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ABSTRACT
Objective To study the visual, refractive and surgical 
outcomes of intraocular lens (IOL) implantation versus 
aphakia in children with microspherophakia.
Design Retrospective, comparative, non- randomised 
interventional study.
Methods All consecutive children with 
microspherophakia who satisfied the inclusion criteria 
were included. The eyes that underwent in- the- bag 
IOL implantation and those that were left aphakic were 
included in groups A and B, respectively. The postoperative 
visual outcomes, IOL stability and complications during the 
follow- up period were studied.
Results 22 eyes (13 patients, male 76%), of which 
12 eyes were in group A and 10 eyes in group B. The 
mean±SE of age at surgery was 9.4±1.4 and 7.3±0.9 
years in group A and group B, respectively (p value 0.18). 
The mean follow- up of group A was 0.9±0.4 years (median 
0.5 years; Q1 0.04, Q3 2.16) and group B was 1.3±0.9 
years (median 0.147 years; Q1 0.08, Q3 0.39) (p value 
0.76). All the baseline biometric variables including best- 
corrected visual acuity (BCVA) were comparable in each 
group. The final BCVA in logMAR adjusted for follow- up 
was comparable in both group A (0.29±0.06) and group 
B (0.52±0.09) (p value 0.06). Mean predictive error of IOL 
power in microspherophakia was 0.17±0.43.
The most common complication in group A was visual axis 
opacification of two eyes (16.7%, 95% CI 2.9% to 49.1%), 
of which one eye (8.3%, 95% CI 0.4% to 40.2%) needed 
membranectomy. Vitreous in anterior chamber was the 
most common complication in group B, seen in two eyes 
(20%, 95% CI 3.5% to 55.8%), of which one eye (10%, 
95% CI 0.5% to 45.9%) underwent YAG laser vitreolysis. 
The survival analysis (p value 0.18) was comparable in 
each group.
Conclusion In- the- bag IOL is an option, which can be 
considered in selected cases of microspherophakia in 
developing nations where regular follow- up and economic 
constraints are a major concern.

INTRODUCTION
Microspherophakia is a bilateral condi-
tion in which crystalline lens is small and 
spherically shaped with increased antero-
posterior and reduced equatorial diameters 

and is associated with high lenticular myopia 
and defective accommodation. It can be 
isolated or can have systemic associations 
such as Weill- Marchesani syndrome, Marfan 
syndrome and Homocystinuria.1 2 The lens 
zonules become weak and stretched and can 
lead to intermittent angle closure causing 
secondary glaucoma and subluxation or 
dislocation.3 4 In non- subluxated/dislo-
cated microspherophakic lenses, the risk of 
ametropic amblyopia due to high lenticular 
myopia and permanent visual loss secondary 
to glaucoma is as high as 51%.3 Developing 
nations, where regular follow- up is a major 
limiting factor, call for the need for early 
intervention in these children.

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Microspherophakic eyes undergoing surgery can 
be rehabilitated using angle- supported, iris- fixated, 
scleral- fixated intraocular lens (IOL), although 
there are inherent complications to the above- said 
procedures.

 ⇒ Only sporadic case reports with variable follow- up 
and outcomes are reported on in- the- bag IOL im-
plantation in microspherophakic eyes.

WHAT THIS STUDY ADDS
 ⇒ This study has a larger number with reasonable 
follow- up in patients undergoing in- the- bag IOL im-
plantation in microspherophakic eyes.

 ⇒ In- the- bag IOL implantation in microspherophakic 
eyes is safe with comparable outcomes to ones left 
aphakic.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ In- the- bag IOL is a potential option in eyes with 
microspherophakia with strict preoperative param-
eters in developing nations where regular follow- 
up and economic constraints are a major concern, 
although long- term risks of IOL stability and safety 
outcomes are yet to be studied.
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The peculiar nature of the lens makes surgery 
challenging and small capsular bag precludes the 
implantation of intraocular lens (IOL) into the capsular 
bag. Multiple studies have shown variable outcomes 
of rehabilitation with angle- supported, iris- fixated or 
scleral- fixated IOLs.5 6 The complications of IOL disloca-
tion, retinal detachment, pigment dispersion glaucoma, 
corectopia, synechiae (associated with iris- fixated IOL), 
suture exposure (in scleral- fixated IOL) and increased 
corneal endothelial loss initiated the idea of in- the- bag 
implantation of IOL in microspherophakic eyes without 
subluxation.5 7

