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Abstract
PURPOSE—To determine whether measurements obtained by partial coherence interferometry
(PCI) correlate well with measurements obtained using immersion ultrasound (US) in children.

SETTING—Department of Ophthalmology, Emory University School of Medicine, Atlanta,
Georgia, USA.

DESIGN—Evaluation of a diagnostic test or technology.

METHODS—The charts of pediatric patients who had cataract surgery from August 2008 to
September 2009 were reviewed. Axial length (AL) measurements in the operative eye were
obtained using PCI at the preoperative clinic visit and then using immersion US in the operating
room before surgery. The data were compared to determine the degree of agreement.

RESULTS—The charts of 18 patients (27 eyes) were reviewed. Preoperative AL measurements
by PCI were obtained in 21 eyes (78%). On average, the PCI-measured ALs were 0.1 mm less
than the immersion US values (95% confidence interval, −0.2 to −0.1; P = .002). All eyes with an
AL of 23.5 mm or less had lower PCI values than immersion US values. There was no systematic
pattern of 1 measurement being greater or less than the other in eyes with an AL longer than 23.5
mm.

CONCLUSIONS—There is a systematic difference in AL measurement between PCI and
immersion US, with PCI tending to give lower values, particularly in eyes with an AL longer than
23.5 mm. Depending on the length of the eye, a 0.1 mm error in AL measurement could result in a
0.25 to 0.75 diopter difference in intraocular lens calculation that could be clinically significant in
some patients.

Most axial growth occurs in the human eye during the first 5 years of life.1 The effects of
cataract surgery and intraocular lens (IOL) implantation on the axial growth in an infant’s
eye are not well known.2 Immersion ultrasound (US) has been the gold standard for
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measuring axial length (AL) in children. Although this method can be easily performed with
the child under general anesthesia, it is difficult when the child is awake. In contrast, partial
coherence interferometry (PCI) does not require contact with the eye and can be performed
without anesthesia. In a preschool vision screening setting, PCI had a 90% testability in
children 3 years and older.3 Furthermore, PCI has been shown to have better reproducibility
than A-scan ultrasonography in measuring AL in school-aged children.3 Studies of PCI
alone show that it yields reproducible, highly precise AL measurements, even in young
children.4

There are several advantages to obtaining AL measurements using PCI. In the clinic, PCI
can be less time-consuming than immersion US performed in an operating room. Second,
PCI allows AL measurement without the use of general anesthesia, saving operating room
time and expense. Third, PCI could be used in future longitudinal studies of natural and
postoperative changes in AL to give a better understanding of eye growth and refractive
outcomes in pediatric patients. It is recognized that a subset of patients too young or
otherwise unable to cooperate with preoperative biometric measurements of any kind will
continue to require immersion US under general anesthesia.

The purpose of the present study was to determine whether AL measurements in children
obtained by PCI correlate well with those obtained using immersion US. Although several
previous studies5–8 compared the biometric data obtained with PCI and with various forms
of US in adults, the only study comparing PCI and A-scan US measurements of ocular AL
in children relied on contact A-scan ultrasonography,9 which can reduce AL measurement
by 0.20 to 0.33 mm as a result of corneal compression.6 In 1986, Holladay et al.10 stated that
obtaining accurate biometry is more important than choosing the appropriate IOL power
calculation formula in achieving good refractive outcomes after surgery. Obtaining accurate
AL measurements in children before cataract surgery is particularly important because
biometric errors can be of greater significance in shorter eyes.

PATIENTS AND METHODS
The charts of pediatric patients who had cataract surgery from August 2008 to September
2009 at Emory Eye Center Pediatric Ophthalmology Clinic were reviewed. The study was
approved by the Emory University Institutional Review Board and was in compliance with
the U.S. Health Insurance Portability and Accountability Act.

The patients were evaluated for their ability to cooperate with in-clinic PCI testing. Patients
who were sufficiently cooperative were evaluated during the preoperative clinic visit using
the IOLMaster PCI biometer (Carl Zeiss Meditec). This involved placing the chin in a
slitlamp-like apparatus and forehead against a band to stabilize the head for a period of
seconds while measurements of the distance from the corneal vertex to the retinal pigment
epithelium (RPE) were taken. The default settings of the biometer were used, and the
biometer was calibrated daily in the clinic. The biometer takes at least 5 and up to 20 AL
measurements and determines a composite AL.A A signal curve of the AL measurement and
a signal-to-noise ratio (SNR) were also generated, both reflecting the validity of the AL
measurement.

Subsequently, on the day of cataract surgery after general anesthesia was induced, all
patients had AL measurements by immersion US (Eye Cubed, Ellex). This involved placing
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A. Carl Zeiss Meditec AG. IOLMaster with Advanced Technology Software Version 5.4. User Manual, 2008. Available at:
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a Kohn immersion shell containing the ultrasonic probe tip over the operative eye and filling
the shell with a balanced salt solution to obtain an AL measurement. The US was operated
in manual mode during acquisition. The measurement was repeated several times, and the
reading with the best alignment pattern and gate placement was chosen for IOL calculations.
The measurements were performed by 1 of 2 experienced pediatric ophthalmologists
(A.K.H., S.R.L.).

