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Abstract
Objectives: The aim of this study was to evaluate clinical outcomes related to the protection of corneal endothelial
cells and the safety of the Bio-Hyalur CS (Biotech Healthcare Group, Luzern, Switzerland) ophthalmic viscosurgical device
(OVD) in routine cataract surgery.
Methods: Patients who had undergone cataract surgery using Bio-Hyalur CS as an OVD and who had at least 3 months
of follow-up data were included in the study. Endothelial cell density (ECD) and morphology (hexagonality, area, and coefficient of variation in cell size) as well as intraocular pressure were evaluated during 3 months of follow-up. Intraoperative
and postoperative complications were recorded.
Results: Sixty eyes of 44 patients were included in the study. The mean preoperative ECD was 2383.5±288.67 cells/
mm2. The mean postoperative ECD was 2186.0±359.65 cells/mm2 and 2149.7±354.49 cells/mm2 at 1- and 3-month visits,
respectively. The mean coefficient of variation in cell size was 29.1±5.04% and 30.9±5.79% at preoperative and postoperative 3-month visits, respectively. The mean cell area was 426.1±52.59 µm2 and 476.6±122.26 µm2 at preoperative and
postoperative 3-month visits, respectively. No adverse events were reported during the study period.
Conclusion: Bio-Hyalur CS provided good endothelial protection and has a favorable safety profile. However, comparative studies with other OVDs are necessary.
Keywords: Cataract surgery, corneal endothelial cells, dispersive, ophthalmic viscoelastic device.

Introduction
Ophthalmic viscosurgical devices (OVDs) play a very important role in modern cataract surgery. They provide a
workspace for the surgeon and protect corneal endothelial
cells from possible trauma from mechanical effects of surgical
instruments, lens implantation maneuvers, and nuclear lens
material fragments, as well as the ultrasonic energy applied
during phacoemulsification (1, 2). Potential complications of
the use of OVDs include postoperative inflammation and an
increase in intraocular pressure (IOP) in the immediate postoperative period (3).
Different OVD properties are required to adequately
fulfill the needs of different surgical steps. The ideal OVD

should be non-toxic, create and retain a deep anterior
chamber, and protect the corneal endothelium. In addition,
it should be easy to inject and easy to remove. There are
currently numerous OVDs on the market with different rheologically active polymeric substances, concentrations, and
chain lengths, which results in different physical and chemical
properties (1). These OVDs are currently classified depending on zero-shear viscosity and dispersion-cohesion properties (1, 4).
Bio-Hyalur CS (Biotech Healthcare Group, Luzern,
Switzerland) is a new, medium-viscosity, dispersive OVD, according to the classification proposed by Arshinoff and Jafari
(1) (Table 1). This is a retrospective evaluation of the performance and safety of Bio-Hyalur CS in cataract surgery.
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Table 1. Specifications of Bio-Hyalur CS
Raw material

Sodium hyaluronate content (2.0%)

		

Sodium chondroitin sulfate content (2.0%)

Viscosity

at 1 shear rate - 40.000±5.000 mPas

pH		

6.8 to 7.6

Osmolarity

340-400 mOsm/kg

Source

Bacterial fermentation

Molecular weight

4.7 to 4.9 million Daltons

Elasticity

40.000±15.000 mPas

		

(at shear rate of 1 sec-1, 25˚C)

Bio-Hyalur; Biotech Healthcare Group, Luzern, Switzerland.

Methods
This was a retrospective, observational study conducted to
evaluate the clinical outcomes related to the protection of
corneal endothelial cells and complications in patients undergoing routine cataract surgery. The study was performed
in accordance with the Declaration of Helsinki. The study
protocol was approved by the Umraniye Training and Research Hospital Clinical Trials Ethical Committee in Istanbul,
Turkey, 14.03.2017 no: B.10.1.THK.4.34.H.GP.0.01/25.
Medical records of patients who underwent cataract
surgery using Bio-Hyalur CS were retrospectively reviewed.
Patients who met the following criteria were included in
the study: patients aged ≥45 years, Grade I, II, or III unilateral/bilateral cataract, healthy eyes excluding the formation of cataract, compliance with all of the regular followup examinations per the routine schedule. Patients who
met any of the following criteria were excluded from the
study: black, brunescent, traumatic, or subluxated cataract;
corneal endothelial disease; pre-operative endothelial cell
density (ECD) <1500 cells/mm2 in the operative eye; glaucoma; pseudoexfoliation syndrome with glaucoma; iris atrophy; proliferative diabetic retinopathy; history of chronic
or recurrent inflammatory eye disease (e.g., iritis, scleritis,
uveitis, iridocyclitis, rubeosis iridis); or previous intraocular
or corneal surgery. All of the patients were assessed at a
clinical follow-up 1 day, 1 week, 1 month, and 3 months after
the surgery. Endothelial cell density, cell area, coefficient of
variation in cell size, and cell hexagonality were measured
preoperatively and at postoperative 1- and 3-month visits
with a CEM-530 specular microscope (Nidek Co, Ltd, Gamagori, Japan). Corneal thickness was measured preoperatively and at postoperative 1- and 3-month visits using the
Sirius corneal topography system (Costruzioni Strumenti
Oftalmici, Firenze, Italy). IOP was measured with an applanation tonometer at every visit. The effective phacoemulsi-
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fication time and average phacoemulsification power were
also recorded from patient files.
Statistical Analysis
Statistical analysis was performed using SAS Version 9.4 (SAS
Institute Inc., Cary, NC, USA). The mean, SD, and frequency
were used in the statistical analysis. The assumption of normality was assessed using the Shapiro-Wilk test. Parametric
and non-parametric data were analyzed using a paired samples t-test and the Wilcoxon signed-rank test, respectively.
A p-value <0.05 was considered statistically significant for
all tests.

