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Abstract

PURPOSE—To report on the biometric findings of adults and children with Marfan syndrome
(MFS) recruited from 2 annual National Marfan Foundation conferences (2012 and 2015).

DESIGN—Cross-sectional study.

METHODS—Subjects diagnosed with MFS by Ghent 2 nosology were included for analysis.
Subjects were divided into “adults” (=16 years of age) and “children” (5-15 years of age).
Biometric data included values for refractive error, axial length (AL), corneal curvature, anterior
chamber depth, lens thickness, and central corneal thickness.

RESULTS—Of the 117 subjects evaluated, 74 (35 adults, 32 children, and 7 children <5 years of
age) had a definite diagnosis of MFS and were included in the study. The AL was longer (25.25
+0.32 mm vs 24.24 + 0.33 mm, P[ .03) and the lens was thicker (3.94 + 0.09 mm vs 3.62 = 0.10
mm, P[ .03) in adults. Both groups had flat corneas (average keratometry [Kmeq] of 41.59 + 0.35
diopters [D] in adults vs 40.89 + 0.36 D in children, P[ .17). A negative correlation was found
between AL and Kpyeq (L0.33, £<.001). The corneas of patients with MFS with ectopia lentis
(EL) were significantly flatter and with higher degree of corneal astigmatism compared to patients
without EL (Kyeq 0f 40.68 £ 0.31 D vs 41.75 £ 0.28 D, P< .01 and corneal astigmatism of 1.68
+0.16 Dvs 1.13+0.14 D, P=.01).

CONCLUSIONS—Children with established MFS have flat corneas at least to the same degree
as adults. Corneas of patients with MFS with EL are flatter and have a higher degree of corneal
astigmatism. We strongly suggest that corneal parameters should be measured if MFS is
suspected, especially in children that may not yet have developed EL.

MARFAN SYNDROME (MFS) IS AN AUTOSOMAL dominant connective tissue disorder
typically involving the cardiovascular, skeletal, and ocular systems.! According to the fourth
set of criteria for the diagnosis of MFS from 1996, also known as the Ghent 1 criteria,2
ectopia lentis (EL) was the only ocular major criterion present in about 60% of patients.3
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Three minor criteria included abnormally flat cornea, increased axial length (AL) and
hypoplastic iris. In the revised Ghent criteria for the diagnosis of MFS from 2010, the Ghent
2,% EL, together with aortic root aneurysm or dissection, are the cardinal features. The only
other ocular feature in the revised nosology is myopia >3 diopters (D). Other known ocular
features of patients with MFS that are not part of the criteria are early cataract, glaucoma,
and retinal detachment.1:2

Descriptive biometric and refractive data on patients with MFS have been reported.3:>-12
However, most studies were performed on a defined European population, mainly from
Scandinavia,>811 and those studies used the Ghent 1 or older criteria for the diagnosis of
MFS. To the best of our knowledge, other than the seminal paper by Maumenee in 1981,3
the only descriptive biometric study on an American population—also using older criteria
for the diagnosis of MFS—was a retrospective study that focused specifically on
keratometry and central corneal thickness (CCT).? In this study, we report the biometric
findings of a well-described adult and pediatric population with verified MFS diagnosis
based on the Ghent 2 criteria and recruited from 2 annual National Marfan Foundation
conferences (2012 and 2015).

METHODS

IN THIS CROSS-SECTIONAL STUDY, PATIENTS WERE EXAMined during the 28th
(August 2012) and 31st (August 2015) National Marfan Foundation annual conferences in
Chicago, Illinois. As part of the annual conference, the Marfan Eye Consortium of Chicago
—a collaborative effort between Ann & Robert H. Lurie Children’s Hospital of Chicago,
Northwestern Memorial Hospital, and the University of Illinois—was created to study the
ocular manifestations of patients with MFS. Institutional review board approvals were
obtained from the 3 institutions. All procedures and data collection were conducted in a
manner compliant with the Health Insurance Portability and Accountability Act. Written
informed consent was obtained from each participant. A parent or guardian provided the
consent for patients <18 years of age. Exclusion criteria were unverified MFS by the Ghent
2 criteria, the presence of other connective tissue disease, or the lack of informed consent.
Patients were divided into 2 groups: “adults” (=16 years of age) and “children” (5-15 years
of age). Several younger children were also evaluated, and the results will be reported
separately. Both eyes of each participant were included.

