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Purpose: To assess the accuracy and signal quality of axial length measurements by partial coherence laser interferometry (PCI) for optical biometry in eyes with conventional (SO) or heavy silicone oil (HSO) as endotamponade.

Methods: We included 26 eyes with silicone oil endotamponade (SO n=15, HSO n=11) using a Zeiss IOLMaster (Carl Zeiss Meditec, Germany) for measurement of axial length the day before and at least six weeks after silicone oil removal. We analyzed the intraindividual deviation between both measurements and signal-tonoise-ratio (SNR) as parameter for signal quality. As control group we included 16 contralateral eyes without history of vitreoretinal surgery.

Results: Mean axial length was 24.76 ± 2.07 mm (SO 24.63 ± 2.12 mm, HSO 24.93 ± 2.10 mm, control 24.95 ± 2.61 mm) before and 24.75 ± 1.96 after oil removal with a mean intraindividual deviation of 0.13 ± 0.11 mm (SO 0.13 ± 0.12, HSO 0.13 ± 0.09 mm, control 0.02 ± 0.01) while SNR at baseline was 5.7 ± 3.5 (SO 6.6 ± 4.0, HSO 4.4 ± 2.2, control 8.6 ± 3.9).

Conclusions: In our analysis optical biometry using PCI generates satisfying results of accuracy and signal quality of axial length measurement in silicone oil-filled eyes.

Introduction:

Silicone oil endotamponades are commonly used as an adjunct for vitreoretinal surgery for the treatment of complex retinal disorders.

In comparison to conventional silicone oil (SO) with a specific gravity of 0.973 silicone oils heavier than water (HSO) have been recently developed for a more efficient tamponade effect especially at the bottom of the vitreous cavity. [START_REF] Auriol | Efficacy and safety of heavy silicone oil Densiron 68® in the treatment of complicated retinal detachment with large inferior retinectomy[END_REF][START_REF] Romano | Primary vitrectomy with Densiron-68 for rhegmatogenous retinal detachment[END_REF][START_REF] Heimann | Heavy tamponade 1: a review of indications, use, and complications[END_REF][START_REF] Herbrig | Anatomical and functional results of endotamponade with heavy silicone oil -Densiron 68 _ in complicated retinal detachment[END_REF]. Oxane HD (Bausch & Lomb) for example, a mixture of silicone oil and a mixed fluorinated and hydrocabonated olefin has a density of 1.03 g/cm 3 and a viscosity of 3.800 cSt.

Beside surgery of complicated retinal detachments, one indication for heavy silicone oils may lie in the treatment of complicated macular holes where early clinical investigations showed good results in regard to the prevention of recurrent holes. [START_REF] Rizzo | Successful treatment of persistent macular holes using "heavy silicone oil" as endotamponade[END_REF] In case of accelerated cataract formation during the endotamponade period a combined oil and lens removal followed by the implantation of an intraocular lens is needed. For this reason even in oil-filled eyes a precise biometry for intraocular lens power determination is required, especially if the original vitreoretinal disorder did not allow any biometry before the tamponade was installed.

Ultrasound biometry can also be performed in silicone oil-filled eyes using special formulae. Nevertheless, sonographic measurements may be complicated by artefacts due to oil droplets or incomplete oil filling, mainly if patients are lying for measurement. [START_REF] Murray | Biometry of the silicone oil-filled eye[END_REF][START_REF] Murray | Biometry of the silicone oil-filled eye: II[END_REF][START_REF] Ghoraba | The problems of biometry in combined silicone oil removal and cataract extraction: a clinical trial[END_REF] It has been shown that partial coherence interferometry (PCI) reveal measurements of good signal quality in eyes with conventional silicone oil endotamponade. [START_REF] Lege | Laser interference biometry versus ultrasound biometry in certain clinical conditions[END_REF][START_REF] Dietlein | Signal quality of optical biometry in silicone oil-filled eyes using partial coherence laser interferometry[END_REF] However only few data in regard to accuracy and predictability of axial length measurements by PCI for eyes with conventional silicone oil filling are available. For this reason we investigated whether the determined axial length values in eyes with conventional and heavy silicone oil go along with the values of the axial length in the same eyes when no endotamponade is present.

Methods:

We included 26 consecutive patients with a silicone oil endotamponade where optical biometry was performed immediately before and after a follow-up of at least six weeks after oil removal surgery. The patients (16 male, 10 female, mean age 60 years, range 30 to 80 years) originally received two different types of silicone oil endotamponades. In 15 patients we found conventional silicone oil (Siluron 5000, Fluoron GmbH, Germany) while 11 patients were carrying a heavy silicone oil endotamponade (Oxane HD, Bausch & Lomb). The vitreoretinal disorders requiring the installation of durable tamponades during primary surgery were retinal detachment due to PVR (n=12), proliferative diabetic retinopathy (n=5), subretinal hemorrhage due to ARMD (n=5), recurrent macular holes (n=3) and ocular trauma in one case.