There are sporadic case reports on IOL implantation in 
the bag with variable outcomes. Use of capsular tension 
ring and segments to stabilise the bag for in- the- bag 
implantation of IOL has been described with favourable 
outcomes in limited follow- up period.8 Use of intraopera-
tive iris hooks to stabilise the small bag and implantation 
of three- piece IOL has been described by Khokhar et al.9 
Three- piece IOL placed in sulcus was found to be more 
stable than in- the- bag IOL in the report by Al- Haddad 
and Khatib.10 The improvement in higher and lower 
order aberrations after a sulcus implantation of three- 
piece IOL is reported.11 Implantation of single- piece 
in- the- bag IOL correcting simultaneously angle closure 
and lenticular myopia with limited follow- up has been 
reported in adult patients.12 13 In this study, we have retro-
spectively looked into visual outcomes and safety profile 
of IOL implantation in the capsular bag in children with 
microspherophakia.

METHODS
We retrospectively reviewed the electronic medical 
records of children diagnosed with microspherophakia 
without subluxation and underwent surgery at our 

institute, during the period from May 2017 to March 2021 
with a minimum follow- up of 6 weeks post surgery. Only 
children with clinically diagnosed microspherophakia 
with clear lens and no subluxation and normal intraocular 
pressure (IOP) with no sign of glaucoma were included 
in the study. Children with subluxated lens, cataract, 
raised IOP and optic disc showing glaucomatous changes 
were excluded from the study. Only children whose 
parents who agreed for IOL implantation in- the- bag were 
included as cases (group A) and rest of the children who 
were left aphakic in the control group (group B).

All children with confirmed microspherophakia were 
subjected to a comprehensive ocular examination after 
taking a detailed history of the presenting complaints, 
family history and associated systemic complaints. 
Details of age at presentation, age at surgery, gender, 
presenting complaint, best- corrected visual acuity 
(BCVA) and refractive error were documented. Slit 
lamp examination was performed to evaluate anterior 
chamber depth (ACD) in the centre and periphery, pres-
ence of small spherical crystalline lens and presence of 
subluxation. Gonioscopy (4- mirror indirect goniolens, 
VOLK Optical, USA) and applanation tonometry were 
documented. Following details were documented: clin-
ical photographs, biometry (IOL Master 700, Carl Zeiss 
Meditec AG, Dublin, California, USA) for axial length, 
ACD, lens thickness and white- to- white horizontal 
corneal diameter. Oculyzer with Scheimpflug imaging 
(WaveLight OB820, Alcon Laboratories, Fort Worth, 
Texas, USA) was obtained for keratometry and to iden-
tify any mild subluxation. Optic disc photographs were 
documented whenever possible (figure 1). All children 
were evaluated for serum homocysteine levels and 2D 
echocardiography and were referred to paediatrician to 
rule out any systemic association. Pedigree was charted 

Figure 1 (A,B) Preoperative clinical and Scheimpflug imaging with crowding of angles (yellow arrow). (C,D) Postoperative 
clinical and Scheimpflug imaging with deepening of angles (dotted yellow arrow).
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in all patients and genetic testing was advised to all our 
patients. Patients or the public were involved in the 
design, or conduct, or reporting, or dissemination plans 
of our research.

All surgeries were performed by a single surgeon (RK). 
Surgical steps are demonstrated in the online supple-
mental video. All the eyes in the group A underwent clear 
corneal main incision at 12 0'clock for IOL implantation 
and two limbal side ports at 3 and 9 o’clock hour and for 
group B only two limbal side ports were made at 3 and 9 
o’clock hour for lensectomy.

