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Abstract
·AIM: To evaluate the accuracy of axial length (AL)
measurements obtained from immersion B -scan
ultrasonography (immersion B-scan) for intraocular lens
(IOL) power calculation in patients with high myopia and
cataracts.

· METHODS: Immersion B -scan, contact A -scan
ultrasonography (contact A -scan), and the IOLMaster
were used to preoperatively measure the AL in 102 eyes
from 102 patients who underwent phacoemulsification
and IOL implantation. Patients were divided into two
groups according to the AL: one containing patients with
22 mm臆AL <26 mm (group A) and the other containing
patients with AL逸26 mm (group B). The mean error (ME)
was calculated from the difference between the AL
measurement methods predicted refractive error and the
actual postoperative refractive error.

·RESULTS: In group A, ALs measured by immersion B-
scan (23.48 依1.15) didn't differ significantly from those
measured by the IOLMaster(23.52依1.17) or from those by
contact A -scan (23.38 依1.20). In the same group, the
standard deviation (SD) of the mean error (ME) of
immersion B -scan (-0.090 依0.397 D) didn't differ
significantly from those of IOLMaster (-0.095 依0.411 D)
and contact A -scan (-0.099依0.425 D). In group B, ALs
measured by immersion B-scan (27.97依2.21 mm) didn't
differ significantly from those of the IOLMaster (27.86依
2.18 mm), but longer than those measured by Contact
A-scan (27.75依2.23 mm, =0.009). In the same group,
the standard deviation (SD) of the mean error (ME) of
immersion B -scan (-0.635 依0.157 D) didn't differ
significantly from those of the IOLMaster (-0.679依0.359 D),
but differed significantly from those of contact A -scan
(-0.953依1.713 D, =0.028).

·CONCLUSION: Immersion B-scan exhibits measurement
accuracy comparable to that of the IOLMaster, and is
thus a good alternative in measuring AL in eyes with
high myopia when the IOLMaster can't be used, and it is
more accurate than the contact A-scan.
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INTRODUCTION

A chieving the desired postoperative refractive state
requires the accurate measurement of corneal curvature

