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ABSTRACT
Objective  To evaluate safety and postoperative visual 
outcomes of low-energy femtosecond laser-assisted (FLA) 
anterior capsulotomy in paediatric cataract surgery.
Methods and analysis  We report a retrospective 
single-centre consecutive case series of 51 eyes of 33 
paediatric cataract patients with a mean age of 3.22 
years (range: 2 months to 13 years) who underwent 
cataract surgery with FLA anterior capsulotomy, using 
FEMTO LDV Z8 femtosecond laser (Ziemer Ophthalmic 
Systems). Anterior laser capsulotomy, phacoaspiration 
and intraocular lens implantation were performed in all 
eyes. Both intraoperative and long-term postoperative 
complications, along with long-term monocular corrected 
distance visual acuity (CDVA), were assessed during 
average follow-up period of 32.96 months (range: 13–69 
months).
Results  In 48 out of 51 eyes, a well-sized and well-
located anterior capsulotomy was achieved without 
intraoperative complications. Anterior capsule tears 
occurred in three eyes; however, they did not extend 
posteriorly and the intraocular lens were placed in the 
bags without any further complications. Posterior capsular 
opacification developed in 45.10% of eyes (23 out of 51) 
and was subsequently treated with neodymium:yttrium-
aluminum-garnet (Nd:YAG) laser capsulotomy. Mean CDVA 
at final follow-up was 20/40 (range: 20/63 to 20/32) in 
unilateral cases younger than 12 months, 20/40 (range: 
20/1000 to 20/25) in unilateral cases older than 12 
months, 20/66 (range: 20/400 to 20/32) in bilateral cases 
younger than 12 months and 20/40 (range: 20/200 to 
20/20) in bilateral cases older than 12 months.
Conclusions  Paediatric cataract surgery with low-
energy FLA anterior capsulotomy is a procedure with long-
term safety, resulting in significant improvement in CDVA.

INTRODUCTION
Cataract surgery is the most common eye 
surgical procedure treating cataract, a 
disease with a morbidity that increases with 
advancing age.1 Paediatric cataracts are rare 
with an estimated prevalence of 3–4 out of 
10 000 children throughout the world.2 3 Due 
to their early onset and subsequent depriva-
tion amblyopia, paediatric cataracts generally 
have a significant impact on the affected 
patients’ normal visual development.4 Early 
management of paediatric cataracts can have 

a tremendous impact on the quality of lives of 
these individuals and their families.

The application of femtosecond laser in 
adult patients’ cataract surgery has become 
very popular since its first use in Europe in 
2008 and FDA’s clearance in 2010, having 
proven its strong reliability and safety ever 
since.5 One of the benefits of the femtosecond 
laser-assisted cataract surgery (FLACS) is the 
possibility to create a perfectly positioned, 
sized and shaped capsulotomy.6

Cataract surgery in children essentially 
differs from that in adults, due to lens capsule 
being highly elastic. Therefore, capsulor-
hexis in children is usually more difficult to 
perform than in adults with an increased risk 
of runaway capsulorhexis and capsular tear.7

Although FLACS in paediatric population 
has been reported to be safe and effective, the 
use of femtosecond lasers during paediatric 
cataract surgeries has always been restricted 
to studies with a very limited number of 
patients.8–11 For this reason, it is of high 
scientific and clinical interest to confirm 
both safety and efficacy of paediatric cataract 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Femtosecond laser-assisted paediatric cataract sur-
gery has been reported to be successful and safe in 
small case series.

WHAT THIS STUDY ADDS
	⇒ The use of a low-energy femtosecond laser to per-
form laser-assisted anterior capsulotomy during 
paediatric cataract surgery is safe and efficacious in 
a large patient cohort.