Hydrophobic single- piece acrylic IOL (Acrysof 
SA60AT, Alcon laboratories, Fort Worth, Texas, USA) 
was implanted in the capsular bag in pseudophakia 
group. IOL power was calculated using Sanders- Retzlaff- 
Kraff II/T formula with no under- correction as this was 
a pilot study and there was an unpredictability of the 
effective lens position after surgery. Postoperatively, 
topical tobramycin 0.3% or moxifloxacin 0.5% 4 times 
a day for 1 week, homatropine 0.5% eye drops 3 times 
a day for 1 week and a tapering dose of prednisolone 
acetate 1% 6–10 times daily with a gradual tapering 
over 6 weeks was prescribed to all patients. The chil-
dren were examined on the first postoperative day in 
the clinic and 1 week later, during which sutures were 
removed and glasses were prescribed. The children 
were followed up at 1, 3, 6 and 12 months post surgery. 
Visual acuity, IOP and optic disc were assessed in every 
visit. Anterior chamber depth measured preoperatively 
from corneal endothelium to anterior surface of crystal-
line lens to postoperatively from corneal endothelium 
to anterior surface of IOL was compared. In addition, 
visual axis opacification (VAO), signs of inflammation, 
position of the IOL and posterior segment complication 
if any were noted in every visit.

Statistical analysis was done using STATA V.14.2 
(StataCorp, College Station, Texas, USA). A linear mixed 
effects model using maximum likelihood estimation with 
random intercepts at the patient level was used in the data 
analysis to account for the correlation between fellow 
eyes of the same patient. The relationships between post-
operative visits or groups were evaluated by mixed effects 
regression analysis using marginal linear predictions. A p 
value of <0.05 was considered statistically significant.

RESULTS
In total, 22 eyes belonging to 13 patients satisfied the 
inclusion criteria during the study period and were 
included in the study. Ten were males (76.9%). None 
of the eyes had evidence of angle closure, subluxation, 
cataract or glaucomatous disc changes preoperatively. 
Of the 22 eyes, 12 eyes underwent lens aspiration with 
primary in- the- bag IOL implantation (group A) and 10 
eyes underwent lensectomy through limbal approach 
and were left aphakic (group B).

Mean age at presentation was 8.9±4.0 years and 7.3±2.5 
years in groups A and B, respectively (p=0.38). Mean age 
at surgery was 9.4±1.4 years and 7.3±0.9 years in groups 
A and B, respectively (p=0.18). The most common 
presenting complaint was the diminution of vision (8/11, 
73%) followed by child taking objects close to face for 
viewing (3/11, 27%). Mean follow- up duration in group 
A was 1.1±0.3 years (median 0.5 years; Q1 0.04, Q3 2.16) 
and group B was 1.5±0.9 years (median 0.147 years; Q1 
0.08, Q3 0.39) (p=0.65). The characteristic findings of 
small, spherical crystalline lens with increased anteropos-
terior diameter and reduced equatorial diameter were 
seen in all eyes in the study. Baseline axial length, average 
keratometry, pachymetry, ACD, white- to- white diameter 
and lens thickness are shown in table 1. All the biometric 
variables were comparable between both groups.

Familial microspherophakia was noted in two siblings 
(four out of six patients, first sibling group of two brothers, 
5 years and 6 years, second sibling group of brother, 12 
years and sister, 14 years) in the group A and one out of 
seven patients (daughter and mother, daughter included 
in the study) in group B. The remaining two patients in 
group A were identified as idiopathic microspherophakia. 
Among the remaining six patients in group B had two 
each of Marfan syndrome, homocystinuria and idio-
pathic nature.

The visual and refractive outcomes in both groups are 
as shown in table 2. The baseline BCVA in both groups 
was comparable. The final BCVA was also comparable.

As we did not plan under- correction in any eye in 
group A, the mean residual IOL power preoperatively 
was −0.04±0.10 D and the mean spherical equivalent at 
final visit was −0.21±0.45 D. Mean predictive error of 
IOL power in microspherophakia was 0.17±0.43 D. The 

Table 1 Preoperative biometry details of groups A and B

Variable

Group A
12 eyes
6 patients

Group B
10 eyes
7 patients P value

Axial length (mm), mean±SE 23.14±0.71 23.51±0.86 0.75

Keratometry average (D), mean±SE 43.06±0.27 42.69±0.89 0.71

Central corneal thickness (µm), mean±SE 531.5±27.2 531.0±9.5 0.99

Anterior chamber depth (mm), mean±SE 2.12±0.24 2.26±0.38 0.74

White- to- white diameter (mm), mean±SE 12.56±0.24 12.62±0.10 0.88

Lens thickness (mm), mean±SE 4.46±0.13 4.39±0.10 0.67
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ACD in group A deepened significantly postoperatively 
(p=0.000004231) as depicted in figure 1.