Subjects were examined by ophthalmic technicians who were specially trained in the use of
all the devices and by Board-certified ophthalmologists. Values for AL, anterior chamber
depth, and lens thickness (LT) were obtained with an 10L Master (Carl Zeiss Jena GmbH,
Jena, Germany) or contact ultrasonic A-scan biometry (Ellex Medical Pty, Adelaide,
Australia). Minimum and maximum values of corneal curvature were measured using either
a Marco Keratometer | (Jacksonville, FL) or an 10L Master. The Kiheq Value was calculated
in D as the average values of Kin and Kpayx, and the corneal astigmatism (Cast) was
calculated as Kmax—Kmin- CCT was measured with the 300P PacScan Pachymeter (Sonomed
Escalon, Wayne, PA). All patients were dilated using tropicamide 1%, phenylephrine 2.5%,
and, in children <12 years of age, cyclopentolate 1%. For the calculation of the spherical
equivalent (SE), we used only phakic eyes. We also excluded phakic eyes with severe EL
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requiring aphakic correction. For anterior chamber depth and LT analysis, only phakic
patients without EL were included. Finally, because most patients who underwent surgery
for the repair of retinal detachment did not necessarily know if the procedure included a
scleral buckle, all eyes that had a history of retinal detachment were excluded from the AL
calculations.

Descriptive statistics for categorical data are presented in frequencies and percentages.
Analyses include both eyes per patient. Analyses used linear mixed models to determine
statistical significance for differences in age groups (adults and children) and lens status
(with and without EL) for the relevant biometric values. The mixed model included a
random patient effect to account for correlation between 2 eyes of an individual in the study.
The Pearson correlation coefficient was used to determine the correlation between AL and

Kmed-

ONE HUNDRED SEVENTEEN PATIENTS WERE SEEN AND evaluated at the annual
conferences of the Marfan Eye Consortium in 2012 and 2015. Of those, 74 patients (148
eyes) had a definite diagnosis of MFS according to the Ghent 2 criteria and were included in
the study. The adults group included 35 patients (70 eyes) and the children group included
32 patients (64 eyes). The demographic data of both groups is shown in Table 1. An
additional 7 patients (14 eyes) were <5 years of age (range 2—4 years) and are reported
separately below.

Among all eyes of patients =5 years of age, 59 of 134 (44%; 29/70 [41%] of adult eyes and
33/64 [52%)] of children’s eyes) had EL and 71 of 134 (53%) did not. In 4 eyes (3%) the
information was missing. Out of all eyes of patients =5 years of age, 113 of 134 (84%) were
phakic, 9 of 134 (7%) were aphakic, and 11 of 134 (8%) were pseudophakic. The lens status
was unknown in 1 eye. Ten of 134 (7%) eyes (1 child eye, 9 adult eyes) underwent surgery
for retinal detachment.

The biometric data of both groups are shown in Table 2. There was no statistically
significant difference between the groups in the following parameters: SE, Kyeq, Cast, CCT,
and anterior chamber depth. AL was significantly longer, and LT was significantly thicker in
the adults group. Further analysis was performed for Ky,eq, Cast, and CCT. Forty-one
percent of adult eyes had Kpyeq <41.5 D compared to 53% of children’s eyes (P.17, XZ;
Figure 1, top). Eighteen percent of adult eyes had a CCT <500 pum compared to 11% of
children’s eyes (P .26, XZ; Figure 1, middle). Finally, 26% of adult eyes had Cast of >1.5 D
compared to 32% of children’s eyes (P .43, XZ; Figure 1, bottom). There was a negative
association between the AL and the Kieq (correlation —0.33, £<.001 Pearson correlation
coefficient; Figure 2).

Seven patients were <5 years of age, and the biometric results of these 7 patients are shown
in Table 3.
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The following parameters were compared between the subjects with and without EL.: age,
seX, AL, Kped, Cast, and CCT (Table 4). Kyeq Was significantly lower, and Cast was
significantly higher in the EL group.

DISCUSSION

IN THIS STUDY, WE REPORT ON THE BIOMETRIC OCULAR characteristics of 158
eyes of 74 patients with MFS. This is the largest biometric study of MFS patients in the
United States and the largest biometric study according to the newer Ghent 2 criteria for the
diagnosis of MFS. This is also the first study to compare children with MFS to adults with
MFS. We found that with the exception of the expected longer AL and thicker crystalline
lenses in adults with MFS compared to children with MFS, other biometric characteristics
were not statistically different between the 2 groups using 2 different sets of statistical
analyses. We also found that eyes with EL had flatter corneas and higher astigmatism
compared to eyes without EL. Finally, eyes with longer AL were significantly correlated
with flatter corneal measurements.

