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Abstract: Brittle cornea syndrome (BCS) is a rare autosomal recessive connective tissue

disorder characterised by severe corneal thinning, with the major ocular risk being spontaneous

ocular perforation due to progressive stromal thinning and ectasia. It is a complex condition with

limited treatment options. The purpose of this review is to highlight the difficulties associated

with the condition and examine the available published evidence with regards to management.
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Method of literature search
A PubMed search was performed using the search terms “Brittle Cornea

Syndrome” and “Ehlers-Danlos Syndrome”. A full systematic review of the litera-

ture using the PubMed database was conducted up until 10/03/19. The articles used

were written in English, with all articles accessed in full. Both review articles and

original articles were used for this review.

The prevalence of BCS is said to be less than 1 in 1,000,000,1 with only around

60 cases being reported within the literature. The initial cases were reported in

families of Tunisian Jewish origin.2,3 More recently, cases have been reported

worldwide, in patients of European and Asian origin.4–7 It is important to note

that within the literature, BCS has sometimes historically been considered as a

phenotypic variant of an autosomal recessive form of Ehlers-Danlos Syndrome

(EDS) previously known as EDS VI, but with the identification of the molecular

basis for many forms of EDS and clinical reclassification of these disorders, more

recently it has been clarified that BCS is a separate entity.3–9 Whilst some patients

with BCS have a purely ocular phenotype,10,11 others have additional phenotypes

distinct from those described in EDS. It is likely that given the occult nature of the

condition, the difficulty in making the diagnosis and similarity to other ectatic

corneal conditions, BCS remains underdiagnosed.4 Abnormalities in the function

of lysyl hydroxylase, an important agent of collagen post-translational modification,

are found in the kyphoscoliotic form of EDS (formerly EDS VI), whereas activity

of this enzyme is normal in BCS patients.2 The principal ocular fragility in the

kyphoscoliotic form of EDS is reported to be in the sclera, whereas for BCS it is the

cornea that is most affected.4,12

Biallelic variants in two genes, ZNF46913–15 and PRDM512,16 have been iden-

tified as being responsible for BCS. Subsequently, it has been confirmed that

ZNF469 plays a role in normal anterior segment and corneal development as a

determinant of the highly heritable quantitative trait of corneal thickness.4,5,15,17,18

It has also been implicated in the development of keratoconus18,19 and abnormal

corneal curvature, with a high frequency of variants in this gene (23%) reported in
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one keratoconus population.18 However this is disputed by

other authors,20 and larger population-based case-con-

trolled studies have not replicated this finding.21,22 Other

variations in this gene are likely to contribute towards

population variation in CCT.23

PRDM5 is critical for extracellular matrix development

and maintenance and acts as a determinant of corneal

thickness.5,12,15,24 It has also been suggested to play a role

in the development of normal retinal microvasculature25 and

Bruch’s membrane.26 Fibroblasts from BCS patients with

these mutations show disruption in the deposition of several

collagens, fibronectin and integrins,12 all of which play a

major role in collagen biosynthesis. It has been hypothesised

that fibronectin and integrins act as the ‘organisers’ for col-

lagen deposition within the extracellular matrix and deter-

mine the site of collagen fibril assembly, with a mutation in

these components resulting in abnormal or reduced collagen

deposition.27

Clinical features
The clinical features of BCS show considerable overlap

with other collagen disorders4,28 known to have ocular

associations, most notably the kyphoscoliotic form of EDS

and Stickler syndrome. Both sensorineural and conductive

deafness are seen in BCS, in addition to hypermobile tym-

panic membranes which can result in devastating polysen-

sory loss when coupled with ophthalmic complications.

Developmental hip abnormalities and joint hypermobility

are often present, alongside dermatological features such as

excessive skin elasticity abnormal scarring. A full list of

non-ocular features can be seen in Table 1. Although differ-

entiation between forms of EDS and BCS may be difficult

clinically, it may be important in terms of prognosis, as

kyphoscoliotic and other severe forms of EDS may be

associated with premature death from arterial or visceral

rupture. Whilst caution is necessary due to the small num-

ber of patients described to date, no such complications

have yet been described in BCS.4

Ocular features
The ophthalmic features of BCS are the most devastating.