and the axial length (AL), as well as the appropriate
application of the formula used to determine intraocular lens
(IOL) power, and the error in pre-operative AL measurement
is the most significant error in IOL power calculation and
equates to almost 2.5 D/mm in IOL power in a normal AL
eye but decreases to 1.75 D/mm in a 30 mm eye and
increases to 3.75 D/mm in a 20 mm eye[1-5]. Traditionally, AL
has been measured using ultrasound biometry-including
contact A-scan ultrasonography and immersion A-scan
ultrasonography [6]. Contact A-scan ultrasonography is a well
established method for measuring AL, and immersion A-scan
technique is potentially more accurate and is commonly
accepted to be the gold standard in ocular echography, since
it does not require indentation of the cornea, but it is less
accurate in the presence of non-symmetrical posterior scleral
staphyloma, macular degeneration, severe vitreal diseases, or
retinal detachment [7-11]. Non-contact optical coherence
interferometry (PCI) can improve the accuracy of AL
measurement in patients with cataracts or the conditions
listed above, however, in some cases (5%-8%), performance
of the IOLMaster is impossible, because of limitations of the
machine, such as dense media opacity (corneal or lens
opacity), poor fixation by the patients, what's more, in most
of the developing and underdeveloped countries, PCI device
just can be used in large general hospital or professional eye
hospital [11-14]. The immersion B-scan-a conventional method,
which employs immersion A-scan, because it allows patients
can be guided to adjust the eye positions to an ideal position
at any time on the basis of the visual content of the images to
make the measurement more accurate, thus it can be a good
alternative and/or supplement in measuring AL in eyes with
long AL when the IOLMster can't be used. However, the
accuracy of the immersion B-scan hasn't been compared with
conventional contact A-scan and IOLMaster synchronously.
Therefore, we conducted a prospective, comparative trial to
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compare the accuracy of the three methods to measure the
AL in eyes with high myopia.
SUBJECTS AND METHODS
Subjects This prospective study was conducted in the
Chinese PLA General Hospital between January and May
2012. All participants provided written informed consent in
accordance with the Declaration of Helsinki protocols
approved by the appropriate institutional Review Board. One
hundred and two eyes from 102 consecutive patients
scheduled to undergo phacoemulsification and IOL
implantation were consecutively selected and divided into
two groups according to the AL: group A contained 43 eyes,
the AL range from 22.05 mm to 25.91 mm; group B
contained 59 eyes, the AL range from 26.50 mm to 31.76
mm. The exclusion criteria were: 1)myopic traction
maculopathy including macular retinoschisis and myopic
macular holes; 2)history of surgery such as vitreoretinal
surgery, cataract surgery, or refractive surgery; 3) retinal
pathologies myopic chorioretinal atrophy or amblyopia that
would prevent accurate fixation during the measurement of
the AL;4) dense cataract that would prevent an accurate
measurement of the AL by the IOLMaster (逸Grade 4,
Emery and Little classification [15]); 5) eyes with active
choroidal neovascularization because of exudative changes
such as serous retinal detachment which can affect the AL,
and AL was measured using three methods: contact A-scan
(SW-2100, Souer, Tianjin, China), immersion B-scan
(SW-2100, A/B-mode ultrasound: A super probe frequency,
10 MHz; axial resolution, 0.12 mm; Souer, Tianjin, China),
and the IOLMaster (version.5.4.3.0002,Carl Zeiss Mediate,
Jena, Germany).
Each eye was evaluated on the same day using the
IOLMaster, contact A-scan and an immersion B-scan. All the
eyes were measured the AL and corneal curvature first using
IOLMaster, then half the eyes in each category were
measured the AL first using the contact A-scan and then
using the immersion B-scan, and the other half, vice versa.
One same examiner performed all measurements.
Methods
Contact A -scan ultrasonography The physician
performed A-mode ultrasound using the handheld contact
method, with a gain of about 80 dB in the lens measurement
and automatic measurement storage modes. After the cornea
was anesthetized using 0.4% oxybuprocaine hydrochloride,
and patients were placed in a supine position, an A super
probe (6 mm diameter) was gently placed in the center of the
cornea and directed across the pupil to the macula. Careful
attention was paid to avoid corneal indentation. Ten data
points were obtained automatically, and the average value
with a difference <0.05 mm was recorded for use in the
analysis. The anterior chamber depth and axial mean were
also recorded.
Immersion B -scan ultrasonography Immersion B-scan
was performed with a gain of 85 dB and the vector a

sampling line located in the center of the screen. After the
cornea surface anesthesia, a Hansen immersion shell was
placed on the ocular surface and slowly injected with saline,
the B-mode ultrasound probe was inserted into the immersion
shell 5-10 mm from the cornea. Patients were asked to watch
the center of the probe and to adjust their eye positions
according to B-mode ultrasound images. When the ideal eye
position was obtained, the image was frozen.
The AL obtained with immersion B-scan was determined by
estimating an optical line through the eye (perpendicular to
the cornea and lens) thus ensuring precise centration of the
corneal peak. Therefore, in the presence of an eccentric
staphyloma, the AL chosen for biometry calculations did not
necessarily represent the maximum geometric AL of the eye
(Figure 1).
The point where the vector A super-sample line crossed the
retina was approximately 4.5 mm from the disc center or
approximately 3 mm from the optic disc edge (Figure 2).
Final AL was obtained by the average value of three
consecutive measurements of the distance from the corneal
vertex to the macula, or from the crest of the anterior corneal
surface to the crest of the macular retinal surface with an
electronic measuring scale in the B ultrasound mode
(Figure 3) [16,17].
IOLMaster The phasic mode of the IOLMaster's AL menu
was used to measure AL five times, from which an average
value was recorded (signal-to-noise ratio >2) and used to
calculate IOL power. The same senior physician performed
all examinations with the IOLMaster.
IOL power calculation IOL power was calculated using the
SRK/T formula in the patients with the AL>24.5 mm and
Hoffer Q formula in the patients with the AL臆24.5 mm. The
same surgeon (ZL) performed all cataract surgeries using a
2.75 mm limbal incision. A foldable acrylic single-piece IOL
(Rayner Superflex 620H; Rayner Intraocular Lenses Limited,
Hove, East Sussex, UK) was implanted in the capsular bag in
all cases. The final refractive error was obtained three months
after cataract surgery.
Refraction was performed using an automated refractor at
least 3mo postoperatively in order to stabilize the refraction.
Accuracy of the three techniques was evaluated in this study,
and it was measured by mean actual postoperative refractive
error using the following equation: Predictive error of each
technique=Predicted postoperative error by that technique-
postoperative spherical equivalent of the refractive error.
Statistical Analysis All data were analyzed with the SPSS
version 12.0 (SPSS Inc., Chicago, IL, USA). Values were
recorded as mean 依SD (standard deviation). A paired -test
was used for parametric comparison of the means. The mean
AL measurements and biometry errors were calculated.
Deviation of the actual postoperative refraction from the
assumed target preoperative refraction calculated and
evaluated using a two-way analysis of variance (ANOVA).
The statistical significance was set at <0.05.
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RESULTS
The patients' main details at the time of treatment were

