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needed to confirm the effect on HOA and the repeat-
ability of measurement.
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Introduction

Dry eye disease, a multifactorial ocular condition 
characterized by inadequate tear production presents 
a complex challenge in ophthalmology [1]. Refrac-
tive surgery is known to be a risk factor for dry eye, 
especially after LASIK procedures, where up to 75% 
of patients may experience dry eye symptoms [2, 3]. 
Preoperative evaluation and subsequent treatment of 
dry eye symptoms prior to refractive surgery is gen-
erally recommended with artificial tears (AT) [4]. 
With many treatment options available today, a differ-
ential evaluation of specific AT supplements on the 
precorneal tear film would provide more evidence for 
ophthalmologists.

Higher order aberrations (HOA) occur in the pres-
ence of disorders of the tear film, which are typical 
for patients with dry eye disease, especially early 
after refractive surgery [5]. Previous studies have 
shown that a uniform reduction of the tear film seems 
to have little influence on the image quality [6]. How-
ever, if local irregularities occur in the precorneal tear 
film, this can negatively affect optical image quality 
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Purpose  To prospectively assess the effect of 
regular application of perfluorohexyloctane (F6H8; 
Evotears®) on the tear film lipid layer, higher order 
aberrations (HOA) and the repeatability of measure-
ments in healthy eyes.
Methods  This prospective clinical study included 
104 eyes treated with F6H8 four times daily for four 
weeks (group A) and 101 eyes that served as controls 
(group B). Measurements were performed with the 
WASCA aberrometer (Carl Zeiss Meditec GmbH, 
Jena, Germany). Main outcome measurement in 
addition to subjective refraction were the root mean 
square values of HOA measured before and after the 
intervention.
Results  Regular use of F6H8 over a period of four 
weeks significantly increases HOA in healthy eyes 
(p < 0.05). In addition, the repeatability of measure-
ment increases after the application of F6H8.
Conclusion  F6H8 may be a suitable treatment 
option to improve the accuracy of refractive assess-
ment, although it increases HOA. Further studies are 
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in terms of HOA [6]. A recently published system-
atic review confirms the strong association between 
dry eyes and increased HOA [7]. The instability of 
the tear film and its premature break-up are usually 
considered to cause local fluctuations [6]. The HOA 
associated with dry eyes negatively affects the Qual-
ity of Live (QoL) [8, 9]. Nevertheless, it is difficult 
to compare studies in this context, as the type of eye 
drops used, the time between the last application, the 
number of applications and the measuring devices are 
inconsistent. The influence of the lipid layer on HOAs 
has not yet been thoroughly studied while more lipid-
containing eye drops become readily available [10].

The purpose of this prospective, controlled clini-
cal study was to evaluate the effect of a non-aqueous 
liquid, perfluorohexyloctane (F6H8; Evotears®), on 
HOA after four weeks of application in otherwise 
healthy subjects. We aimed also to assess the repeat-
ability of HoA measurements with and without F6H8 
application.

Materials and methods

This prospective interventional randomized study 
included healthy individuals without a history of dry 
eye disease. All participants gave written informed 
consent for pseudonymized data analysis and anony-
mous publication during the recruitment process. The 
study and consent procedure were approved by the 
ethics committee of the University of Duesseldorf, 
Germany (no. 6057R), and adhered to the tenets of 
the Declaration of Helsinki. It was also registered in 
the “German Clinical Trials Register” (trial number: 
DRKS00030660).

The study group consisted of 104 healthy individu-
als (68 females, 36 men, mean age 34 ± 2.8  years) 
and another 101 individuals as control (55 females, 
46 men, mean age 36 ± 4.2 years). Study participants 
were recruited the same private practice. Exclusion 
criteria were the application of other eyedrops during 
the study period, the presence of another previously 
diagnosed chronic ocular surface disease (e.g., peren-
nial allergic conjunctivitis), previous ocular surgery, 
or contact lenses wear.