Extreme myopia, keratoglobus and keratoconus all have

the potential to cause blindness, with corneal perforation

reported from innocuous trauma. More worryingly, spon-

taneous rupture can occur due to BCS corneas being

unable to withstand normal biomechanical stresses as

result of abnormal corneal hysteresis.4 Any central corneal

thickness (CCT) measurement of less than 400μm should

raise suspicion of BCS. The largest case series of BCS

patients in the literature showed that 100% of patients

identified to have pathogenic variants in either PRDM5

or ZNF469 had a CCT of less than 400μm.4 Some patients

have been found to have CCTs of less than 300μm,12

although the peripheral corneal thickness is said to be

relatively well preserved in individuals with BCS.4

(Figure 1). Other connective tissue disorders within the

EDS spectrum are known to have reduced CCT, but is said

to be less pronounced than BCS patients. Interestingly,

despite the similarities to isolated keratoconus, none of

the cases within the literature report corneal striae being

present. It is suggested that stromal striae are associated

with the biomechanical properties of the cornea and they

represent areas of structural integrity under mechanical

stress maintaining corneal shape when affected by

pathology.29 It is therefore interesting that they appear to

be absent in BCS patients.

Although blue sclera is associated with this condition, it

is by no means universal4 and can also disappear.30 Blue

sclera is important to note clinically as it correlates with a

CCT reduction of at least 33%.2 It can also occur in other

conditions such as EDS, Marfan syndrome and osteogenesis

imperfecta. Retinal detachments and secondary glaucoma

have also been reported to be associated with levels of

extreme myopia.14,31 Authors judiciously note that retinal

detachment is a rare feature of BCS, although this is likely

to be determined by the fact that patients often present at an

early age with globe perforation.4 From the cases within the

literature, reported perforations occur at a mean age of

4.3 years (range, 1.5–19 years), with more than half of the

published cases permanently losing eyesight.32

Medical management
Due to the rarity of this condition and lack of robust

evidence within the literature base, there is no agreed

treatment protocol, although an excellent “management

checklist” has been recommended by previous authors4

which can be used to guide clinicians when confronted

with this rare condition. As discussed above, globe rupture

tends to occur in early childhood from relatively innocu-

ous trauma.32 Given the poor visual prognosis following

globe rupture, the overarching recommendation from the

literature is early diagnosis and recognition of risk factors

to allow preventative measures. Relatives of affected indi-

viduals should be examined. It is important to recognise

the high risk of rupture, with one case series reporting a

risk of greater than 70%.4 This, when coupled with family
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and patient education, allows the opportunity to introduce

preventative protective measures. Many authors advocate

the use of protective polycarbonate glasses and lifestyle

modifications such as avoiding contact sports and rough

play.3,4,33,34 It is uncertain if these need to be worn at all

times and this is probably an unrealistic expectation

especially in younger children but at least it provides the

family an opportunity to determine high risk activities and

establish a routine of regular protective eyewear.

Regular follow up with serial refractions and topogra-

phical readings are required in order to ensure optimal

visual correction and prevention of amblyopia. The irre-

gular astigmatism will be difficult to correct with specta-

cles, and contact lenses can be used, although some

authors advocate cautious contact lens use in extremely

thin corneas.35,36 There are reports of combined use of

larger diameter scleral contact lenses in conjunction with

spectacles to provide better levels of visual acuity.4

Awareness needs to be raised amongst other subspe-

cialties specifically anaesthetics and paediatrics.

Recommendations from anaesthetic colleagues exist with

regards to the perioperative management of such patients

and the unique challenges these patients provide.37 Eyes

are generally taped shut when general anaesthesia is admi-

nistered and this must be done with extreme caution in

individuals with BCS. Care must be made to avoid trauma

to the globe whilst the patient is unconscious. It is also

recommended that following emergence from anaesthesia,

certain anaesthetic precautions are taken to reduce the risk

of coughing during extubation, as violent coughing could

Table 1 Brittle cornea syndrome (BCS) manifestations

Summary of common features in patients with BCS

Ophthalmic
● Thin cornea, with or without rupture (central corneal thickness often <400 μm)

