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Purpose. To compare the refractive outcome of 2 different methods of intraocular lens implantation in cases of posterior
microphthalmos, primary piggyback IOLs versus secondary iris claw lenses. Methods. This study was a retrospective
interventional comparative study that included 60 eyes of 30 patients. The included patients had bilateral microphthalmos
with high axial hyperopia and had undergone a lens-based surgical procedure for hyperopia correction. The included patients
were equally divided into two groups. The first group had undergone refractive lens exchange (RLE) with primary piggyback
IOL implantation. The second group undergone RLE with maximum available IOL power implanted followed by a secondary
implantation of Artisan iris-fixated IOL (Ophtec B.V., Groningen, the Netherlands). Results. The 2 groups were highly
comparable to each other regarding the mean age, axial length (AL), manifest refraction (MR), and K readings. Post-
operatively, there was a statistically significant difference between the 2 groups regarding the manifest refraction spherical
equivalent (MRSE), mean absolute error (MAE), and uncorrected distance visual acuity (UDVA). There was no significant
difference between the 2 groups regarding the CDVA. At 36 months, 20% and 73% of the eyes were within +0.5 D of intended
refraction at 36 months in 1ry piggyback and 2ry Artisan groups, respectively. Fifty-three percent and 93% of the eyes were
within +1.0D of intended refraction at 36 months in 1ry piggyback and 2ry Artisan groups, respectively (p = 0.001).
Conclusion. Secondary procedure with implantation of iris-fixated intraocular lens yielded very good results for treatment
of axial hyperopia in cases of posterior microphthalmos. The primary piggyback IOL showed less satisfactory results
with cases of under correction and the possible complication of interlenticular opacification. Both groups showed good
safety parameters.

1. Introduction

Microphthalmos is a developmental ocular disorder arising
from halted growth of the ocular tissues [1], resulting in a
short axial length at least two standard deviations below the
normal for the patient’s age [2]. It includes various phe-
notype subsets as nanophthalmos and posterior micro-
phthalmos in which the reduced axial length is secondary
to just posterior segment foreshortening, with a relatively
normal anterior segment [3]. The most commonly en-
countered clinical characteristics for this entity are axial
hyperopia [4] and papillomacular folds [5]. Having normal
corneal diameter and anterior chamber depth, posterior

microphthalmos is commonly overlooked during routine
pediatric eye assessment till patients develop obvious
symptoms as hyperopia or even strabismus [6].

Cataract surgery in eyes with posterior microphthalmos
presents a unique set of challenges not only due to the high
rate of postoperative choroidal effusion [7] but also due to
decreased predictability of standard methods for intraocular
lens power calculation [8]. There is currently no definite
global consensus regarding the ideal intraocular lens (IOL)
power calculation formula in small eyes as those with
microphthalmos, but some reports have suggested that the
Haigis, Hoffer Q, or Holladay II formula may show some
superiority for short eyes [9, 10].
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The concept of using two piggyback IOLs has been
investigated in eyes with short axial lengths with promising
results [11-13] since the first attempt of Gayton and Sanders
in a case of cataract and microphthalmos, in which the
calculated IOL power was +46 diopters [11]. However, re-
fractive surprises may still take place. Using a secondary
Artisan iris-fixated phakic IOL (Ophtec B.V., Groningen, the
Netherlands) [14, 15] depending on actual postoperative
refraction rather than prediction may offer a solution to this
dilemma, although the literature is scant about this tech-
nique [16].

The aim of the current study was to compare the re-
fractive outcome of 2 different methods of intraocular lens
implantation in cases of posterior microphthalmos, primary
piggyback IOLs and secondary iris claw lenses implanted as a
secondary procedure depending on actual postoperative
refraction.

2. Subjects and Methods

This study was a retrospective interventional comparative
study that included 60 eyes of 30 patients. The included
patients had bilateral microphthalmos with high axial
hyperopia and had undergone a lens-based surgical pro-
cedure for hyperopia correction. The included patients
were equally divided into two groups. The first group (30
eyes of 15 patients) had undergone refractive lens exchange
(RLE) with primary piggyback IOL implantation. The
second group (30 eyes of 15 patients) had undergone RLE
with maximum available IOL power implanted followed by
a secondary implantation of Artisan iris-fixated IOL
(Ophtec B.V., Groningen, the Netherlands). The inclusion
criteria were having posterior microphthalmos defined as
short axial length two standard deviations below the
normal for the patient’s age with normal corneal size and
anterior chamber depth (ACD) and having complete re-
cords for 3years follow-up postoperative. For secondary
Artisan iris-fixated IOL, ACD should be > 2.8 mm. Patients
were excluded if they had intraoperative complications,
e.g., primary aphakia, incomplete data records, nano-
phthalmic eyes, microphthalmos with a corneal diameter
less than 9 mm, microphthalmos with anterior segment
dysgenesis syndrome, and posterior or combined types of
persistent hyperplastic primary vitreous. Cases of macular
scars and glaucoma were also excluded. Presence of pap-
illomacular folds was not considered an exclusion crite-
rion as it is commonly encountered in cases of posterior
microphthalmos.

