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       Keratoconus typically has its onset at puberty 
and progresses until the third to fourth decade 
of life, when it usually stabilizes [ 1 ]. Although 
it is a relatively rare disease at the age of 10 
years, in pediatric patients  keratoconus   is 
often more advanced at diagnosis [ 2 ] and its 
progression may be more frequent and more 
rapid with a sevenfold higher risk of requiring 
corneal grafting [ 3 ]. Childhood onset cases 
have a more aggressive progression than those 
of later onset [ 4 ]; therefore, detection of pro-
gressive keratoconus in early stages of the 
disease is necessary to prevent severe visual 
impairment [ 5 ,  6 ]. 

 Some authors report that young age is associ-
ated with more severe forms of keratoconus and 
faster progression, with an inverse correlation 
between age and severity [ 7 ,  8 ].  After congenital 
corneal opacities  , keratoconus represents one of 
the most common causes of pediatric corneal 

transplantation causing about 15–20 % of all cor-
neal transplants in children [ 9 ,  10 ]. A  retrospec-
tive monocentric study   confi rms that at diagnosis 
keratoconus is more severe in children than in 
adults, and the age of the youngest child included 
in the study was 6 years [ 5 ]. The  diagnosis of   
pediatric keratoconus is often made late. It 
depends on the scarcity of functional complaints 
in children, especially before the age of 8. 
Furthermore, it is supposed that progression of 
keratoconus is “explosive” in these patients 
(Fig.  5.1 ), with a short time between the onset of 
functional symptoms and the development of a 
severe form of keratoconus [ 11 ]. The late diagno-
sis predisposes children to serious complications 
including corneal perforation, microbial keratitis, 
glaucoma, and amblyopia.

   As reported in the literature keratoconus can 
be associated with  systemic and ocular diseases   
[ 12 ,  13 ]. In children these associations are typical 
and include Down’s syndrome, atopy, Ehlers–
Danlos syndrome, Marfan syndrome, mitral 
valve prolapse,  Arterial Tortuosity Syndrome  , 
 Laurence–Moon–Biedl Syndrome  ,  Costello 
Syndrome  ,  Intellectual Disability  . Ocular condi-
tions include vernal keratoconjunctivitis (VKC), 
Leber congenital amaurosis (LCA), retinitis pig-
mentosa, aniridia, iridocorneal endothelial syn-
drome, blue sclera, corneal dystrophies such as 
granular and macular dystrophy, posterior poly-
morphous dystrophy, fl eck dystrophy, Fuchs 
endothelial dystrophy, and lattice-granular 
dystrophy. 
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 The incidence of keratoconus in patients with 
 Down’s syndrome   has been reported in up to 
15 % [ 1 ]. The eye rubbing, frequently observed in 
patients with Down’s syndrome, represents one 
of the main pathogenetic hypothesis of keratoco-
nus [ 14 ,  15 ]. 

 Howard et al. [ 16 ] described a case of  hyper-
thyroidism and acute hydrop secondary   to under-
lying keratoconus in a child with trisomy 21, and 
they hypothesized that thyroid gland dysfunction 
may be associated with the development of 
keratoconus. 

 Many studies have discussed on the probably 
association of  atopy   with keratoconus [ 17 ,  18 ]. 
Copman and Gasset reported that the prevalence 
of eczema and asthma was higher in keratoconus 
patients than in control group [ 19 ,  20 ]. 

 In children with keratoconus, percentage of 
patients with  VKC   ranged from 8.8 to 36 % [ 21 ]. 
The literature has reported that changes in cor-
neal topography are more severe and faster in 
pediatric patients with keratoconus and VKC 
than keratoconus alone, and the progression of 
keratoconus in atopy takes place more rapidly 
[ 18 ,  22 ,  23 ]. It is of note that allergic keratocon-
junctivitis with eye rubbing may increase the 
incidence of corneal hydrops in children with 
keratoconus. 

 In children with keratoconus the association 
with  LCA   has been documented in some reports. 
The incidence of keratoconus has been noted in 
29 % of children with LCA and 2 % of all chil-
dren with blindness. Keratoconus in patients with 

LCA occurred in 2 % of 0- to 14-year-olds and it 
is absent prior to 9 years of age and its incidence 
increases with increasing age [ 24 ]. There is no 
defi nitive consensus about the origin of keratoco-
nus in patients with LCA. A working hypothesis 
suggests that keratoconus could result from the 
repetitive trauma to the cornea secondary to the 
characteristic extraocular sign of Franceschetti’s 
oculodigital sign in LCA patients, comprising 
three components: eye poking, pressing, and rub-
bing [ 25 ]. 

5.1      Treatment   

 Corneal cross-linking ( CXL  ) is actually the stan-
dard, low-invasive, safe treatment for patients 
affected by keratoconus [ 26 ,  27 ], with documented 
clinical progression or perceived risk of progres-
sion. Since younger patients usually show a fast 
progression of keratoconus [ 5 ], cross- linking in 
children and adolescents is actually indicated as 
soon as the diagnosis has been made [ 6 ]. 