	⇒ Visual outcomes after paediatric cataract surgery 
with femtosecond laser-assisted anterior capsuloto-
my are in line with the existing literature on conven-
tional manual paediatric cataract surgery.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Based on the results of our study, the widespread 
use of the femtosecond laser-assisted anterior cap-
sulotomy in paediatric patients can be justified.
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surgery with FLA anterior capsulotomy in a larger patient 
cohort.

We describe a consecutive case series of 51 eyes of 33 
paediatric patients who underwent cataract surgery with 
low-energy FLA anterior capsulotomy. To our knowledge, 
this is one of the largest studies looking at both intra-
operative and long-term postoperative complications as 
well as long-term visual outcomes in paediatric patients 
undergoing cataract surgery with FLA anterior capsulo-
tomy.

MATERIALS AND METHODS
All paediatric cataract surgeries with FLA anterior capsu-
lotomy were performed using the low-energy FEMTO 
LDV Z8 femtosecond laser (Ziemer Ophthalmic Systems) 
at the Kaluga branch of the S. Fyodorov Eye Microsurgery 
Federal State Institution, Russia, between 2015 and 2018. 
All interventions were performed off-label as the FEMTO 
LDV Z8 received European CE approval for use in paedi-
atric cataract surgery in 2020. The study was approved 
by S. Fyodorov Eye Microsurgery Federal State Institu-
tion ethics committee (No. 105.4, 08.04.2021), which 
waived the requirement for informed consent due to a 
retrospective nature of the study. All relevant aspects of 
the Declaration of Helsinki were duly followed. Patients’ 
legal representatives were duly informed about the 
nature of the procedure, as well as the associated risks, 
and were given ample time to provide written consent 
prior to the surgery.

Out of the 51 eyes, 49 were diagnosed with congen-
ital, 1 with traumatic and 1 with secondary cataracts. The 
secondary cataract case refers to a patient with a history 
of previous retinal detachment in the right eye related 
to congenital myopia, which required a circular epis-
cleral buckling surgery. All surgeries were performed by 
the same surgeon (IGT). All patients with bilateral cata-
ract had delayed sequential bilateral cataract surgery. 
In all eyes, anterior capsulotomy was performed with 
the femtosecond laser system, followed by complete 
aspiration of the lens and intraocular lens (IOL) implan-
tation. The IOL focal power was calculated using the 
Sanders-Retzlaff-Kraff theoretic formula,12 taking into 
consideration future growth of the eye ball. The focal 
power of the used IOLs ranged from 11 diopters (D) to 
40 D.

All patients underwent preoperative and postopera-
tive ophthalmologic examination. In patients under the 
age of 3–4 years, the ophthalmologic examination was 
performed under sevoflurane anaesthesia using a face 
mask. The examination included slit lamp biomicroscopy, 
indirect ophthalmoscopy with dilated pupils, keratom-
etry, intraocular pressure measurement and A and B 
ultrasound scanning. Preoperative and postoperative 
visual assessment included monocular corrected distance 
visual acuity (CDVA) (measured with age-appropriated 
testing methods), which was assessed exclusively in chil-
dren from 3 years on. The presence of any intraoperative 
and postoperative complications was documented.