The current study was approved by the local ethics
committee of the faculty medicine, Alexandria University,
Egypt. Tenets of the Declaration of Helsinki were followed.
All patients signed an informed consent explaining the
procedure and possible complications.

Preoperative complete ophthalmic examinations were
conducted including measuring corneal diameter and axial
length, fundus examination for posterior segment abnor-
malities, and measuring intraocular pressure. Also,
screening for systemic disorders was conducted. IOL power
calculation was performed in all cases using optical biometry
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(IOL-master 500, Carl Zeiss, Germany) with the Haigis
formula. Records of the patients were revised, and all pre-
operative, operative, and postoperative data were recorded.
All patients were operated upon by the same surgeon (A.H.)
with a reproducible technique.

2.1. Surgical Technique. All included cases had undergone a
refractive lens exchange with corneal incisions created using
a 2.4 mm keratome for main incision placed in all cases on
the steep topographic axis as determined using corneal
topography and 1.2 mm blade for the side ports. The anterior
chamber was filled with viscoelastic material. The contin-
uous curvilinear capsulorhexis (CCC) was created with a
capsulorhexis forceps. Lens aspiration was performed using
minimum or no phaco power according to the nuclear
density. Infinity® Phacoemulsification System (Alcon, USA)
was used in all cases. The procedure was followed by IOL
implantation of the maximum power available in the cap-
sular bag after removal of the lens cortex: Tecnis-1 aspheric
IOL (Advanced Medical Optics (AMO)) using its injector
provided by the company. Careful removal of the visco-
elastic material from the anterior chamber was carried out in
all cases followed by careful stromal hydration of all corneal
wounds.

The first group had primary implantation of piggyback
silicon 3-piece IOL in the sulcus (Tecnis 3-piece, Advanced
Medical Optics (AMO)). The power of the piggyback IOL
was calculated by subtracting the power of the already
implanted IOL from the calculated IOL power and sub-
tracting 0.5 D due to the change in the effective lens position
because of sulcus placement. The second group had un-
dergone another procedure after approximately 2 months in
the form of a secondary implantation of Artisan iris-fixated
IOL. The Artisan lens aphakia model 205 is a monofocal one-
piece convex-concave PMMA IOL with an 8.5 mm length, a
1.04 mm maximum height, and a 5.0 mm optical zone. The
haptics have grooves in which the iris can be enclavated. The
available IOL powers ranged from +2.0 to +30.0D. The
calculation of the IOL power was done based on the actual
residual refractive error of the eye after RLE. The power
calculations were based on the “Van der Heijde” formula.
The 2ry Artisan implantation was done using the same
standardized technique of the phakic model. Two small
corneal paracenteses at 3 and 9o’clock were performed,
followed by a 5.5 mm corneoscleral tunnel at the 12 o’clock
site. Insertion of the Artisan lens under the protection of a
cohesive viscoelastic material in the anterior chamber was
done followed by rotating the lens such that the haptics were
opposing 3 and 9 o’clock positions. The lens was then held by
the fixation forceps through the corneoscleral tunnel, and
the midperipheral iris was enclavated into the haptics using
an enclavation needle. The wound was closed with 10-0
nylon suture, and the cohesive viscoelastic was washed.
Suture removal was done 2 months postoperatively.

Postoperative antibiotic and steroid eye drops were
prescribed for one month. Patients were followed-up at day
1, week 1, and months 1, 3, 6, 12, 18, 24, and 36. The
main outcome parameters were manifest refraction, mean
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absolute error (MAE) of prediction, uncorrected distance
visual acuity (UDVA), corrected distance visual acuity
(CDVA), Snellen lines loss of CDV, and predictability with
percentage of eyes within 0.50D and 1.0D of intended
correction. The MAE is calculated by the mean absolute
value of the difference between intended and actual post-
operative refraction.