Study participants (group A) were asked to start 
application of a completely non-aqueous liquid con-
taining only perfluorohexyloctane (F6H8), a semi-
fluorinated alkane (SFA, Evotears® Ursapharm 

Arzneimittel GmbH, Saarbrücken, Germany), four 
times daily for four weeks. The control group (group 
B) did not receive any treatment. To allocate par-
ticipants into the groups, block randomization was 
applied.

All examinations were performed at baseline and at 
four-week follow-up. Study participants were advised 
to discontinue use of the study medication 12 h prior 
to measurements. All measurements were performed 
between 9 and 12 am. Aberrometry assessment using 
WASCA (Carl Zeiss Meditec GmbH, Jena, Germany) 
was performed before any other scans or manifest 
refraction to minimize acquisition time and the possi-
ble influence of fatigue on measurement repeatability. 
Three consecutive scans were acquired under mes-
opic lighting conditions for the right and then the left 
eye, by a single optometrist according to a standard-
ized operating procedure, including standardized oral 
instructions for each patient. We instructed patients to 
keep their forehead and chin in contact with the rests, 
to avoid head tilt, to keep their focus relaxed—look-
ing through the fixation target rather than at it—and 
to blink whenever they wanted, but to keep their eyes 
wide open in between blinks.

Measurements were performed three seconds after 
the last blink as suggested by Hagyo et al. [11]. We 
analyzed the RMS values (root mean square) of HOA, 
which is the standard deviation of all polynomials, 
representing the mean deviation of all Zernike coef-
ficients from the ideal wavefront in a single eye [12].

We archived anonymized data extracts in an Excel 
spreadsheet (Microsoft Corp, Seattle) for analysis 
and filtered outlying values using plausibility limits 
to screen for data entry errors. In the subset of 100 
eyes studied for measurement repeatability, we cal-
culated 95% Limits of Repeatability (95% LoR) from 
the standard deviation within measures (Sw) derived 
from a random effects ANOVA applying the formula: 
95% LoR = 1.96*SQRT(2)*Sw [13]. We calculated 
LoR for spherical equivalent (SE) values normalized 
to a 5  mm pupil for the following variables before 
and after treatment: Sphere, Cylinder, Coma, Tre-
foil, Spherical Aberration (SA), and root mean square 
total higher order aberrations (RMS-HOA). We com-
pared pupil diameters throughout the aberrometry 
scan acquisition sequence as a surrogate measure of 
accommodation control and measurement fatigue 
during scanning. For the first one hundred eyes, we 
derived Limits of Repeatability (LoR) and bias, or 
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mean difference, values for measured aberrometric 
and manifest refraction spherical equivalent values 
[14]. Aberrations were reported in D as there is a lin-
ear conversion between μm and D, with no averaging 
or assumptions.

Results

Eighty-nine percent of eyes had a mesopic pupil size 
and aberrometry scan acquisition diameter > 5.0mm. 
Table 1 summarizes the pre- and post-interventional 

data. Differences between Coma, Trefoil, SA, and 
RMS-HOA were statistically significant (p < 0.05) 
signaling an increase of HOA by applying F6H8. The 
refraction values (SE and Cylinder) did not change 
significantly. The standard deviation (SD) of the SA 
and HOA averages was observed to be 1–2.5 times 
higher than the difference between the pre- and post-
treatment values. Data on controls did not yield in 
statistically significant changes, comparable to data 
on study group eyes prior to the intervention.

The mean pre- and post-interventional values for 
the aberrometric indices and the 95% LoR for the 
first 100 eyes are tabulated (Table 2). After the inter-
vention, we found a decrease in the 95% LoR for 
all parameters, indicating that differences between 
consecutive measurements were more reliable and 
repeatable after the application of F6H8.

Discussion

Previous studies have shown that HOA are caused 
not only by corneal irregularities but also by tear film 
disorders [5]. Regular administration of lubricating 
eye drops is generally recommended prior to refrac-
tive surgery, especially if dry eye is suspected [4]. To 
date, there is contradictory evidence as toward the 
influence of different AT supplements on HOA and it 
seems to depend on their main lubricant component. 