Surgical technique
All patients underwent surgery under general sevo-
flurane air mix anaesthesia with a laryngeal mask. A 
recommended 11 mm rounded wire blades lid speculum 
designed to accommodate the suction ring of the laser 
was inserted (Thorlakson Eye Speculum, Katena) and the 
patient head was positioned according to the manufac-
turer’s surgical manual recommendations. The surgical 
procedure started with a fixation suture of superior rectus 
muscle. Afterwards, the FEMTO LDV Z8 sterile liquid 
patient interface was accurately-centred relative to the 
limbus and fixed to the eye using vacuum. The patient 
interface was then filled with 5 mL balanced salt solution 
(BSS), which was followed by docking of the laser hand-
piece onto the patient interface. Once the docking was 
complete, anterior segment imaging was performed with 
the built-in optical coherence tomography. Anatomical 
landmarks were used for precise laser pattern mapping to 
perform a well-centred anterior capsulotomy. In 40 cases, 
the target capsulotomy diameter was 5 mm, while in 11, it 
was 4.5 mm. Bochum formula was used to account for the 
capsulotomy enlargement factor, related to high elasticity 
of lens capsules in paediatric patients.10 The following 
laser settings were used for the anterior capsulotomy: 
capsulotomy diameter: 3.4 mm to 4.5 mm; laser power: 
75%–90%, depending on the presence and severity of 
the anterior capsule fibrotic changes (higher power used 
in more pronounced fibrosis); resection height: 0.7 mm 
and velocity: 50 mm/s. On completion of the capsulo-
tomy, the vacuum fixation was automatically released 
and the laser handpiece with the patient interface was 
disconnected from the patient’s eye. Paracentesis inci-
sions were performed with a 1.2 mm disposable knife 
at 3 and 9 o’clock; a phenylephrine solution (10%) was 
introduced into the anterior chamber, and the anterior 
chamber was filled with an ophthalmic viscosurgical 
device. The floating edge of the anterior capsule was 
grasped with capsulorhexis forceps or aspirated using an 
aspiration tip and removed from the anterior chamber 
through the paracentesis. The main tunnel sclerocorneal 
incision was performed with a 2.2 mm knife after separa-
tion of the conjunctiva from the limbus. Hydrodissection 
was performed. Phacoaspiration step was performed with 
the Centurion Vision System (Alcon) using a standard 
bimanual technique. In this case series, the femtosecond 
laser or the ultrasound to ‘soften’ the lens matter prior 
aspiration, was never used. The remaining lens’ cortical 
material was gently and meticulously aspirated from 
the capsular bag. Posterior capsular polishing was then 
performed. Finally, an intraocular lens (AcrySof IQ or 
AcrySof Natural, Alcon) was injected through the 2.2 mm 
incision and accurately centred within the capsular bag. 
The conjunctival incisions were closed by coagulation at 
the edge. The surgery ended with a closure of corneal 
incisions by hydration with BSS and a subconjunctival 
injection of 0.4 mg of dexamethasone. The standard post-
operative topical medication regimen required the use of 
antibiotic drops 4 times a day for 1 week, cyclopentolate 
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drops 3 times a day for 1 week, dexamethasone drops and 
diclofenac sodium drops 4 times a day for 1 month.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of the 
study.

RESULTS
The cataract surgery with FLA anterior capsulotomy was 
performed in 51 consecutive eyes of 33 paediatric patients. 
Fifteen of these cases were unilateral and 36 were bilat-
eral. The age at the time of primary surgery ranged from 
2 months to 13 years, with a mean of 3.22 years±3.93 (SD) 
(median age: 1.36 years, IQR: 0.61–3.64 years). Twenty 
of the reported cases (39.22%) were performed in 13 
children younger than 12 months. The mean age of the 
unilateral cases was 42.09±48.27 months (range: 3–146 
months; median age: 16.03 months, IQR: 4.26–76.26 
months) and of the bilateral cases, 36.10±44.56 months 
(range: 2–160 months; median age: 14.77 months, 
IQR: 7.57–41.83 months). After surgery, patients were 
followed up for a mean period of 32.96±14.29 months 
(range: 13–69 months). All patients attended at least 
two follow-up visits. The mean number of postoperative 
evaluation sessions was 4.04±1.02 per patient (range: 2–5 
sessions).

Table  1 shows baseline characteristics of all operated 
eyes.

Intraoperative outcomes
In 48 eyes out of 51 (94.12%), a well-sized and well-located 
anterior capsulotomy with an optimal diameter, that 
allowed the capsular bag to completely envelop the IOL 
optic, was achieved without any kind of intraoperative 
complications. In most cases, a completely free capsulo-
tomy disc was found immediately after the femtosecond 
laser procedure and easily removed from the anterior 
chamber through the paracentesis with a capsulorhexis 
forceps or aspirated using an aspiration tip. Three eyes 
(5.88%) had a capsule tear during manual completion 
of the FLA anterior capsulotomy in cases with residual 
unidentified tissue bridges. However, the capsular tears 
did not extend posteriorly and the IOLs were placed and 
centred in the bag with no further complications.

