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Abstract
Purpose—To compare axial length measurements by contact and immersion technique in
pediatric cataractous eyes.

Design—Prospective comparative case series.

Participants—In this prospective study, fifty cataractous eyes of fifty children were enrolled. In
bilateral cataract, only one eye was selected to avoid correlation effect in statistical analysis.

Methods—Axial length was measured by both contact and immersion techniques for all eyes,
randomized as to which to do first to avoid measurement bias.

Main outcome measures—Axial length measured by contact and immersion technique and
the difference between contact and immersion axial length measurements.

Results—Age at cataract surgery and at axial length measurement was 3.87 ±3.72 years. Axial
length measurement by contact technique was significantly shorter as compared with immersion
technique (21.36 ±3.04 and 21.63 ± 3.09 mm, respectively; P < .001). Axial length measurements
using the contact technique were on an average 0.27 mm shorter than those taken using the
immersion technique. Forty-two eyes (84%) had shorter axial length when measured using the
contact technique as compared with the immersion technique. Lens thickness measurement by
contact technique was not significantly different from that of immersion technique (3.61 ±0.74 and
3.60 ±0.67 mm, respectively; P = .673). Anterior chamber depth measurement was significantly
more shallow with contact technique (3.39 ±0.59 and 3.69 ± 0.54 mm, respectively; P < .001).
Intraocular lens power needed for emmetropia was significantly different (28.68 vs. 27.63 diopter;
P < .001).

Conclusion—Contact A-scan measurements yielded shorter axial length than immersion A-
scan. This difference was mainly due to the anterior chamber depth rather than the lens thickness
value. During intraocular lens (IOL) power calculation, if axial length measured by contact
technique is used, it will result in the use of average 1 diopter stronger IOL power than is actually
required. This can lead to induced myopia in the postoperative refraction.
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Intraocular lens (IOL) implantation in eyes of select children has become a common practice
during pediatric cataract surgery.1 In the past few years, there have been several
improvements in pediatric cataract removal techniques. However, IOL power calculation
accuracy has not improved at the same pace.2 Accurate determination of IOL power remains
one of the major challenges for the management of pediatric cataract patients. After
pediatric cataract surgery, the postoperative refraction is commonly different from what had
been predicted or aimed for by the surgeon.3-13 While many of the late refractive surprises
are attributed to a myopic shift in refraction from axial eye growth, early refractive surprises
can be attributed to inaccuracy in IOL power calculation.

Errors in axial length are the most significant errors in IOL power calculation. The
ultrasound axial length of the eye is commonly measured using either contact or immersion
techniques. In the contact method, the probe touches the cornea and may result in corneal
compression and a shorter axial length. Immersion A-scan eliminates corneal compression
and has been shown to be superior to contact biometry in adults. It is accepted as a gold-
standard technique for axial length measurment.14-18 Ben-Zion and colleagues19 compared
prediction errors of 138 pediatric eyes measured by contact A-scan with a later group of 65
children measured with the immersion technique. However, to the best of our knowledge, no
study has compared the accuracy of IOL power calculation by prospectively measuring axial
length in pediatric eyes using both immersion and contact A-scan techniques. The present
study compares the contact technique with the immersion technique in terms of the
magnitude of axial length measurements in pediatric cataractous eyes. A subsequent paper
will compare prediction errors in these eyes as measured postoperatively.

Method
In this prospective study, globe axial length was measured using immersion and contact A-
scan techniques in children undergoing cataract surgery. This study complied with the
Health Insurance Portability and Accountability Act. Institutional Review Board approval
was obtained from the Medical University of South Carolina. Informed consent was
obtained from the parents of all the patients enrolled in the study. A computer generated
randomized code was used to decide which technique to perform first: 1) contact
measurement, followed by immersion measurement; or 2) immersion measurement followed
by contact measurement. This was done to minimize observation bias. Data collection for
both the groups included age at the time of surgery, axial length, anterior chamber depth,
lens thickness, IOL power for emmetropia (using Holladay 1 formula for SN60WF IOL) and
corneal thickness measurements. The difference between the values obtained for both the
groups is defined as contact minus immersion measurements (for axial length, lens
thickness, anterior chamber depth and IOL power for emmetropia). In bilateral cataract, only
one eye was selected to avoid a correlation effect in statistical analysis. Fifty eyes of fifty
subjects were enrolled.

The axial length of each eye was measured under general anesthesia at the time of cataract
surgery using an I3 (Innovative Imaging Inc., Sacramento, CA) ophthalmic A-scan
ultrasound.20 A Prager scleral immersion shell (OPSM Instruments) was used to support the
probe, and normal saline was used as the coupling fluid. The chamber was filled using a
syringe connected to a silicone tube. The experienced ultrasonographer looked for the proper
combination of peaks in the scan tracing and froze the frame accordingly. Copies of all the
A-scan tracings were stored. The differences in measurements obtained using the two
methods were assessed using the paired t test. A P value less than 0.05 was considered
statistically significant.
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Results
Age at the time of measurement was 3.87 ±3.72 years (22 days – 15.4 years). Thirty of 50
subjects (60%) were male. Twenty-one (42%) were white, twenty-one (42%) were African-
American and eight (16%) fell into the ‘other’ racial category. Table 1 shows axial length
measurements, lens thickness, anterior chamber depth and IOL power for emmetropia
obtained using each technique. Table 2 shows the difference of measurements between
contact and immersion techniques.