summarized in Table 1. All operations were performed
successfully and all IOLs were implanted into the capsular
bag. Comparisons of ALs measured by immersion B-scan,
contact A-scan, and the IOLMaster were presented in Table 2.
In group A, ALs measured by immersion B-scan (23.48依
1.15 mm) didn't differ significantly from those measured by
the IOLMaster (23.52依1.17 mm) or from those by contact
A-scan (23.38依1.20 mm). In the same group, the standard
deviation (SD) of the mean error (ME) of immersion B-scan
(-0.090依0.397 D, -0.97 to +1.25 D) didn't differ significantly
from those of IOLMaster (-0.095依0.411 D, -0.95 to +1.23 D)
and contact A-scan (-0.099依0.425 D, -1.11 to +1.35 D) at
three months postoperative. The mean error of the three
methods and the percentages of predictive error within 依0.50 D,
依1.00 D and 依1.50 D in group A were presented in Table 3.
In group B, ALs measured by immersion B-scan (27.97依
2.21 mm) didn't differ significantly from those of the
IOLMaster (27.86依2.18 mm), but significantly longer than
those measured by Contact A-scan (27.75 依2.23 mm, =
0.009). In the same group, the standard deviation (SD) of the
mean error (ME) of immersion B-scan (-0.635 依0.157 D,
-1.80 to +1.17 D) didn't differ significantly from those of the
IOLMaster (-0.679依0.359 D, -1.41 to +1.27D), but differed
significantly from those of Contact A-scan (-0.953依1.713D,
-2.48 to +1.63 D, =0.028). The mean error of the three
methods and the percentages of predictive error within 依0.50 D,
依1.00 D and 依1.50 D in group B were presented in Table 3.
DISCUSSION
With the increasing popularity of small incisions and
phacoemulsification in cataract surgery, the accuracy of IOL
power calculation has become the only factor affecting
postoperative refractive error. This study was motivated by
the need to minimize such AL measurement error. To
improve the accuracy of IOL power measurement, a variety
of high-quality IOLs and optimized formulae and
measurement methods have been developed and improved.
In this study, we measured corneal curvature with the
IOLMaster, calculated IOL power preoperatively using the
SRK/T formula in the patients with the AL>24.5 mm and
Hoffer Q formula in the patients with the AL≤24.5 mm [4,18,19-21].
We implanted the same type of IOL in all eyes to avoid any

Figure 1 First quality control measure for immersion B-scan
ultrasound biometry The vector an ultrasound sampling line
was determined to be exactly perpendicular to the double
bands of the cornea and the center of the lens capsule, and
directed at the center of the macula.

Figure 2 Second quality control measure for immersion B -
scan ultrasound biometry The intersection of the vector an
ultrasound sampling line and the retina was determined to be 4.5 mm
from the optic disc or 3 mm from the optic disc edge.