Data analysis was performed using the software SPSS for
Windows version 20.0 (SPSS Inc., Chicago, USA). Quan-
titative data were described using range, mean, and standard
deviation. The Kolmogorov-Smirnov test was used for
checking the normality of distribution. The independent
sample t-test was used to compare means of different
samples. The paired t-test was used for comparisons between
means of the preoperative and postoperative data of the
same eyes. The chi-square test was used to compare between
different percentages. Pearson correlation was used to
correlate between different variables. Differences were
considered statistically significant when the associated p
value was less than 0.05. Standard figures for reporting the
outcomes in refractive surgery, according to the Waring
Protocol and its modification, were used for displaying and
summarizing the refractive outcomes of this study for each
group postoperatively [17, 18].

3. Results

The current study was a retrospective comparative analysis
of the records of 60 eyes of 30 patients with bilateral pos-
terior microphthalmos. Table 1 shows the demographic and
preoperative characteristics of the included patients. There
was no statistically significant difference between the 2
groups regarding the preoperative characteristics. The 2
groups were highly comparable to each other regarding the
mean age, axial length (AL), manifest refraction (MR), and K
readings. None of the eyes reached 20/20 of CDVA, and the
worst CDVA was 20/125. The mean corneal diameter,
central corneal thickness (CCT), and ACD were within
normal range for both groups. Using Pearson correlation,
the AL showed strong negative correlation with K readings
(r=-0.83, p=0.001) and good positive correlation with
corneal diameter (r=0.60, p = 0.001). Subgroup analysis of
the right eye or the left eye alone did not show any different
results.

Table 2 shows the visual acuity (UDVA and CDVA),
MAE, and manifest refraction along the postoperative
follow-up period. There was a statistically significant dif-
ference between the 2 groups regarding the manifest re-
fraction spherical equivalent (MRSE), MAE, and UDVA.
There was no significant difference between the 2 groups
regarding the CDVA. Using paired t-test to compare mean
UDVA, CDVA, MAE, and MRSE at 1 month and 36 months,
there was no statistically significant difference. The mean
CDVA at 36 months improved in comparison with pre-
operative levels for both groups, but this improvement was
not statistically significant. The UDVA, MAE, and MRSE
improved greatly from preoperative levels at 1month
postoperatively, and this improvement remained stable over
the whole follow-up period. At 24 months, mean CDVA of

1ry piggyback group decreased but returned to its levels at
36 months. This difference was not statistically significant.
There was a good negative correlation between the axial
length and MAE (r=- 0.68, p = 0.03 and r=-0.53, p = 0.04
for 1ry piggyback and 2ry Artisan groups, respectively).
There was no significant correlation between UDVA and
CDVA in both groups.

Figure 1 shows the cumulative Snellen visual acuity in
both groups at 36 months. The mean preoperative CDVA
was significantly better than the mean UDVA at 36 months
for the 1ry piggyback group (p = 0.003). The mean UDVA at
36 months for the 2ry Artisan group was slightly better than
the mean preoperative CDVA (0.39+0.17D vs.
0.45+0.16 D). However, the difference was not statistically
significant (p = 0.490). The efficacy index at 36 months was
0.63 and 1.14 for 1ry piggyback and 2ry iris claw lens groups,
respectively. The safety index at 36 months was 1.04 and 1.13
for 1ry piggyback and 2ry Artisan groups, respectively. Only
2 eyes from each group lost 1 line of Snellen visual acuity
(Figure 2). No significant intra- or postoperative compli-
cations were recorded. Interlenticular opacification (ILO)
was detected in 4 eyes of the 1ry piggyback group at end of
the 2nd year of follow-up and was managed by the YAG
laser. One eye of each group gained 2 lines of Snellen visual
acuity. Using the chi-square test, the percentages of eyes that
showed a change (either loss of gain) of Snellen visual acuity
at 36 months were not statistically significantly different
between the 2 groups (p = 0.90).

At 36 months, 20% and 73% of the eyes were within
+0.5D of intended refraction at 36 months in 1ry piggyback
and 2ry Artisan groups, respectively. Fifty-three percent and
93 % of the eyes were within +1.0 D of intended refraction at
36 months in 1lry piggyback and 2ry Artisan groups, re-
spectively (Figure 3). Using the chi-square test, this differ-
ence was statistically significant (p =0.001). Regarding
stability, both groups showed significant improvement of
MRSE from preoperative levels at month 1 and remained
stable along the whole follow-up period (Figure 4). Figure 5
shows the attempted versus achieved MRSE in both groups
at 36 months postoperatively. The dots above the trend line
represent over correction with myopic residual error, and
the dots below the trend line represent under correction with
hyperopic residual error.

