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ABSTRACT
Background: The Lenstar LS 900 (Haag-Streit AG, Koeniz, Switzerland) is an optical biometer, and its 
measurements are highly repeatable and precise in cataractous eyes. This study investigated changes in 
biometric parameters, including axial length (AL), anterior chamber depth (ACD), lens thickness (LT), 
vitreous cavity depth (VD), and central corneal thickness (CCT) before and after three-port 23-Gauge pars 
plana vitrectomy with silicone oil tamponade.
Methods: This was a prospective follow-up study. Patients who were scheduled for surgery underwent a 
detailed slit-lamp examination and objective cycloplegic refraction preoperatively. In eligible cases, the 
Lenstar LS 900 was used to measure biometric parameters. At the 1-month postoperative follow-up, 
we repeated the same assessments for the silicone oil (SO)-filled eyes. Data were analyzed to assess the 
significance of changes and to test the possible correlation of values between the two time points.
 Results: Twenty-three patients with a mean ± standard deviation age of 60 ± 12 years completed the study. 
Postoperatively, we found a significant increase in AL and a decrease in ACD and CCT (all P < 0.05), with 
no significant changes in LT and VD. A significant correlation was found for ACD, CCT, and cylinder values 
between the two time points (all P < 0.05). Postoperatively, the spherical and cylindrical components of 
refraction demonstrated a hyperopic shift, but did not change statistically significantly. 
Conclusions: The Lenstar LS 900 underestimated the ACD and overestimated the AL in SO-filled eyes 
when comparing pre- and postoperative values, in phakic as well as pseudophakic eyes. In planning for 
cataract surgery in this group of patients, it is more reasonable to calculate IOL power based on the biometric 
data of the fellow eye, although this may not eliminate possible errors. Further studies with a larger sample 
size, longer follow-up, and robust study design are necessary to confirm our preliminary results.
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INTRODUCTION
Pars plana vitrectomy with silicone oil (SO) tamponade for repairing complicated retinal detachment was first 
reported by Cibis in1962 [1]. Cataract is a frequent long-term complication in SO-filled phakic eyes [2]. Contact 
of the SO with the posterior surface of the lens affects its metabolism, resulting in cataract [3].
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Intraocular lens (IOL) power determination depends on three parameters: axial length (AL), anterior cham-
ber depth (ACD), and average corneal power [2]. Imprecise measurement of AL, corneal power, and inaccurate 
estimation of postoperative ACD by optical biometry cause IOL power calculation error by 36%, 22%, and 42%, 
respectively [4].

The Lenstar LS 900 (Haag-Streit AG, Koeniz, Switzerland) is a new, non-contact optical biometer, introduced 
in 2008 [5]. This instrument uses the optical low coherence reflectometry technique [3, 5-9] with a broadband 
light source (20–30 nm) [7] to measure AL, ACD, central corneal thickness (CCT), lens thickness (LT) [3, 
7-10], retinal thickness, keratometry readings (K) [7, 8, 10], corneal diameter (CD) [7], pupil size [7, 10], white-
to-white (WTW) distance (as horizontal iris width) [3, 10, 11], and eccentricity of the pupil and visual optical 
line [3, 7]. Optical biometry can facilitate a high degree of accuracy in IOL power estimation [12]. Compared to 
the IOLMaster, the reproducibility of the Lenstar LS 900 was excellent in healthy eyes [7], and its measurements 
were highly repeatable and precise in cataractous eyes [3, 13]. 

The precision of determining biometric parameters using Lenstar LS 900 in SO-filled eyes had to be sought. 
Hence, this study aimed to investigate changes in biometric parameters, including AL, ACD, LT, vitreous cavity 
depth (VD), and CCT using Lenstar LS 900 before and after deep vitrectomy with SO tamponade.