In the current Ghent criteria, only myopia >3 D, which depends on the mutual effect of
several factors, is considered as a systemic criterion for MFS. The refractive state of the eye
depends on the interaction of a number of parameters—a longer AL will result in a more
myopia, flatter corneas will result in more hyperopia, and advanced EL will result in higher
myopia and astigmatism. Previous studies on patients with MFS showed an average AL of
24.0-25.0 mm.357.1L12 This AL is relatively longer compared to population studies on
healthy patients, which suggest a normal AL of approximately 23.5 mm.13.14 Qur study
confirms these previous reports, with an average AL of 25.25 mm in adults and 24.24 mm in
children. According to the older Ghent criteria, an axial length of >23.5 mm was considered
a minor criterion. Moreover, because myopia is a relatively common finding in the general
population, it was attributed only 1 point in the systemic score for the diagnosis of MFS. In
our study, most eyes met this criterion (84% of adult eyes and 64% of children’s eyes).
Although it is no longer considered a criterion for MFS, it should be suspected in patients
with longer AL and a flat cornea.” According to previous reports, myopia >3 D is a
nonspecific criterion for MFS, with a prevalence of about 30-40% in patients with MFS.3:5.7
However, the refractive error of all MFS subjects <5 years of age (Table 3), when it was
known, showed high to very severe myopia (range —3.75 to —26 D). This might strengthen
the conclusion that MFS should be considered among other etiologies in young children
with high myopia.

We found that our cohort of patients with MFS had decreased corneal curvature. This
finding has been previously described.3:>8:10.15 We also found that children with MFS may
have even flatter corneas, with an average Kmeq 0f 40.89 D vs 41.49 D in adults (compared
to values around 43.5 D in the normal population!3), with more children having a Kpeq
<41.50 D. It is also notable that the cornea was even flatter in our group of very young
children, with 50% of eyes with a Kieq 0f <40 D (Table 3), although statistical analysis
could not be conducted because of the small sample size. According to the updated
diagnostic criteria for MFS—the Ghent 2 criteria—myopia exceeding 3 D is included as a
diagnostic sign if EL is not present. Therefore, it has been claimed that there is a risk of not
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diagnosing all cases of MFS when EL is not present because these flat corneas may
counteract the myopia with increased AL in MFS, causing a less than expected myopic
error.® In this study, we corroborated this finding by showing the negative correlation
between AL and Kpy,eq. In mild forms of MFS, a patient with a longer AL might not be as
myopic as expected because of a flatter than normal cornea. When combined with children
that may not have severe EL, the risk of not diagnosing MFS in children is even more
pronounced. Therefore, given the risk of systemic complications of MFS, it might be
important to measure the AL and corneal curvature in patients with suspected MFS without
EL or high myopia.

With regard to CCT, results in the literature are conflicting. Some studies have shown that
patients with MFS have thinner corneas compared to the normal population®.19; other studies
have shown no significant difference.3.7-9:11.12 Another reported finding is that patients with
MFS and EL have thinner corneas than patients with MFS but without EL.1912 |n our study,
we found that CCT was not significantly different between adults and children with MFS or
between MFS with or without EL. It seems that CCT is of less diagnostic importance than
other biometric parameters, with significant overlap in the values between patients with and
without MFS.2

It is expected that eyes with EL will have severe lenticular astigmatism because of a
displacement of the center of the lens from its natural optical axis and lens tilting. However,
we show that eyes also show increased corneal astigmatism.8 The mechanism of this finding
is still unclear. It might be that the same mechanism that causes zonular instability and EL
also causes defects in the corneal tissue and therefore increased corneal astigmatism.8:°

EL is a major diagnostic criterion for MFS. The prevalence of patients with current phakic
EL or a history of surgical correction for EL was 59 of 148 (39.9%) of eyes. Other studies
have found the frequency of EL to range from 30.2— 87%.3:57-12,16-18 The variability could
be attributed to different study designs and selection criteria. For example, some studies used
“eyes” and some used “patients.” This alone can affect the results, because a minority of
patients can have unilateral EL.2:16.19.20 Other variables include the use of an eye
examination vs a questionnaire and the different age ranges assessed in different studies. In
this study, we found that the frequency of EL was higher in children (52%) than in adults
(41%). However, we believe that this is related to a selection bias—it might be that more
children with EL (which may represent a more advanced disease?1:22) attended these
national conferences, therefore accounting for the higher frequency of EL among children.
In addition, the true prevalence of EL is probably greater in both groups. Although special
attention was given to identify subtle findings, such as iridodonesis and phacodonesis, it is
possible to miss minimal subluxation when the pupil cannot maximally dilate, as is
frequently the case in patients with MFS.