Although fellow eyes were measured, this paper reports results in the cataractous eyes only.
The mean AL was compared between the PCI and immersion US measuring techniques
using a paired t test.

RESULTS
Twenty-seven cataractous eyes of 18 patients cooperative enough to have PCI testing were
included in this study (Table 1). The PCI AL measurements could not be obtained in 6 eyes
(22%) of 3 patients. Of the remaining 21 eyes, 11 were right eyes and 10 left eyes.

The mean patient age for the remaining 15 patients was 7.1 years. Six of the 15 patients
(40%) were 5 years or younger; 4 (27%) were girls.

Table 2 shows the mean AL by method and the difference between the measurements. The
PCI values were, on average, 0.1 mm less than the immersion US values (95% confidence
interval, −0.2 to −0.1; P = .002).

In all eyes with an AL of 23.5 mm or less, the PCI values that were less than or equal to the
immersion ultrasonography values (Figure 1). In eyes with an AL greater than 23.5 mm,
however, there was no systematic pattern of 1 measurement being greater or less than the
other.

DISCUSSION
How well AL measurements in children obtained using PCI and immersion US correlate has
not been well researched. However, studies comparing biometric measurements by PCI and
by US in adult patient populations found a good correlation.5–8 In 2002, Packer et al.11
compared AL measurements obtained by PCI and immersion US in 50 cataractous eyes and
found that the measurements correlated in “a highly positive manner.” In 2003, Németh et
al.7 reported that AL values were “significantly larger with the IOLMaster than with the
Ultrascan Digital 2000” (a contact scan device); however, they still found a high correlation
between US and optical (PCI) AL measurements (P<.001).

Other recent studies have compared refractive outcomes in adults based on US biometry and
PCI biometry. In a 2007 study calculating IOL power in 467 consecutive cataract operations
using both PCI and applanation A-scan US, Olsen8 concluded that the use of calibrated AL
reading obtained with PCI contributed to significant improvement in the accuracy of IOL
power calculation. In 2009, Landers and Goggin12 found that PCI biometry produced a more
predictable refractive outcome than immersion US. Although Narváez et al.6 found no
difference in measurements or postoperative refractive outcomes in eyes measured by both
PCI and immersion US, the study emphasized the limitations of interferometry in eyes with
dense media opacity.

Few studies have evaluated the use of PCI in children. Some simply evaluated the feasibility
of testing children with the IOLMaster PCI biometer.3,4 In a 2003 study, Quinn et al.4 used
PCI to measure AL in children ages 3.4 to 12.9 years of age and found that, even in young
children, PCI provided reproducible and precise AL measurements. The authors indicated
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that the data provided by PCI might be instrumental in studying eye growth and refractive
development. In 2008, Borchert et al.3 evaluated the testability of PCI ocular biometry in
children aged 30 to 72 months as part of the Multi-Ethnic Pediatric Eye Disease Study. The
study found that 91% of children were testable with the PCI device and that testability rose
sharply with age. The authors conclude that the knowledge that even young children can be
reliably tested for ocular biometry with the PCI device might have an impact on
management strategies for cataracts and refractive error in preschool children.

Two studies9,13 compared AL measurements obtained by IOLMaster PCI and US in
children. In 2004, Carkeet et al.13 compared the repeatability of PCI axial dimension
measurements with that of conventional contact or applanation US (Echoscan US 800,
Nidek) in 179 Chinese children. The PCI AL measurements were, on average, slightly
longer (by 0.14 mm) than US AL measurements. Carkeet et al. conclude that PCI techniques
should be considered standard technique for AL measurement in children because of the
noninvasive, highly precise, and user-friendly nature of the modality. In 2006, Hussin et al.9
compared PCI and contact A-scan US ocular AL measurements in children and found the
PCI measurements to be more accurate and reproducible than those of contact US. Hussin et
al. also noted the potential role of the PCI biometry in studying ocular growth and refractive
development in children.

The results in our study of children indicate there is a systematic difference between PCI and
immersion US in that PCI tends to give lower values in eyes with an AL of 23.5 mm or less.
Although the magnitude of the difference (mean 0.13 mm) may seem small, it may be
clinically important because errors in AL measurement have greater significance in the
relatively shorter eyes of most children.

There are several limitations to our study. First is the small number of eyes. Second, our
patient data do not represent all cataractous eyes of all children at the center who required
cataract extraction with or without IOL placement during the study period. Only children
who were physically and behaviorally able to cooperate with positioning in the slitlamp-like
apparatus of the PCI device were selected to participate. Therefore, the number of untestable
patients, such as infants, in a given pediatric ophthalmology population would be much
higher than in our series. Third, there we were unable to obtain more than 5 AL
measurements in many cases. Although obtaining at least 10 AL measurements in each eye
would have been desirable, this was not possible in some cases because of limited patient
cooperation.