Using the IOLMaster (Carl Zeiss Meditec, Germany) all measurements were performed by experienced investigators who had to conduct at least four axial length measurements with a SNR of 2.0 or higher per eye. Preoperative axial length measurements were performed in the silicone oil-filled mode provided by the IOLMaster which also allows differentiation between phakic, aphakic and pseudophakic lens state. Preoperatively 3 eyes were aphakic, 11 eyes pseudophakic and 12 eyes phakic. In 5 patients oil removal was combined with cataract surgery, in one case exchange of an intraocular lens was performed due to silicone oilassociated opacifications.

In 16 cases complete data of the contralateral eye could be gained for preoperative and follow-up measurement and be used as control group while fellow eyes with opacities of the visual pathway leading to measurements of very low quality (SNR<2, n=3) and eyes where a primary vitrectomy already has been performed (n=7) were not included. Statistical analysis (Software StatView for Windows, Version 5.0, SAS Institute Inc.) was performed using the parametric paired t-test, the non-parametric Kruskal-Wallis and Wilcoxon Signed Rank test (p < 0.05).

Results:

The mean axial length in the 26 eyes one day before oil removal was 24.76 ± 2.07 mm and did not show any significant aberration during measurement six weeks after surgery with a mean value of 24.75 ± 1.96 mm (p=0.88) (Fig. 1 a andb). During baseline examination the deviation between the first two measurements in all the oilfilled eyes was 0.04 ± 0.04 mm while signal-to-noise ratio (SNR) was 5.66 ± 3.50.

Considering the mean axial length values before and after silicone oil removal the difference was 0.13 ± 0.11 mm. Subgroup analysis for conventional and heavy silicone oil endotamponade delivers similar results for signal quality parameters. In eyes filled with heavy silicone oil SNR was 4.42 ± 2.22, while deviation between the first two measurements was 0.04 ± 0.04 mm. In the other subgroup this parameter was 0.03 ± 0.03 mm while the SNR was 6.57 ± 4.02. Moreover, both subgroups did not show any significant difference in regard to the deviation between mean axial length before and after oil removal (SO 0.13 ± 0.12 HSO 0.13 ± 0.09 mm) (Fig. 2 and3).

According to the state of lens the AL deviation was 0.09 ± 0.10 mm in phakic, 0.16 ± 0.12 mm in pseudophakic and 0.16 ± 0.09 mm in aphakic eyes respectively. The mean SNR was 5.97 ± 4.53 in phakic, 4.44 ± 1.67 in pseudophakic and 8.9 ± 1.13 in aphakic eyes.

In the 16 control eyes mean axial length was 24.95 ± 2.61 mm. The mean SNR was 8.63 ± 3.91 while the deviation between the first two measurements was 0.03 ± 0.02.

During the observation period of six weeks axial length values showed a difference of 0.02 ± 0.01 mm (range 0 to 0.07) in the unaffected control eyes. 

Conclusions:

The Zeiss IOLMaster uses the method of partial coherence interferometry to measure the axial length of the eye with high precision. Instead of segmental measurements internal translation formulas transform the optical path into geometrical distances depending on a mean refractive index. Presence of silicone oil as well as pseudophakic or aphakic lens state is taken into account by using modified refractive indices. However, the use of PCI is limited by the presence of severe corneal opacities, dense cataract or vitreoretinal disorders affecting the visual axis. [START_REF] Hitzenberger | Measurement of the axial length of cataract eyes by laser Doppler interferometry[END_REF][START_REF] Fercher | Optical coherence tomography[END_REF][START_REF] Connors | Accuracy and reproducibility of biometry using partial coherence interferometry[END_REF][START_REF] Haigis | Comparison of immersion ultrasound biometry and partial coherence interometry for intraocular lens calculation according to Haigis[END_REF][START_REF] Packer | Immersion A-scan compared with partial coherence interferometry: outcomes analysis[END_REF][START_REF] Vogel | Reproducibility of optical biometry using partial coherence interferometry: intraobserver and interobserver reliability[END_REF][START_REF] Haigis | Pseudophakic correction factors for optical biometry[END_REF] In comparison to conventional acoustical biometry using ultrasound, PCI can be performed as a non-contact procedure in sitting position independent of moderate oil underfilling. [START_REF] Dietlein | Signal quality of optical biometry in silicone oil-filled eyes using partial coherence laser interferometry[END_REF] Moreover, if silicone oil endotamponade is present, for ultrasound biometry it is required to use different conversion factors for the ultrasound speed in the vitreous cavity in regard to the different oil viscosities. Studies on ultrasound biometry in silicone oil-filled eyes report on postoperative refractive aberrations between 0.74 and 1.31 D in comparison to the predicted refractive error. [START_REF] Murray | Biometry of the silicone oil-filled eye: II[END_REF][START_REF] Ghoraba | The problems of biometry in combined silicone oil removal and cataract extraction: a clinical trial[END_REF] While the axial length (AL) measurement pointed out to be the most important factor for the accuracy and predictability of IOL power measurements we focussed on this parameter during our examinations on the feasibility of PCI in silicone oil-filled eyes.