METHODS
This prospective follow-up study was conducted from July 2011 to September 2012 at the Labbafinejad Medical 
Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran. The ethical committee of Shahid Beheshti 
University of Medical Sciences approved the study protocol, and a signed written informed consent was obtained 
from all participants before recruitment. The study adhered to the ethical principles of the tenets of the Declara-
tion of Helsinki for human subjects. 

We excluded patients with a history of any keratorefractive surgery, as such surgery could change the refrac-
tive index of the cornea [14] as compared to the untouched cornea. Patients who were unable to fixate on light 
for any reason, such as those with head tremors or corneal or lens opacities involving the visual axis, were also 
excluded. We excluded patients with keratoconus or any ectatic corneal diseases due to the presence of irregular 
astigmatism and the possibility of its change within a 1-month study duration. Eligible participants were recruit-
ed using the convenience sampling method during a 1-month study period. 

Initially, from cases referred to the ophthalmology clinic at Labbafinejad Medical Center, patients who were 
scheduled for deep vitrectomy with SO tamponade underwent a thorough anterior and posterior segment slit-
lamp examination preoperatively, by a senior ophthalmologist trained in the retina subspecialty, to evaluate reti-
nal, corneal, and lens pathologies. For 30 eyes in which it was deemed appropriate to proceed, the Lenstar LS 900 
non-contact biometer (Haag-Streit AG, Koeniz, Switzerland) was used to measure biometric parameters, includ-
ing AL, ACD, LT, CCT, and VD. These parameters were measured preoperatively, between 09:00 AM and 12:00 
PM, by the same technician. According to manufacturer’s instructions of the Lenstar LS 900, anesthetic eye 
drops were not administered before the evaluation. The measurements were performed five consecutive times, 
and the mean value was calculated and used for the final analysis. Furthermore, objective cycloplegic refraction 
was performed and subsequently subjectively refined.

Standard three-port 23-Gauge pars plana vitrectomy with SO tamponade was performed for all eyes, as de-
scribed elsewhere [15]. The same surgeon, using similar surgical techniques and instruments, performed all sur-
geries. The viscosity, level of purification, and chemical composition of the different types of SO vary. The vis-
cosity depends on the polymeric compound length and ranges from 1000 to 10000 centistokes (cs). Two types 
of highly purified polydimethylsiloxanes, low viscosity (1000 or 1300 cs) and high viscosity (5000 or 5700 cs), 
are commonly used in clinical practice [16]. In this study, 5700 cs SO (Oxane 5700; Bausch & Lomb, Germany) 
was injected in all patients. 

At the 1-month postoperative follow-up, the same ophthalmologist repeated detailed slit-lamp examination 
for all included eyes. Patients who did not attend the postoperative follow-up, those with a hazy cornea, trauma, 
recurrent retinal detachment, or who were severely affected by the underlying disease were excluded from the 
final analysis. Thus, for 23 remaining eyes, the same technician repeated the measurement of biometric parame-
ters using the Lenstar LS 900, as described above, and again performed objective cycloplegic refraction, which 
was then refined subjectively.

All analyses were performed using IBM SPSS Statistics for Windows (version 20.0; IBM Corp., Armonk, Chi-
cago, IL, USA). Variables were expressed as mean ± standard deviation (SD) or frequency and percentage. We 
used the Wilcoxon signed-rank test to compare pre-and postoperative values and the Mann‒Whitney U test to 
compare the phakic and pseudophakic subgroups. Pearson’s product-moment correlation was performed to test 
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the possible correlation between pre-and post-operative values. The level of significance was set at P < 0.05.

RESULTS
Twenty-three eyes of 23 patients with a mean ± SD age of 60 ± 12 years were included in the final analysis. Table 
1 shows the baseline characteristics and clinical specifications of the study participants. 

