma (football) 10 y
after IOL implant; no dislocation;

pigment on endothelium

13.3 13.3 d

10.8 10.8 d

10.0 10.0 d

11.2 11.0 d

uity (spectacle); ECD Z endothelial cell density; EP Z Elschnig
Z right eye; OSZ left eye; OUZ both eyes; PtZ patient; YAG
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Figure 1. Individual ECDs of the 20
study eyes. Curve created from data
of Møller-Pedersen13 (OD Z right
eye; OS Z left eye).
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with microcornea, dental abnormalities, and facial di-
morphism. At the time at of the IOL implantation, the
corneal diameter was 10.0 mm in the right eye and
11.0 mm in the left eye and the AL was 20.2 mm and
21.0 mm, respectively.

Planned anterior vitrectomy was performed 3 eyes.
Eight eyes had surgical removal of Elschnig pearls.
The aphakic refractive error before secondary
aphakic IOL implantation was corrected with
Additional surgery

OU: EP aspiration EP (OS 2�), YAG; OS: claw
(earring) reposition during EP aspiration

E

OD: IOL reposition 2�, YAG

OS: YAG
OU: EP aspiration, YAG
OS: EP aspiration; OU: YAG

OS: YAG Earr

OU: LE before secondary IOL, YAG; OD: EP
aspiration
2� before secondary IOL

Earr

OU: LE before secondary IOL
OU: LE and EP aspiration before secondary IOL E
OU: LE before secondary IOL

Table 3. (Cont.)
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aphakic glasses in 3 patients and with contact lenses
in 1 patient.

In 9 patients (18 eyes), the aphakic IOL had a 5.0mm
optic diameter and 8.5 mm overall diameter. In the
2 eyes of the patient with Nance-Horan syndrome,
the aphakic IOL had a 4.0 mm optic diameter and
7.4 mm overall diameter. The target refraction ranged
from slight myopia to C 3.75 D depending on the
child’s age at the time of the surgery.
CDVA

IOL claw OD OD

arring nasal OS 20/50 20/25

d 20/200 20/30

d 20/25 20/25
d 20/25 20/25
d 25/20 20/20

ing temporal OD 20/25 20/20

ing temporal OD 20/60 20/30

d 20/60 20/40
arring nasal OS 20/40 20/30

d 20/40 20/30
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Endothelial Cell Density and Central Corneal
Thickness
The mean endothelial cell count (ECC) per image in
the 20 study eyes was 184 cells (range 95 to 273 cells
per image). Table 2 shows the mean ECD at the last
follow-up as well as the coefficient of variation in cell
size and percentage of hexagonal cells.

Table 3 shows the corneal ECD and the CCT by
individual eye. Figure 1 shows the individual corneal
ECD in all 20 eyes by patient age. Supplement A (avail-
able at www.jcrsjournal.org) shows the nonparametric
variables.
Figure 2. Earring claw (arrow) in patient 7. Elschnig pearls are pres-
Clinical Outcomes

ent at 11 o’clock after 2 Elschnig pearl aspiration procedures and an
Nd:YAG capsulotomy.
A neodymium:YAG (Nd:YAG) laser capsulotomy
was performed for posterior capsule opacification in
11 eyes during the follow-up. All patients had a clear
cornea and a clear visual axis at the last follow-up.
Table 3 shows the corrected distance visual acuity
(CDVA), complications, details about the IOL claws,
and additional intraocular surgery.

Four of the 40 claws of the IOLs eroded through the
bridge of iris tissue, resulting in a closed claw that had
pierced through the anterior iris stroma (ie, earring
claw) (Figure 2). In 1 patient, the clawwas surgically re-
positioned during surgery for Elschnig pearl aspiration.
In the other 3 cases, repositioning the clawwas not nec-
essary because the IOL optic was well centered, there
was minimal or no IOL movement, and the anterior
chamberwas clear.Noneof the clawsdislocated further.