Previous studies have shown that in patients with MFS and EL there is a difference in some
biometric parameters compared to patients with MFS but without EL. For example, AL has
been reported to be longer in MFS with EL compared to MFS without EL.3:712 Qur cohort,
as well others,> did not show that difference. Another example is CCT; some studies have
reported that eyes with EL have thinner corneas.10:12 In our cohort, as well as in other
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studies,”~211 this finding was not corroborated. On the other hand, we did find that patients
with MFS and EL have flatter corneas and higher corneal astigmatism compared to patients
with MFS but without EL, as has been reported.8-

The strength of our study is that we present ocular biometric characteristics in the largest
cohort according to the Ghent 2 criteria and provide a separate analysis of children and
adults. In addition, previous studies have focused mainly on MFS from Scandinavia, while
our study was performed on a more diverse American population, although we do not have
these demographic data available for analysis. A limitation of our study is the lack of a
control group matched for age and SE. However, this is not necessary when comparing eyes
with EL to eyes without EL. Another limitation of the study is that multiple examiners took
the measurements and different equipment was used between patients. An additional
limitation is that current spectacle refraction was used as a surrogate for manifest refraction.
Finally, all ocular measurements could not be obtained from every subject because many
were young children at the time of the examination.

MFS is a condition associated with a shortened life expectancy, mostly because of aortic
dissection that often occurs before 40 years of age.?3 Today, this can increasingly be
prevented and diagnosed early because of regular cardiac ultrasound examinations in
patients with MFS. Because the diagnosis of MFS is heavily defined by the ophthalmic
features, it is imperative to perform all eye studies within reason in order to make the
diagnosis of MFS. This is especially true with children because EL—the classic and
diagnostic finding in MFS—may not have developed yet. In addition, the minor diagnostic
criteria of myopia >3 D also may not be present because of the compensatory effects of a
flattened cornea that balance the increased AL in terms of refractive error. We found that
children with established MFS have flat corneas to the same degree as adults, if not flatter.
Therefore, although AL and corneal curvature are not included in the updated diagnostic
criteria for MFS (it was stated that they had unclear specificity and were not routinely
measured by ophthalmologists®), we strongly suggest that both parameters, which are
obtainable in clinical settings even in young children, should be measured if MFS is
suspected.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Categorical analyses of corneal parameters between adults and children with Marfan

syndrome. Percentage of patients with flat corneas (Kyeq, top) central corneal thickness
(CCT, middle) and corneal astigmatism (Cast, bottom) was not statistically significant.
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FIGURE 2.

A negative correlation between the axial length and the corneal curvature (Kyeq) in patients
with Marfan syndrome (r=-0.33, £<.001).
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TABLE 1
Demographic Data of Patients With Marfan Syndrome

Demographic Group 1 (Adults)  Group 2 (Children)
No. of patients (no. of eyes) 35 (70) 32 (64)

Age, y (range) 33 (16-70) 11 (5-15)

Females, 77 (%) 11 (31) 16 (50)
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Biometric Data of Adults and Children With Marfan Syndrome

TABLE 2

Adults Children P Value

Spherical equivalent (D), +SE4 ~ —557+136  -7.85£130 .23
Axial length (mm), £SE 25254032 2424+033 .03
Kmneg (D), £SE 4150+035 40.89+036 .17
Cast (D), +SEC 1264017  144+017 46
CCT (um), +SE 543.00+7.31 541.56+804 .90
ACD (mm), +SE7 3474009  354%009 .62

3.94+0.09 3.62+0.10 .03

Lens thickness (mm), +SE€

Page 12

ACD = anterior chamber depth; Cast = corneal astigmatism; CCT = central corneal thickness; D = diopters; K = keratometry; LT = lens thickness.

aPseudophakic and aphakic eyes were excluded. Phakic eyes with aphakic correction (ie, the patient looking through “aphakia” in case of ectopia

lentis) were also excluded.

b .
Eyes status postsurgery for retinal detachment were excluded.

c
Calculated as Kmax—Kmin.

dOnIy phakic eyes were included.

EOnIy phakic eyes without ectopia lentis were included.
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KINORI et al.

Biometric Data of Patients With Marfan Syndrome With or Without Ectopia Lentis

TABLE 4

Ectopia Lentis

Without With P Value
Age (y), +SE 2045+275  24.53+245 15
Females (%) 58% 76% .57
Axial length (mm), £SE 2470+ 0.32 2481+0.34 .80
Kimeg (D), +SE 41.75+028  40.68+031 <01
Cast (D), +SE? 113£0.14  168+016 .01
CCT (um), +SE 535.30 +6.58 548.41+7.32 15

Cast = corneal astigmatism; CCT = central corneal thickness; D = diopters; K = keratometry; SE = standard error.

a
Calculated as Kmax—Kmin-
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