Table 2 shows the mean ± SD of biometry parameters and refraction and their pre- and postoperative changes 
in all participants. Postoperatively, a significant increase in AL and a decrease in ACD and CCT (all P < 0.05) 
were found. The changes in LT and VD, despite showing a postoperative increase in mean values, were not sta-
tistically significant (P = 0.779 and P = 0.091, respectively). Furthermore, only pre- and postoperative ACD (r = 
0.913; P < 0.05), CCT (r = 0.770; P < 0.01), and cylinder (r = 0.662; P < 0.05) values were significantly correlat-
ed (Table 2). Postoperatively, the spherical and cylindrical components of refraction demonstrated a hyperopic 
shift by +1.28 ± 5.6 D and +0.13 ± 1.82 D, respectively; however, these changes were not statistically significant 
for either component (P = 0.075 and P = 0.788, respectively) (Table 2).

Table 3 shows a comparison of biometry parameters pre-and postoperatively in the phakic and pseudophakic 
eye subgroups. Except for significantly deeper pre- and postoperative ACD in pseudophakic eyes (both P < 
0.05), other parameters did not differ significantly between the two subgroups (Table 3). 

Comparing pre- versus postoperative parameters within each subgroup, a significant increase in AL in both 
subgroups (both P < 0.05), and a significant decrease in the CCT of pseudophakic eyes (P < 0.05) was found 
postoperatively (Table 3).

Table 1. Baseline characteristics and clinical specifications of study participants

Parameter Value

Age, (y), Mean ± SD/ Median (Range) 60 ± 12 / 60 (36 to 81)

Gender, n (%), Male/Female 15 (65.2) / 8 (34.8)

Eye, n (%), OD/OS 14 (60.9) / 9 (39.1)

Pathology*, n (%) Trauma 3 (13.1)

Diabetes Mellitus 10 (43.47)

Hypertension 5 (21.73)

Senile Cataract 6 (26.1)

Aphakic 2 (8.7)

Lens type, n (%) Phakic 10 (43.5)

Pseudophakic 11 (47.8)

Aphakic 2 (8.7)

Abbreviations: y, years; SD, standard deviation; n, number; %, percentage; OD, right eye; OS, left eye *As there were subjects with 
more than one pathology, the sum of the percentage from this variable exceeds 100%.

Table 2. Biometric parameters and refraction pre- and post-vitrectomy with silicone oil tamponade in all participants

Parameter Pre
Mean ± SD

Post
Mean ± SD

Correlation Change (Post-Pre)
Mean ± SD (95% CI)

P-value‡

ACD (mm) 3.91 ± 1.01 3.64 ± 0.95 0.913* -0.22 ± 0.39 (-0.01 to 0.44) 0.048

LT (mm) 3.65 ± 1.54 3.79 ± 1.46 0.553 -0.39 ± 1.28 (-0.6 to 1.38) 0.779

VD (mm) 16.09 ± 2.12 16.78 ± 1.62 0.475 1.21 ± 2.1 (-3.16 to 0.73) 0.091

AL (mm) 23.01 ± 1.98 24.85 ± 2.18 0.364 1.82 ± 2.49 (3.02 to -0.62) 0.002

CCT (µm) 539.0 ± 34.0 526.0  ± 36.0 0.770** -13.3 ± 23.87 (2.98 to 23.63) 0.004

Sphere (D) -0.28 ± 2.84 +2.62 ± 4.98 0.178 +1.28 ± 5.6 (-4.66 to +2.11) 0.075

Cylinder (D) -1.51 ± 1.34 -1.87 ± 2.37 0.662* +0.13 ± 1.82 (-1.24 to +0.97) 0.788