Results
Sixty eyes of 44 patients were included in the study. Table
2 is a summary of baseline demographic characteristics.
The number of eyes with a Grade I, Grade II, and Grade
III cataract was 8 (13.33%), 30 (50.00%), and 22 (36.67%),
respectively. The mean effective phacoemulsification time
and the average phacoemulsification power was 46.0±12.78
seconds and 30.7±8.21 µm, respectively.
Preoperative and postoperative ECD and morphological
parameters are listed in Table 3. There was a statistically
significant decrease in the mean ECD at the month-1 visit
when compared with the preoperative visit. However, the
mean ECD was not significantly different between the postoperative 1- and 3-month visits. The mean percent change
in the endothelial cell count was 8.6±7.37% and 10.1±7.23%
at postoperative month 1 and month 3, respectively. There
was a statistically significant increase in the IOP at the firstday postoperative visit (p<0.0001) (Fig. 1). However, the IOP
was <25 mmHg in all of the patients on the first day after
surgery. At subsequent follow-up visits, the IOP was <21
mmHg (without any antiglaucoma medication). The cornea
was clear for all 60 (100%) eyes at the last follow-up visit.
No anterior chamber reaction, flare, or cells were observed
in any of the patients 1 day after surgery. No complications
were recorded in the patient files.
Table 2. Summary of patient baseline demographic characteristics

Variables		
Age (years)
Mean±SD

64.6±9.29

Median

63

Range

46-85

Gender, n (%)
Male

18 (41)

Female

26 (59)

14

Acar et al., Dispersive OVD

Table 3. Corneal parameters during follow-up
		
		
Endothelial cell density (cells/mm2)
Coefficient of variation (%)
Hexagonality (%)

Preoperative

Month 1

Month 3

p*

p**

Mean±SD

Mean±SD

Mean±SD

2383.5±288.67

2186.0±359.65

2149.7±354.49

<0.0001

0.1852

29.1±5.04

31.6±4.79

30.9±5.79

<0.0001

0.1017

69.0±4.87

64.0±5.12

65.8±5.74

<0.0001

0.1236

Cell area (µm2)

426.1±52.59

470.7±117.41

476.6±122.26

0.1167

0.1019

Corneal thickness (µm)

530.6±32.54

539.7±38.26

539.7±37.51

0.041

0.1618

*: Preoperative visit versus 1-month visit; **: 1-month visit versus 3-month visit.

Intraocular Pressure (mmHg)

25
23

20.7

21
19

17.6
16.5

17

15.7

15.2

15
13
11

Pre-Operative

Day 1

Week 1

Month 1

Month 3

Figure 1. Change in central macular thickness; 1) Baseline central macular
thickness (CMT); 2) CMT at the second month of treatment; 3) CMT at
the fourth month of treatment; 4) CMT at the sixth month of treatment;
* statistically significant.

Discussion
This pilot study was an evaluation of the surgical results of
a new OVD to assess the safety and effectiveness. The main
functions of OVDs are to maintain the anterior chamber and
protect the corneal endothelium. However, it is well known
that endothelial cell loss occurs during cataract surgery despite the protective properties of OVDs and may continue in
the early postoperative phase (7, 12). Postoperative changes
in the corneal ECD are a reliable means of analyzing the endothelium-protecting efficacy of an OVD. Bio-Hyalur CS is
a medium-viscosity, dispersive OVD. Rheological properties
indicate that a dispersive OVD, with its propensity to coat
and protect intraocular tissues, might be better than a cohesive OVD for endothelial protection (5). However, this issue
is controversial (6).
In this study, we found that there was a statistically significant decrease in the mean ECD at the month-1 visit. The
mean loss in ECD was 8.6±7.37% 1 month after surgery
when compared with the preoperative ECD. However, the
mean ECD was not significantly different between the postoperative 1- and 3-month visits. Although there are several
studies reporting ECD loss with different OVDs, it is difficult

