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Abstract

Purpose The purpose was to evaluate indications and clinical
outcomes in paediatric corneal keratoplasty.

Methods Fifty-four eyes of 43 patients who underwent corne-
al keratoplasty from the 1% of January 2010 through the 31> of
December 2013 at the Bambino Gesu Children’s Hospital in
Rome, Italy, were retrospectively evaluated. To assess the ef-
fect of age on graft failure rate, the recipient age was consid-
ered as a dichotomous variable (<5 or >5 years) and a 2X2
table was developed, using the chi-square test for testing the
statistical significance. Furthermore, two separate subgroup
analyses were conducted on patients of <5 years and those
of >5 years, to evaluate the effect of penetrating keratoplasty
(PK) or deep anterior lamellar keratoplasty (DALK) on the
graft failure rate. The level of statistical significance was set
at p<0.05

Results Mean recipient age was 8.9 £5.7 [SD] years. Mean
follow-up time was 22.8 months. Main preoperative diagno-
ses were keratoconus (37 %) and congenital glaucoma (20 %).
Patients <5 years showed a higher percentage of graft failure
(p =0.0008). PK and DALK did not show statistically signif-
icant differences regarding the graft failure in both subgroups
(p=0.15 for <5 years group and p =0.27 for >5 years group,
respectively). However, across groups DALK provided a low-
er rate of graft failure.
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Conclusions Our findings suggest that children older than
5 years show a significantly better graft outcome and that
DALK seems to offer greatest benefits in terms of failure risk
in paediatric patients.
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Introduction

Paediatric keratoplasty still represents a very challenging sur-
gery, and it is generally performed when corneal opacification
induces a visual deprivation [1]. This condition requires a fast
and effective treatment to prevent amblyopia in the youngest
patients; however, mainly for these patients, the follow-up is
not favourable. Indeed, Penetrating Keratoplasty (PK), actu-
ally the “gold standard” in paediatric corneal keratoplasty
surgery, has shown a prognosis for graft survival of approxi-
mately 50-60 %, [2, 3] mainly due to endothelial rejection [4].
It has been reported that Deep Anterior Lamellar Keratoplasty
(DALK), a lamellar transplantation surgical technique indicat-
ed for corneal diseases not affecting the endothelium, could
improve the graft survival in a subset of children with stromal
pathology by preventing endothelial rejection [5].

Anwar and Teichmann [6] introduced the big-bubble tech-
nique in DALK to facilitate pre-Descemet plane dissection,
where air is injected into the deep stroma in the attempt to
achieve a large air bubble between the Descemet membrane
and the stroma. However, big-bubble DALK’s diffusion is
limited because of its steep learning curve and surgical com-
plexity [7] and up to now few papers have been published
about big-bubble technique in children [8, 9].

Several parameters have to be considered in paediatric ker-
atoplasty: [10] pre-operative evaluation, intraoperative
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problems such as low corneal and scleral rigidity, increased
fibrin reaction, and positive vitreous pressure; the need of
frequent examinations under general anaesthesia for postop-
erative follow-up evaluations; frequent loosening of sutures
necessitating replacement or early removal; increased risk of
rejection and infections; the difficulties related to repeated
refractive error assessments, and the management of
amblyopia.

In a recent review of paediatric keratoplasty, Vanathi et al.
[10] reported that poor prognostic indicators are concomitant
infantile glaucoma and corneal vascularization, active inflam-
mation or infection, combined procedures, and previous graft
failure.

In this paper we review all paediatric procedures performed
at the Bambino Gesu Children’s Hospital in Rome, Italy, over
a period of 4 years, reporting indications and clinical out-
comes. This is the first large series analysis in Italy on paedi-
atric corneal keratoplasty.

Materials and methods

The clinical charts of fifty-four eyes of 43 patients (33 males
and 10 females) who underwent corneal keratoplasty from 1
January 2010 through 31 December 2013 were retrospectively
retrieved. For this data analysis formal consent is not required,
whereas informed consent for the surgical procedure was ob-
tained from all individual participants included in the study.
All the operations were performed under general anaesthesia
in the operating room. Mean follow-up period was
22.8 months (range 1-45 months).