DISCUSSION

Shortly after birth, the human cornea has approximately
6000 endothelial cells per square millimeter of posterior
corneal surface.Thisnumberdecreases rapidlyduring in-
fancy.10 The literature11,12 reports that the normal ECD
ranges from 3160 to 3727 cells/mm2 at a mean age of
7.5 years of age and from 2695 to 3342 cells/mm2 at
a mean age of 13.0 years of age. One study13 measured
a mean ECD of 3110 cells/mm2 in the second decade in
normal donor corneas. A normal ECD ranging from
2407 to 2977 cells/mm2 (mean 2692 cells/mm2) in the
third decade of life are found in normal human eyes in
different populations.14

One concern about iris-claw IOLs, including the
Artisan, is the possible long-term negative effect on
the corneal ECD. Children have a longmean life expec-
tancy. Long-term follow-up of the corneal endothe-
lium is therefore of great importance.

Lifshitz et al.4 found no significant difference in ECD
between the operated eye and the unoperated eye in 2
children after lens extraction and Artisan aphakic IOL
implantation for subluxated crystalline lenses after 8
months of follow-up. Our group also found no
J CATARACT REFRACT SURG
significant difference in a study of pediatric patients
after unilateral cataract extraction and Artisan aphakic
IOL implantation after a mean follow-up of 9.5 years.5

Studies of the corneal endothelium in human donor
corneas15–17 indicate that corneal endothelial cells in
younger donor eyes have a higher proliferative capac-
ity than older human corneal endothelial cells. This
might explain for the limited endothelial cell loss in
studies by Lifshitz et al.4 and Odenthal et al.5

In the current study, themeanECD (2702 cells/mm2)
last the follow-up (mean age 19.6 years) was compara-
ble to themean normal ECD in this age group reported
in the literature.11–14 Yet, there was a large range in
ECD in our patients. The curve in Figure 1 represents
themean ECDas a function of age in healthy eyeswith-
out surgery and was created to allow a comparison of
our datawith themean ECDdata from normal corneas
in the same age group by Møller-Pedersen.13 Møller-
Pedersen performed manual cell counts on photo-
graphs of the central corneal endothelium of donor
corneas; the photographs were taken through a light
microscope after alizarin red staining. They report
data from 98 corneas of donors ranging in age from
30 weeks of gestation to 90 years of age. Preferably,
our noncontact specular microscopy data would be
compared with other available noncontact specular
microscopy data. However, studies that provide data
on noncontact specular microscopy in young patients
describe groups of patients up to 15 years of age.11,12

Because only 1 of our patients was younger then 15
years at the last follow-up, the outcomes in these stud-
ies are not shown in Figure 1.

Although earlier studies describe large ranges of
interindividual ECDs,11–13 the SD usually falls within
350 cells/mm2 in the second decade of life and within
400 cells/mm2 in the third decade of life. The SD in
the current study was close to 800 cells/mm2. How-
ever, the literature reports values for healthy,
- VOL 37, MAY 2011
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unoperated eyes. In a prospective study, Basti et al.18

report the endothelial cell loss after cataract surgery
in 20 eyes of 14 children with congenital or develop-
mental cataract and posterior chamber IOL implanta-
tion. The mean age of their patients at surgery was
9.3 years. Endothelial images taken with a noncontact
specular microscope were analyzed using the semiau-
tomated cell analysis software program of the IMAGE-
net digital imaging system. The postoperative ECD
had an SD of 427 cells/mm2 in a subgroupwithout an-
terior vitrectomy and 400 cells/mm2 in a subgroup
with anterior vitrectomy after a follow-up of 36 weeks.
Odenthal et al.5 report 3 unilateral cataract patients
who had implantation of an Artisan aphakic IOL; the
SD of the ECD at a mean age of 19.0 years (range 18.1
to 20.5 years) was 205 cells/mm2 in unoperated eyes
and 410 cells/mm2 in operated eyes after a mean
follow-up of 9.5 years (range 4.7 to 14.5 years). Lifshitz
et al.4 describe 2 eyes operated on for crystalline lens
subluxation that had Artisan aphakic IOL implanta-
tion. After a mean follow-up of 6.5 months (range 1
to 9 months) at a mean age of 7.9 years (range 4.8 to
12.5 years), themean SD of the ECDwas 79 cells/mm2.