● Enucleation or corneal scarring as a result of previous rupture

● Progressive loss of corneal stromal depth, especially in central cornea

● Blue sclera

● Early onset progressive keratoconus and/or keratoglobus

● High myopia, with normal or moderately increased axial length

● Retinal detachment

Skin
● Soft, doughy skin; other skin manifestations (hyperelasticity, abnormal scarring) are usually mild if present

Auditory
● Deafness, often with mixed conductive and sensorineural components

● Hypercompliant tympanic membranes

● Progressive deafness, higher frequencies often more severely affected (“sloping” pure tone audiogram)

Musculoskeletal
● Developmental dysplasia of the hip

● Hypotonia in infancy, usually mild if present

● Scoliosis

● Arachnodactyly

● Small joint hypermobility, pes planus, hallux valgus

● Mild contractures of fingers (especially 5th)

Affected 

patient 

(PRDM5 

deletion of 

exons 9-14) 

Control

Figure 1 Ocular coherence tomography imaging (Zeiss Visante system) of (upper

panel) patient with brittle cornea syndrome due to PRDM5 mutation, and (lower

panel) normal control eye. Note extreme thinning throughout the central cornea of

the affected eye, with relative sparing of the peripheral cornea.
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lead to globe rupture due to an acute rise in intraocular

pressure.37

Finally, it is important to consider BCS as a differential

diagnosis for patients presenting with suspected non-acci-

dental eye injuries (NAI). It is possible that the severity of the

injury may not correlate well with the historical mechanism

of the injury, which raises suspicion of NAI and there are

cases of allegations beingmadewhen patients have presented

with severe injuries following reports of relatively innocuous

trauma.4 Although it is paramount to rule out NAI, careful

examination for excessive corneal thinning in such injuries is

necessary in such patients.

Surgical management
A few surgical techniques have been described for use in

BCS eyes, and their applicability depends on the clinical

setting. Following perforation, repair of the BCS cornea is

notoriously difficult and sometimes impossible due to exces-

sive tissue fragility. “Cheese wiring” of sutures and tissue

breakdown32,38 has been reported by Izquierdo et al in addi-

tion to intraoperative perforation during suture rotation

whilst attempting penetrating keratoplasty (PK).31 This

required a scleral patch graft at the time of surgery. Corneal

transplants in the setting of such a thin recipient bed are

challenging and likely to be unable to completed in theatre39

or associated with excessive leaking post operatively.

Authors have suggested using 11.0 nylon sutures with long

suture bites in order to reduce the risk of post operative

leak.31 Other cases exist describing intraoperative difficulty

in performing PK, which required conversion to a 12mm

sclero-corneal graft. This was successful and the patient

was able to undergo Boston Type 1 KeratoProsthesis at a

later date.40 PK can be used as an integrity restoring proce-

dure with the hope of repeating the procedure later in order to

visually rehabilitate the patient.38

Epikeratoplasty is historically a refractive procedure in

which the host corneal epithelium is removed and a donor

lenticule is placed onto the recipient cornea, secured with

sutures until it heals into place resulting in this technique

being referred to as a “living contact lens.” It is not used

routinely as a refractive procedure nowadays given the

advantages of modern laser refractive surgery, although it

has been utilised as a temporary measure for tectonic restora-

tion of perforated corneas following corneal melts.41

It has also been applied successfully in keratoglobus

patients with associated connective tissue diseases,

although BCS is not specifically mentioned.36 In one ser-

ies, surgery was performed for tectonic support and/or

visual improvement with successful outcomes in five of

six patients over a follow-up period of 11 to 27 months

(mean, 21 months).36 Only one lenticule was removed

because the epithelium did not heal. No patient lost visual

acuity as a result of the procedure and mean corneal

flattening was 19D.36 In their discussion, the authors

recommend the use of a 12.5mm length and 0.3mm thick-

ness lenticule in order to protect the cornea and limbus.36

These outcomes suggest that this technique may be useful

in stable patients.