Patients underwent PK or DALK as a function of pre-
operative diagnosis. DALK with the big-bubble technique
was performed in all cases in which corneal endothelium ap-
peared healthy. PK was performed in all other cases of con-
genital, traumatic, or acquired non-traumatic diseases [1 1, 12].
Some patients were randomized to undergo PK (four eyes)
and DALK (eight eyes) assisted by IntralLase 60 KHz femto-
second laser (Intralase FS Laser, Abbott Medical Optics, Inc.)
[13, 14]. Pre-operative diagnoses, recipient age, type of kera-
toplasty, and post-operative follow-up data [Visual Acuity
(VA, Snellen feet), complications, and cause of graft failure]
were recorded. Visual Acuity was defined as the best visual
acuity measured at the last examination. In children with in-
sufficient verbal or cognitive skills, the ability to fixate on and
follow visual targets was recorded. Complications were de-
fined as vascularization (any vessel ingrowth into the corneal
transplant without distinction between the numbers of quad-
rants affected, superficial and deep vessels, or single and mul-
tiple vessel leashes), glaucoma (the intraocular pressure was
considered abnormal if over 22 mmHg, recorded by
applanation or air-puff tonometry), and inflammation (intra-
ocular reaction with or without corneal infiltrates). Graft
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clarity was evaluated on slit lamp, and a clear graft was de-
fined as a clear central stroma without epithelial or stromal
oedema. Graft failure was defined as the irreversible loss of
optical clarity with or without vascularized scarring, with on-
set date of corneal clouding selected as time point of graft
failure. Survival time of failed grafts was defined as the time
between the date of surgery and recorded date of failure.

Postoperative treatment regimen involved topical cortico-
steroid along with antibiotics and lubricants. Topical steroids
were given more frequently in the initial postoperative period
and gradually tapered and changed to weaker steroids such as
fluoromethalone in 3—6 months.

Statistics

To assess the effect of age on graft failure rate, the recipient
age was considered as a dichotomous variable (<5 or >5 years)
and a 2X2 table was developed, using the chi-square test for
testing the statistical significance. The effect of preoperative
disease and surgical technique on the graft failure rate was
tested using the chi-square test and the same approach of anal-
ysis: first developing a contingency table with all the enrolled
eyes put together, then conducting two subgroup analyses
with patients of <5 years and those of >5 years analyzed sep-
arately. The preoperative diseases were grouped in three sub-
groups: congenital (including glaucoma and sclerocornea),
acquired traumatic diseases (including previous failed surgery
and penetrating trauma) and acquired non-traumatic diseases
(including keratoconus and all the other conditions). To eval-
uate the survival time of failed grafts, the Kaplan-Meier esti-
mate for PK and DALK groups was plotted. The level of
statistical significance was set at p <0.05, and all statistical
analyses were performed with SPSS ver 21.0 (SPSS inc.,
Chicago, IL.).

Results
Pre-operative diagnosis

Table 1 shows the pre-operative diagnoses, Table 2 the distri-
bution of the preoperative diseases by age group and table 3
the distribution of preoperative disease condition and its effect
on graft failure for the whole sample and by age groups
(<5 years or>5 years). Twenty eyes (37 %) were affected
by keratoconus, 11 (20 %) by congenital glaucoma with cor-
neal decompensation, six (11 %) by secondary leukoma, four
(7 %) by corneal opacity following penetrating trauma, two
(4 %) by secondary ulcer with tectonic indication, two (4 %)
by secondary glaucoma with corneal decompensation, and
one (2 %) each, respectively, by sclerocornea, secondary lim-
bus stem deficit with corneal scars, limbal dermoid and blood
cornea adsorption after vitrectomy. Five eyes (9 %) underwent
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Table 1 Preoperative diseases
and their percentage, surgery
type, and recipient age of patients
that underwent corneal

Preoperative diagnoses

Number (%) Recipient age

(mean age + SD)

Surgery type

PK* DALK"

keratoplasty c -
ongenital

Glaucoma with corneal decompensation

Sclerocornea
Acquired traumatic
Previous failed graft
Penetrating trauma
Acquired non-traumatic
Keratoconus

Secondary Leukoma

Secondary ulcer (tectonic indication)
Secondary glaucoma with corneal decompensation
Secondary limbus stem deficit with corneal scars

Limbal dermoid

Blood cornea adsorption after vitrectomy

11 (20 %) 10 2,55+2,16
12 %) 1 0 130
59 %) 5 0 584295
4(7 %) 4 0 55+2,64
20 (37 %) 2 18 144267
6 (11 %) 4 2 95+575
24 %) 2 0 6+0

2 (4 %) 2 0 15+07
12 %) 1 0 17+0
12 %) 0 1 540
12 %) 1 0 15+0

* PK penetrating keratoplasty

® DALK deep anterior lamellar keratoplasty

keratoplasty after a previous failed surgery. Therefore, more
than half of keratoplasty (57 %) was due to keratoconus
(37 %) or congenital glaucoma (20 %).