In a recent study it has been shown that AL measurements by PCI before and after conventional silicone oil removal did not show any significant difference, which goes along with our results for AL values in conventional and heavy silicone oil filled eyes. [START_REF] Parravano | Reliability of the IOLMaster in axial length evaluation in silicone oil-filled eyes[END_REF] However, taking the absolute value of intraindividual AL deviations into account we detected similar mean values for both subgroups of oil-filled eyes which actually were statistically higher in comparison to the deviations of the unaffected control eyes. Moreover, the obtained SNR values were comparable in both subgroups but significantly lower than in the control group as already shown for SO endotamponade in a former study. [START_REF] Dietlein | Signal quality of optical biometry in silicone oil-filled eyes using partial coherence laser interferometry[END_REF] Even though SNR values indicate good signal quality even in oil-filled eyes, one reason for the lack of accuracy of AL determination in comparison to the unaffected control eyes could lie in the lower signal quality of the PCI measurements in the conventional and heavy silicone oil filled eyes.

As a remarkable result of our investigations the measurements of phakic patients seem to deliver better results in regard to signal quality represented by higher SNR values and to accuracy with a trend of lower deviation of AL measurements with and without endotamponade in comparison to pseudophakic patients. It is unclear yet whether a higher accuracy of the measurement itself on that main focus group for the clinical application of PCI or the patient groups' heterogeneity is responsible for that phenomenon.

In the five patients who underwent cataract surgery simultaneously to silicone oil removal the postoperative refractive aberration ranged between 0.25 and 1.5 D. In the future this parameter should be investigated on larger patient groups to give report on the predictability of the refractive outcome following combined surgery.

However, our results on AL measurements may allow speculation on postoperative refractive aberrations while a mean deviation of 0.13 mm would correspond to refractive aberrations of approximately 0.4 D for both subgroups. This would go along with a recent study reporting on a mean aberration of 0.30 D after combined silicone oil removal and cataract extraction with IOL implantation [START_REF] Habibabadi | Refractive outcome of silicone oil removal and intraocular lens implantation using laser interferometry[END_REF].

In regard to possible alterations of the optical media and the retinal surface due to complicated vitreoretinal surgery requiring silicone oil endotamponade in conclusion our analysis of optical biometry using PCI generates satisfying results of accuracy and signal quality of axial length measurement in eyes with conventional and heavy silicone oil endotamponade. To our knowledge this is the first report on optical biometry for IOL power calculation in eyes filled with heavy silicone oil.

Figures:

Fig. 

  Fig. 1 a+b: AL determination before and after silicone oil removal surgery. AL values

Fig. 2 :

 2 Fig. 2: Mean intraindividual deviation of AL values before and after oil removal in SO-

Fig. 3 :

 3 Fig. 3: SNR in SO-and HSO-filled eyes (p=0.16) compared to contralateral eyes as

  

Table 1 :

 1 Data of the five patients with combined oil removal and cataract surgery: Deviation (Dev.) of spherical equivalent (S.E.) as the difference between predicted and 6-week postoperative S.E. represents the refractive aberration of PCI in these patients with deviation of axial length (AL) in comparison.

	Pat.	Tamponade	IOL power	Predicted S.E.	S.E. post OP	Dev. S.E.	Dev. AL [mm]
	#1: P.B.	SO	+ 20.0 D	-1.75 D	-2.25 D	0.5 D	0.06
	#2: H.G.	SO	+21.0 D	-0.5 D	-1.5 D	1.0 D	0.01
	#3:W.S.	SO	+18.0 D	-0,75 D	-1.0 D	0.25 D	0.03
	#4: F.H.	HSO	+ 18.5 D	-0.5 D	-0.75 D	0.25 D	0.07
	#5: J.P.	HSO	+ 14.5 D	-0.5 D	-2.0 D	1.5 D	0.09