The high SD in our study encouraged us to look for
variables in the clinical course to explain this wide vari-
ation. One eye in our series (right eye, patient 2) had
amarkeddecreasedECD(1382 cells/mm2)when thepa-
tient was 22.1 years old. The fellow left eye had an ECD
of 2385 cells/mm2 (Figure 3, A and B). In the right eye,
the temporal claw of the aphakic IOL dislocated 2 times
as a result of blunt trauma that occurred 10 years and 12
years after IOL implantation.Because thepatientdidnot
present immediately after the first dislocation, the IOL
Figure 3. Endothelial cell photographs of both eyes of patient 2 (A and B)
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remained dislocated for 2 weeks. At the first examina-
tion after the 2 weeks, there was no endothelial touch.
During examination, the patient was in an upright posi-
tion and it is likely that endothelial touch was present
when he was supine, such as when sleeping.

In patient 3, the oldest patient with the longest
follow-up, the ECD in both eyes was lower than 2000
cells/mm2 at the age of 26.6 years after a follow-up of
15.5 years. The lower than expected ECD in this patient
cannot be explained by findings in the medical history,
suchas additional intraocular surgery, thepreoperative
ACD,or complications. Both eyeshadaCDVAof 20/25
and a CCT less than 500 mm at the last follow-up visit.

In 4 eyes (patient 7 left eye, patient 8 left eye, patient
9 both eyes (Figure 3,C andD), we found a higher then
expected ECD (above 2.00 SD,). All 4 eyes had second-
ary Artisan IOL implantation after earlier intraocular
surgery for the cataract extraction at a very young
age. M€uller and Doughty11 found that ECD values in
children are significantly correlated with the corneal
diameter and they advise taking the corneal diameter
in considerationwhen unexplained ECDvalues are en-
countered. No information about the corneal diameter
was available for these 3 patients. ThemeanAL in the 4
eyes with a high ECD was 23.5 mm (range 22.0 mm to
25.1 mm) at last follow-up visit.

In a study of contact lens wearers, Doughty et al.19

noted a correlation between the change in ECD values
and the change in CCT. As CCT decreased, the
apparent ECD decreased. We calculated the correla-
tion coefficient of the CCT and ECD values in our
patients using the Spearman nonparametric correla-
tion test. Although we found no significant correlation
and patient 9 (C and D).
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(PZ.28), there was a trend toward an increasing ECD
with an increasing CCT in our patients.

Blunt trauma without IOL dislocation occurred in 2
eyes. The ECC was slightly lower than in the eye in 1
patient but was 500 cells higher than to the other eye
in the second patient. Blunt trauma without IOL dislo-
cation did not seem to cause additional cell loss in our
series; nevertheless, we advise our patients to wear
protective glasses during contact sports and activities
to prevent traumatic IOL dislocation.

In 4 eyes, an IOL claw was attached to the iris like an
earring. This complication is sometimes seen with the
Artisanaphakic IOL; on slitlampbiomicroscopy, the ear-
ring claw seems less rigidly fixated than claws attached
to a bridge of iris tissue and are usually situated slightly
lower than the opposite claw. Because of the small num-
ber of eyeswith an earring clawand the additional intra-
ocular surgery in some of the eyes, it is hard to make
conclusions about the additional cell loss caused by
a claw that is attached like an earring; however, the effect
seems to be limited. We do not believe it is necessary to
reposition earring claws when the optic is well centered
and when there is little or no IOL movement.

We foundhighvariability in theECD.Baselineand se-
rial ECCs might have given an insight into the cause of
the large differences between our patients; unfortu-
nately, this information was not available. Future endo-
thelial cell measurements and close follow-up of our
patients is important tomonitor theECDintoadulthood.

In conclusion,wedescribe the encouraging long-term
clinical outcomes in 20 eyes of 10 patients after Artisan
aphakic IOL implantation for congenital or juvenile
cataract. The mean corneal ECD at last follow-up was
comparable to the mean normal ECD in this age group
reported in the literature. The high SD of the mean
ECD in our study highlights the importance of prospec-
tive studies of corneal endothelium outcomes after Arti-
san aphakic IOL implantation in young patients.
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