
Clinical Allergy – Research Article

Int Arch Allergy Immunol

Liposomal Eye Spray Is as Effective as 
Antihistamine Eye Drops in Patients with Allergic 
Rhinoconjunctivitis Induced by Conjunctival 
Provocation Testing

Anne-Nele Grzella 

a, b    Sabine Schleicher 

a    Kija Shah-Hosseini 

a    

Anatoli Astvatsatourov 

c    Esther Raskopf 

b    Silke Allekotte 

b    Ralph Mösges 

a, b    
a

 Institute of Medical Statistics and Computational Biology (IMSB), Faculty of Medicine, University of Cologne, 
Cologne, Germany; b CRI – Clinical Research International Ltd., Cologne, Germany; c Clinical Trials Center Cologne, 
Faculty of Medicine, University of Cologne, Cologne, Germany

Received: September 19, 2018
Accepted after revision: January 11, 2019
Published online: March 25, 2019

Prof. Dr. med. Dipl.-Ing. Ralph Mösges
Institute of Medical Statistics and Computational Biology (IMSB)
Faculty of Medicine, University of Cologne
Kerpener Strasse 62, DE–50937 Cologne (Germany)
E-Mail ralph @ moesges.de

© 2019 S. Karger AG, Basel

E-Mail karger@karger.com
www.karger.com/iaa

DOI: 10.1159/000496938

Keywords
Allergic rhinoconjunctivitis · Conjunctival provocation test · 
Digital analysis · Liposomal eye spray · Nonpharmacological 
treatment

Abstract
Background: Liposomal eye spray (LS) has been introduced 
for the treatment of dry eye. Whether LS can also relieve 
symptoms due to allergic rhinoconjunctivitis (ARC) has not 
yet been sufficiently investigated. Objectives: The aim of this 
study was to assess the onset of action, the reduction of al-
lergy symptoms, and the safety of LS – a nonpharmacological 
treatment option – compared with those of antihistamine 
eye drops (AD). Methods: In this open, prospective, con-
trolled, monocenter noninterventional study, adults with 
ARC received either LS or AD for the relief of eye irritation 
after a positive conjunctival provocation test (CPT). All pa-
tients completed a questionnaire before and after the CPT. 
Eye irritation was rated on a visual analogue scale (VAS) at 6 

time points. Conjunctival redness was analyzed using objec-
tive digital analysis based on images taken during the study 
visit. Results: Data were collected from 40 patients (20 per 
group). In both groups, 80% of patients perceived an onset 
of action within 0–2 min after application of LS or AD follow-
ing the CPT. Relief of eye irritation (as determined by VAS) 
increased throughout the visit for both groups. In the digital 
analysis, the mean proportion of redness of the eye de-
creased from 10.3 to 7.0% for LS and from 10.4 to 6.5% for AD, 
with the largest difference observed 10 min after application 
(LS: 8.9%; AD: 6.0%; p = 0.094). Conclusions: LS is a nonphar-
macological treatment option for ARC, showing no signifi-
cant difference or relevant numerical inferiority to AD in any 
parameter studied. It was generally safe and well tolerated.
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Introduction

With a prevalence of 10–20%, allergic rhinoconjuncti-
vitis (ARC) is one of the most common disorders of the 
upper respiratory tract, causing not only nasal and ocular 
symptoms, but also a decline in quality of life [1, 2]. Sea-
sonal ARC is caused by different pollens or molds, where-
as perennial allergic rhinitis is associated with allergens 
from house dust mites, molds, or animals [2].

Guidelines recommend the application of local or oral 
antihistamines or nasal glucocorticoids for the symptom-
atic treatment of ARC [3]. Topical antihistamines such as 
levocabastine, which is a component of LIVOCAB di-
rekt® antihistamine eye drops (AD), are preferably ap-
plied in ARC [4, 5]. Levocabastine is a second-generation 
H1 receptor antagonist.

As an alternative treatment option to local antihista-
mines, the liposomal eye spray (LS) Tears Again® (Op-
tima Pharmazeutische GmbH, Hallbergmoos, Germany) 
has been introduced [6]. The liposomes contained in this 
spray are applied to the closed eyelid and blend with the 
lipids secreted by the meibomian glands at the rim of the 
eyelids. Upon opening the eye, the lipids spread into the 
tear film. The lipids supplement the destabilized tear film, 
thus protecting the conjunctival mucous membrane.

