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摘要

目的:比较聚甲基丙烯酸甲酯(PMMA)与疏水性丙烯酸酯

人工晶状体( IOLs)用于小儿白内障摘除联合人工晶状体

植入术术后视力效果及并发症。
方法:回顾性研究。 包括 63 例 117 眼接受双侧小儿白内

障手术和原发性人工晶状体植入术患者。 将所有患者分

为两组,组 I 包括 30 例 58 眼植入聚甲基丙烯酸甲酯人工

晶状体患者;组 II 包括 33 例 59 眼植入疏水性丙烯酸酯人

工晶状体患者。 比较两组间的临床特点、屈光不正、最佳

矫正视力(BCVA)和手术并发症。
结果:患者平均年龄为 5. 8(2 ~ 12)岁,平均随访时间为

40. 5(6 ~ 196)mo。 术后,80 眼(68. 4% )中最佳矫正视

力 逸0. 5,两组间存在可比性。 两组间视觉轴混浊情况

分别为组 I 28 眼(48. 3% ),组 II 16 眼(27. 1% ),两组间

差异有统计学意义(P = 0. 018)。 术后形成眼内晶状体

脱位和粘连。 综上所述,疏水性丙烯酸酯人工晶状体组

的并发症明显少于聚甲基丙烯酸甲酯人工晶状体组

(P= 0. 020)。
结论:采用原发性人工晶状体植入术行小儿白内障手术是

一种安全的方法。 相较于聚甲基丙烯酸甲酯人工晶状体,
疏水性丙烯酸人工晶状体术后并发症更少。
关键词:疏水性丙烯酸人工晶状体;小儿白内障;聚甲基丙

烯酸甲酯人工晶状体;原发性人工晶状体植入术
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Abstract
誗AIM: To compare the visual results and postoperative
complications of polymethylmethacrylate ( PMMA) and
hydrophobic acrylic intraocular lenses ( IOLs) in children
who underwent cataract extraction with primary IOL
implantation.
誗METHODS:This retrospective study included 117 eyes of
63 children with bilateral pediatric cataract undergoing
cataract surgery and primary IOL implantation. The
patients were divided into two groups, Group I included
58 eyes of 30 patients with PMMA IOLs; Group II included
59 eyes of 33 patients with hydrophobic acrylic IOLs. The
clinical features, refraction errors, best corrected visual
acuity (BCVA) and surgical complications were compared
between two groups.
誗RESULTS:The mean age at the time of surgery was 5. 8
(2-12)y and mean follow up period was 40. 5 (6-196)mo.
Postoperatively, BCVA was 逸0. 5 in 80 eyes (68. 4%) and
this was comparable in two groups. Visual axis
opacification was seen in 28 eyes (48. 3%) in Group I and
16 eyes ( 27. 1%) in Group II and this difference was
statistically significant ( P = 0. 018 ) . Postoperative IOL
dislocation and posterior synechia formation were also
noted. When all postoperative complications were
considered, there were significantly less complications in
the acrylic IOL group than PMMA IOL group (P= 0. 020) .
誗CONCLUSION: Pediatric cataract surgery with primary
IOL implantation is a safe procedure. Hydrophobic acrylic
IOLs may lead to less postoperative complications
compared to PMMA IOLs.
誗 KEYWORDS: hydrophobic acrylic intraocular lens;
pediatric cataract; polymethylmethacrylate intraocular
lens; primary intraocular lens implantation
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INTRODUCTION

