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Abstract
Marfan syndrome (MFS) is known to cause significant refractive error. Treatment options are 
limited in this condition for correcting refractive error. Clear lens exchange is done in these 
cases, but complication rates are high. Loss of accommodation is another concern in these 
young adults. We report toric phakic intraocular lens (pIOL) implantation in improving the 
uncorrected visual acuity (UCVA) in a known case of MFS with lens coloboma. A 22-year-old 
female patient with MFS with inferior lens coloboma underwent bilateral toric pIOL implanta-
tion in the same sitting. Pre- and post-operative UCVA and best-corrected visual acuity were 
assessed. Central and peripheral vaulting of the pIOL in relation to the natural lens was also 
assessed. UCVA improved from 20/500 to 20/20 in the right and 20/550–20/20 in the left eye. 
Marked central vaulting with partial peripheral vaulting was achieved. There were no post-
operative complications. Phakic IOL implantation surgery could be an effective approach to 
achieve excellent uncorrected refractive outcome in patients with MFS to treat high myopia.
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Introduction

Marfan syndrome (MFS) is an autosomal dominant connective tissue disorder, caused by 
mutations in the fibrillin-1 gene [1]. Many ocular abnormalities are associated with MFS, 
including retinal detachment, increased axial length and myopia, flattened cornea, iris and 
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ciliary muscle hypoplasia, and ectopia lentis [2]. Patients with MFS may have high corneal [3] 
as well as lenticular astigmatism. Lenticular astigmatism, both regular and oblique, may arise 
if there is selective damage to the zonules as in subluxated lenses and lens colobomas. Lens 
colobomas are congenital lens anomaly, rarely seen with MFS. They are not true colobomas 
as there is no focal absence of a tissue layer. Occasionally, they can be associated with a 
coloboma of the iris or fundus.

Corneal refractive surgery is relatively contraindicated in MFS patients and they are 
dependent on spectacles or contact for lifetime [4]. Toric posterior chamber phakic intra-
ocular lens (pIOL) has emerged as an excellent refractive surgery alternative in such patients 
[4–6]. Herein, we present a case of MFS with bilateral inferior lens coloboma that underwent 
toric pIOL implantation with an excellent outcome.

Case Report

A 22-year-old female patient came to department of refractive surgery services seeking 
a consult for LASIK surgery to get rid of her spectacles. On ocular examination, her uncor-
rected visual acuity was 20/500 in the right eye and 20/550 in the left eye, and her best-
corrected visual acuity was 20/20 OD (manifest refraction −14/−3 × 5) and 20/20 OS 
(manifest refraction −14/−3 × 2). There was no change in her refraction since last 2 years. 
The keratometry readings were as follows: OD K1 41.1 × 103/K2 41.9 × 13; OS K1 40.6 × 96/
K2 41.5 × 6 (Pentacam; Oculus, Inc., Lynnwood, WA, USA). Intraocular pressures (IOP) were 
15 and 18 in her right and left eyes, respectively.

The patient was explained in detail regarding possibility of pIOL placement and refractive 
lens exchange (RLE). The patient was elected for placement of toric Implantable Collamer 
Lens (ICL) in both of her eyes after extensive discussion on the technique, results, and risks 
of the same.

Slit lamp examination of both eyes revealed a flat cornea with no signs of keratoconus. 
Corneal topography revealed normal corneal thickness and no signs of corneal ectasia 
(Pentacam; Oculus, Inc., Lynnwood, WA, USA) (Fig. 1). Dilated slit lamp examination revealed 

Fig. 1. a Preoperative Scheimpflug corneal topography of the right cornea showing regular against the rule 
astigmatism with a flat cornea. b Preoperative schiempflug corneal topography of the left cornea showing 
regular against the rule astigmatism with a flat cornea (note the difference between the topographic cylinder 
[0.8 and 0.9 D] and manifest refractive cylinder [3 D], indicating presence of significant lenticular astigmatism).
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bilateral inferior lens coloboma. Examination of the posterior segments was notable for 
myopia bilaterally. The aqueous depth was 3.34 mm in the right eye and 3.18 mm in the left 
eye. The endothelial cell density was 2,600 cells/mm2 OD and 2,550 cells/mm2 OS (Specular 
Microscope CEM-530; NIDEK Co., Aichi, Japan). White to White measurement was done with 
digital calliper and was measured to be 12.6 mm in both eyes. She had no other significant 
ocular history and was not on any topical medications. Systemic examination revealed arach-
nodactyly, positive wrist and thumb sign, and upper segment to lower segment ratio of <1.05. 
The rest of the systemic work up was normal. Family history was positive (father) for similar 
ophthalmic manifestations (Fig. 2).

The toric ICL (model V4c; STAAR Surgical, Monrovia, CA, USA) was implanted sequen-
tially in both eyes under topical anaesthesia in the same sitting. The ICL model used was 
Visian ICL V4c and has been designed with a central hole of 0.36 mm. The toric reference 
marking in right eye was 0° and left eye 5°. The incision size was 3.2 mm. We evaluated the 
subjective refraction, aqueous depth, white to white diameter, keratometry readings, and 
thinnest pachymetry. These data were sent to Staar ICL company for IOL power calculation. 
The IOL had a diameter of 12.6 mm with refractive power of (−17.5/+2.5 × 85) and (−17.5/+2.5 
× 95) for right and left eyes, respectively.

