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Abstract
Background To investigate the incidence of developing posterior vitreous detachment (PVD) in children after congenital cataract
surgery.
Methods This is a prospective study which recruited 131 children with congenital cataracts who underwent cataract surgery between
June 1, 2015, and September 1, 2018. The patients were divided into two groups depending on their post-operation phakic status (with
or without IOL implantation). Infants aged from 6 to 12 months from two groups were analyzed as subgroups, respectively. B-scan
ultrasonography was performed before the procedure and at 1, 3, 6, 9, and 12-month follow-ups, respectively, after the operation.
Results Of the 131 eyes included in the analyses, 74 were aphakic, and 57 were pseudophakic after surgery. The postoperative
rate of PVD in all analyzed eyes was 6.9% (9 of 131 eyes). After 12 months, PVD was significantly more prevalent in the eyes
that underwent cataract surgery with IOL implantation (10.5%, 6 of 57 eyes) compared to the eyes without IOL implantation
(4.1%, 1 of 74 eyes, P < 0.05); however, the eyes in the aphakic group were significantly younger than the eyes in the
pseudophakic group, while the mean axial length (AL) of the pseudophakic eyes (21.11 ± 2.07 mm) was significantly higher
than that of the aphakic eyes (18.93 ± 1.86 mm) (P < 0.01). In patients between the ages of 6 and 12 months of age from the two
groups, the AL of patients with IOL implantation continued to be significantly increased compared to the group without IOL
implantation (20.44 ± 1.68 mm vs. 19.78 ± 1.52 mm, P < 0.01). At the follow-up appointments, two patients with PVD were
observed among the 14 eyes that had undergone cataract surgery with IOL implantation, while one eye was observed to have
developed PVD among the 15 eyes without IOL implantation.
Conclusions PVD occurs with greater frequency after congenital cataract surgery, particularly in eyes that have undergone IOL
implantation. We suggest that PVD should be carefully monitored in children after congenital cataract surgery to avoid subse-
quent ocular pathologies such as retinal detachment. Future studies are needed to determine other potential risk factors that have
not been as thoroughly explored, as opposed to better-known factors such as older age, longer axial length, and IOL implantation.
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Introduction

Retinal detachment (RD) after cataract extraction is a serious
vision-threatening surgical complication. In adults, the risk of
RD is 7.5 to 8.7 times higher after cataract surgery. Posterior
vitreous detachment (PVD) is a known risk factor of RD [1,
2], and the risk of RD after cataract surgery is significantly
higher in the patients that develop postoperative PVD (7.4%)
compared with normal patients (0.30%). In children, the risk
of RD after cataract surgery has been reported to be from 0.57
to 7% [3–7]; however, the incidence of PVD has not been
determined after congenital cataract surgery.

PVD is defined as a separation of the posterior vitreous
cortex from the surface of the retina. The use of B-scan
ultrasonography is fundamental in diagnosing PVD [8, 9],
which is known to follow vitreous gel liquefaction and
weakening of vitreoretinal adhesion [10]. When using B-
scan ultrasonography, a major sign of gel liquefaction is
vitreous opacity. In some cases, such physiological changes
may ultimately result in retinal tears, vitreous hemorrhages,
or retinal detachment [11].

Unlike adult cataract surgery, anterior vitrectomy is rou-
tinely performed in congenital cataract surgery in order to
prevent posterior capsule opacification in children. Some re-
ports suggest that children with congenital cataracts are at a
higher risk of developing retinal detachment than individuals
with senile cataracts [12–14]. At this point in time, the devel-
opment of PVD after congenital cataract treatment is not fully
understood. Thus, the aim of this study is to investigate chang-
es in the vitreous body after congenital cataract surgery and to
observe its association with postoperative phakic status. To
the best of our knowledge, no similar study has been reported
on the topic.