4. Discussion

Although a rare ocular disorder, posterior microphthalmos
represents a problematic entity in modern lens-based sur-
gery due to surgical difficulties and a higher incidence of
postoperative complications as residual hyperopia, choroi-
dal effusion, and the presence of ametropic amblyopia [1].

The modern cataract refractive surgery provides more
satisfactory postoperative refractive outcome than ever with
more than 55% of eyes within 0.5D and 85% eyes were
within 1.0 diopter of the calculated target refraction
according to the United Kingdom National Health System
reports [19]. However, eyes with short axial lengths than
usual may provide a refractive challenge. Haigis and Hoffer
Q formulas were studied, revealing good outcomes in short
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TaBLE 1: Preoperative characteristics of the included eyes (60 eyes of 30 patients divided equally into two groups).

Iry piggyback (n=30) mean + SD range 2ry Artisan (n =30) mean + SD range p value
Male : female 6:9 8:7 0.464°
Age (years) 22.7 +4.1(18-29) 22.2+3.5 (19-30) 0.781°
MRSE (D) 14.52 +2.3 (10.5-18.25) 14.57 +2.5 (10-18.5) 0.925"
CDVA (logMAR) 0.43 +0.15 (0.2-0.7) 0.45+0.16 (0.3-0.8) 0.638"
AL (mm) 16.6+ 1.2 (14.9-19.3) 16.7 + 1.2 (15.1-19.0) 0.854°
CCT (microns) 523.1 +22.6 (499-551) 528.4+21.1 (502-559) 0.545"
K readings (D) 47.5+2.4 (43.0-52.0) 47.3 +2.5(43.5-51.0) 0.635°
Corneal diameter 11.95+0.30 (11.50-12.20) 11.85+0.28 (11.40-12.25) 0.565"
ACD (mm) 2.95+0.11 (2.82-3.3) 3.01+0.21 (2.85-3.4) 0.487°

MRSE: manifest refraction spherical equivalent; CDVA: corrected distance visual acuity; AL: axial length; CCT: central corneal thickness; K: keratometry;
ACD: anterior chamber depth. *Chi-square test; “independent sample t-test.

TaBLE 2: Visual acuity and refraction along the postoperative follow-up period.

Mean + SD range 1 month 6 months 12 months 24 months 36 months
glg\gfg(ylgzﬁim) 0734034 (03 to 1.0) 0704032 (0.3t0 1.0)  0.71+0.29 (0.3 to 1.0) (%628;01'3(?) (00'629;01'3(?)
2ry Artisan: 0.40+0.18 0.39+0.17
UDVA (ogMaR) O43+022(031009) 0414019 021009)  039+016 (021008) (5L (e
p value 0.005* 0.003* 0.003* 0.003* 0.002*
é%g;\gg(’l'g;ﬁim) 0.44+019 (01 to 0.8)  0.41+0.16 (0.1 to 0.8) 0.42+017 (0.1 to 0.8) (%426; 06187) (%‘il ;;06186)
2ry Artisan: 0.38+0.17 0.39+0.16
CDVA (ogMAR) 0424020 (021007) 0404018 021007)  039+016 (0110 07) (0 (0
p value 0.647 0.728 0.612 0.493 0.653
ll\dr’égég(gl’;k)’“k: 111+ 1.32 (-1.0 t0+3.5) 1.01+1.26 (1.0 to+2.75) 1.05+1.28 (~1.0 to +3.0) (_11'%3 . 12380) (_11'%5 . 12390)
ﬁ’é&r?;‘)“z 0.12+0.72 (1.0 to +1.5)  0.09+0.69 (~1.0 to +1.5)  0.08+0.66 (~1.0 to +1.5) (_01'%8;)0;6175) (_01'%7;)0;6165)
p value 0.024* 0.029* 0.037* 0.039* 0.034*

Iry piggyback: 1.39+0.93 1.36 +0.98 1.35+0.96
MAB () 1.42+1.06 (0.50 to 3.35) (055 t0 3.35) 1374095 (02510 310) (50 T 055 10 3.10)
2ry Artisan: 0.52+0.43 0.51 +0.40 053+041  0.52+0.42
MAE (D) 0.55+046 (025 to 1.15) (0.25 to 1.40) (0.00 to 1.40) (0.00 to 1.40)  (0.00 to 1.40)
p value 0.009* 0.007* 0.005* 0.006* 0.005*

SD: standard deviation; UDVA: uncorrected distance visual acuity; CDVA: corrected distance visual acuity; MAE: mean absolute error, p value: compares

mean of Iry Piggyback vs. 2ry Artisan using independent sample t-test. *Statistically significant.

eyes [20]. However, another issue appeared; there was a
limited availability of high-power IOLs. To solve this di-
lemma, primary piggyback IOL has been tried in short eyes.
The choice of the proper power depends on prediction.
Several drawbacks exist regarding this option as the risk of
interlenticular opacification (ILO), pupillary block, and
pigment dispersion [21].