Postoperative outcomes
An inflammatory reaction with few fibrin strands in the 
anterior chamber in response to surgical trauma was 
observed in four eyes 1 day postsurgery. However, in all 
cases, it resolved spontaneously within 1–2 days. The age 
at time of surgery of the four patients with an inflam-
matory reaction was 10 years, 4 years, 7 months and 5 
months.

Posterior capsular opacification (PCO) developed in 
23 eyes (45.10%) of 17 patients. Mean postoperative time 
to PCO development was 20.47±9.42 months (range: 
4–33 months). The mean age at time of primary surgery 

of eyes developing PCO was 23.38±26.96 months (range: 
2–117 months; median: 10.23 months, IQR: 5.03–39.68 
months). Thirteen out of 20 eyes (65.00%) with an age 
at time of surgery younger than 12 months developed 
PCO. PCO developed in 46.67% (7 out of 15 cases) of all 
unilateral cases and in 44.44% (16 out of 36 cases) of all 
bilateral cases.

PCO obscured the visual axis to an extent that all of 
the 23 eyes required to undergo neodymium:yttrium-
aluminum-garnet (Nd:YAG) laser capsulotomy. The mean 
time from cataract surgery to the Nd:YAG laser posterior 
capsulotomy treatment was 32.24±10.92 months (range: 
6–48 months).

Ideally round and smooth edges of anterior capsulo-
tomies were maintained throughout the observation 
period. No IOL rotation, tilting or decentration were 
observed in any case (figure 1).

Visual outcome
Postoperative CDVA was recorded at last patient visit. In 34 
eyes of 22 patients (66.67%), preoperative assessment of 

Table 1  Characteristics of the operated eyes at baseline 
(N=51)

Characteristic Value

Age

 � Mean (years) 3.22±3.93

 � Range 2 months–13 years

 � Median (years) 1.36

 � Interquartile range (years) 0.61–3.64

 � Cases younger than 12 
months

20

Eyes

 � Right eye 25 (49.02%)

 � Left eye 26 (50.98%)

 � Axial length (mm) 20.68±2.34 (16.54–26.91)

 � IOP (mm Hg) 18.43±2.11 (15–23)

Type of cataract

 � Congenital 49

 � Traumatic 1

 � Secondary 1

 � Unilateral cases 15

 � Bilateral cases 36

Keratometry

 � K1 (D) 42.72±2.76 (35.19–48.49)

 � K2 (D) 44.86±2.80 (37.45–51.75)

White-to-white corneal 
diameter

 � Vertical (mm) 10.15±0.77 (7.50–11.50)

 � Horizontal (mm) 10.69±0.76 (8.00–11.50)

Data are presented as mean±SD.
IOP, intraocular pressure.
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the visual acuity was not possible due to young age of study 
participants or because density of the cataract completely 
obscured the vision. The postoperative assessment of 
CDVA was possible in 46 eyes of 29 patients (87.88%). 
Three children without recordable postoperative visual 
acuity (two unilateral surgeries and one bilateral surgery) 
were younger than 3 years of age at their last follow-up 
visit. In addition, in one patient, it was not possible to 
assess visual acuity in OD (bilateral surgery), despite the 
child being older than 3 years during the last follow-up 
visit, due to esotropia (10 degrees), a high degree of 
congenital myopia and amblyopia. Postoperative CDVA 
at last patient visit is presented in figure  2. In general, 
a CDVA equal to or better than 20/40 was attained in 
53.85% of all unilateral cases (7 out of 13 cases) and in 
42.42% of all bilateral cases (14 out of 33 cases).