Patients and methods

This prospective observational case series included infants
and children with congenital cataract who underwent cataract
extraction in the Eye Hospital of Wenzhou Medical
University, Hangzhou, China. All the surgeries were per-
formed under general anesthesia by the same surgeon
(Z.Y.E) using the Accurus with the venturi vacuum system
(Alcon Laboratories, Inc.); the cut rate was 2000 per minute,
and the vacuum was 350 mm Hg. Two 1.0 mm paracentesis
were created in the temporal and nasal clear cornea using a
diamond knife; for those eyes planned IOL implantation, a 2.2-
mm superior scleral tunnel incision was created. For patients
older than 2 years, we performed lens aspiration after anterior
continuous curvilinear capsulorhexis, followed by posterior
continuouscurvilinear capsulorhexis and limited anterior vitrec-
tomywith a 23-gauge vitrector and 23-guage irrigating cannula
via two cornea paracentesis. While in patients younger than 2
years old, anterior and posterior vitrectorhexis was performed
instead of manual capsulorhexis. The diameter of anterior cap-
sule opening is about 5 mm, and the posterior capsule opening
is about 3.5 mm. Then, a posterior chamber IOLwas implanted
into the capsular bag. Then, themain incision was closed with a
10–0 nylon sutures. The patients were divided into two groups
depending on their post-operation phakic status (with or with-
out IOL implantation); the selection was based on age, corneal
diameter, and axial length, as well as the parents’ opinions.
Infants 6 to 12 months of age from these two groups were then
analyzed as subgroups, respectively.

Exclusion criteria included a history of ocular trauma, a
history of intraocular surgery, preoperative glaucoma, a histo-
ry of maternal rubella syndrome, chronic anterior uveitis, per-
sistent fetal vasculature, ocular anomalies associated with an

Key messages

What was known

Posterior vitreous detachment is a known risk factor of retinal detachment and the risk of RD after cataract surgery 

is significantly higher in the patients that develop postoperative PVD compared with normal patients

The prevalence of PVD has been investigated in adults while taking age, different eye surgeries, and other risk 

factors into account.

New Information In the Paper

Changes in the vitreous body after congenital cataract surgery and its association with postoperative phakic status.

PVD was in a higher incidence in the group with IOL implantation - which can be related to surgical technique or 

to a difference of preoperative parameters as axial length.

1046 Graefes Arch Clin Exp Ophthalmol (2021) 259:1045–1051



increased risk of glaucoma, and inability to complete exami-
nations. Only the right eyes of patients were enrolled when
diagnosed with binocular congenital cataract. All patients’
parents provided informed consent. The study followed the
tenets of the Declaration of Helsinki.

All of the patients underwent standard ophthalmic examina-
tions by the same physician before surgery and in each subse-
quent follow-up, which included visual acuity and slit-lamp ex-
amination. Axial length (AL) and anterior chamber depth were
measured via a contact A-scan (Axis nano, Quantel Medical,
French) after intranasal anesthesia and topical anesthesia were
administered. B-scan ultrasonography was performed by trained
technicians using the Cinescan S device (Quantel Medical) with
a 10 MHz probe. The procedure was performed by a standard
contact method using high to maximum gain to detect and local-
ize ultrasonographic PVD. Kinetic examination of the 4 stan-
dardized views was performed using directed movement of the
patient’s globe. The B-scan images were evaluated by one expe-
rienced ophthalmologist and one trained technician independent-
ly. B-scans were performed before surgery and at 1, 3, 6, 9, and
12 months after the operation. Vitreous opacity was diagnosed
by the presence of light spots or light masses with varying echo
intensity in the vitreous body, which appear to float with the
rotation of the eye. PVD was defined as a low reflective mobile
echogenic membrane, or the presence of a ring in the
peripapillary vitreous cortex partially, or completely detached
from the retina. [15]

The data were analyzed using SPSS 23.0 (IBM co.,
America). A one-way ANOVA test or Mann-Whitney U test
was employed to compare the means between the pseudophakic
group and the aphakic group, depending on the normality of the
analyzed variables. Pearson chi-square test was used to compare
the constituent ratio between the two groups. All comparisons
were considered statistically significant when P < 0.05.