Figure 3 Axial length measurement by immersion B -scan
ultrasound AL was defined as the distance from the corneal vertex
to the macula or from the crest of the anterior corneal surface to the
crest of the macular retinal surface with an electronic measuring
scale in B-mode ultrasound.

Table 1 Characteristics of study population  

Characteristics 
Group A 

(22 mm≤AL<26 mm) 
Group B 

(AL≥26 mm) 
Number 43 59 
Age   

Range (a)  27-87 28-84 
Mean  60.4 62.8 
Standard deviation ±9.8 ±9.5 

Sex   
M 20 27 
F 23 32 

AL: Axial length; No differences were significant. 
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variation due to the use of different IOLs. AL was thus the
only factor underlying differences among measurements
obtained from the different methods.
The AL was defined as the distance from the corneal vertex
to the foveal vitreoretinal interface. The error in pre-operative
AL measurement was the most significant error in IOL power
calculation and equates to almost 2.5 D/mm in IOL power in
a normal AL eye but decreases to 1.75 D/mm in a 30 mm eye
and increases to 3.75 D/mm in a 20 mm eye [1-5]. Ultrasound
biometry and optical biometry are two currently used ocular
biometry methods that are based on different physical
principles.
Two types of A-scan ultrasound biometry are currently in
use. They are immersion A-scan and contact A-scan.
Immersion A-scan measurement had been widely recognized
as the standard method of AL measurement in clinic, which
was more accurate than contact A-scan[7,8]. However, because
of the relatively cumbersome of the immersion A-scan,
contact A-scan was used more widely. The immersion B-scan
(also known as B-mode-guided vector-A-mode) was an
immersion A-scan method with B-mode-guided image,
which integrated the advantages of immersion A-scan and
the B-scan and overcame the weaknesses of the two methods.
The AL measurement from the immersion A-scan or contact
A-scan was difficult in the patients with high myopia and
cataract, especially in patients with asymmetric scleral
staphyloma. It was because that in patients with asymmetric
scleral staphyloma and cataract, the ideal waveform of the
A-scan caught not been obtained easily due to their poor
fixation, then, the off-axis measurement error would have
occurred, which would lead to poor postoperative visual [9-11].
In our study, the average AL in the group A (patients without
high myopia) measured from immersion B-scan was 0.10 mm
longer than measured from contact A-scan. Some others had
shown that the average AL measured by immersion A-scan

was 0.03-0.27 mm longer than measured by contact
A-scan [6-8,22,23]. The difference might be due to on the one
hand, the different degrees of corneal depression, on the other
hand, the ultrasonic instrument we used were not exactly the
same as it used in other studies, and the results might be
different when the ultrasonic instrument different. In the
group B (patients with high myopia), the average AL
measured from immersion A-scan was 0.22 mm longer than
measured from contact A-scan, and the comparison of the
mean error of the two methods showed that the immersion
B-scan was more accurate. As the examiner and the
ultrasonic device were extremely the same in the two groups,
the difference might be due to the off-axis measurement error
occurred when the AL measured by contact A-scan. The
accuracy of the immersion B-scan was better than A-scan
may be due to: It is a two-dimensional modality with
brightness modulation, and allows the intuitive visualization
of various biometric reference interfaces, especially the
morphology of the macula and the posterior scleral
staphyloma. In addition, patients can be guided in the
adjustment of eye positions at any time on the basis of the
visual content of the images. The sampling line of vector an
ultrasound can also provide accurate information to guide the
placement of the electronic measuring scale, which can
prevent A-mode ultrasound-induced errors in alignment.
Wang [17] recorded that the average AL measured by
immersion A-scan was 0.44 mm shorter than measured by
contact A-scan, and the difference might be due to the
patients with longer AL in their study. In eyes with axial
lengths 逸30 mm, a posterior pole staphyloma temporal to
the fovea was common, and the corneal vertex-fovea distance
was approximately 0.5-1.5 mm, shorter than the distance
from the corneal vertex to the bottom of the staphyloma,
which was where the A-scan usually found the perpendicular
axis and recorded the AL[6].