 Few authors reported clinical outcomes after 
 CXL   in pediatric patients affected by keratoconus. 
Caporossi et al. [ 4 ] published the largest study on 
pediatric  CXL  . This prospective study of 152 eyes 
of 77 patients 18 years old and under (range 10–18 
years) treated by Epi-off  CXL  , at 36 month follow-
up showed improvement in best corrected visual 
acuity (BCVA),  K  readings, asymmetry index val-
ues, and coma values. The authors then suggested 
that ribofl avin-UVA- induced cross-linking stabilized 

  Fig. 5.1     Acute keratoconus   in a 13-year-old 
patient       
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the progression of keratoconus in all cases and led 
to functional improvement in 80 % of cases, with 
statistically signifi cant results. 

 However, some are the considerations related 
to Epi-off technique in children: the severe pain 
induced by epithelial debridement and the conse-
quent temporary visual loss that usually make 
postoperative management more complicated, the 
risk of postoperative complications (stromal haze 
[ 28 ] and infections [ 29 ]), and the variable period 
of visual recovery (2–6 months) [ 26 ,  30 ,  31 ]. 

 Therefore,  CXL   performed without epithelial 
removal and by shortening the surgical time 
could represent a great advantage in children, 
providing local anesthesia and making the cross- 
linking treatment and its follow-up management 
more comfortable. In fact the preservation of the 
epithelial layer could avoid postoperative pain 
and visual impairment, as well as all complica-
tions related to epithelial debridement. 

 Recently, it has been proposed a new transepi-
thelial  CXL   technique in which a iontophoresis 
system provides ribofl avin delivery in corneal 
stroma [ 30 ,  31 ]. Iontophoresis is a noninvasive 
delivery system designed to enhance the penetra-
tion of molecules as well as ribofl avin into tissue 
using a small electric current. 

 We published the fi rst clinical study on tran-
sepithelial  CXL   by iontophoresis of ribofl avin in 
pediatric patients [ 32 ]. We evaluated visual acu-
ity, and refractive and corneal aberrometric 
changes through 15-month follow-up in 14 eyes 
of 14 pediatric patients (mean age 13 ± 2.4 [SD] 
years; range, 10–18 years) affected by keratoco-
nus (stage 1 or 2 according to  Amsler-Krumeich 
classifi cation  ). In opposite to previous reports on 
transepithelial technique in pediatric eyes [ 33 , 
 34 ], we did not report keratoconus progression 
over 15 months; furthermore, we did not observe 
an  improvement   in refractive, topographic, and 
aberrometric parameters, excepting for BCVA. 

 Our unpublished data at 24-month follow-up, 
recorded in 27 eyes of 17 patients (mean age 
14 ± 2.5), seem to confi rm the same “trend” 
(Tables  5.1  and  5.2 ).

    These early fi ndings suggest that iontophoresis- 
assisted transepithelial  CXL   performed by means 
of ribofl avin delivery could halt the keratoconus 

progression in pediatric patients up to 24 months. 
For sure longest follow-ups need to indicate if 
this technique could really become an alternative 
to Epi-off one, currently still considered the 
“gold standard.” 

 Intracorneal ring segments ( ICRS  ) have been 
demonstrated to be effective in improving visual 
acuity and reducing the refractive error and the 
mean keratometry in selected cases of keratoconic 
eyes of adult patients [ 35 ,  36 ]. However, up to 
now poor is the experience about  ICRS   implanta-
tion in pediatric patients. Estrada et al. [ 37 ] 
reported the outcomes of  ICRS   in the surgical cor-
rection of different levels of severity of keratoco-
nus obtained in a large multicenter series of cases: 
611 consecutive keratoconic eyes of 357 patients 
ranging in age from 10 to 73 years (mean age: 
35.15 ± 11.62 years), but they did not separately 
analyze pediatric patients. Generally,  ICRS   are 
not preferred in the pediatric patients for 
aggressive nature of keratoconus, tendency of 

   Table 5.1    Corrected distance visual acuity, manifest 
spherical equivalent, and refractive astigmatism measured 
preoperatively and 24 months after cross-linking (27 eyes, 
17 patients, mean age 14 ± 2.5)   

 Preoperative 
 24 months 
postoperative 

 CDVA  7.5 ± 1.8  8.1 ± 2.1 ( P  = 0.1) 

 Spherical 
equivalent (D) 

 −1.5 ± 1.6  −1.7 ± 2.0 
( P  = 0.5) 

 Refractive 
astigmatism (D) 

 −1.4 ± 1.9  −1.3 ± 1.3 
( P  = 0.8) 

   CDVA  corrected distance visual acuity,  D  diopters  

   Table 5.2    Topographic and tomographic data measured 
preoperatively and 24 months after cross-linking   

 Preoperative 
 24 months 
postoperative 

  K  max  (D)  47.9 ± 3.2  48.6 ± 3.6 
( P  = 0.06) 

  K  min  (D)  43.1 ± 9.0  43.6 ± 9.2 
( P  = 0.07) 

  K  avg  (D)  44.5 ± 9.2  47.0 ± 9.3 
( P  = 0.2) 

 Posterior 
elevation map (μ) 

 17.96 ± 28.5  16.81 ± 21.5 
( P  = 0.77) 

   D  diopters,  μ  micron  
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eye rubbing, and noncompliance. Kankariya et al. 
[ 38 ] observed that although the option of  ICRS   
(less invasive) is not commonly utilized in pediat-
ric eyes, in adolescent patients with end- stage 
keratoconus and imminent keratoplasty (more 
invasive), this option may be worth considering. 

