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DECREASED VISION IN A 
TEENAGER
BY ERIC D. DONNENFELD, MD; BRAD H. FELDMAN, MD; BRADLEY D. FOURAKER, MD;

ROY S. RUBINFELD, MA, MD; WILLIAM B. TRATTLER, MD; AND ALAN N. CARLSON, MD

A 16-year-old girl was recently diagnosed with keratoconus 
and advised to undergo corneal collagen cross-linking (CXL). 

The patient has been referred to you for a second opinion with 
respect to the diagnosis and treatment. She has no history of 

CASE PRESENTATION

Figure 1.  Tomography readings (Pentacam Comprehensive Eye Scanner) of the patient’s right eye (A and B).
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Figure 2.  Tomography readings (Pentacam) of the patient’s left eye (A and B).
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ERIC D. DONNENFELD, MD 
This young woman is quite fortunate that 
an astute eye care practitioner has ques-
tioned the loss of BCVA in her right eye 
and performed the appropriate testing to 
diagnose corneal ectatic disease at a very 
early stage. She has very mild keratoco-
nus in her right eye. The thinnest corneal 

pachymetry reading is 472 µm inferiorly, and this area is 
nasally displaced from the corneal apex, with a steepest 
keratometry reading of 50.2. The Galilei Dual Scheimpflug 
Analyzer (Ziemer Ophthalmic Systems) reveals skew devia-
tion. The left eye presents a milder instance of forme fruste 
keratoconus, as defined by topographic evidence of ectatic 
disease without physical findings.

The first step in this case is the accurate diagnosis. The 
second is to halt disease progression and determine wheth-
er therapeutic intervention is indicated. Riboflavin ultra-
violet CXL is a well-established treatment available inter-
nationally but one not yet FDA approved. The procedure 
stops the progression of keratoconus in a great majority of 
patients. The decision to treat this patient is her family’s 
after informed consent. The ophthalmologist could repeat 
measurements with the Pentacam Comprehensive Eye 
Scanner (Oculus Surgical) and Galilei in 3 months or earlier 
if the patient’s visual acuity worsened. If these tests showed 

corneal steepening, increased skew deviation, or thinning 
pachymetry readings, they would document disease pro-
gression and clearly indicate that treatment was needed. 
Alternatively, the ophthalmologist could discuss with the 
patient and her family the high likelihood of disease pro-
gression based on the current examination findings and 
state that this warrants immediate treatment. 

If this patient were a member of my family, I would treat 
her immediately, because I would not want to put her at 
risk of further vision loss. The treatment options would 
be epithelium-on (epi-on) or epithelium-off (epi-off) CXL. 
Several studies have documented reduced morbidity 
and pain with epi-on CXL, but it may be a less efficacious 
approach.1 My choice in this case would be an epi-on 
technique that provides excellent penetration of riboflavin 
that turns the stroma yellow and can be directly visualized 
using 15 mW of energy for 5 minutes.

The third step is determining how to improve the visual 
acuity in the patient’s right eye. Six months after CXL, 80% 
of patients have improved visual acuity.2 A rigid gas per-
meable contact lens would be an excellent option if her 
postoperative visual acuity were inadequate. Alternatively, 
PRK with a topographic laser or the iDesign Advanced 
WaveScan Studio System (Abbott Medical Optics) that 
captured a good wavefront measurement would likely 
markedly improve her UCVA and BCVA.

eye rubbing or sleeping with pressure on her eyes. Her family 
history is negative for keratoconus. The patient tried wearing 
soft contact lenses for 2 months but discontinued their use 
due to an inadequate improvement in her vision.

Upon examination, her UCVA measures 20/80 OD and 
20/25 OS. The patient has manifest refractions of -0.50 

-0.75 × 163 = 20/40 OD and +0.25 -0.75 × 163 = 20/20- OS. 
Pachymetry measures 0.498 mm OD and 0.558 mm OS. 
Topography and tomography measurements are shown in 
Figures 1 to 3.

How would you advise the patient and her family with 
respect to her diagnosis and treatment?