Intraoperatively, two eyes in group A (16.6%) had 
developed pupillary block and iris prolapse through the 
side port after IOL implantation in the bag, which settled 
after a peripheral surgical iridectomy. Another eye 
(8.3%) had developed haptic capture intraoperatively, 
which required redialling. None of the eyes in group B 
had developed intraoperative complication. In group A, 
VAO was noted in the first patient who was implanted 
IOL and the eye underwent membranectomy through 
the pars plana approach. Owing to the risk of VAO and 
difficulty of membranectomy due to pseudophakodo-
nesis in these eyes, subsequent four patients underwent 
primary posterior capsulotomy and anterior vitrectomy 
also during the IOL implantation surgery.

The postoperative complications through the follow- up 
period are as shown in online supplemental table 1. 
None of the eyes in either group developed glaucoma 
through the follow- up. All the eyes in group A had pseu-
dophakodonesis noted postoperatively with one eye 
developing mild IOL subluxation. The survival analysis 
plot for groups A and B is as shown in figure 2 (p=0.18, 
log- rank test).

The most common complication in group A was VAO 
two eyes (16.7%, 95% CI 2.9% to 49.1%). The VAO noted 
were in the eyes that did not undergo primary posterior 
capsulotomy primarily. Of which one had mild grade 
without affecting the visual acuity and one eye (8.3%, 
95% CI 0.4% to 40.2%) needed membranectomy. Mild 
subluxation without affecting visual acuity in undilated 
state was noted in one patient. Vitreous in anterior 
chamber was the most common complication in group B, 
seen in two eyes (20%, 95% CI 3.5% to 55.8%), of which 
one (10%, 95% CI 0.5% to 45.9%) of them needed YAG 
laser vitreolysis. The follow- up visit clinical picture of one 
eye of each patient in group A is as shown in figure 3.

DISCUSSION
Rehabilitation with primary IOL in eyes with micro-
spherophakia undergoing surgery can be done using 
angle- supported, iris- fixated, scleral- fixated IOL.5 6 
Owing to the small size and peculiar nature of capsular 

bag in microspherophakia, in- the- bag implantation of 
IOL is controversial. There are sporadic case reports on 
in- the- bag IOL implantation with variable outcomes in 
adults.12 13 The standard of care still remains leaving the 
eyes aphakic. To the best of our knowledge, this is the 
only study with larger number of patients with reasonable 
follow- up in patients undergoing in- the- bag IOL implan-
tation in microspherophakic eyes. Most of the reported 
literatures are single case reports (online supplemental 
table 2).8–11 13 14

In this retrospective study, strict inclusion criteria for 
in- the- bag IOL implantation was undertaken due to scar-
city of literature on the long- term outcomes and safety 
profile. Patients were not randomised as it is a pilot study 
to understand the behaviour of in- the- bag IOL in micro-
spherophakic eyes. The eyes that were included in the 
IOL group were strictly based on parents of the patients’ 

Table 2 The visual and refractive outcomes in group A and group B at final follow- up

Variable

Group A
12 eyes
6 patients

Group B
10 eyes
7 patients P value

Preoperative BCVA (logMAR), mean±SE 0.88±0.44 1.19±0.19 0.53

BCVA Final (logMAR), mean±SE 0.29±0.06 0.52±0.09 0.06

P value (adjusted for follow- up), baseline versus final <0.001 0.007

Preoperative MSE (D), mean±SE −13.48±1.71 −15.97±2.90 0.46

MSE final (D), mean±SE −0.38±0.63 12.82±0.96 <0.0001

P value (adjusted for follow- up), baseline versus final <0.001 <0.001

BCVA, best- corrected visual acuity; MSE, mean spherical equivalent.

Figure 2 Kaplan- Meier survival analysis plot for group A 
and group B (log- rank test of p=0.18).
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decision. Thus, we had two groups, group A with IOL 
implantation and group B that were left aphakic. This 
gave us an opportunity to study and compare the visual 
outcomes between eyes that underwent IOL implanta-
tion and those left aphakic.