In patients younger than 12 months of age at time 
of surgery, a CDVA equal to or better than 20/40 was 
achieved in 75.00% (three out of four cases) of unilateral 
cases and in 16.67% (2 out of 12 cases) of bilateral cases. 
In patients older than 12 months of age a CDVA equal to 
or better than 20/40 was achieved in 44.44% (4 out of 
9 cases) of unilateral cases and in 57.14% (12 out of 21 
cases) of bilateral cases. When analysing the better-seeing 
eye in bilateral cases, a CDVA equal to or better than 
20/40 was observed in 16.67% (one out of six cases) of 
patients younger than 12 months of age and in 63.64% (7 
out of 11 cases) of patients older than 12 months of age.

Table 2 reports mean postoperative CDVA attained by 
the patients at their final follow-up visit.

Change in CDVA relative to the preoperative measure-
ment for the 17 eyes, in which it was possible to determine 
preoperative visual acuity, are presented in figure 3. In six 
unilateral cases, the mean CDVA improved from 20/200 
preoperatively (range: 20/2000 to 20/40) to 20/33 post-
operatively (range: 20/1000 to 20/25). In 11 bilateral 
cases, the mean CDVA improved from 20/66 preopera-
tively (range: 20/400 to 20/25) to 20/40 postoperatively 
(range: 20/200 to 20/20). In the six better-seeing eye of 

the bilateral cases, the mean CDVA improved from 20/66 
preoperatively (range: 20/400 to 20/25) to 20/38 post-
operatively (range: 20/125 to 20/20). One patient (man, 
5 years old) who had bilateral surgery had worse post-
operative visual acuity than preoperative one. The CDVA 
in OD decreased from 20/63 preoperatively to 20/100 
postoperatively and in OS from 20/50 preoperatively 
to 20/100 postoperatively. Prior to surgery, the patient 
was diagnosed with multiple degenerative eye condi-
tions, including partial optic nerve atrophy in both eyes, 
chorioretinitis by unknown cause in both eyes, chorioret-
inal scars in both eyes and macular hypoplasia in OD. 
Progression of the diseases caused the decrease in patient 
visual acuity.

DISCUSSION
One of the most marked differences between adult and 
paediatric cataract surgery is the behaviour of the lens 
capsule during the procedure. Paediatric patients have 

Figure 1  Example of the surgery results, 10 days 
postoperatively. Surgery performed in a 12-year-old female, 
who was diagnosed with a traumatic cataract in the right 
eye.

Figure 2  Corrected distance visual acuity (CDVA) results at 
last patient visit in children who underwent cataract surgery 
with femtosecond laser-assisted anterior capsulotomy. 
(A) Unilateral cases younger than 12 months at time of 
primary surgery (4 out of 46 eyes). (B) Unilateral cases older 
than 12 months at time of primary surgery (9 out of 46 
eyes). (C) Bilateral cases younger than 12 months at time 
of primary surgery (12 out of 46 eyes). (D) Bilateral cases 
older than 12 months at time of primary surgery (21 out of 46 
eyes). (E) Better-seeing eye of bilateral cases younger than 
12 months at time of primary surgery. (F) Better-seeing eye 
of bilateral cases older than 12 months at time of primary 
surgery.
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a highly elastic lens capsule and surgeons often find it 
challenging to perform the capsulorhexis.7 Femtosecond 
laser can contribute to the achievement of predictable, 
reproducible, centred and perfectly round-shaped capsu-
lotomy while decreasing the manual surgical steps and 
manipulations and consequently potentially decrease 
the risk of surgical complications.6 8 11 The objective 
of the present study was to analyse safety and efficacy 
of FLA anterior capsulotomy in a large patient cohort. 
Visual outcomes following paediatric cataract surgery 
are strongly correlated with the period of visual depri-
vation. The decision regarding timing of the surgery is 
based on the patient’s clinical condition and the pres-
ence of visually pronounced cataract. The use of IOLs 
for the management of infantile cataract remains ques-
tionable. This is due to the limited accuracy of IOL 
power calculation, along with the higher rate of visual 
axis opacification and increased risks of postopera-
tive complications.13–16 Multiple studies report benefits 
for visual acuity, if the surgery with IOL implantation 
is performed at very early age.16–20 In our practice, the 
surgery is preferably performed in young infants with a 
significant visual depravation, starting from 8 weeks of 
age, as in subjects younger than 4 weeks higher risk of 
postoperative complications have been reported.21–24