P ediatric cataract is the most common cause of treatable
childhood blindness and its management still remains a

challenge. Increased intraoperative and postoperative
complications, changing refractive state of the growing eye and
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the risk of irreversible amblyopia affect the visual outcome in
children with congenital or juvenile cataracts. The timing of
surgery, and choice of the type and calculation of the power of
the intraocular lens (IOL) are current discussions in pediatric
cataract surgery[1-3] .
Due to the fact that an IOL can provide a full time correction
with optics that simulate those of crystalline lens, IOL
implantation during the cataract surgery is becoming an
increasingly accepted procedure in young children and
infants[4] . The ability to implant the IOL through a small
wound, minimizing posterior capsule opacification (PCO) and
long- term IOL stability have to be considered during IOL
selection. Polymethylmethacrylate (PMMA) IOLs required a
relatively large incision for implantation whereas foldable
acrylic IOLs could be implanted through a smaller incision.
Also it is essential to select the best IOL power for a growing
eye, due to the risk of large myopic shift. In order to
minimize the need to exchange IOL later in life, it has been
advised to undercorrect children with IOLs so that they can
grow into emmetropia or mild myopia in adult life[5] .
In this study, we compared postoperative complications and
visual outcomes of primary IOL implantation of foldable
hydrophobic acrylic and rigid PMMA IOLs in pediatric eyes.
SUBJECTS AND METHODS
The notes of all children, who underwent lens aspiration and
primary IOL implantation at Department of Ophthalmology in
Uludag姚 University, Bursa, Turkey between 1994 and 2014
were reviewed retrospectively. This study was approved by the
Ethics Committee of Uludag姚 University and conformed to the
tenets of the Helsinki Declaration. Inclusion criteria were
between the ages of 2 - 12 years at the time of surgery,
presence of bilateral congenital or juvenile cataracts, and at
least six months of follow up after surgery. Children with
traumatic cataract, microphthalmia, microcornea, glaucoma,
uveitis, posterior lenticonus and retinal lesions were
excluded.
The patients were divided into two groups. Group I included
58 eyes of 30 patients with one - piece PMMA IOLs
(Microplex, Dr. Schmidt, Germany) and Group II included
59 eyes of 33 patients with three-pieces foldable hydrophobic
acrylic IOLs (Acrysof,Alcon Laboratories, Fort Worth, TX,
USA). PMMA IOL has an optic diameter of 5. 5 mm and
overall length of 12. 5 mm whereas acrylic IOL has an optic
diameter of 6 mm and overall length of 13 mm. Only one eye
of 2 children in Group I and only one eye of 7 children in
Group II were included in the study, because the other eyes
had been operated by different surgeons.
Preoperative Assesment摇 All patients underwent a detailed
preoperative evaluation including best corrected visual
acuity ( BCVA ) , biomicroscopy, intraocular pressure
measurement and fundoscopy. The visual acuity was
determined using Snellen蒺s visual acuity charts, E charts or
Teller acuity cards according to the patients蒺 age and
cooperation. The Snellen fractions were converted to
decimals. Coexisting systemic disease and the presence of