Results

This study enrolled 131 eyes of 131 patients. The demograph-
ic characteristics of the included patients are presented in

Table 1. Fifty-seven eyes underwent cataract removal with
IOL implantation, while 74 eyes underwent extraction without
IOL implantation. The median age was 36 months (ranging
from 6 to 72months) in the pseudophakic group, and themean
AL was 21.11 ± 2.07 mm. The median age was 4 months
(ranging from 1.5 to 12 months) in the aphakic group, and
the mean AL was 18.93 ± 1.86 mm.

Vitreous opacity was detected by B-scan in the
pseudophakic group and was observed in 10 patients (17.5%)
at 1 month, 19 patients (33.3%) at 3 months, 25 patients
(43.9%) at 6 months, 33 patients (57.9%) at 9 months, and 36
patients (63.2%) at 1 year after surgery. At 1 month, 4 patients
(7%) were diagnosed with PVD, while the incidence of PVD
did not change until nine months. At 9 months, the incidence of
PVD increases to 5 patients (8.8%), which further increased to
6 patients (10.5%) at 1 year (Fig. 1a).

In 74 patients that remained aphakic, one patient had PVD
at 1 month (1.4%), a second at 6 months (2.7%), and a third at
1 year (4.1%). Examinations showed that 2 patients (2.7%)
had vitreous opacity at the 1-month visit, 8 patients (10.8%) at
the 3-month visit, 13 patients (17.6%) after 6 months, and 15
patients (20.2%) after 9 months. Overall, 26 patients (35.1%)
develop vitreous opacity during the year-long follow-up peri-
od (Fig. 1b). The constituent ratios between the two groups
were significantly different. (P < 0.01)

For age-matching subgroups, patients between the ages of
6 and 12months (including 6months and 12months of age) in
both groups are selected and analyzed (Fig. 2). Of these pa-
tients, 15 eyes underwent cataract extraction with IOL implan-
tation and 14 eyes without IOL implantation. Among the pa-
tients with IOL implantation, eight were male and six were
female. The median age was 9.5 months old (the interquartile
range: 4 months), and the mean AL was 20.44 ± 1.68 mm.
Subsequent B-scan follow through was normal in two patients
and showed PVD in two patients (14.3%), who were observed
at 1-month and 1-year postoperative examination, respective-
ly. The incidence of vitreous opacity increased at each exam-
ination interval in postoperative follow-up visits. At 1 month,
the incidence was 14.3% (2 cases), and at 3 months, the inci-
dence was 42.9% (6 cases). The incidence continued to

Table 1 The patients’
characteristics Cataract extraction with/without IOL implantation P Value

With Without

Eyes (n) 57 74

Median age (quartile range) (m) 36 (36) 4 (2) < 0.01*

Sex (n)

Male 32 (56.1%) 47 (63.5%)

Female 25 (43.9%) 27 (36.5%)

Mean AL (mm) ± SD 21.11 ± 2.07 18.93 ± 1.86 < 0.01&

AL axial length; *Mann-Whitney U test; & one-way ANOVA test
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increase to 57.1% (8 cases) at 6 months, 71.4% (10 cases) at 9
months, and 71.4% (10 cases) at 12 months. In the group of
patients without IOL implantation, 10 were male, and 5 were
female. The median age was 7 months old (the interquartile
range: 4 months), and the mean AL was 19.78 ± 1.52 mm. At
the follow-up examination, one patient was diagnosed with
PVD in the following 1-year interval. Nine cases that received
treatment had a clear vitreous body. The incidences of vitreous
opacity are 0% (0 cases), 6.7% (1 case), 20.0% (3 cases),
20.0% (3 cases), and 33.3% (5 cases) at 1, 3, 6, 9, and 12
months, respectively, after surgery.

There was no significant difference between the two
groups in the age (P > 0.05), but a significant difference was
found in the AL (P < 0.01). The constituent ratios between the
two groups were significantly different (P < 0.01).

