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ABSTRACT

PURPOSE: To compare the measurement of anterior
chamber depth exclusive of corneal thickness using
Orbscan llz and ultrasound biomicroscopy (UBM) and
evaluate the repeatability of each method.

METHODS: Three consecutive measurements of ante-
rior chamber depth were prospectively performed us-
ing Orbscan llz and Paradigm 50-MHz UBM in 40 eyes
in 20 individuals. Mean values were compared using
the paired t test. For 12 eyes in 6 individuals, anterior
chamber depth measurements were performed 5 times
to estimate the repeatability of each method by a coef-
ficient of variation. Refractive errors were measured to
correlate with anterior chamber depth.

RESULTS: The mean anterior chamber depth was
2.82+0.46 mm with the Orbscan llz and 2.91+0.43
mm in UBM. This difference was statistically significant
(P<.001), but not clinically meaningful. The coefficient
of variation was 1.15% and 1.10% in Orbscan llz and
UBM, respectively. A negative correlation between an-
terior chamber depth and spherical equivalent refrac-
tion was noted within the range of —5.50 to +3.00
diopters.

CONCLUSIONS: The mean anterior chamber depth of
Orbscan llz was 0.087 mm less than that of UBM. Both
methods were precise. Orbscan llz seems to be a use-
ful and more convenient method to measure anterior
chamber depth for phakic intraocular lens implantation.
[J Refract Surg. 2007;23:487-491.]

hakic intraocular lens (IOL) implantation has gained
popularity for correction of refractive errors of high
myopic and hyperopic patients. The advantages of

implanting a phakic IOL are that the IOL is removable and
success does not depend on the vagaries of corneal wound
healing. In addition, it does not sacrifice the crystalline lens
and its accommodative ability.! However, phakic IOLs have
a risk of postoperative cataract formation and progressive
endothelial loss.?* Phakic IOLs are classified into three cat-
egories: anterior chamber angle-supported, anterior cham-
ber iris-fixated, and posterior chamber sulcus-supported.
The manufacturers of these inform their users of appropri-
ate surgical guidelines, one of which is the minimal depth
of the anterior chamber required to allow for implantation
of phakic IOLs.

Several methods can be used to measure anterior chamber
depth. They generally are classified into two categories: ultra-
sonic and optical. Ultrasonic methods are divided into con-
tact and immersion. Optical methods include scanning slit
beam topography (Orbscan; Bausch & Lomb, Rochester, NY),
slit-lamp or Scheimpflug camera-associated devices, and par-
tial coherence interferometry. The most popular methods to
clinically measure anterior chamber depth seem to be contact
type A-scan and Orbscan. However, significant differences
between measurements recorded by these two methods have
recently been reported.® Mean contact A-scan measurements
were 0.40 mm less than those obtained using Orbscan. There-
fore, it is possible that one patient’s eyes could be judged as
adequate or inadequate for phakic IOLs, depending on which
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Figure 1. Measurements of central anterior chamber depth of corneal
endothelium to anterior lens capsule in two different eyes. A) Orbscan
Apex anterior chamber depth: 3.05 mm and B) UBM anterior chamber
depth: 3.114 mm.

method is used. This situation may be confusing to
surgeons as well as patients.

This difference could be due to corneal indenta-
tion when measured using a contact A-scan method.
Therefore, we used a high frequency ultrasound biomi-
croscope (UBM) equipped with a 50-MHz transducer
(Paradigm UBM plus, Model p45; Paradigm Medical
Industries, Salt Lake City, Utah), which requires ocular
immersion, and compared this measurement with that
obtained using Orbscan. To eliminate possible errors
caused by corneal thickness, anterior chamber depth ex-
clusive of corneal thickness was used with both meth-
ods. We also evaluated the repeatability of each method
and analyzed the correlation between anterior chamber
depth and refractive status.