 Pediatric  keratoplasty   still represents a very 
challenging surgery, generally performed when 
corneal opacifi cation induces a visual deprivation 
[ 39 ]. The Penetrating Keratoplasty (PK)   , actually 
the “gold standard” in pediatric keratoplasty, has 
shown a prognosis for graft survival of approxi-
mately 50–60 % [ 40 ,  41 ], mainly because of 
endothelial rejection [ 42 ,  43 ]. Deep anterior 
lamellar keratoplasty ( DALK  ) diffusion is cur-
rently limited in pediatric patients and few papers 
report outcomes after big-bubble DALK in chil-
dren. Harding et al. [ 44 ] treated 13 eyes of 9 pedi-
atric  patients   affected by partial thickness corneal 
scarring and mucopolysaccharidoses performing 
DALK with manual dissection, except for one 
eye that underwent big-bubble DALK with con-
version to PK because of an intraoperative inad-
vertent perforation. Ashar et al. [ 45 ] observed 
that DALK is a feasible option in children with 
stromal corneal pathology. The authors evaluated 
26 eyes: three underwent big-bubble procedure, 
while 23 layer-by-layer dissection. 

 Recently, the femtosecond solid-state laser 
was successfully used in several corneal surgical 

procedures and Buzzonetti et al. [ 46 ] proposed a 
standardized big-bubble technique in  DALK   
assisted by femtosecond laser called  Intrabubble  . 
The laser provides a pre-Descemet’s plane lamel-
lar dissection to a predefi ned corneal depth and 
the creation of a stromal channel, 50 μm above 
the thinnest corneal point, into which a smooth 
cannula for air injection can be introduced. The 
 Intrabubble   can be considered a standardized 
procedure: the femtosecond laser is accurate in 
achieving the desired corneal depth and the big- 
bubble, and provides good refractive outcomes 
for the good alignment of donor and recipient 
confi guration. We successfully applied this tech-
nique also to pediatric patients [ 47 ] in an attempt 
to decrease the rejection percentage, to improve 
the refractive outcome, and thus provide an anti-
amblyopic effect. 

 We are using the IntraLase femtosecond 
laser (IntraLase FS  Laser  , Abbott Medical 
Optics, Inc.) that works by applying the appla-
nation lens after obtaining a proper vacuum 
seal using a 10 mm diameter suction ring. 
However, this size can result too big to perform 
the treatment in smallest eyes. Thus, we experi-
mented docking without suction ring by fi xing 
the ocular bulb by four silk  conjunctival   stitches 
sutured over the skin (Fig.  5.2 ). This technique 
effectively provides a safe and effective appla-
nation (Fig.  5.3 ).

  Fig. 5.2    To perform  docking 
without suction ring   we fi xed 
the ocular bulb by four silk 
conjunctival stitches sutured 
over the skin       
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    Few authors investigated the application of 
femtosecond laser in pediatric keratoplasty [ 47 –
 49 ], but long-term follow-up after big-bubble 
 DALK   has not yet been reported. In a compari-
son between pediatric patients that underwent 
big-bubble DALK using mechanical trephine 
(seven patients, mean age 11.4 ± 3.0; Group 1) or 
femtosecond laser (seven patients, mean age 
11.6 ± 4.2; Group 2), 2 year after surgery (at least 
16 months after complete suture removal) we 
observed that (unpublished data), respectively, 
BCVA was 0.7 ± 0.1D and 0.7 ± 0.2D ( P  = 0.3), 
spherical equivalent −4.5 ± 0.7D and −2.4 ± 1. 
( P  = 0.09), and refractive astigmatism 4.8 ± 2.2D 
and 3.3 ± 1.3D ( P  = 0.2). 

 We did not record statistically signifi cant dif-
ferences, but our fi ndings suggest that femtosec-
ond laser could decrease spherical equivalent and 
refractive astigmatism amount. If these data will 
be confi rmed, they will can be added to all the 
other typical advantages of  DALK  : immune 
rejection of corneal endothelium cannot occur, 
surgical procedure is extraocular, topical cortico-
steroids can usually be discontinued earlier, and 
lower is loss of endothelial cell density; com-
pared with PK, DALK may have superior resis-
tance to rupture of the globe after blunt trauma 
and sutures can be removed earlier [ 50 ]. 

 In conclusion, keratoconus in children needs a 
prompt diagnosis in order to plan the most appropri-
ate therapeutic strategy. Since the high frequency of 

association with systemic diseases, a best coopera-
tion between  pediatricians   and ophthalmologists 
could improve the treatment of these young patients.     
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