Another alternative was to implant another IOL as a
secondary procedure depending on the actual postoperative
refraction. Several alternatives exist for secondary IOL in-
cluding iris claw lenses. The use of these lenses needs at least
2.8 mm depth of the anterior chamber and cannot be applied
in patients with uveitis, glaucoma, or structural iris ab-
normalities [16].

To our knowledge, this is the first case series comparing
these cases with the conventional treatment using piggyback
IOLs. Most previous studies dealt with iris claw lenses as a
solution for aphakic hypermetropia in the absence of adequate
capsular bag support [22] or as a refractive phakic IOL [14].

Regarding the included eyes in the current study, the
preoperative demographic and biometric data were com-
parable with no significant differences between the 2 groups.
All eyes had high axial hyperopia with short axial length. The
IOL power calculation yielded high positive lens power
beyond the highest available IOL powers. So, a primary
hydrophobic IOL with a power of +30 D was implanted in
the bag with the residual error either treated by a 1ry pig-
gyback IOL or a 2ry Artisan iris-fixated IOL. The Artisan
lens used was the aphakic model because of the need for the
availability of a plus-power IOL. The larger wound needed
(5.5 mm) with 10-0 suture yielded higher astigmatism but
due to the coupling effect, there was no effect on the overall
MRSE. All the included cases were bilateral, having some
degree of amblyopia in the eye of higher error. As shown in
the preoperative data, the included eyes had within normal
range sized corneas with normal depth anterior chambers.
However, the corneas were steep, showing a negative cor-
relation with the axial length.
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FIGURE 4: Stability of manifest refraction spherical equivalent over time in 1ry piggyback group and 2ry Artisan group.

The 2ry Artisan iris-fixated IOL group showed marked
superiority regarding the postoperative MRSE, mean MAE,
and consequently UDVA. In the Iry piggyback group, there
were many cases of under correction with hyperopic residual
errors up to 3 D. Depending on the actual residual refractive
error proved to greatly improve the refractive outcome. Both
groups showed good level of safety regarding the loss of lines
of Snellen visual acuity. Also, the mean postoperative CDVA
in both groups was comparable despite the difference in the
mean MRSE. The 2ry iris claw lens group showed excellent

predictability with 93% of cases within +1D of intended
refraction which is a very good result in such difficult cases.

The literature lacks reports of the use of iris claw lenses
for short eyes after primary implantation of IOLs. An
earlier report of piggyback IOLs in forty-three eyes of 32
patients (aged 19-87 years; median, 69 years) with nano-
phthalmos showed a median postoperative refraction at
6 months of +1.38 D (range, —2.00 to +12.50 D). The me-
dian difference between target refraction and achieved
postoperative refraction was +0.84D (range, —2.61 to
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36 months.

+4.33D). 43.9% of cases were within +1 D of target re-
fraction and 56.1% were not within 1D of target re-
fraction [23].

It has to be mentioned that iris claw lens has some
disadvantages. It is more prone to result in chronic
uveitis, endothelial cell loss, and iris damage including
ovalization and atrophy. The lens itself tends to be more
expensive option than a secondary piggyback IOL. Ex-
changing the iris claw lens is theoretically more difficult
than exchanging a secondary piggyback IOL. Early and
late lens dislocation of the iris can occur as well. However,
no series lens related complications were encountered in
our case series.

Our study has some limitations. The retrospective nature
may represent a source of selection bias. Lack of random-
ization or matching may also be a weak point. Lucky for us,
there was no statistically significant difference between the 2
groups regarding the preoperative characteristics. As
mentioned above, the 2 groups were highly comparable to
each other. The rare nature of the disease has made matching
not applicable. Other measures for visual function rather
than visual acuity as contrast sensitivity and high-order
aberrations were not assessed in our series.

In conclusion, secondary procedure with implantation
of iris-fixated intraocular lens yielded very good results
for treatment of axial hyperopia in cases of posterior
microphthalmos. The primary piggyback IOL showed less

satisfactory results with cases of under correction and the
possible complication of interlenticular opacification. Both
groups showed good safety parameters.
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IOL:  Intraocular lens

RLE:  Refractive lens exchange

ACD:  Anterior chamber depth
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CDVA: Corrected distance visual acuity
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CCT:  Central corneal thickness

MAE: Mean absolute error

ILO:  Interlenticular opacification.
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