to draw a conclusion by comparing different studies because
other parameters that have an impact on ECD loss were not
controlled for. Surgeries are performed by different surgeons
and in addition, the preoperative patient characteristics, phacoemulsification parameters, and cumulative dissipated phacoemulsification energy may differ considerably in different
studies.
In our study, the mean ECD was 2383.5±288.67 cells/
mm2 and 2186.0±359.65 cells/mm2 preoperatively and at the
1-month visit, respectively. Das et al. (7) evaluated the relative effects of high and low fluidic parameters on ECD in a
prospective, randomized clinical trial. They used a dispersive
OVD composed of 3.0% sodium hyaluronate and 4.0% chondroitin sulfate (Viscoat; Alcon Inc., Fort Worth, TX, USA).
The rheological properties of Viscoat are similar to those
of Bio-Hyalur CS (Table 1). The study included 65 patients
each in high and low flow groups. The preoperative ECD was
2550±343 cells/mm2 and 2489±234 cells/mm2, respectively,
in the high and low flow groups. Similar to our study, they
found that the change in ECD in the 2 groups at 6 weeks
was 284±384 cells/mm2 and 243±252 cells/mm2, respectively.
Papaconstantinou et al. (8) assessed and compared the
safety and the efficacy of VisThesia (Carl Zeiss Meditec AG,
Jena, Germany) and Viscoat in a prospective randomized clinical trial. The mean endothelial cell count was 2322.3±161.1
cells/mm2 in the Viscoat group and 2304.8±142.8 cells/mm2
in the VisThesia group. At 15 days after cataract surgery, the
mean endothelial cell decrease was 212 cells/mm2 (9.1%) in
the Viscoat group and 272 cells/mm2 (11.8%) in the VisThesia group. Holzer et al. (6) compared 5 OVDs commonly
used during phacoemulsification in terms of ECD loss in a
prospective randomized study. They did not confirm that
dispersive OVDs protect the endothelium better than cohesive OVDs. In fact, the lowest mean cell loss (6.2±6.5%)
was in the Healon 5 (Abbott Medical Optics, Inc., Santa Ana,
CA, USA) group, a cohesive agent, and the greatest cell
loss was seen in the OcuCoat (Bausch & Lomb, Rochester,
NY, USA) group (16.7±10.8%). OcuCoat contains hydrox-
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ypropyl methylcellulose (2.0%) and has dispersive characteristics. Viscoat, also a dispersive agent, yielded a cell loss of
15.4%±9.1%. In light of the above studies, our results indicate a favorable endothelial safety profile for Bio-Hyalur
CS. Revealing the relative protective effect of Bio-Hyalur CS
compared with other OVDs is beyond the scope of this pilot
study and will require prospective controlled studies.
We found a statistically significant increase in the mean
IOP at 1 day after surgery. However, IOP was <25 mmHg in
all patients. The IOP was <21 mmHg (without any antiglaucoma medication) in the follow-up visits. In a European
multicenter study comparing the clinical performance and
safety of 2 OVDs, the incidence of IOP spike ≥24 mmHg
was 3.7% and 5.4% in Twinvisc (Carl Zeiss Meditec AG, Jena,
Germany) and Duovisc (Alcon Inc., Fort Worth, TX) groups
(p=0.748), respectively (9). The mechanism of postoperative IOP increase is not yet fully understood. However, it is
assumed that remaining viscoelastic agent mechanically obstructs the trabecular outflow pathway and decreases the
outflow facility (10). Thus, a thorough removal of the OVD
at the conclusion of surgery may decrease the incidence of
increased IOP. In this study, the OVD was removed with
great care from the anterior chamber. The turnover of injected sodium hyaluronate depends on the viscosity of the
injected solution, and less viscous sodium hyaluronate results
in a shorter prolonged elevation in IOP than high-viscosity
preparations of sodium hyaluronate. However, high- viscosity agents are easier to completely remove from the anterior chamber (10). Accordingly, surgeon experience and the
rheological properties of the OVD both have an effect on
the postoperative increase in IOP (11–13). Also, the presence of glaucoma and ocular hypertension, high preoperative
IOP, and long axial length are associated with increased early
postoperative IOP (11). Our findings were consistent with
those reported in the literature describing an early postoperative IOP elevation followed by a return to baseline values
after approximately 24 hours (6, 9, 13).
The major limitation of this study is its retrospective
nature. No anterior chamber reaction, flare, or cells were
observed in the anterior chamber in any of the patients at
postoperative visits. However, due to the retrospective nature of the study, objective measures of anterior chamber
inflammation or flare are missing. Thus, mild postoperative
inflammation may have gone unnoticed.

Conclusion
In conclusion, we evaluated the clinical results of a new,
medium-viscosity dispersive OVD. In this pilot study, we
found that Bio-Hyalur CS created and maintained anterior chamber depth and provided good corneal endothelial protection. We encountered no serious complications.
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Although we found Bio-Hyalur CS to be safe and effective
for cataract surgery, prospective comparative studies with
control groups are necessary to determine the relative advantages and disadvantages compared with other OVDs.
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