strabismus and nystagmus were noted.
Intraocular lens power was calculated using the SRK - II
formula whenever the preoperative keratometry was possible.
When keratometry was not available in uncooperated and
younger patients IOL power was calculated by Dahan
guidelines[6] according to the axial length. The IOL power was
selected to achieve postoperative hypermetropia in patients
less than 5 years old. It was targeted +5 diopter between 2-3
years old and +3 diopter between 4-5 years old at the time of
cataract surgery. In children older than 5 years, IOL power
was adjusted to ensure postoperative emmetropia.
Surgical Technique摇 Preoperatively pupils were dilated with
tropicamide 0. 5% , cyclopentolate 1% , phenylephrine 2. 5%
eye drops. All operations were performed under general
anesthesia by a single surgeon ( 魻zmen AT ). Under all
aseptic precautions, an anterior segment maintainer was
inserted at the inferior temporal quadrant of the cornea. A 5
mm anterior capsular continuous curvilinear capsulorrhexis
was completed with a 26 G needle cystitome or microcoaxial
rhexis forceps. After hydrodissection manual aspiration or the
aspiration mode of vitrector was used to remove cortical and
nuclear lens materials. In children aged less than 6 years, a
posterior continuous curvilinear capsulorrhexis ( PCCC) at
least 4 mm, and anterior vitrectomy (AV) were performed.
IOL was implanted into the eye through a scleral tunnel in
Group I, and clear corneal incision in Group II. Corneal
incisions were closed by hydration or 10. 0 vicryl sutures if it
was not sufficient. Scleral tunnels were sutured by 10. 0 nylon
sutures.
Intraoperatively all patients received 1 mg / kg systemic
corticosteroids and at the end of the surgery a subconjunctival
injection of gentamicin sulphate 0. 5 mL ( 20 mg ) and
dexamethasone 0. 5 mL (2 mg) was given. The postoperative
treatment protocol included a combination of antibiotic and
steroid ointment four times daily, which continued for a
month. All patients were examined on the first postoperative
day and subsequently at first week, first and sixth months. At
each visit, the BCVA and biomicroscope examination was
performed. The presence of visual axis opacification (VAO),
PCO, IOL dislocation and signs of anterior chamber
inflammation were noted. At the postoperative sixth month and
the last visit, BCVA and refraction errors calculated as
spherical equivalants were recorded.
In statistical analysis, Fischer exact or Chi-square tests were
used for comparing frequency values, and t-test was used for
comparing mean values between the study groups. P <0. 05
was considered to be statistically significant.
RESULTS
A total of 117 eyes of 63 patients (39 boys and 24 girls),
aged between 2 -12 years, were included in this study. All
cases had bilateral congenital or juvenile cataracts. Patients
were divided into two groups considering the IOL types
implanted into their eyes; group I consisted of 58 eyes of 30
patients with PMMA IOLs, group II consisted of 59 eyes of 33
patients with hydrophobic acrylic IOLs. The two groups were
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摇 摇Table 1摇 Demographic and clinical data
Patients Group I (PMMA, n=30) Group II (Acrylic, n=33) P
Male / Female 19 / 11 20 / 13 0. 824
Mean age at surgery (y) 5. 5依2. 9 6. 1依3. 4 0. 454
Axial length (mm) 21. 49依1. 98 21. 38依1. 87 0. 736
Strabismus 11 9 0. 380
Nystagmus 5 2 0. 243
Coexisting systemic diseasesa 6 5 0. 613
Positive family history 4 9 0. 172
Cataract type 0. 242
摇 Lamellar 27 23
摇 Nuclear 16 13
摇 Posterior subcapsular 4 13
摇 Anterior polar 6 5
摇 Mature 5 5

aCoexisting systemic diseases: in Group I, three patients had heart valve diseaes, three patients had diabetes and in Group II, two patients had
heart valve disease, one patient had renal agenesis, one patient had galaktosemia, one patient had juvenile diabetes. PMMA:
Polymethylmethacrylate.

Table 2摇 PCCC and AV rates of two groups n (% )
Status of posterior capsule Group I (PMMA,n=58) Group II (Acrylic,n=59) Total (n=117)
PCCC + AV 31 (53. 4) 33 (55. 9) 64 (54. 7)
Intact posterior capsule 27 (46. 6) 26 (44. 1) 53 (45. 3)

PMMA:Polymethylmethacrylate; PCCC: Posterior continuous curvilinear capsulorrhexis; AV: Anterior vitrectomy. P=0. 787.

comparable in terms of age at the time of surgery. All patients
were followed for at least 6mo and the mean follow up time
was 40. 5mo. The mean follow up time was statistically longer
in Group I (59. 8mo) than in Group II (21. 5mo) (P=
0郾 008). Table 1 shows demographic and clinical data of the
study groups.
The mean preoperative BCVA measured by Snellen蒺s charts
was 0. 15 依 0. 14 ranging from fixing and following light to
0郾 2. BCVA was measured < 0. 1 in 68 eyes ( 58% )
preoperatively. At the postoperative sixth month, BCVA was
>0. 1 in 108 eyes (92. 3% ) and >0. 5 (68. 4% ) in 80 eyes.
Preoperative and postoperative mean BCVA values were not
significantly different between two groups. The improvement
of BCVA was statistically significant in both groups. Figure 1
shows preoperative and postoperative BCVA values of two
groups.
Posterior continuous curvilinear capsulorrhexis and AV were
performed in 64 of 117 eyes (54. 7% ) during the surgery.
Posterior capsule (PC) was intact in the rest of the eyes. The
mean age of the patients underwent PCCC and AV was 4. 3
years and who did not was 7. 6 years, this difference was
statistically significant (P<0. 001). Table 2 shows PCCC and
AV rates of two groups. No intraoperative complications were
observed.
During the mean follow up time (40. 5mo), VAO was seen in
44 (37. 6% ) of 117 eyes. The number of eyes developing
VAO was 28 (48. 3% ) in Group I and 16 (27. 1% ) in
Group II. Due to these results the incidence of VAO was
significantly less with acrylic lenses (P = 0. 018). In both
groups, a total of 64 eyes underwent PCCC and AV, and 11