Table 1   Refractive data before and after administration of per-
fluorohexyloctane (F6H8) (N = 104 eyes)

Dioptric spherical equivalent values standardized for a 5  mm 
pupil were applied throughout
SE Spherical equivalent, SA Spherical aberration, RMS-
HOA Root mean square higher order aberrations

Variable Prior to interven-
tion

After intervention p value

Mean SD Mean SD

SE − 4.271 1.228 − 4.247 1.459 0.781
Cylinder 0.718 0.574 0.780 0.667 0.124
Coma 0.095 0.050 0.140 0.090 0.001
Trefoil 0.094 0.079 0.112 0.088 0.043
SA 0.067 0.066 0.093 0.073 0.001
RMS-HOA 0.272 0.069 0.323 0.076 0.001

Table 2   Measurement 
repeatability in 
aberrometry before and 
after administration of 
perfluorohexyloctane 
(F6H8) (N = 100 eyes)

Dioptric spherical 
equivalent values 
standardized for a 5 mm 
pupil were applied 
throughout 
95% repeatability limit, 
SE Spherical equivalent, 
SA Spherical aberration, 
RMS-HOA Root mean 
square higher order 
aberrations

Measurement 1 Measurement 2 Measurement 3 95% rep. limit

Mean SD Mean SD Mean SD

Variable
 Prior to intervention
  SE − 4.251 1.051 − 4.330 1.183 − 4.232 1.451 0.391
  Cylinder 0.741 0.632 0.712 0.668 0.701 0.421 0.401
  Coma 0.100 0.056 0.095 0.042 0.089 0.051 0.233
  Trefoil 0.100 0.070 0.089 0.077 0.093 0.091 0.071
  SA 0.069 0.065 0.063 0.065 0.070 0.068 0.561
  RMS-HOA 0.287 0.065 0.278 0.064 0.251 0.078 0.488

 After intervention
  SE − 4.312 1.300 − 4.210 1.436 − 4.221 1.641 0.105
  Cylinder 0.801 0.532 0.769 0.768 0.771 0.700 0.100
  Coma 0.167 0.086 0.135 0.082 0.119 0.101 0.032
  Trefoil 0.123 0.091 0.100 0.097 0.113 0.075 0.055
  SA 0.084 0.075 0.093 0.055 0.090 0.088 0.288
  RMS-HOA 0.327 0.085 0.299 0.084 0.344 0.058 0.045
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An improvement of HOA has been reported after 
application of 0.25% polyethylene glycol and / or 
0.1% hyaluronic acid [15, 16], while HOA increased 
in dry and healthy eyes after application of 0.3% 
hypromellose [17]. In this context, viscous eye drops 
induce more short-term HOA [18]. While several 
factors such as pupil diameter can influence HOA 
measurements [19], the volume of eye drops instilled 
also plays an important role in the HOA develop-
ment and visual performance [20]. To avoid this 
bias, we instructed participants to administer only 
a single eye drop. Our study is one of the first stud-
ies to investigate the relationship between the semi-
fluorinated alkane (SFA), F6H8 eye drops, and HOA. 
These water- and preservative-free eye drops facili-
tate the supply of oxygen to the cornea, which may 
also improve dry eye symptoms [21]. We showed 
that HOA increase following the use of F6H8 four 
times daily for four weeks. However, in our previous 
work, we did not demonstrate any significant effects 
of F6H8 on HoA in the short- and long-term period 
using the Pentacam Scheimpflug tomograph [22]. 
The difference in the devices used could explain this 
variation in the results.

Repeatability of HOA measurements is critical to 
assess its effects on visual quality. Cheng et  al. [23] 
demonstrated fluctuations in HOA over time, which 
they attributed in part to tear film instability, and 
therefore recommended against relying solely on 
averaged RMS values. However, no clinically sig-
nificant differences were found over time in HOA 
measurements in untreated eyes in different study 
groups, indicating high repeatability [24, 25]. Other 
works showed high precision and excellent repeat-
ability of the WASCA aberrometer when assessing 
HOA [26, 27]. We demonstrated higher repeatabil-
ity of HOA measurements after application of F6H8 
than in untreated eyes, which is in accordance with 
the results of previously mentioned works. Several 
studies have proven the efficacy of F6H8 in the treat-
ment of dry eye symptoms [28–30]. In a preclinical 
trial, Agarwal et  al. [31] showed a beneficial effect 
of F6H8 by immediately fusing with the precorneal 
tear film and compensating for surface irregularities. 
Schmidl et  al. [32] confirmed these results using a 
modified AS-OCT system. They showed a stabiliza-
tion of the tear film expressed in tear film thickness 
(TFT). This regularization of the corneal surface and 
stabilization of the tear film could explain the increase 