PATIENTS AND METHODS

Forty eyes in 20 healthy volunteers (12 men and
8 women) were included in this prospective study.
Mean age was 44.25 years (range: 24 to 76 years). No
patient had current ophthalmic disease, except for
cataract, or history of ocular surgery. The measure-
ment of anterior chamber depth was performed by a
scanning slit topography Orbscan Iz (Bausch & Lomb-
Orbtek Inc, Salt Lake City, Utah) and a high frequency
UBM equipped with a 50-MHz transducer. The an-
terior chamber depth was first measured by Orbscan
Iz, followed by UBM, because the ocular immersion
necessary for UBM may change the ocular surface and
thereby influence Orbscan measurements. Saline so-
lution (0.9% NaCL) was used for ocular immersion

and the individual was asked to fixate on a ceiling
target with the fellow eye maintaining accommoda-
tion and fixation.

Three consecutive measurements were performed us-
ing each method, and the mean values were compared.
One experienced technician measured all eyes. The an-
terior chamber depth exclusive of corneal thickness was
measured using both methods (Fig 1). For 12 eyes in
6 individuals, anterior chamber depth measurements
were performed 5 times to estimate the repeatability
of each method using a coefficient of variation. Re-
fractive errors were measured using a table-mounted
autorefractor prior to measuring the anterior chamber
depth so as to correlate refractive errors with anterior
chamber depth.

The paired ¢ test was used to analyze differences be-
tween the two methods for anterior chamber depth mea-
surement. The correlation between Orbscan and UBM
measurements was assessed using Pearson’s correlation
analysis. To evaluate the correlation between anterior
chamber depth and the spherical equivalent of refrac-
tive error, Pearson’s correlation analysis was performed.
Pvalues <.05 were considered statistically significant.

RESULTS
The anterior chamber depth measured ranged from
1.937 to 3.446 mm using UBM and from 1.830 to
3.447 mm using Orbscan IIz. Measurements using the
two methods correlated significantly with each other;
the correlation coefficient was 0.982 (P<.001) (Fig 2).
The mean anterior chamber depth was 2.82+0.46 mm
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Figure 2. Correlation plot of anterior chamber depth measured by
Orbscan llz and UBM in 40 eyes
3.5 ;
.* "t .
with Orbscan IIz and 2.91+0.43 mm using UBM; the “' e
difference was statistically significant (P<.001). How- G} T, T
ever, the mean difference was 0.087+0.09 mm, which 5,3-”— & S .
is minimal. The coefficient of variation was calculated = - .° e 5
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The spherical equivalent refraction of study partici- i .
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depth and spherical equivalent refraction were —0.544 ' -

(P<.01) and —0.577 (P<.01) in Orbscan IIz and UBM,

respectively (Fig 3). A negative correlation between an- { 5
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tion was noted within this range of refractive errors. 60 40 20 00 20 40 60 8D

DISCUSSION

Implantation of phakic IOLs is an emerging technol-
ogy for the treatment of high ametropia. The procedure
avoids the unpredictability of keratorefractive surgery
and the accommodation loss that is associated with clear
lens extraction. Several studies have reported favorable
surgical results and a low rate of short-term complica-
tions following phakic IOL implantation.>®® However,
long-term safety of phakic IOLs remains controversial,'%12
and apparent progressive loss of corneal endothelial cells
occurring 3 years after surgery has been reported in an-
terior chamber iris-fixated I0Ls.!* Therefore, longer fol-
low-up is necessary, as younger patients usually undergo
phakic IOL implantation to preserve accommodation.

Spherical equivalent (diopter) H

Figure 3. Correlation plots of spherical equivalent refraction and anterior
chamber depth measured by A) UBM and B) Orbscan llz in 40 eyes.

Phakic IOL power is calculated by several indepen-
dent variables, which include keratometric power,
spherical equivalent refraction, and central anterior
chamber depth, and phakic IOL length is determined
based on the patient’s horizontal corneal diameter
(white-to-white distance). Anterior chamber depth is a
major factor for determining operability because if the
anterior chamber depth is not enough for implantation,
corneal endothelial cells could be damaged postopera-
tively. The most popular method for measuring the an-
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terior chamber depth seems to be with the contact type
A-scan.'® However, it can be influenced by various
factors, including the experience and technique of the
examiner, probe handling, and fixation status.'* If the
cornea were to be depressed by the ultrasound probe,
the anterior chamber depth would appear to be less
than the actual depth. The Orbscan topography system
initially was invented to determine corneal topogra-
phy. However, it can also create true three-dimension-
al maps of the anterior segment and can measure the
anterior chamber depth using the Scheimpflug prin-
ciple.’ Orbscan is a noncontact method, which elimi-
nates the risk of infection, and it is easier to repeat than
the contact method. Therefore, the Orbscan system is a
convenient tool to evaluate anterior chamber depth in
the clinical setting.