Patient was evaluated on slit lamp 30 min after the procedure and discharged on antibi-
otics + steroid combination eye drops and preservative-free lubricant eye drops. On post-
operative day 1, the patient’s uncorrected visual acuity was 20/40 in both eyes with mild 
blurring of vision. Her post-operative IOP was 17 in the right and 16 in the left eye. Slit lamp 
examination showed a well-formed anterior chamber with 1+ cells. The ICL was seen in 
correct position anterior to the natural crystalline lens with a good vaulting between the 2. 
The patient returned 1 week later and reported subjective improvement in her vision, which 
was noted to be 20/20 in both eyes. Her pIOL vaulting, IOP, and slit lamp examination were 
unremarkable at all follow-ups (Fig. 3). At last follow-up (18 months post-op), visual acuity 
was 20/20 in both eyes with adequate ICL vault as measured by anterior segment optical 
coherence tomography (Fig. 4). The endothelial cell density at 18 months was 2,580 cells/
mm2 OD and 2,514 cells/mm2 OS.

Fig. 2. Patient with MFS with increased arm 
span length (a) and arachnodactyly (b). MFS, 
Marfan syndrome.

Fig. 3. a One-year post-operative slit lamp 
photography of the right eye showing the 
lens-free pupillary area inferiorly with well-
centred ICL. b One-year post-operative slit 
lamp photography of the left eye showing the 
lens-free pupillary area inferiorly with well-
centred ICL. A typical coloboma notch is seen 
inferiorly at lens equator in both eyes. ICL, 
Implantable Collamer Lens.
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Discussion

MFS is a heritable collagen vascular disease wherein 50% patients are diagnosed as part 
of the evaluation for ophthalmic complaints [7, 8]. MFS is the most common cause of heritable 
ectopia lentis and in fact is the most frequent ocular manifestation of MFS, occurring in 
approximately 75% of patients [9]. Coloboma associated with MFS is rather a rare entity but 
has been reported earlier in literature [10–12]. We diagnosed the patient as MFS based on 
revised Ghent criteria [13].

Myopia in patients with MFS is most commonly due to long axial length [14]. They may 
also suffer from astigmatism with both lenticular and corneal components. Laser refractive 
surgeries are not recommended for most MFS patients because of unpredictable outcomes 
owing to high lenticular astigmatism and the cornea’s healing ability. Moreover, it might also 
interfere with future intraocular lens power calculation. To the best of our knowledge, there 
is no case report or case series on laser refractive surgeries in MFS.

Intraocular refractive procedures can be a viable alternative for refractive correction in 
MFS, providing a wider range of treatment for ametropia, more stable refraction, and better 
visual quality [15, 16]. Two basic intraocular refractive procedures exist: pIOL implantation 
and clear lens extraction with lens implantation, also called RLE. The latter accounts for less 
than 1% of refractive procedures done worldwide [17], and it never got very popular as it is 
thought to increase the risk for retinal detachment [18] in myopic pre-presbyopic patients, is 
irreversible, and causes loss of accommodation. The zonular and lens instability due to 
coloboma/subluxation of lens is frequently complicated by the loss of capsular bag, vitreous 
disturbance, and endothelial cell damage. IOL power calculation is also an important issue in 
patients with the MFS due to longer axial length and presence of posterior staphyloma. So 
unless there is anterior/posterior dislocation of the lens, lens-induced glaucoma/uveitis, or 
inadequate visual acuity not corrected by refraction (glasses/contact lenses), RLE is generally 
avoided in patients with MFS.

Toric pIOLs are known to give excellent results in corneal astigmatism secondary to kera-
toconus [19] and post-corneal transplants [20]. To the best of our knowledge, toric pIOL 
implantation has never been described in literature in MFS with lens coloboma. As the patient 
had good anterior chamber depth, clear cornea and motivation for spectacle independence, 
we decided to go ahead with bilateral toric pIOL surgery which was uneventful. We under-
stand that the possibility of pIOL rotation due to excess space in the sulcus is a possibility and 
needs to be considered. The incidence of retinal detachment in MFS ranges from 5 to 25.6% 
[21]. Cataract surgery is usually considered a safe and effective method to remove subluxated 
lens, but retinal detachment is also a possibility after lens extraction in MFS [22]. The vitreo-
lensectomy surgery in MFS patients has post-operative incidence of retinal detachment rate 

Fig. 4. a One-year ASOCT image of both eyes (right eye (a), 
left eye (b)) showing ICL vaulting. ASOCT, anterior segment 
optical coherence tomography; ICL, Implantable Collamer 
Lens.
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of 6% [23]. This emphasizes the importance of long-term follow-up in MFS cases. MFS patients 
should be routinely followed up with retinal periphery examination at each visit. Patients 
should also be educated regarding retinal detachment symptoms and advised to seek instant 
consultation in case they notice floaters, flashes, or loss of vision. In our case, the patient has 
been followed up for 18 months and no post-operative complications were noted.

Conclusions

Our case study is unique as it reports MFS with associated coloboma, and it is the first of 
its kind to attempt pIOL in such a case as no established guidelines exist for the same. A larger 
study population and a longer follow-up period are required to form guidelines for the same.
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