The mean age at surgery was comparable in both 
groups in our study. Reported literature on the age of 
patient with primary posterior chamber IOL implan-
tation in paediatric group, range from 4 to 14 years 
(online supplemental table 2).8–11 13 14 There was a male 
preponderance in our study, similar to the case reports 
cumulatively. The presenting complaints of diminution 
of vision and keeping objects closer to eyes in our cohort 
point towards uncorrected lenticular high myopia in eyes 
with microspherophakia. There was no statistical differ-
ence between the two groups on presenting BCVA. The 
individual case reports on the follow- up of eyes under-
going in- the- bag implantation of IOL range from 1 to 24 
months (online supplemental table 2).8–11 13 14 Our study 
considering the larger number of patients has a reason-
able follow- up in either group to compare the visual 
outcomes. Online supplemental table 2 depicts litera-
ture review of studies with their outcomes on primary 
IOL implantation in eyes with microspherophakia along 
with present study.8–11 13 14 The published literature on 
IOL implantation in the bag are sporadic case reports 
with variable outcomes. Khokhar et al described the use 
of capsular tension ring and segments to stabilise the 
bag for in- the- bag implantation of IOL and have shown 
favourable outcomes in limited follow- up period.8 Use 
of intraoperative iris hooks to stabilise the small bag and 
implantation of three- piece IOL has been described by 
Khokhar et al.9 Our study differs by using neither the 
capsular tension ring nor the iris hooks to stabilise the 
lens bag. Al- Haddad and Khatib reported three- piece IOL 
placed in sulcus was more stable than in- the- bag IOL.10 
Implantation of single- piece in- the- bag IOL correcting 
simultaneously angle closure and lenticular myopia with 
limited follow- up has been reported in adult patients.12 13 
In this study, we have retrospectively looked into visual 

outcomes and safety profile of IOL implantation in the 
capsular bag in children with microspherophakia with a 
reasonable follow- up.

The axial length, keratometry, pachymetry and corneal 
diameter were comparable in both groups giving us an 
opportunity to eliminate the confounding ocular char-
acteristics that may affect the visual outcomes. The final 
BCVA in logMAR adjusted for follow- up was comparable 
in group A compared with group B. As none of the eyes 
in group A were not under corrected, due to unpredict-
ability of the effective lens position in these eyes, the 
predictive value of refractive correction was noted to be 
closer to emmetropia.

The intraoperative complications of pupillary block 
in two eyes are explained by the positive vitreous pres-
sure and IOL in the small spherical lenticular bag. The 
pupillary block was relieved by the surgical peripheral 
iridectomy and reducing the end- tidal carbon dioxide 
to less than 35 mm Hg. Due to IOL implantation in the 
small bag, there was haptic capture noted in one patient 
who required IOL redialling. The postoperative IOL 
position is as depicted in figure 3. Owing to the crowding 
of IOL in the small spherical lenticular bag, calls for 
further innovation on the IOL design suitable for micro-
spherophakic eyes.

The most common complication in group A was VAO 
seen in two eyes, of which only one needed membranec-
tomy. The membranectomy was done through pars plana 
route to avoid instability of the IOL through limbal 
approach. Due to difficulty of membranectomy due to 
pseudophakodonesis in this eye, subsequent four eyes 
included in the study underwent primary posterior 
capsulotomy. None of the case reports report this compli-
cation. As VAO developed was noted in eyes, which did 
not undergo primary posterior capsulotomy and ante-
rior vitrectomy primarily, we recommend doing primary 
posterior capsulotomy and anterior vitrectomy in all 
cases to avoid this late complication and need for second 
surgery. IOL subluxation was seen in one eye in group 
A, which was mild and did not need resurgery. Two eyes 

Figure 3 Postoperative follow- up clinical photograph of one eye of each patient of group A.
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in group B had vitreous in anterior camber, of which 
one needed Neodymium:yttrium:aluminum:garnet 
(Nd:YAG) laser vitreolysis. This could be due to absence 
of IOL barrier in aphakic eyes, and hence can be avoided 
with IOL implantation.

In- the- bag IOL may be considered in eyes with 
microspherophakia with strict preoperative parame-
ters in developing nations where regular follow- up and 
economic constraints are a major concern.

The study is limited by a smaller sample size, retrospec-
tive non- randomised cohort, lack of data on preoperative 
lens diameter and short- term outcomes. Future prospec-
tive study with randomisation, preoperative assessment of 
the lens bag diameter and calculation of effective lens 
position postoperatively and a long- term safety profile 
and stability of lens- bag complex is called for. This study 
also gives an opportunity for innovative IOL design for 
eyes with microspherophakia.
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