Table 2 Axial length of eyes with cataract(mean axial length±standard deviation) 

Method 
Group A (43 eyes) 

(22 mm≤AL<26 mm) 

Group B (59 
`eyes) 

(AL≥26 mm) 
Immersion B-scan (mm) 23.48+1.15 27.97±2.21 
IOLMaster (mm) 23.52+1.17 27.86±2.18 
Contact A-scan (mm) 23.38+1.20 27.75±2.23 

Immersion B-scan/IOLMaster  0.38 0.39 
Immersion B-scan/Contact A-scan 0.46 0.01 P 
IOLMaster/Contact A-scan 0.89 0.03 

AL: Axial length. 
Table 3 The mean error of three methods and the percentages of predictive error within ±0.50D, ±1.00D and ±1.50D in the two groups  

Group A (43 eyes) (22 mm≤AL<26 mm) Group B (59 eyes) (AL≥26 mm) 
Parameters 

Immersion B-scan IOLMaster Contact 
A-scan Immersion B-scan IOLMaster Contact 

A-scan 
Mean  error ±SD(D) -0.090±0.397 -0.095±0.411 -0.099±0.425 -0.635±0.157 -0.679±0.359 -0.953±1.713 
Range (D) -0.97 to +1.25 -0.95 to +1.23 -1.11 to +1.35 -1.80 to +1.17 -1.41 to +1.27 -2.48 to +1.63 
Prediction error       
Within ±0.50 D, n (%) 22(51.2) 25(58.1) 23(53.5) 30(50.8) 31(52.5) 14(23.7) 
Within ±1.00 D, n (%)  36(83.7) 38(88.4) 36(83.7) 45(76.3) 48(81.4) 30(50.8) 
Within ±1.50 D, n (%) 43(100.0) 43(100.0) 43(100.0) 57(96.6) 57(96.6) 50(84.7) 

ME: Mean predictive error; SD: Standard deviation; Predictive error=Predicted postoperative error－postoperative spherical equivalent of the 
refractive error; AL: Axial length. 

Accuracy of axial length measurements from immersion B-scan

444



陨灶贼 允 韵责澡贼澡葬造皂燥造熏 灾燥造援 7熏 晕燥援 3熏 Jun.18, 圆园14 www. IJO. cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂

The IOLMaster was an optical biometry that had shown good
repeatability and reliability in the measurement of AL. Our
findings were similar to the findings reported by Fontes

[24], who concluded that the accuracy of AL measured
with the IOLMaster had been shown to be similar to that of
AL measured by immersion A-scan ultrasound in patients
without high myopia, and the IOLMaster had been
recognized as a new standard AL measurement. Some others
concluded that the AL measurement by the IOLMaster was
more accurate than that by contact or immersion A-Scan in
eyes with or without high myopia [11,12,25,26]. In our study, the
results showed that in the group B (patients with high
myopia), the AL measurements from the IOLMaster were
more accurate than from the contact A-scan. However, the
application of the IOLMaster was limited in some patients
(5%-8%) with corneal diseases or dense cataracts[13,14]. What's
more, in most of the developing and underdeveloped
countries, it just can be used in large general hospital or
professional eye hospital. In our study, the results showed
that the immersion B-scan exhibits measurement accuracy
comparable to that of the IOLMaster in patients with cataract
with or without high myopia. We concluded that this result
due to the strict control of image quality as following: First,
we obtained clear images of the bands of the cornea, anterior
and posterior lens, and retina with complete optic nerve
visualization in B-mode echo ultrasonography by adjusting
the patient's eye position and B-scan ultrasound immersion
depth. Second, by adjusting the patient's eye position, we
ensured that the sampling line of vector an ultrasound was
perpendicular to the corneal-retinal interface and passed
through the center of the pupil. Third, the fovea is
approximately 4.5 mm (3 disc diameter or 15° ) from the
center of the optic nerve [16,17].
In conclusion, immersion B-scan exhibits measurement
accuracy comparable to that of the IOLMaster, and is thus a
good alternative in measuring AL in eyes with high myopia
when the Ironmaster can't be used, and it is more accurate
than the contact A-scan.
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