—Case prepared by Alan N. Carlson, MD.

Figure 3.  Measurements taken with the Galilei G4 of the patient’s right (A) and left (B) eyes.
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BRAD H. FELDMAN, MD
This 16-year-old has already lost BCVA 
in both eyes due to irregular astigmatism 
from keratoconus. Her Placido disk-based 
topography and Scheimpflug image-based 
tomography clearly demonstrate classic 
findings of keratoconus: asymmetric infe-
rior steepening with skewed axes, relative 

central corneal thinning, and focal paracentral elevation on 
best-fit sphere maps. 

The ophthalmic literature leaves little doubt regarding 
the efficacy of CXL in this clinical scenario where no pre-
cipitating factors can otherwise be addressed to halt kera-
toconic progression.3-6 Recent randomized controlled trials 
confirm that treatment with riboflavin and ultraviolet light 
decreases corneal thinning and reduces corneal steepening 
and that it may improve both UCVA and BCVA.7,8 Given 
this patient’s age, her keratoconus would be expected to 
worsen for many years before eventually stabilizing. 

The difficulties in this case are the patient’s age, country 
of residence, and possibly her family’s finances, because 
the FDA has not yet approved CXL. Legally, for this 
patient to receive treatment in the United States, she will 
need to enroll in an ongoing clinical trial. According to 
ClinicalTrials.Gov, currently, only eight studies involving 
investigators in just 17 states are actively recruiting chil-
dren to be enrolled in CXL trials for keratoconus. These 
trials typically require the patient to pay for treatment (as 
well as for his or her travel and other costs), and in some 
instances, the treatment alone can cost as much as LASIK. 
Insurance companies are not reimbursing patients for CXL 
treatment. Given the challenges of geography and cost, this 
patient is unlikely to have access to the procedure. 

In discussing treatment with the patient and her family, I 
would emphasize that, although her access to appropriate 
care is currently limited, the ophthalmology community is 
working with the FDA to get CXL approved and covered 
by insurance in the near future. 

BRADLEY D. FOURAKER, MD
The first question regards the diagnosis of 
keratoconus in a patient with few classic 
symptoms. The topography and tomogra-
phy do show a significant inferior/superior 
disparity and nonorthogonal astigmatism, 
with the right eye more affected than the 
left. There is also significant central cor-

neal steepening and thinning in the paracentral axis. The 
manifest refraction does not improve the patient’s vision, 
in part because the refraction is likely inaccurate, especially 
with the tremendous change centrally. The soft contact 
lenses would simply follow the contour of the irregular 
cornea and provide modest improvement. Often, a family 

history is difficult to obtain in cases of keratoconus, espe-
cially without appropriate testing. The evidence, however, 
supports the diagnosis of keratoconus.

A previous examination is not provided, but progres-
sion of the keratoconus is to be expected, especially in a 
16-year-old. The patient’s immediate visual needs should 
be addressed, along with the issue of likely progression. I 
would begin by having the patient fit with a rigid gas per-
meable contact lens or a specialty contact lens. If a lens 
with appropriate wearing time that improved vision could 
not be comfortably fit, then I would consider placing Intacs 
(Addition Technology). The intracorneal ring segments 
would stabilize the cornea while flattening it centrally and 
reducing astigmatism, improving the possibility of optical 
correction and decreasing disease progression.9 CXL with 
or without Intacs should be considered, because it is less 
invasive than intracorneal ring segments and may decrease 
keratoconic progression as well as flatten the central 
cornea somewhat. The CXL procedure might need to be 
repeated, and the patient will require optical correction 
postoperatively.