Reddy et al® reported that the mean anterior cham-
ber depth measured by contact ultrasound was 0.40 mm
and 0.43 mm less than when measured by Orbscan II
and IOLMaster (Carl Zeiss Meditec, Jena, Germany),
respectively. The contact ultrasound biometry might
seem to be the safest way to measure, as it provided the
smallest measurement among the three methods. How-
ever, these small anterior chamber depth measurements
might exclude many patients desiring phakic IOL im-
plantation. Therefore, it is important to investigate the
reasons for differences between the methods and to
identify the optimal method for measuring the anterior
chamber depth—which is the most accurate, the easiest
to determine, and which has the highest repeatability.

Two factors may be responsible for the differenc-
es of measurement between the contact A-scan and
Orbscan. The first is that Orbscan is a noncontact
method, unlike the contact A-scan. Giers and Epple?®
reported that contact ultrasound gave 0.3-mm smaller
measurements of the anterior chamber depth when
compared with immersion ultrasound biometry.
Koranyi et al'” suggested that this difference was due
to applanation when the ultrasound probe touched
the cornea. The second is that if the anterior chamber
depth inclusive of corneal thickness were used, pos-
sible errors due to corneal thickness might influence
the anterior chamber depth measurements. Significant
differences in corneal thickness measurements be-
tween ultrasound and Orbscan have already been re-
ported.'®1® Therefore, the anterior chamber depth ex-
clusive of corneal thickness seems to be an appropriate
way to compare these two methods.

To minimize the above possibilities, we used UBM,
an immersion ultrasound biometry, to compare with
Orbscan. The anterior chamber depth exclusive of
corneal thickness was used with both methods. Our
study shows that the mean anterior chamber depth of

Orbscan is 0.087 mm less than that of UBM, opposite
from a previous report.® Auffarth et al?° reported that
the anterior chamber depth of Orbscan was on aver-
age 0.04 mm less than the immersion A-scan values.
Although statistical significance was not mentioned in
this study, the result is similar to ours. The anterior
chamber depth measurement using Orbscan is closer
to immersion ultrasound values than those of contact
ultrasound. Thus, the major cause of the discrepancy
between the Orbscan and contact ultrasound values
may be due to mechanical applanation effects.

In our study, Orbscan and UBM had high repeat-
ability, and the mean differences in anterior chamber
depth were minimal. Although it is difficult to know
which is the more precise method, Orbscan is easier
to perform and is less affected by the experience of
the examiner. Its measurement is slightly less than
that of UBM. Therefore, we believe Orbscan is useful
and more convenient for determining the indication of
phakic IOL implantation in the clinical setting.

This study shows a significant relationship between
anterior chamber depth and refractive status, within the
range of moderate refractive error. The correlation co-
efficients between anterior chamber depth and spheri-
cal equivalent refraction were —0.544 and —0.577 in
Orbscan and UBM, respectively. Rabsilber et al'® re-
ported a similar result, finding that the regression coef-
ficient was approximately —0.6 between the anterior
chamber depth and spherical equivalent refraction.
Although the anterior chamber depth of high hyperopic
eyes often is less than that of emmetropic eyes,??? it has
been reported that no direct correlation exists between
anterior chamber depth and refraction status in highly
myopic eyes, as refractive errors in high myopic eyes
depend mostly on vitreous chamber elongation.?324

Orbscan IIz and UBM had high repeatability, and the
anterior chamber depth measured by Orbscan Iz was
0.087 mm less than that of UBM. Therefore, Orbscan
IIz seems to be a useful and more convenient method
to measure the anterior chamber depth for phakic IOL
implantation.
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