Figure 1摇 Preoperative and postoperative BCVA measured by
Snellen蒺s charts of two groups.

Figure 2 摇 The visual axis opacification (VAO) rates of two
groups Group I refers eyes with PMMA IOLs, Group II refers
eyes with acrylic IOLs.

of them (17% ) developed VAO. Besides that PC was intact
in 53 eyes, and 33 of them (62% ) developed PCO. As a
result, the incidence of VAO was significantly less in the eyes
that underwent PCCC and AV. Figure 2 shows the VAO rates
(% ) of two groups.
Intraocular lens dislocation was observed in two eyes in Group
I and three eyes in Group II. The incidence of IOL
dislocation was similar in two groups. No eyes in Group 域
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摇 摇Table 3摇 The postoperative complication incidences (%) of two groups n (% )
Postoperative complications Group I (PMMA, n=58) Group II (Acrylic, n=59) Total (n=117) P
VAO 28 (48. 3) 16 (27. 1) 44 (37. 6) 0. 018
IOL dislocation 2 (3. 4) 3 (5. 1) 5 (4. 3) 1. 00
Posterior synechiae 7 (12. 1) 0 7 (6. 0) 0. 006

VAO: Visual axis opacification; IOL: Intraocular lens.

Table 4摇 Refraction errors at the last follow up in 117 eyes

Age (y)
Hypermetropia (D)

+0. 5 / +2 +2 / +4 +4 / +8 +8
Myopia (D)

-0. 5 / -2 -2 / -4 -4 / -8 -8
Emmetropia
-0. 5 / +0. 5

2-8 14 11 1 0 12 5 6 0 7
>8 9 3 0 0 23 11 4 0 11

38 (32. 5% )
mean: +2. 00依2. 01 D

61 (52. 1% )
mean: -2. 34依1. 32 D

18 (15. 4% )

developed posterior synechiae while seven eyes in Group I had
posterior synechiaes. Glaucoma or retinal detachment had not
been observed in any patient postoperatively. Table 3 shows
postoperative complication incidences of two groups.
Six months after surgery, 51. 1% of all patients were
hyperopes and 37. 6% were myopes. At the end of the
follow up period, these percentages were 32. 5% and 52. 1%
respectively (Table 4) .
DISCUSSION
Primary IOL implantation in children older than 2 years has
become the standard of care in pediatric cataract surgery[7-8] .
But it is important to choose appropiate surgical technique,
IOL material and IOL power for preventing VAO and
amblyopia[1,9] .
Until 1990s, the implantation of PMMA IOLs was considered
as the best practice in pediatric patients, but over the past
decade three-pieces hydrophobic acrylic IOLs have gained a
popularity[10] . In our study PMMA IOLs were implanted to the
patients that were operated between 1994 and 2003, and
acrylic IOLs were implanted after 2004. For these historical
causes, the follow up time for PMMA IOLs was longer than
acrylic IOLs in our study as similar studies in the
literature[10-12] . In our study, the mean follow up time was
59. 8mo in PMMA group and 21. 5mo in acrylic group. In
several previous studies it was reported that posterior synechia
and VAO could occur usually in 3 - 24mo after
surgery[10-11,13-14] , so the difference between the follow up time
of two groups may not affect the incidence of postoperative
complications.
Since the incidence of PCO has been reported to be almost
100% within two years after pediatric cataract surgery[13,15],
several surgical techniques have been described to prevent it.
Posterior continuous curvilinear capsulorrhexis with AV is
routinely suggested in children under 6-7 years or in children
who have poor cooperation for portable Neodymium - doped:
Yttrium Aluminium Garnet (Nd: YAG) capsulotomy[1,15-17] .
In accordance with this knowledge, the mean age of the
patients underwent PCCC and AV was 4. 3 years and who did
not was 7. 6 years in our study. This procedure greatly