Abbreviations: Pre, pre-vitrectomy with silicone oil tamponade; Post, post-vitrectomy with silicone oil tamponade; SD, standard 
deviation; ACD, anterior chamber depth; mm, millimeter; LT, lens thickness; VD, vitreous cavity depth; AL, axial length; CCT, 
central corneal thickness; µm, micrometer; sphere, spherical component of refraction; cylinder, cylindrical component of 
refraction; D, diopter. *P < 0.05; **P < 0.01; ‡Based on Wilcoxon signed-rank test. Significant P-values are shown in bold.
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DISCUSSION
This study investigated changes in biometric parameters (AL, ACD, LT, VD, and CCT) before and after deep 
vitrectomy with SO tamponade. The results revealed a significant increase in AL and a decrease in the ACD 
and CCT. No significant changes were found in LT and VD, despite a postoperative increase in mean values. 
Furthermore, a significant correlation was found between the pre- and postoperative ACD, CCT, and cylinder 
values. Postoperatively, the spherical and cylindrical components of refraction had a hyperopic shift, yet these 
changes were not significant. Except for significantly deeper pre- and postoperative ACD in pseudophakic versus 
phakic eyes, other parameters did not differ significantly between them. This might be due to anterior shifting 
of the crystalline lens in phakic eyes postoperatively, as we detected a 0.24-mm reduction in mean ACD in this 
subgroup, but the change was not significant. A significant increase was found postoperatively in the AL of both 
pseudophakic and phakic eyes, and a significant decrease was found in the CCT of pseudophakic eyes postop-
eratively.

Use of SO in phakic eyes accelerates cataract formation. It also causes errors in IOL power calculations for a 
number of reasons, such as incomplete filling of the vitreous chamber with SO, a partially removed vitreous base, 
biometry performed in a supine position, implantation of a sulcus IOL, presence of edema or detachment in the 
macula, and use of outdated formulas in IOL power calculation [17]. In SO-filled eyes, the accuracy of AL meas-
urements is affected by the altered refractive index of the eye. The optical path length of the posterior segment in 
the SO-filled eye is altered; therefore, an average + 6 D shift in the refraction of phakic SO-filled eyes is plausible 
[4, 17]. Hence, the interference of SO with the assessment of ocular biometric parameters must be taken into 
account in the calculation of IOL power for SO-filled eyes during treatment planning.

In the current study, we employed the Lenstar LS 900 to measure biometric parameters preoperatively and 1 
month after three-port 23-Gauge pars plana vitrectomy with SO tamponade. The reproducibility and accuracy 

Table 3. The comparison of biometry parameters pre-and post-vitrectomy with silicone oil tamponade in the two subgroups of 
phakic and pseudophakic eyes

Parameter Assessment Time Phakic 
(n = 10 eyes)
Mean ± SD

Pseudophakic 
(n = 11 eyes)
Mean ± SD

P-value* 
(Comparison between subgroups)