Interestingly, patient cooperation in our pediatric population (aged 4 to 16 years) was not the
limiting factor in most cases in which we were unable to obtain valid PCI readings. Axial
length measurements recorded by the IOLMaster device must be interpreted on the basis of
a valid signal curve and an acceptable SNR (<10). In the most eyes in which measurements
were attempted but not obtainable, the signal curve or SNR accompanying the results of the
AL measurements was unacceptable. The SNR may be low for many reasons, including
dense media opacity along the visual axis, poor fixation in a restless patient, poor alignment
of the device to the patient’s eye, very high ametropia (>6.0 diopters), corneal scars, and
pathological changes in the retina.A All eyes for which we were unable to obtain PCI
measurements had dense cataract; AL measurements were possible in the noncataractous
eye in the same patients in all cases.

Our percentage of untestable children compares well with the percentage of untestable
children documented in previous studies of IOLMaster measurements in adults. In 2003,
Németh et al.7 reported a success rate of 82% for AL measurement with the PCI device in
adults. Reasons they listed for why reliable measurements could not be obtained included
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young or old age; poor cooperation; dense or posterior central cortical–capsular cataract;
high myopia; corneal dystrophy or degeneration; vitreous opacity or hemorrhage; fibrin
accumulation in the anterior chamber or on the lens surface; and recent retinal detachment
surgery, vitrectomy, keratoplasty, excimer laser keratectomy, or applanation tonometry.7 In
the study by Narváez et al.,6 that 22% of adult eyes having surgery could not be measured
using interferometry. Poor laser penetration in eyes with dense media opacities, particularly
with posterior subcapsular cataract, and poor fixation in cataractous eyes have been the most
significant limitations to interferometry.6,8

The strength of the present study lies in the comparison of PCI and immersion US in a
pediatric population. In previous studies of adults and children comparing PCI and
applanation A-scan US, the potential for contact-induced distortion of AL measurements
may have limited direct comparison of values obtained by the 2 devices. One would expect
that AL measurement using the PCI device would more closely approximate immersion US
values because the system’s software is calibrated using a regression model; thus, the
optically measured AL value (tear film to RPE) is can be directly compared with that
obtained by acoustic immersion US (cornea to internal limiting membrane).11 The PCI
device automatically adjusts for the distance disparity between the internal limiting
membrane and the RPE. Because the optical method (PCI) measures along the optical axis
of the eye and the ultrasound technique more likely measures on the anatomic axis,7 it is
conceivable that the difference between PCI and immersion US in our study could have
been due to poor alignment of the scans along the anatomic axis of the eye or poor gate
positioning with US.

Our study supports previous assertions that when testing is possible, PCI is a quick,
noncontact method of obtaining accurate preoperative biometric measurements in children.
In general, the PCI measurements in the clinic were less time consuming than immersion US
measurements in the operating room. Furthermore, knowing that reliable measurements
have been obtained using PCI in a preoperative clinic may permit a surgeon to minimize the
child’s time under general anesthesia. Finally, noncontact PCI measurements eliminate the
potential risk for corneal abrasion or infection from immersion US.

Although our study points to the advantages of PCI, the method has limitations. A
percentage of patients with dense cataract were untestable using the PCI device. In our
group of patients between the ages of 4 years and 16 years, it was the density of the media
opacity rather than the age of the patient that limited the ability to obtain PCI measurements.
Clearly, a subset of patients (adults or children) unable to cooperate with preoperative
biometric measurements of any kind will continue to require immersion US under general
anesthesia. Finally, the high cost of the PCI device may be prohibitive for some
practitioners.

Further studies are needed to determine the use of PCI biometry in honing postoperative
refractive outcome in children and to evaluate the PCI as a tool for the longitudinal follow-
up of AL measurement in children.
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Figure 1.
Scatterplot comparing AL obtained by PCI with AL obtained by immersion US (PCI =
partial coherence interferometry; US = ultrasound).
Partial coherence interferometry and immersion ultrasound were used to obtain axial length
measurements in children. Axial lengths by PCI were 0.1 mm less than immersion US
values (P<.002).
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Table 2

Comparison of AL measurements between PCI and immersion US.

Method Eyes Mean ± SD
Axial Length (mm)

Range 95% CI for Mean

PCI 21 22.14 ± 1.37 20.08 to 24.58 21.52 to 22.76

Immersion US 21 22.27 ± 1.26 20.39 to 24.43 21.69 to 22.85

Difference* 21 −0.13 ± 0.17 −0.45 to 0.15 −0.21 to −0.06

CI = confidence interval; PCI = partial coherence interferometry, US = ultrasound

*
The difference was calculated as PCI – Immersion US. The P value for comparison of means between PCI and US was 0.002 (paired t test)
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