In another trauma case, Macsai et al42 report using a

similar technique of removing the donor Descemet’s mem-

brane and endothelium and placing the graft on top of the host

cornea once the epithelium had been removed with a surgical

blade. It is worth noting that even careful epithelial debride-

ment resulted in a small corneal rupture. The donor corneo-

scleral button was secured using 9.0 nylon. A 360 degree

conjunctival peritomy allowed the conjunctiva to be pulled

up to the edge of the graft and tacked down. This procedure

allows a scaffold to form of host and donor cornea, allowing a

full-thickness penetrating keratoplasty to be performed four

months later, with the patient reporting 20/80 visual acuity

with follow up. It is worth noting some important differences

however between the presentation of the patients in the two

cases discussed above. Izquierdo et al case presented with a

flat anterior chamber due to a full thickness perforation, whilst

in contrast Macsai et al presented with a formed anterior

chamber and corneal scarring.42 Despite the fantastic illustra-

tion of this technique to visually rehabilitate the patient, this

may not be possible at the time of significant corneal rupture, if

the anterior chamber cannot be restored. As described by

Macsai et al, the initial corneal repair was performed with

nylon sutures, with the epikeratoplasty being performed at a

later date. Interestingly, this patient also required this proce-

dure in their fellow eye after a subsequent perforating injury to

this eye. In order to aid anterior chamber reformation, the use

of intraocular C3F8 gas has been suggested to provide a

tamponade effect. This required a three port vitrectomy in

order to facilitate a maximal gas fill, with the aim to provide

gas contact with the corneal wound to prevent aqueous egress,

allowing wound integrity and healing time whilst keeping the

globe formed.43

Onlay corneal grafts have also been described in order

to improve extreme levels of myopia in non-perforated BCS

eyes. An impressive reduction from −23 dioptres to −5
dioptres has been documented in one patient who was

intolerant of spectacles or contact lenses. This patient’s

other eye had suffered a penetrating injury in childhood
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rendering it not able to perceive light. Despite the initial

improvement in refraction and navigational ability, the

patient unfortunately developed glaucoma requiring cycloa-

blation and later developed acute hydrops.33 Filtration or

aqueous shunt surgery was deemed not possible due to the

tissue status with the final visual acuity being 1.60 logMar.

Collagen crosslinking (CXL) has been reported to be

effective in treating progressive keratoconus in children and

adults.44–47 This procedure involves riboflavin (vitamin B2)

and long wavelength ultraviolet A light (370 nm) application

in order to induce chemical reactions in the corneal stroma.

Covalent bonds between collagen molecules, fibres and

microfibrils, form in the hope of strengthening the cornea,

potentially stabilising ectatic disease.47 A few reports docu-

ment the use of CXL in BCS patient with encouraging

results. One child with BCS showed improved visual acuity

post CXL,4 with another case report in a similar case showing

a potentially promising outcome.32 The significance of these

cases is that both patients had CCTs of less than 280μm
which would normally contraindicate the use of CXL accord-

ing to the Dresden protocol.48 CXL use in corneas under

400μm carries the significant risk of endothelial cell toxicity

as a result of the UV light used. In an attempt to reduce

endothelial injury, the authors opted for an epithelium on

procedure in order to reduce the risk of corneal rupture

during epithelial removal and to reduce UV penetrance into

the cornea. The UV light exposure was also reduced in

proportion to CCT. Fortunately in this case, stable endothelial

cell counts were measured at post procedure visits.32

Conclusion
BCS is a complex disease that may have devastating con-

sequences. It is likely to be underdiagnosed due to its rarity

and minimal or nonspecific extraocular systemic features.

The overwhelming message from the available body of

research is the need for diagnosis and therefore prevention

of ocular injuries. Genotypic differentiation from other simi-

lar connective tissue disorders allows tailored advice for the

patient, particularly regarding other systemic health consid-

erations. If ocular injury occurs, it is likely to result in poor

visual outcomes. Different techniques have been described

for use in emergency settings which can often present chal-

lenging surgical scenarios. There appears to be the potential

for corneal strengthening procedures such as epikeratoplasty

and corneal crosslinking to play a role in ocular protection

and rehabilitation, but this opportunity can only be afforded

to the patient once the diagnosis has been made.

Disclosure
The authors report no conflicts of interest in this work.
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