As mentioned before, to avoid examiner bias, we randomly chose the immersion technique
as the first technique for half the subjects. The order in which the techniques were
performed did not affect the axial length measurements obtained. The technique differences
between axial length measurements were −0.27 ±0.31 if the contact method was used first
and −0.27 ±0.29 if the immersion method was used first. Additionally, age of the subjects at
the time of measurement, preoperative immersion axial length and central corneal thickness
were each found to have no significant influence on the differences in axial length
measurements obtained using the two methods (P=0.823, P=0.222 and P=0.110
respectively; Figure 1-3). Differences in axial length measurements were due to differences
in anterior chamber depth (ACD) rather than lens thickness (LT) values (P=<0.001 and
0.951, Figure 4-5). Forty-two eyes (84%) had shorter axial length when measured using the
contact technique as compared with the immersion technique (Figure 6). Five of 16 eyes
(31.2%) with preoperative axial length measurements ≤20 mm had greater axial length when
measured using the contact technique. These 16 eyes with axial length ≤20 mm were
operated before their first birthday. Three of 34 eyes (8.8%) with preoperative axial length
measurements >20 mm had greater axial length when measured using the contact technique.
Table 3 illustrates the absolute difference in axial length measurements obtained using the
two techniques.

Discussion
Pediatric cataract surgeons use the contact technique more frequently when measuring the
axial length of pediatric eyes at the time of cataract surgery. This statement is based on our
informal, unpublished, 2009 email survey send to all members of Listserve of members of
The American Association for Pediatric Ophthalmology and Strabismus in which 173
(82.4%) surgeons reported using contact A-scan compared to 37 (17.6%) who reported
using the immersion technique. Because of a lack of cooperation in the clinic setting, axial
length measurements in young children must often be done in the operating room under
general anesthesia. In the operating room setting, an experienced ultrasonographer may not
be available. Contact A-scan measurements are easier for the surgeon or an operating room
technician to perform. Immersion A-scan requires more experience and practice and is best
performed by an experienced ultrasonographer. The risk of axial length measurement errors
from corneal compression when using contact A-scan ultrasound is well known. However,
for those surgeons using contact A-scan techniques, is there a compelling reason to change
to immersion A-scan with the increased technical expertise that switch would require? This
is the question this study sought to answer. We used a certified ophthalmic technician and
ultrasonographer who had years of experience in both A-scan techniques to avoid mistakes
that might be related to the learning curve of a new technique.

In the current study, we measured axial length by contact and immersion technique in 50
subjects. The axial length of the eyes measured was significantly different when measured
by contact compared to immersion A-scan ultrasound (21.36 mm and 21.63 mm
respectively, P<0.001). Ben-Zion and colleagues compared immersion and contact axial
length measurement in children. As stated before, this study used different ultrasound
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machines to measure the first 138 eyes (contact group) versus the subsequent 65 (immersion
group). Axial length was 21.20 mm in contact group versus 22.26 mm in immersion group
(P = 0.0015).

In adult eyes, it has been reported that axial length measurements taken using the contact
technique were, on an average, 0.24 to 0.32 mm less than measurements taken using the
immersion technique.14-18 The present study confirms these findings in children. Axial
length measurements using the contact technique were on an average 0.27 mm shorter than
those taken using the immersion technique. The difference of contact and immersion axial
length measurement was −0.27 ±0.3 mm. With mean contact and immersion axial length
difference of 0.27 mm, standard deviation of 0.3, Type I error of 0.05, and power of 0.9, we
will need 15 children to be able to reject the null hypothesis.

As the contact method involves the probe touching the cornea, corneal compression is likely
to occur. It can be argued that this can be corrected by introducing a correction factor. For
example, axial length measurements using contact technique were on an average 0.27 mm
shorter than that using the immersion technique. Can we add correction factor of 0.27 mm to
axial length obtained by contact technique? The amount of corneal compression will vary
depending on the pressure the examiner exerts on the cornea, as well as the pressure of the
eye. This is not a systemic error. Even if the same technician takes each biometry
measurement, it is still likely that he/she will not always apply the same amount of probe
pressure with every reading. In our data, the differences in axial length measurements
ranged from −0.96 to 0.33 mm. Based on the results of our study, we believe that using
correction factor will not avoid error in IOL power calculation. Similarly, use of
personalized lens constant will not be useful in this setting.

Our results suggest that lens thickness values were not different when measured using these
two techniques. However, anterior chamber depth was on an average 0.3 mm shallower in
the contact group (3.39 versus 3.69 mm, <.001). In adults’ eyes, Giers and Epple21 reported
similar findings. The mean anterior chamber depth in their study was 0.3 mm less when
measured by the contact method compared to measurements obtained using the immersion
technique.