Vascularization was preoperatively observed in 17 patients
(31 %): 14 (82 %) affected by congenital glaucoma, two
(12 %) by ulcer and one (6 %) by leukoma. Thirteen patients
were affected by glaucoma and under topical treatment.

Table2  Preoperative disease condition of eyes that underwent corneal
keratoplasty in total and by age groups <o > 5 years

Preoperative disease Number

Total <5 years >5 years

Congenital
Glaucoma 11 11 0
Sclerocornea 1 0

Acquired traumatic

Previous failed surgery 5 1 4

[\
[\

Penetrating trauma 4

Acquired non-traumatic

Keratoconus 20 0 20
Secondary Leukoma 6 2 4
Secondary ulcer 2 0 2
Secondary glaucoma 2 2 0
Secondary limbus stem deficit 1 0 1
Limbal dermoid 1 1 0
Blood cornea adsorption afier vitrectomy 1 0 1
All eyes 54 29 35

Recipient age

Mean age of patients was 8.9+ 5.7 [SD] years (range, 1 to
17 years). Mean age of patients treated with PK and DALK
was respectively 6.9 £5.2 and 11.8 5.0 years.

Table 1 reports mean recipient age by pre-operative diag-
nosis. All patients affected by keratoconus were over eight
years of age, whereas within the group of eighteen patients
with <5 years, ten were affected by congenital glaucoma.

Type of keratoplasty

Thirty-two eyes (60 %) underwent PK, while 22 (40 %)
underwent DALK. In general, PK was performed on younger
children, while DALK on older patients mainly for
keratoconus (82 %) (table 1).

Regrafts

Five eyes (9 %) underwent keratoplasty after previous failed
surgery. The initial diagnosis was congenital glaucoma in
three eyes (60 %), keratitis and penetrating trauma, respective-
ly, in one eye (20 %). One of the three eyes affected by con-
genital glaucoma had already been grafted twice; therefore,
only one patient showed an acquired non-traumatic disease.

Post-operative follow-up
At the final follow-up examination, visual acuity could be

recorded in 57 % of eyes (31 of 54 eyes); in 52 % of these,
VA was measured by means of the ability to fixate on and
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Table 3 Distribution of

preoperative disease condition Preoperative diagnosis Sample Graft failure p value *
and its effect on graft failure for
the whole sample and by age Yes No
groups (<5 years or> 5 years)
All eyes (54)
Congenital 12 10 (83 %) 2 (17 %) 0.0016*
Acquired traumatic 9 6 (67 %) 3 (33 %)
Acquired non-traumatic 35 9 (27 %) 24 (73 %)
Eyes <5 years (18)
Congenital 10 8 (80 %) 2 (20 %) 0.406
Acquired traumatic 3 3 (100 %) 0(0 %)
Acquired non-traumatic 5 3 (60 %) 2 (40 %)
Eyes > 5 years (36)
Congenital 2 2 (100 %) 0 (0 %) 0.034*
Acquired traumatic 6 3 (50 %) 3 (50 %)
Acquired non-traumatic 28 6 (30 %) 22 (70 %)

follow visual targets. In residual 43 % VA could not be mea-
surable due to young age and/or insufficient cognitive skills of
patients.

Of all those patients whose VA could be measured with a
minimal follow-up of 18 months (with at least 8 months after
complete suture removal), 12 had undergone big-bubble
DALK (mean VA 20/25) and three had undergone PK (mean
VA 20/50). The PK group of patients with recordable vision
was reduced because of the younger mean age of patients
treated with this procedure. Consequently, in these patients
amblyopia mainly affected VA recovery.

Graft failure was recorded in 59 % of PK and 27 % of
DALK eyes (19 and six, respectively) occurring in the first
two post-operative years.

One patient presented the Urrets Zavalia syndrome one day
after big-bubble DALK.

One patient showed a 3 day post-operative traumatic mas-
sive intraocular bleeding.

No active inflammation was observed.

The most common cause of failure was endothelial rejec-
tion with corneal swelling and marked corneal thickness in-
crease. Graft failure occurred in fifteen of seventeen eyes with
preoperative recipient bed vascularization.

At the last follow-up clear grafts were observed respective-
ly in 16 DALK (73 %) and 13 PK (41 %) patients.

The present study did not analyze separately the outcomes
achieved using mechanical trephine or femtosecond laser, but
it is limited to the analysis of clinical outcomes as a function of
the surgical technique performed (PK or DALK).

Effect of age, surgical procedure and preoperative diseases
on graft failure

When considering the effect of recipient age on the graft fail-
ure rate of the whole sample, patients with <5 years, showed a
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higher percentage of failure than older ones (p =0.0008)
(Table 4).