The use of low-energy FEMTO LDV Z8 femtosecond 
laser for the purpose of laser-assisted anterior capsulo-
tomy was investigated in 51 eyes of 33 paediatric patients 
aged from 2 months to 13 years. Currently, there are only 
few studies focusing on the use of the femtosecond lasers 
in children with a limited number of cases performed 
as off-label procedure and without reports on visual 
outcomes.8 9 11 25

Intraoperative outcomes
In our study, the incidence rate of capsular tear was 
5.88%. Similar incidence rates in paediatric population 
were reported with common manual anterior capsulo-
tomy techniques. Wilson et al reported an incidence rate 
of 6.2% with the manual continuous circular curvilinear 
anterior capsulorhexis and a 5.3% incidence rate with the 
vitrectorhexis technique.26 In all our cases, the capsule 

tears occurred during manual completion of the FLA 
capsulotomy. A large case series study with 1500 FLACS 
procedures in adult patients reported the intracapsular 
manipulation in cases with tissue bridges or microtags as 
the primary cause for anterior capsular tears.27 The laser 
power parameters have an important role in obtaining 
a free-floating capsulotomy.8 In this case series, laser 
power between 75% and 90% was optimal in obtaining 
an anterior capsulotomy with no residual tissue bridges 
and very limited amount of cavitation bubbles. Despite 
the high likelihood of a continuous capsulotomy with 
a free capsule cap, it is still advisable to make sure that 
no residual tags exist using adequate detection method, 
for example, using high magnification when inspecting 
capsule edge with the microscope, and if necessary, 
taking proper manual surgical adjustments to ensure 
completion.

The anterior capsulotomy diameter programmed 
at the laser platform was calculated using the Bochum 
formula, which adjusts for age-dependent enlarge-
ments of the laser-assisted capsulotomy.10 Recently, a 
new formula was validated in 2–6-year-old patients with 
congenital cataract.28 In contrast to Bochum formula, 
the new one does not take into account patient’s age at 
time of surgery. Although physical measurements on the 
achieved capsulotomy diameters were not performed, 
in all cases, satisfiable results were achieved. Since, for 
paediatric cataract surgeons, it is vital to be able to use 
a formula that applies to children of all ages, we are 
currently performing a study, where laser-assisted ante-
rior and posterior capsulotomies are being assessed in a 
large cohort of paediatric patients.

It is important to note that in all our cases, no lateral 
canthotomy was necessary to instal the laser patient 
interface onto patient’s eye. This avoided all potential 
long-term sequelae associated with such a procedure 
in infants.29 In only a limited number of cases (approx-
imately 1 case out of 10 patients based on our routine 
medical practice), difficulties in the vacuum applica-
tion of the sterile patient interface due to a very narrow 
palpebral fissure or a small orbit were observed, and 

Table 2  Mean postoperative corrected distance visual acuity (CDVA) at last patient visit

 �  Bilateral cases Unilateral cases

 �
<12 months old
(n=12)

>12 months old
(n=21)

<12 months old
(n=4)

>12 months old
(n=9)

Mean visual acuity
(range)

20/66
(20/400–20/32)

20/40
(20/200–20/20)

20/40
(20/63–20/32)

20/40
(20/1000–20/25)

 �  Bilateral cases, better-seeing eye

 �  <12 months old
(n=6)

>12 months old
(n=11)

Mean visual acuity
(range)

20/58
(20/400 – 20/32)

20/38
(20/125 – 20/20)

Note: mean visual acuity is presented in Snellen fractions.
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such patients were not included in this study. In such 
instances, we immediately opted for the manual cataract 
procedure and, thus, avoided any eyelid lacerations or 
eyelid bruising. At the time of writing of the manuscript, 
the manufacturer announced release of a new liquid 
patient interface specially designed to comply with small 
orbit and small interpalpebral apertures, which should 
comply even better with the eyes of infants.