During IOL power calculation, if a lower axial length value is entered, it will result in the
use of a stronger IOL power than is actually required. This can lead to induced myopia in
the postoperative refraction. IOL power for emmetropia was significantly different when
measured using the contact and immersion techniques (28.68 versus 27.63 D respectively,
P<0.001). We routinely use the immersion technique for axial length measurement.
However, if IOL power values obtained using the contact technique had been chosen and if
the IOL power was aimed at emmetropia, the average implanted power would have been 1
diopter (D) greater (IOL power calculated using the Holladay 1 formula). Note that a
difference of one D in IOL power results in an approximate difference of 0.75 D refraction
at the spectacle plane. We entered average immersion A-scan data and average contact A-
scan data of this study with average keratometry value of 44 D at 4 year age22 (average age
of this cohort) in to Holladay consultant software. The required IOL power for emmetropia
was 27 D if immersion technique was used and 28 D if contact technique was used. If child
was implanted using contact biometry data (28 D IOL), predicted postoperative refraction
using Holladay 1 formula was −0.77 D. This suggests that we may be able minimize early
myopic refraction and long term myopic shift of refraction (approximately 0.75 D) by
routinely using immersion A-scan for children undergoing cataract surgery.

Age at the time of measurement, preoperative immersion axial length or central corneal
thickness did not cause any difference in axial length measurements. (P=0.823, P=0.222 and
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P=0.110 respectively; Figure 1-3). We hypothesized that a thick cornea might have less
indentation and less error. However, the results of our study do not support this hypothesis.

Although contact A-scan yields shorter eyes as compared to immersion A-scan, it is
interesting to note that 5 of 16 eyes (31.2%) with a preoperative axial length of ≤20 mm had
a greater axial length when measured by the contact technique. In each of these 16 eyes, age
at the time of surgery was less than one year. Only 3 of 34 (8.8%) eyes with an axial length
>20 mm had a greater axial length measured by contact as compared to immersion. These
data emphasize that IOL power calculation is another major obstacle when implanting IOLs
in children before their first birthday. In terms of absolute difference in axial length,
differences of <=0.1, <=0.2, <=0.3, <=0.4 and >0.4 were noted in 20%, 20%, 18%, 8% and
34% of eyes. Similar values in adult eyes are reported as 8 %, 43%, 33%, 13% and 3%.18

Our study is limited by the fact that the axial length measurement was done under anesthesia
without the benefit of visual fixation on the red light target within the A-scan ultrasound
machine. However, this is the only available option to measure axial length in young
children. Another limitation of our study is that we have not evaluated the reliability of our
findings by taking repeated measurements at same time by different observers or at different
time using the same observer. As axial length in children needs to be measured under
anesthesia, it would not have been ethical to do so.

The use of contact A-scan can at least partially explain the error in IOL power calculation
and more specifically myopic refraction. However, further postoperative follow-up of these
subjects will help us to understand how this difference influences postoperative refraction.
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Figure 1.
Scatterplot of age versus difference in axial length value
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Figure 2.
Scatterplot of immersion axial length versus difference in axial length value
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Figure 3.
Scatterplot of pachymetry versus difference in axial length value
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Figure 4.
Scatterplot of lens thickness versus difference in axial length value
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Figure 5.
Scatterplot of anterior chamber depth versus difference in axial length value

Trivedi and Wilson Page 11

Ophthalmology. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Histogram showing axial length at difference and frequency
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Table 1

Biometry measurements using both contact and immersion techniques

Contact Immersion P value

Axial length (mm) 21.36 ± 3.04 (15.31 – 27.57) 21.63 ± 3.09 (15.89 to 27.58) <0.001

Lens thickness*(mm) 3.61 ± 0.74 (2.56 – 6.31) 3.60 ± 0.67 (2.21 to 6.46) .673

ACD*(mm) 3.39 ± 0.59 (2.06 – 5.07) 3.69 ± 0.54 (2.44 to 5.41) <0.001

IOL power for emm (D) 28.68 ±11.10 (6.79 – 52.51) 27.63 ±11.02 (6.76 to 50.30) <0.001

IOL = intraocular lens, mm = millimeter, ACD = anterior chamber depth, D = diopter, emm = emmetropia

*
N = 37
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Table 2

Difference between contact and immersion techniques (defined as contact minus immersion measurements)

Difference in axial length (mm) −0.27 ±0.3 (−0.96 to 0.33)

Difference in lens thickness (mm) 0.02 ±0.24 (−0.61 to 0.77)

Difference in anterior chamber depth (mm) −0.30 ±0.34 (−1.11 to 0.24)

Difference in Intraocular lens power for emmetropia (D) 1.06 ±1.33 (−2.22 to 4.45)

mm = millimeter, D = diopter
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Table 3

Absolute difference between contact and immersion technique (defined as absolute value of contact minus
immersion measurements)

Absolute difference in millimeters N (%)

≤0.1 10 (20)

>1, ≤0.2 10 (20)

>2, ≤0.3 9 (18)

>3, ≤0.4 4 (8)

>0.4 17 (34)

50 (100)
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