ACD (mm) Preoperative 3.32 ± 0.39 4.77 ± 0.74 0.001

Postoperative 3.01 ± 0.31 4.49 ± 0.83 0.003

Change -0.24 ± 0.46 -0.19 ± 0.31 0.796

P-value within group‡ 0.092 0.249

LT (mm) Preoperative 4.38 ± 0.24 2.01 ± 2.04 0.164

Postoperative 4.47 ± 0.30 1.08 ± 0.28 0.036

Change 0.04 ± 0.09 -1.91 ± 2.67 0.106

P-value within group‡ 0.249 0.180

VD (mm) Preoperative 15.87 ± 1.60 16.47 ± 3.09 0.450

Postoperative 16.33 ± 1.45 18.56 ± 0.95 0.117

Change 0.54 ± 0.73 2.90 ± 4.04 0.699

P-value within group‡ 0.225 0.180

AL (mm) Preoperative 23.15 ± 2.09 22.91 ± 1.99 0.869

Postoperative 24.48 ± 2.02 25.15 ± 2.56 0.439

Change 1.23 ± 1.37 2.24 ± 3.06 0.710

P-value within group‡ 0.036 0.017

CCT (µm) Preoperative 541 ± 27 531 ± 33 0.459

Postoperative 524 ± 31 521 ± 37 0.888

Change -17.6 ± 33.42 -10.09 ± 14.38 0.916

P-value within group‡ 0.126 0.029

Abbreviations: Preoperative, pre-vitrectomy with silicone oil tamponade; Postoperative, post-vitrectomy with silicone oil 
tamponade; SD, standard deviation; n, number; ACD, anterior chamber depth; mm, millimeter; LT, lens thickness; VD, vitreous 
cavity depth; AL, axial length; CCT, central corneal thickness; µm, micrometer. P-values less than 0.05 are shown in bold. *Based 
on the Mann‒Whitney test; ‡ Based on the Wilcoxon signed-rank test.
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of the Lenstar LS 900 have been verified previously by Rabsilber et al. [5], Shammas et al. [18], and Bjeloš 
Rončević et al. [19] in cataractous eyes, by Shen et al. [20] and Zhao et al. [21] in myopic eyes, as well as in the 
normal eyes of adults and school-aged children by Schulle et al. [22] and Şahin et al. [23], respectively. Further-
more, Kunavisarut et al. [24], Roessler et al. [25], and Parravano et al. [26] proved the high precision and re-
peatability of the IOLMaster, an optical biometer similar to the Lenstar LS 900, in measuring the AL of SO-filled 
eyes. In contrast, we found that ACD was underestimated by the Lenstar LS 900 in SO-filled eyes. Additionally, 
it overestimated AL in both phakic and pseudophakic SO-filled eyes.

Rohrer et al. [6] compared biometric parameters, including AL, ACD, CCT, corneal radius, keratometry of flat 
and steep radii, and the axis of the flattest radius in 144 cataractous, pseudophakic, aphakic, SO-filled, or normal 
eyes measured using the Lenstar LS 900, IOLMaster (Carl Zeiss Meditec, Jena, Germany), and Pachµmeter 
(Haag-Streit AG). They found a good correlation between Lenstar LS 900 measurements in all included eyes, 
with all instruments [6]. The current study found a significant correlation between pre- and postoperative ACD, 
CCT, and cylinder values. However, other parameters, namely LT, VD, AL, and the spherical component of re-
fraction, showed no significant correlation, despite having a positive r value.

Liu et al. [27] investigated the clinical results of ultrasound biometry in SO-filled eyes. They reported that the 
ultrasound biometer allows accurate and simple measurements in such eyes. The AL measured by ultrasound 
biometry did not differ significantly before and after SO removal, but the mean VD decreased from 26.57 mm 
to 17.90 mm [27]. In contrast, using the Lenstar LS 900 overestimated AL in SO-filled eyes, and this remained 
true when values for both phakic and pseudophakic eyes were compared between the two time points. This dis-
crepancy between our study and that of Liu et al. [27] may stem from the fact that these two studies employed 
different types of devices. However, further comparative studies are needed to confirm our findings.

Roessler et al. [25] assessed the precision of AL measurements in 26 eyes with SO, using the IOLMaster. AL 
was measured on the day before and 6 weeks after SO removal. The results revealed acceptable accuracy for AL 
measured using the IOLMaster [25]. However, although we employed the Lenstar LS 900, which is an optical 
biometer similar to the IOLMaster, we found that AL was overestimated after SO injection as compared with 
preoperative biometry. The difference might be due to the timing of measurements, as well as the difference in 
biometry devices used in these two studies. However, our rationale should be verified through further compar-
ative studies.

Wang et al. [28] measured AL and ACD before and after SO removal using A-scan ultrasonography and IOL-
Master in 67 eyes. After removal of SO, AL values were reduced significantly when measured using the IOLMas-
ter. The AL values obtained by the two devices showed good agreement before and after SO removal; however, 
the AL measured by the IOLMaster was more accurate. Both pre- and post-SO removal ACD values were sig-
nificantly lower when measured by the A-scan than when measured by the IOLMaster [28]. Given that we did 
not compare our measurements with values obtained by either A-scan ultrasonography or the IOLMaster, it is 
difficult to ascertain the accuracy of the Lenstar LS 900 in SO-filled eyes. However, compared with pre-injection 
values, we found that AL was overestimated in SO-filled eyes, which could interfere with an accurate estimation 
of IOL power in these eyes. Further studies are needed to clarify this matter.