ROY S. RUBINFELD, MA, MD
As with many medical decisions, the key issue 
is the risk-benefit ratio for the patient. Early 
CXL clinical trials treated only patients with 
documented keratoconic progression, in part 
because the risk-benefit ratio had not yet 
been elucidated. In the classic Dresden pro-
tocol, the epithelium was removed in prepa-

ration for CXL, because no solutions or systems existed at 
the time to adequately load the stroma otherwise. Epithelial 
removal in CXL, however, has been associated with corneal 
haze, scarring, infection, perforation, and epithelial and ocular 
surface problems.10-12 

This young girl has definite signs of keratoconus, and CXL 
has been shown to be extremely effective at stopping the 
progression of this disease. If highly effective epi-on CXL 
could be performed, the risk-benefit ratio for this patient 
would be even better than with traditional epi-off CXL. If 
the epithelium were not removed, then the risk of delayed 
epithelial healing, scarring, and infection would be reduced 
or eliminated. The patient’s discomfort and recovery time 
would likewise be improved. 

I have been involved in an institutional review board-
approved clinical CXL trial in the United States since 2009, 
and my fellow investigators and I have demonstrated excel-
lent stromal penetration of our proprietary, patent-pending, 
transepithelial riboflavin formulation and system. At the 2015 
American Academy of Ophthalmology Annual Meeting, we 
presented independent laboratory rabbit data confirming 
this.13,14 Some of the human trial results have been presented 
at international meetings during the past several years.15 
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This patient needs CXL. If I (or 
members of my family) needed 
this procedure, my recommenda-
tion would be the safest, most 
comfortable, least invasive and 
disruptive CXL possible, as long as 
that technology was effective. 

WILLIAM B. 
TRATTLER, MD
This patient is 
very fortunate to 
have been identi-
fied so early in 
her disease; many 
patients with ker-

atoconus are not diagnosed until 
their condition is more advanced. 
Both the Pentacam and Galilei 
confirm significant inferior steepening bilaterally, with the 
right eye more affected than the left. The patient has also 
experienced a loss of BCVA in both eyes, although to a 
greater degree in her right eye. 

I would recommend moving forward with CXL as soon 
as possible, because her condition is likely progressive. 
A delay as short as 2 to 3 months in young patients can 
lead to a loss of BCVA and further disease progression 
(Figure 4).

I would recommend an epi-on technique. Although epi-
off has an excellent track record, epi-on can be just as effec-
tive.16 One major difference between these two techniques 
is that the risk of postoperative complications would be 
significantly lower with epi-on versus epi-off. 

In regard to improving the patient’s vision with contact 
lenses after CXL, my advice would be to consider a scleral 
contact lens for her right eye. A scleral lens would provide 
an excellent quality of vision, and it is also very comfortable 
to wear. It has been my experience that patients with early 
keratoconus (as is present in this patient’s left eye) who 
have 20/25 UCVA often feel like they see well enough with-
out contact lenses or glasses. 

I would expect bilateral epi-on CXL to stabilize this 
patient’s disease, and the procedure typically results in 
some improvement in corneal shape and vision. 

DISCUSSION BY 
ALAN N. CARLSON, MD

As evidence emerges supporting the 
ability of CXL to make the cornea less elas-
tic, I remain impressed by the frequency, 
duration, intensity, and vigorous pressure 
exerted during eye rubbing among patients 
with keratoconus.17 Eye rubbing is a 

confounding variable. It adds uncertainty to the evaluation 
of disease progression, the benefit of CXL, and post-LASIK 
keratoectasia. 

In addition, there is still no consistent definition of forme 
fruste keratoconus. Some physicians consider it an entirely 
retrospective diagnosis, requiring serial chronology leading 
to an established diagnosis of keratoconus. Others consider 
it an early stage of keratoconus, particularly if the diagnosis 
is well established in the other eye. According to Yaron 
Rabinowitz, MD, “Forme fruste keratoconus presents with 
no slit-lamp findings or scissoring on retinoscopy, but the 
typical topography (asymmetric bow tie with a skewed 
radial axis) is once again present.”18 

Of note, medical dictionaries define forme fruste very dif-
ferently than how the term is used by ophthalmologists. In 
the former, descriptions of forme fruste include a “sponta-
neous arrest” in disease progression; an incomplete, attenu-
ated, or atypical form of the disease; and an aborted course 
of progression. n
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Figure 4.  Significant progression of keratoconus in a 10-year-old over the course of 

3 months.
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