FEMTO LDV Z8 is a compact and mobile femtosecond 
laser platform. It does not require any major adaption of 
the surgical room environment, or surgical flow, as there 
is no need to move the patient to another operating room 
to perform the laser-assisted step. Despite the fact that we 

did not measure the overall surgical time of laser-assisted 
surgeries, we did not perceive any significant difference 
in total surgery time or general anaesthesia duration if 
compared with the manual procedure. A prior report on 
the comparison between FLACS performed with FEMTO 
LDV Z8 and conventional phacoemulsification cataract 
surgery (CPCS) in adult patients showed that the mean 
overall surgical time of FLACS was 5.2 min longer than 
CPCS.30

In adult patients, low-energy femtosecond lasers 
have shown better FLACS outcomes (better capsulo-
tomy quality, lower incidence of miosis, lower rate of 
subconjunctival haemorrhage) than high pulse energy 
femtosecond lasers did.31 To support this, no cases of 
intraoperative pupil miosis or subconjunctival haemor-
rhage were observed in all our paediatric patients.

Postoperative outcomes
In accordance with our outcomes, very similar unilateral 
and bilateral percentages of postoperative PCO devel-
opment were reported in studies with similar follow-up 
periods.32 33

PCO was most frequent in infants younger than 12 
months of age, where 65.00% of all cases developed PCO. 
Multiple studies report same or higher rates of PCO devel-
opment in very young children after cataract surgery in 
which the posterior capsules are left intact.34–36 Intraop-
erative posterior capsulorhexis and anterior vitrectomy 
are considered standard surgical steps in young children, 
because they reduce the rate of PCO.37 However, a partial 
or complete closure of the posterior capsule still occurs 
in up to 40%–80% of paediatric cases, thereby leading 
to a decrease in visual axis clarity as well as to decreased 
visual functions.14 23 38

PCO occurrence may be mitigated by performing 
of posterior capsulotomies, but due to current lack 
of clinical evidence on the associated risks of paedi-
atric FLACS with laser-assisted posterior capsulotomy, 
in this large cohort study, a conservative approach was 
followed. In fact, FLACS with posterior capsulotomy is 
a more demanding procedure involving supplementary 
surgical steps and an additional vacuum-docking of the 
laser patient interface on the patient’s eye.8 Nevertheless, 
we believe that in children, FLA posterior capsulotomy 
may facilitate the surgical step of obtaining a perfectly 
sized and circular posterior capsulotomy, centric to the 
anterior capsulotomy. In fact, performing paediatric 
posterior capsulorhexis manually is challenging as the 
posterior capsule is very thin, fragile and often hardly 
visible.39–42 Based on the long-term safety observed 
in this study, currently we are performing a new study 
where we perform laser-assisted anterior and posterior 
capsulotomies during cataract surgery in a large cohort 
of paediatric patients. This will allow investigating the 
potential impact of posterior laser-assisted capsulotomy 
on the development of PCO and the need for subsequent 
Nd:YAG laser treatment.

Figure 3  Preoperative and postoperative corrected 
distance visual acuity (CDVA) results at last patient visit in 
children who underwent cataract surgery with femtosecond 
laser-assisted anterior capsulotomy and in which it was 
possible to determine preoperative visual acuity (A) 6 
patients who underwent unilateral surgery (B) 11 eyes of 12 
patients who underwent bilateral surgery (C) six better-seeing 
eye of 12 patients who underwent bilateral surgery.