The postoperative PVD rate is 6.9% (9 of 131 eyes), with
none resulting retinal tears or RD after the development of
PVD that were also detected (Fig. 3).

Discussion

In this study, we investigated the occurrence of PVD in con-
genital cataract patients. Among the data, it was found that the
postoperative rate of PVD was 6.9% (9 of 131 eyes). These
data suggest a dynamic development process as the incidence
of vitreous opacity and PVD increase gradually with time after
the initial postoperative examination. To our knowledge, the
present study is the first prospective case series investigating
PVD after congenital cataract surgery.

In studies involving adults, retinal damage such as RD was
related to the development of PVD. Bond-Taylor et al. report-
ed that in adult patients with PVD, the incidence of retinal
tears was 14.5%, and the incidence of vitreous and/or retinal
hemorrhage was 22.7% [16]. Agarkar et.al observed that ret-
inal breaks, associated with posterior vitreous detachment,
were the most common cause of RD after cataract surgery,
although there has not been any in-depth study on PVD [17].

Fig. 2 Onset of vitreous opacity and PVD after cataract surgery in 6 to 12-month-old groups. a Pseudophakic eye group. b Aphakic eye group

Fig. 1 Onset of vitreous opacity and PVD after cataract surgery. a Pseudophakic eye group. b Aphakic eye group
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The prevalence of PVD has been investigated in adults
while taking age, different eye surgeries, and other risk factors
into account. Several studies have shown that the prevalence
of PVD in the population over 65 years old was 65% [10].
Previous studies investigating cataract surgery and other sur-
gical interventions also suggest that the procedure accelerates
the development of PVD. As Mirshahi et al. reported, partial
and complete PVD had an incidence of 58.6% within 1 year
after uneventful phacoemulsification using biomicroscope
and ultrasound [18]. Hikichi et al. observed a PVD incidence
of 30.0%within 3 years after phacoemulsification operation in
575 eyes of 419 patients [10, 19]. There is also evidence that
liquefaction of vitreous is a physiological process which be-
gins between 4 years of age and teenage years [10], where
20% of the total vitreous body underwent syneresis, and the
rate increased to 50% for those over 70 years old [10, 20].

Within this study, it was documented that PVD occurred
more frequently in eyes that have undergone cataract sur-
gery with IOL implantation (10.5%, 6 of 57 eyes), com-
pared to eyes without IOL implantation (4.1%, 3 of 74
eyes, P < 0.01). The rate of the vitreous opacity showed
this same trend (63.2%, 36 of 57 eyes vs. 29%, 26 of 74
eyes, P < 0.01), while previous studies have suggested that
vitreous opacity is usually considered as the preceding
stage of PVD [10]. Our data indicates that choosing to
implant or not implant an IOL during the congenital cata-
ract surgery significantly affects the rate of PVD and vit-
reous opacity after surgery. Accordingly, we propose some
hypotheses based on these differences of outcome. First
and foremost, in pseudophakic eyes, postoperative contin-
uous cortical hyperplasia may continuously spill from the
unsealed capsule into the vitreous cavity, which may pro-
mote vitreous liquefaction, further leading to PVD. In
aphakic eyes, the capsular bag of most patients can be
healed into a sealed capsule, and no cortex is involved in
the process of vitreous liquefaction [21]. In terms of the
proportion of vitreous opacity, this is also illustrated.
Certainly, further research is needed. Secondly, the focus-
ing of light by the intraocular lens may result in an increase
in the light-induced reactive oxygen species after surgery
which can speed up the occurrence of vitreous liquefaction