influences PCO development in children regardless of IOL
material. In our study, the incidence of VAO was 17% in the
children underwent PCCC and AV, and 62% in children with
intact PC overall the eyes. As compatible with our results,
VAO incidence was reported 16% -100% in eyes with intact
PC[10,13-14], and 0 - 27% in eyes underwent PCCC and
AV[18-20] in different studies. Ram et al[21] evaluated the effect
of PCCC with AV and various IOL materials to development of
VAO in 64 eyes of 32 children, at least 2y after cataract
surgery. They used the Acrysof acrylic IOL in one group (32
eyes) and PMMA IOL in the other group (32 eyes) . In each
group, 16 eyes underwent PCCC with AV however the PC was
left intact in the other 16 eyes. Twelve eyes with acrylic and
13 eyes with PMMA IOLs developed PCO where PC was intact
and 2 eyes with acrylic and 3 eyes with PMMA IOLs in the
PCCC with AV subgroup developed VAO (P<0. 05).
Additionally it was reported that IOL design and material
could also affect PCO development. Aasuri et al[13] compared
PMMA and acrylic IOLs in an intra - patient study, they
implanted an acrylic IOL in one eye and a PMMA IOL in the
other eye of each patient with bilateral cataracts in patients
older than 5 years old. They detected visually significant PCO
of 75% in eyes with PMMA IOLs and 21. 5% in eyes with
acrylic IOLs where the PC was intact. Wilson et al[10] reported
PCO rates 50% in 120 pediatric eyes that implanted PMMA
IOLs, 45. 4% in 110 pediatric eyes that implanted
hydrophobic acrylic IOLs. Rowe et al[12] reported visually
significant VAO in PMMA and acrylic IOL group respectively
60% and 45% in patients between the age of 3wk and 15y.
As similar with these results, in our study VAO was seen more
common in eyes with PMMA IOLs (48. 3% ) than eyes with
acrylic IOLs ( 27. 1% ). Experimental studies have shown
that acrylic IOLs adhered to the lens capsule more than
PMMA IOLs. Due to this stronger adhesion, lens epithelial
cell (LEC) regression occurs more frequently in acrylic IOLs.
The higher rate of regression and the lower incidence of LECs
may explain why PCO formation appears to be reduced with
acrylic IOLs[12,22-23] .
Ram et al[24], reported comparable complications in infants
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with PMMA and hydrophobic acrylic lenses. Unlike our
study, they evaluated patients who underwent cataract surgery
in the first year of the life. They suggested that children
implanted with PMMA IOLs may require earlier surgical re-
intervention for PCO.
Also, there are few studies about hydrophilic acrylic IOL
implantation in children. Hydrophilic foldable IOLs have
excellent uveal biocompatibility and are resistant to damage
during folding and insertion. They have low potential to
damage corneal endothelium in case of contact. Additionally
hydrophilic IOLs are cheaper than hydrophobic IOLs. The
disadvantage of hydrophilic biomaterial is having lower
capsular biocompatibility and higher incidence of LEC
outgrowth, anterior capsule contracture and PCO. But PCCC
with AV, components of standard pediatric cataract surgery,
helps to eliminate VAO. In different studies, it was reported
that hydrophilic acrylic IOLs produce similar complication
rates and visual acuity results compared with hydrophobic
acrylic and PMMA IOLs. Hydrophilic acrylic IOLs were found
suitable for use in pediatric cataract surgery with performing
PCCC with AV[11,25-26] .
The retrospective nature of the study limited us from
accurately evaluate the effect of IOL material on postoperative
uveal inflammation and synechiae. But during the examination
visits it was recorded that, none of the eyes with an acrylic
IOL developed any postoperative uveal inflammation and
posterior synechiae, unlike 7 eyes with PMMA IOL. Several
studies reported significantly less posterior synechiae in the
acrylic group compared with the PMMA group[10,13] . This
appears to be caused by less trauma to the eye with the
smaller incision necessary for implantation of foldable soft
acrylic lens. Besides that, acrylic IOLs have a higher degree
of biocompatibility in the eye and cause lesser amount of
cellular reaction on the IOL surface[23] . The intra - ocular
inflammation is expected to be greater in children, so acrylic
lenses may be preferred especially in younger age group.
The surgical technique, PCCC with AV appeared to increase
the risk of IOL dislocation (3% -20% ) [13] . In our patients
postoperative IOL dislocation was observed in five eyes, four
eyes had undergone PCC with AV during the cataract surgery
and one eye had had a trauma after cataract surgery. There
was no difference between the IOL groups with regard to IOL
dislocation.
In our study none of the eyes developed glaucoma. This may
depend on patients being older than 2 years old and exclusion
of the pathologies that increased the glaucoma risk like
anterior segment dysgenesis or microphthalmia.
The axial length of pediatric eyes increases rapidly during the
first 2 years of life, causing a myopic shift in refraction.
Additionally, given the fixed position of an IOL in the eye,
could lead increasing elongation of the posterior segment of the
eye relative to the anterior segment. This effect magnifies the
myopic shift that occurs with ocular growth[27] . For preventing
the myopic shift, many reports have recommended
undercorrection of the IOL power for pediatric