Liu and Li [29] measured ocular biometric parameters (AL, ACD, and LT) before and after vitrectomy with 
SO injection in phakic eyes using an IOLMaster 700 [29]. Similar to the current study, the postoperative mean 
AL and mean ACD values increased and decreased, respectively. This might be due to the measurement error 
of AL following SO tamponade. We found deeper pre- and postoperative ACD in pseudophakic versus phakic 
eyes, as detected by Liu and Li [29] in their participants with phakic eyes. These similar results might be due to 
the postoperative anterior shift of the crystalline lens in phakic eyes. Robust verification could be achieved by 
comparing these two optical biometers in two groups of well-matched SO-filled eyes.

Kulikov et al. [30] measured the AL of SO-filled and control eyes using the IOLMaster and the Lenstar LS 
900. For a better interpretation of the data, the eyes were subdivided into those with AL > 23.63 mm and those 
with AL < 23.63 mm. Both biometers significantly overestimated the AL of SO-filled eyes with a longer AL, 
although this error was smaller with the Lenstar LS 900 than with the IOLMaster. Biometry was reported to be 
more accurate in SO-filled eyes with a shorter AL [30]. Likewise, we found that the Lenstar LS 900 overestimat-
ed AL in SO-filled eyes when we compared pre- and postoperative values in both phakic and pseudophakic eyes.

In the current study, ACD was significantly underestimated, and AL was significantly overestimated in SO-
filled eyes by the Lenstar LS 900. Inaccurate measurement of AL and incorrect estimation of postoperative ACD 
by optical biometry cause IOL power calculation error by 36% and 42%, respectively [4]. Therefore, in planning 
for cataract surgery in phakic SO-filled eyes, other alternatives for IOL power calculation, such as calculating IOL 
power before SO injection, using the biometric data of the fellow eye, or performing biometry after SO removal 
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should be considered. Likewise, the Lenstar LS 900 underestimated CCT in SO-filled eyes. The CCT was signifi-
cantly positively correlated with AL in healthy eyes [31]. Therefore, in SO-filled eyes, Lenstar 900 may cause IOL 
power calculation error and IOL surprise postoperatively. In contrast, Piasecka et al. [32] employed the Lenstar 
LS 900 for biometry in SO-filled eyes for IOL power calculation in combined SO removal and phacoemulsifica-
tion surgery, and compared the results with those of a control group. The postoperative refractive outcome was as 
accurate as that in the non-vitrectomized control eyes. They concluded that the Lenstar LS 900 enables accurate 
IOL power calculations in SO-filled eyes [32].  

The present study sought to detect changes in biometric parameters pre-and postoperatively, which offer 
advantages in comparison and provide more reliable outcomes. However, it had the following limitations: it 
lacked a control group, had a small sample size, a short follow-up period, and lacked investigation of age or sex 
subgroups. Moreover, in this study, we did not subdivide participants based on the severity of the underlying 
refractive error or the AL, which could be helpful in IOL power calculation of SO-filled eyes. Future studies ad-
dressing these limitations could establish more conclusive results and may provide a solution to the under- and 
overestimations of IOL power in this specific group of patients. 

CONCLUSIONS
The Lenstar LS 900 underestimated the ACD and overestimated the AL of SO-filled eyes, based on comparison 
of pre- and postoperative values in both phakic and pseudophakic eyes. When planning for cataract surgery in 
this group of patients, it is more reasonable to calculate IOL power before SO injection. If this is not feasible, the 
biometric data of the fellow eye or from biometry performed after SO removal are alternatives. However, these 
measures may not guarantee total elimination of possible errors. Further studies with a larger sample size, longer 
follow-up, and robust study design are necessary to confirm our preliminary results.
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