7Trifanenkova IG, et al. BMJ Open Ophth 2022;7:e000945. doi:10.1136/bmjophth-2021-000945

Open access

Visual outcomes
The present study is the first one to report long-term 
visual outcomes after paediatric cataract with FLA ante-
rior capsulotomy. So far, all the existing studies pertained 
to the assessment of feasibility of the surgical procedure.

Overall, our results correlate with the previously 
reported data on unilateral and bilateral paediatric 
manual cataract surgery. Nyström et al published their 
results on phacoemulsification and primary implanta-
tion of ‘bag-in-the-lens’ IOL in a series of 109 eyes of 84 
children with a median age of 2.5 years (range: 2 weeks 
to 14.1 years) and reported that 37.5% of unilateral cases 
and 55.6% of bilateral cases attained a postoperative long-
term CDVA of 20/40 or better.43 To better understand the 
correlation between the preoperative age-specific condi-
tion of the eye and postoperative visual outcomes, the 
results in our study were stratified into two groups, that 
is, corresponding to patients from 0 to 12 months of age, 
and those older than 12 months. In general, the visual 
outcomes of the present study for both age groups are in 
line with previous findings. In a study by Lesueur et al in 
165 eyes of 107 children, a mean CDVA of 0.925 LogMAR 
(20/168) for unilateral cases in patients younger than 7 
months of age and 0.322 LogMAR (20/42) for unilat-
eral cases in patients older than 7 months of age were 
reported. For bilateral cases in patients younger than 7 
months, the mean CDVA was 0.425 LogMAR (20/53) 
and it was 0.206 LogMAR (20/32) for bilateral cases in 
patients older than 7 months.17 Lu et al presented the 
visual results of primary IOL implantation in 16 infants 
(26 consecutive eyes) aged 6–12 months. At last follow-up 
the mean CDVA for the unilateral cases was 0.98±0.18 
LogMAR (20/191) and 0.50±0.14 LogMAR (20/63) for 
the bilateral ones.44

In a study by Ram et al, mean CDVA in 10 unilateral 
cases (range: 8–14 years) was 0.49 LogMAR (20/62) 
1 year after non-toric IOL implantation.45

In our study, the mean CDVA in unilateral cases younger 
than 12 months of age was 20/40. This visual acuity result 
is generally better than previous literature reports on 
final unilateral cataract visual outcomes in infants. It is 
to be noted that we only report on four cases and all the 
four infants were actually younger than 6 months of age 
at time of surgery. Looveren et al reported in five children 
(eight eyes, two unilateral cases, three bilateral cases) 
younger than 6 months of age a mean CDVA at the end 
of follow-up of 0.32 decimal (20/63).46

One of the study limitations was that no comparison 
group (standard manual surgery) was included in the 
analysis. For this reason, the rates of intraoperative and 
postoperative complications could not be compared 
between the two methods performed by the same surgeon. 
In addition, because of the very young age of the majority 
of our patients, we encountered difficulty in testing and 
interpreting children’s visual function. The visual acuity 
results may be affected, among others, by patients’ atten-
tion and time of examination. An additional challenge 
was the examination of the child’s eye, especially during 

the assessment of a postoperative complication. In young 
children and in uncooperative children, all ophthal-
mologic examinations including anterior segment and 
Fundus examination were performed under inhalation 
anaesthesia.

In conclusion, the paediatric cataract surgery with 
laser-assisted anterior capsulotomy using a mobile and 
compact low-pulse energy femtosecond laser is safe and 
reliable. In this paediatric case series, the low-energy 
femtosecond laser offered the benefits of achieving a 
safe anterior capsulotomy, low number of intraopera-
tive complications as well as significant improvement in 
CDVA. Although the data presented in this study were 
collected prior to the European CE approval, the FEMTO 
LDV Z8 is today the only femtosecond laser on the market 
indicated for use in paediatric cataract surgery.
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