cataracts[13,15,27] . In our study, with regard to spheric
equivalent values, 51. 1% of all patients were hyperopes and
37. 6% were myopes at postoperative 6mo, whereas at the end
of the 40. 5mo follow up period these were 32. 5% and
52郾 1% respectively. Ram et al[19], showed refractive errors
-4 and -8 D in 20 eyes and >-8 D in 11 eyes of 230 patients
between age of 1 month and 15 years at the end of the 30mo
follow up time. Age was reported as the significant influencing
factor, with younger children exhibiting a larger and more
unpredictable myopic shift[6,19] . We did not observe a large
and unpredictable myopic shift and not need IOL exchange
due to the patients being older than 2 years old (10 eyes -4
to -8 D, none of eyes >-8 D).
It is known that the presence of strabismus or nystagmus may
cause poor visual acuity in pediatric cataracts. In our study
there were 22 eyes whose postoperative BCVA were <0. 2 and
all of these eyes had strabismus and / or nystagmus. The final
visual acuity was better than 0. 5 in 68. 4% of all patients.
Comparable with our results, Nihalani and VanderVenn[28],
reported a final BCVA of 0. 5 or better in 96% of 124 eyes
but they had excluded the patients with ocular comorbidities
that would affect the outcomes poorly. Besides that, Hennig
et al[29], reported a normal visual status ( range: 6 / 6 to 6 /
18) in 53. 5% of 390 children who had bilateral cataract.
In pediatric age, comparing the results of cataract surgery is
difficult because of general limitations including various ages
during surgery, different surgical techniques and variations of
underlying diseases that have caused cataract. In addition,
due to the younger age, patients are uncooperated to visual
acuity examination. In our study the patient age was similar
between two groups. Furthermore, surgical techniques varied
between the groups, IOL was implanted into the eye through a
scleral tunnel in PMMA group, and clear corneal incision in
the acrylic group. Additionally the acrylic group was
surgically treated later than PMMA group. Thus the possibility
that the learning curve of the surgeon may also have played a
role cannot be completely excluded. Despite these, we believe
that this single-center, one-surgeon retrospective study gives
valuable and important results about primary IOL implantation
in children.
In conclusion, we found hydrophobic acrylic IOLs to be safe
in children with less early postoperative inflammation,
posterior synechia and VAO development in comparison with
PMMA IOLs.
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