When considering the effect of surgical technique on the
graft failure rate of the whole sample, eyes that underwent
DALK procedure have shown a statistically significant lower
rate of graft failure than the PK eyes (p =0.02) (Table 4).

However, when subgroup analysis was conducted sepa-
rately for patients of <5 and of >5 years, despite the DALK
group showing lower rate of graft failure in both age groups
(50 vs 82 % and 22 vs 39 %), no statistically significant dif-
ferences emerged between DALK and PK (p=0.15 for
<5 years group and p = 0.27 for >5 years group, respectively)
(Table 4).

In Table 3, the effect of preoperative disease on the graft
failure rate is reported. Congenital disease, mainly glaucoma
(ten out of 12 eyes) have shown higher rate of graft failure,
followed by acquired traumatic disease and acquired non-
traumatic disease (mainly keratoconus), which have shown
the lower rate of failure. A statistically significant effect of
the preoperative diseases has been noted only when consider-
ing the whole sample and the eyes of patients older than
5 years. Preoperative disease condition seemed not influence
the failure rate of eyes younger than or equal to 5 years.

The Kaplan-Meier plot of the survival rates is displayed in
Fig. 1. DALK eyes have shown a longer survival time than PK
eyes (588 vs 406 mean days), and the difference has been
statistically significant (Wilcoxon test: p = 0.0255).

Discussion

Indications for paediatric keratoplasty differ worldwide ac-
cording to the diverse corneal disease [15]. Congenital corneal
opacity and corneal dystrophies appear in developed countries
with the major indications for paediatric PK, [16] actually the
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Table 4 Absolute number and ] .
percentage of graft failure by N (%) Graft failure p value
recipient age in all patients, and
by surgery type in all patients, in Yes No
patients with 5 years or younger
and in ones older than 5 years Recipient age All eyes (54)
<=5 years 18 14 (78 %) 4 (22 %) 0.0008*
>5 years 36 11 31 %) 25 (69 %)
Surgical technique All eyes (54)
PK 32 19 (59 %) 13 (41 %) 0.02*
DALK 22 6 (27 %) 16 (73 %)
Surgical technique Recipient age <5 years group (18)
PK 14 12 (82 %) 2 (18 %) 0.15
DALK 4 2 (50 %) 2 (50 %)
Surgical technique Recipient age >5 years group (36)
PK 18 7 (39 %) 11 (61 %) 0.27
DALK 18 4 (22 %) 14 (78 %)

 p value: chi square test; *:statistically significant

“gold standard” in paediatric keratoplasty. However, the graft
survival is approximately 50-60 %, [2, 3] mainly because of
endothelial rejection due to the high immunologic response of
paediatric patients [4].

Here, we report indications and clinical outcomes of a con-
secutive series of paediatric keratoplasty performed over
4 years at the Bambino Gesu Children’s Hospital in Rome,
Italy. These data collect more than 80 % of all Italian paediat-
ric keratoplasties performed in this period (unpublished data)
and, up to now, this is the first Italian report about paediatric
keratoplasty outcomes.

Recent advances in surgical technique and post-operative
management have moderately improved PK results, [3]
allowing keratoplasty even in very young patients [10].
Early grafting can be necessary to prevent deep amblyopia
in case of corneal dense opacity, despite poor outcomes, and
is generally associated with the youngest age [10, 17].

1,0

. T DALK —
0,9+ L PK —
0,84 : 1 )

0,7 -
20,6 1
E 0.5 =
A 0,4
0,3
0,2
0,1
0,0

1(I)0 Z(I)O 3(I)0 460 SCI)O 660 7(I)0
Survival time

Fig. 1 Kaplan- Meier survival curve of corneal grafts failure in function
on the surgical technique shows significant differences between deep
anterior lamellar keratoplasty (DALK) and penetrating keratoplasty
(PK) (Wilcoxon test: p=0.0255). The mean survival time of the grafts
were 588.455 days for eyes that underwent DALK and 406.594 days for
eyes that underwent PK (p = 0.02, log-rank test)

Considering the high rate of intra-operative complications
[7] and the limited number of paediatric keratoplasty per-
formed in eyes with healthy endothelium, to date only small
case series of paediatric big-bubble DALK have been reported
[8, 9, 14].

Several authors reported clinical outcomes in paediatric PK
or DALK, [2-4, 8-10, 14, 15, 17] but few papers simulta-
neously analysed and compared the two procedures.