by changing collagen composition and destroying enzy-
matic collagen by influencing enzyme activity [10].
Thirdly, AL and age were the most important two factors
in designing the operation strategy as the mean AL was
remarkably longer and the mean age was significantly
older in the patients with IOL implantation compared to
those without IOL implantation. As AL continues to grow
in children as they age, we made subgroups in order to
analyze the patients aged 6–12 months, whose average
age was similar in the aphakic and pseudophakic groups
(8.90 ± 1.19 m vs 8.75 ± 2.30 m, P > 0.05). We also
observed the same trend of B-scan results in the two age-
matched subgroups. Within this study, the mean AL of the
patients with IOL implantation was still longer than the
other group who did not undergo IOL implantation
(20.44 ± 1.68 mm vs. 19.78 ± 1.52 mm, P < 0.01). We
speculated that older children with longer AL may have
stronger tractional forces enhancing PVD. Similarly, older
age at surgery may contribute to PVD considering the de-
velopment of vitreous liquefaction. Consider that during
late prenatal and early postnatal stages, the vitreous body
is only made of the remnants of the hyaloid artery [22].
Hyaluronan (HA), a highly hydrophilic glycosaminogly-
can (GAG), synthesis begins after birth, which is a type
of age-related biochemical alteration resulting in vitreous
liquefaction [22, 23]. It has been reported that liquid vitre-
ous begins to appear, albeit in small quantities, during the
first 5 years of life [10]. There are some physiological
processes of PVD which are also important to consider
here, namely gel liquefaction and vitreoretinal dehiscence,
which cause the liquefied vitreous to enter into the
subhyaloid space with subsequent dissection of remaining
adhesions between the posterior vitreous cortex and the
inner limiting membrane with eye movements [10,
24–27]. The anterior movements of the vitreous after re-
moval of the lens and anterior vitreous can tract the poste-
rior vitreous membrane [18, 25]. This mechanism suggests
an effect of surgical mechanical forces on the vitreous
structure and thus explains the increased incidence of
PVD and vitreous opacity after operation; however, from
this point of view, after anterior vitrectomy, the residual

Fig. 3 B-scan ultrasonography
showing extent of vitreous
detachment. Arrows show the
vitreous detachment. a Aphakic
eye detected in the 3-month fol-
low-up. Peripheral transversal
scan showing PVD. b
Pseudophakic eye with PVD de-
tected in the 6-month follow-up.
Posterior pole transversal scan
showing PVD
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vitreous body moves forward as a whole, while the com-
plex of capsule intraocular lens is used as a barrier to pre-
vent the vitreous from moving forward. Contrarily, in
aphakic eyes, the vitreous body is directly connected with
the aqueous humor, which makes the forward shift more
obvious. This is contradictory to the results and remains to
be further studied.

In our study, PVDs were first spotted 1 month after
surgery, which indicate that mechanical injury may play
a role in the formation of PVD. Thus, we suggest that
intraocular pressure fluctuations, which serve as an indi-
cator of mechanical injury, should be carefully monitored
throughout surgery.

This study has some limitations. PVD can be divided into
complete PVD and partial PVD according to the adherence of
retina to the vitreous base [8, 23, 28]. Since the b-mode ultra-
sound examination in children was performed under anesthe-
sia, it was impossible to require children to carry out active
cooperation like adults. In addition, irregular eye movements
may occur in this state. So, even though B-scan was per-
formed by our experienced doctors, they could not make sure
in determining complete or partial PVD for every child at
every examination. Nevertheless, the sample size of our study
is small, and the follow-up period is only one year. A longer
follow-up and a larger number of patients could facilitate the
evaluation of potential risk factors and determine the relation-
ship between the age and the incidence. But as the choice of
operation between the two groups is largely based on the axial
length, it is hard to have the same o axial length between the
two groups. Regardless of these points, this is the first study to
investigate the incidence rate of PVD after congenital cataract
surgery.

In the present study, PVD was observed during follow-up
of congenital cataract surgery, in a higher incidence in the
group with IOL implantation—which can be related to surgi-
cal technique or to a difference of preoperative parameters as
axial length. We suggest that PVD should be carefully mon-
itored in children after congenital cataract surgery to avoid
subsequent ocular pathologies such as retinal detachment.
Future studies are needed to determine other potential risk
factors that have not been as thoroughly explored, as opposed
to better-known factors such as older age, longer axial length,
and IOL implantation.
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