in measurement accuracy demonstrated in our cur-
rent study. On the one hand, we noticed an increase 
of HOA after long-term application of F6H8, which 
could be related to the lower tear evaporation with 
F6H8 [33]. On the other hand, its regulating effects 
on the corneal surface leads to increased repeatabil-
ity of the obtained refractive and aberrometric values. 
The negative effect of HOA increase on visual qual-
ity after use of AT has been shown previously [34]. 
In other studies, 3 and 1.3% of patients treated with 
F6H8, respectively, complained of blurred vision 
(0.3% in the control groups) [35, 36]. However, 
the participants in our study did not report any dis-
turbances, possibly due to the minimal changes in 
HOA, which were measured but not clinically per-
ceived. The correlation between the F6H8-associated 
increase of HOA and (subjective) visual quality is an 
interesting topic to investigate in the future, as differ-
ent AT may show different effects.

Variations in HOA are multifactorially influ-
enced. Blinking and pre-existing refractive errors 
can dynamically influence HOA assessment [37, 38]. 
After blinking, aberrations occur after an average of 
2.9 s as a sign of premature tear break up, while these 
are found in healthy individuals only after 6.1 s [39]. 
Ridder et al. [40] have explained contradictory effects 
of lubricants on aberrations in several studies with 
differences in the point of time of the measurement 
after the blink.

For the management of dry eye symptoms and 
in terms of measurement accuracy when using the 
WASCA aberrometer for refractive assessment before 
and after refractive surgery, F6H8 seems to be a suita-
ble option. Especially for wavefront-guided ablations, 
accurate aberrometric data are essential for optimal 
surgical results. However, comparison of refractive 
values with other refraction methods could clarify 
these conclusions, but this is beyond the purpose 
of this study. Regarding the treatment of postopera-
tive dry eye symptoms, F6H8 may not be beneficial 
because of HOA enhancement.

The following summarizes the limitations of our 
study: As mentioned above, the integrity and stabil-
ity of the tear film depend on many factors, includ-
ing exogenous ones. Hence, the quality of the tear 
film may also fluctuate during measurement of aber-
rations. Therefore, it is practically impossible to dif-
ferentiate between these factors. In addition, different 
devices for measuring HOA can only be compared 
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with each other to a limited extent. In a study compar-
ing several aberrometers, the Visual Function Ana-
lyzer (Tracey Technologies, Houston Texas, USA) 
deviated significantly from other aberrometers in the 
measurement of RMS values [41]. Furthermore, our 
investigations were performed only on healthy eyes of 
young individuals. However, it would be interesting 
to evaluate in future work the effect of F6H8 on HOA 
in dry eye patients. Additionally, transfer of these 
results to elderly patients (e.g., cataract patients) 
should be done with caution. Finally, we did not 
directly measure the increase of the lipid layer thick-
ness (LLT). This may be a limitation, but since F6H8 
was administered based on a fixed study protocol, a 
causality between a possible increase in lipid layer 
and an increase in HOA analyzed seems very likely. 
Besides, measurements of the lipid layer have many 
limitations, because F6H8 and water have a similar 
refractive index and both mix to from a transparent 
fluid, leading to difficulties in distinguishing the dif-
ferent layers of the tear film [32, 42].

In conclusion, the results of our study show that 
administration of single drop F6H8 induces HOA 
when applied continuously for four weeks. HOA are 
likely to be triggered by lipid-based tear supplements. 
Additionally, the reliability of measurement of HOA 
and refractive data is more accurate when lipid-based 
tear supplements are used. We believe that these 
results are important for refractive surgeons and that 
future studies with larger cohorts and more assess-
ment factors would be a valuable addition to this 
work.
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