Our data show that the majority of patients were affected by
acquired non-traumatic diseases (59 %), mainly by
keratoconus. In accordance with other authors [2, 10], we
observed the best graft survival in acquired non-traumatic dis-
eases where amblyopia, however, limited the visual outcome
[18], whereas the worst prognosis appears related to congen-
ital diseases, mainly congenital glaucoma, although a compar-
ison among different studies in the literature appears difficult
due to the high heterogeneity of samples and follow-up, typ-
ical of paediatric populations. In our study patients younger
than 5 years show worse outcome. This difference may par-
tially depend on the pre-operative corneal conditions.

Congenital glaucoma in PK and pre-operative vasculariza-
tion both in PK and DALK seem to represent the main pre-
operative risk factors for keratoplasty failure. This finding is
consistent with those reported in other studies [10, 15, 17].
New therapeutic approaches concerning pre- and post-
operative corneal blood vessels treatment [19, 20] could im-
prove clinical outcomes.

Trauma represents a specific childhood-correlated postop-
erative risk factor after keratoplasty. Younger patients can be
more exposed to traumatic accidents with consequent wound
dehiscence or intraocular bleeding. Lamellar keratoplasty pre-
sents more resistance against wound dehiscence than penetrat-
ing keratoplasty, and it is recommended for such patients [21].

The best age to perform the surgery is still a matter open to
discussion. In some studies, the age of patients at the time of
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surgery significantly influenced the graft survival [4, 22],
whereas in others this correlation was not statistically signifi-
cant [3, 17].

In our study, when we grouped patients by age, children
older than 5 years have shown a statistically significant better
graft outcome than younger ones. Similarly, Aasuri et al. [4],
Hong etal. [22] and Lowe et al. [23] have shown a worse graft
survival for children younger than 5 years. A more active
immune system has long been suggested as the main reason
for the increased rate of rejection observed in younger recip-
ients [24]. Recently Scwartzkopff et al. [25] reported an ani-
mal model of keratoplasty that mimics the faster graft failure
in children. They observed that CD161 + NK/NKT cells may
be key players in corneal graft rejection in young patients,
although additional developmental disorders generally repre-
sent poor prognostic

factors, suggesting an involvement of the innate immune
system in this process [22]. Our findings confirm the main role
of immunology in the higher graft failure rate observed in chil-
dren since a preoperative disease condition seems not influence
the failure rate of eyes younger than or equal to 5 years.

Then, in our opinion, the surgeons should always consider
the risk-benefit profile of paediatric corneal transplantation
before proceeding.

However, considering how the recipient age has affected
the graft failure rate in our sample, it must be noted that pa-
tients younger than 5 years old were affected by congenital
glaucoma or acquired diseases (different from keratoconus),
whereas children older than 5 were mainly affected by
keratoconus. The different prevalence of keratoconus, which
usually provides better surgical results, could have introduced
a selection bias, and overestimated the favorable outcome in
younger patients.

In order to explore whether DALK procedure can provide
advantages over PK surgery, we first analyzed the differences
in the whole sample and then in two subgroups of patients of
<5 and >5 years of age, respectively. DALK procedure have
shown a better graft failure outcome in the first comparison
but in both subgroup analyses no statistically significant dif-
ferences were found between PK and DALK; nevertheless, in
both subgroups the percentage of graft failure was reduced in
patients treated with DALK procedure.

In the analysis involving younger patients (<5 years) the
DALK group included only four cases, and this could have
reduced the power of the statistical analysis, whereas in the
>5 year subgroup the cases treated were 18 for PK and DALK
with more comparable pre-operative clinical corneal condi-
tions. Our data, therefore, suggest that DALK could also im-
prove clinical outcomes and decrease the graft failure percent-
age [5] in child populations. However, the extensive corneal
involvement, mainly observed in congenital diseases, does not
recommend DALK as the usual “first surgical option” in pae-
diatric keratoplasty to prevent deprivation deep amblyopia.

@ Springer

We decided to statistically evaluate the effect of age and
surgery technique on graft failure, despite the analysis present-
ing some limitations and, consequently, suggesting a cautious
interpretation of the results. Specifically, the diseases included
in the compared groups were different and, thus, greater ho-
mogeneity of the pre-operative conditions should be required
to obtain reliable results less affected by selection bias. Such
limitations and the relatively brief follow-up, however, are the
same limits of other similar studies due to the special features
of paediatric patients [2, 3, 9].

In conclusion, our paper presents a large series of paediatric
keratoplasties and might suggest the need for multicentre stud-
ies to improve surgical strategy, better management of risk
factors to improve graft survival, and specific visual rehabili-
tation pathways to improve visual outcomes.
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