The stabilizing effect of LS for the treatment of dry eye 
has been confirmed in several studies [7–12]: In a prospec-
tive randomized double-masked investigation, Craig et al. 
[7] reported significant improvements in lipid characteris-
tics, such as tear film stability and lipid layer thickness as 
well as improved comfort, in patients after the application 
of LS. Furthermore, results of prospective controlled open 
studies show that liposomes can be applied as a nasal spray 
and thus can be successfully used to treat rhinitis symptoms 
[13–15]: Similar to the effect on the conjunctiva, the lipo-
somes integrate into the destabilized “nasal surfactant” and 
stabilize the natural moisture film [16]. According to Wes
ton and Mösges [15], the liposomal nasal spray reduced 
symptoms and significantly improved quality of life in pa-
tients with ARC, showing no difference to standard treat-
ment with an antihistamine and/or glucocorticoid spray, as 
was shown in a prospective, controlled, open, observation-
al study. To assess the efficacy and tolerability in patients 
with seasonal ARC, Böhm et al. [6] compared in a prospec-
tive, controlled, open, observational study the use of a lipo-
somal nasal spray in combination with an LS to that of a 
standard cromoglycate-based combination therapy. The 
use of the liposomal products led to significant symptom 
relief, underlining the potential of liposome-based therapy 
and warranting further research. Especially patients who 

have reservations about pharmacological products or who 
have had unsatisfactory results with conventional therapy 
might prefer nonpharmacological treatment options [17].

Overall, previous results from prospective, controlled 
studies (some of which were randomized and blinded or 
open-label) suggest that liposomes, in particular in the 
form of an eye spray, are a promising alternative to stan-
dard drug therapy for treating allergic symptoms and 
should be investigated further [6–12]. Consequently, it 
was the objective of the present study to gain informa-
tion on how stabilization of the tear film can influence 
eye symptoms/irritation during natural allergen expo-
sure in the allergy season. Therefore, we analyzed lipo-
somes as a potential nonpharmacological treatment op-
tion to topical antihistamines by assessing their respec-
tive onsets of action as well as their capability of reducing 
allergy symptoms after a conjunctival provocation test 
(CPT). Through artificial allergen exposure, the CPT 
serves as a model for the allergy season by triggering 
typical symptoms of ARC [18, 19]. Current guidelines 
recommend carrying out the CPT either before initiat-
ing allergen immunotherapy (AIT) to determine the al-
lergens which induce the symptoms or conducting the 
CPT throughout the course of AIT to monitor its thera-
peutic effect [20].

Methods

Study Design
The study was planned as an open, prospective, controlled, 

monocenter, noninterventional study and was conducted in an 
otorhinolaryngology practice specialized in allergy in Aachen, 
Germany, from January to February 2017. It consisted of one visit 
at which a CPT was performed and either AD or LS was adminis-
tered. Patients completed a questionnaire before and after the 
CPT, and they also rated the relief of eye symptoms on a visual 
analogue scale (VAS). Digital images were taken to track the 
changes of the eye mucosa after administration of AD or LS. The 
digital images where subsequently analyzed by objective digital 
analysis and external observers. A timeline of the study visit is 
shown in Figure 1. A follow-up telephone call to the patients was 
carried out 6–12 h after the study visit to document the occurrence 
of any adverse events or serious adverse events.

Study Population
Forty patients were planned to be enrolled in this study. All 

patients had to meet the following inclusion criteria: a history of 
ARC triggered by birch pollen, grass pollen, or house dust mites, 
and the necessity to perform a CPT for either diagnostic confirma-
tion prior to the start of an AIT or to monitor the progress through-
out the course of an AIT. All patients had to have a positive CPT 
(stage II or higher, according to Table 1) in order to be enrolled in 
the study. Exclusion criteria related to the CPT were allergy symp-
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toms already present at the time of the CPT, other ocular disorders 
except for refraction anomalies, wearing of contact lenses for the 
72 h prior to the CPT, and ongoing antiallergic therapy that might 
interfere with the CPT [19].

Questionnaire
The questionnaire was divided into two parts (Fig. 1). Part 1 

consisted of four questions and was to be completed by the patients 
prior to undergoing the CPT. The questions aimed at capturing the 
current state of the eyes: pain or discomfort, urge to rub the eyes, 
vision, and reading difficulties. All questions provided four pos-
sible response options, ranging from good to poor. Twenty min-
utes after the CPT, patients had to complete part 2 of the question-
naire. Besides answering the same four questions from part 1, pa-
tients were also asked to assess the onset of action and the relief of 
eye irritation after using the respective product. The possible re-
sponse options for the onset of action were 0–2, 3–5, 6–10, and 
11–20 min. The relief of eye irritation was to be rated as “very 
good,” “good,” “moderate,” or “poor.”

Conjunctival Provocation Test
After ensuring that the patients met all inclusion criteria and 

did not fulfill any of the exclusion criteria, the CPT was per-
formed according to Riechelmann et al. [21] using the standard-
ized, high-quality ALK-lyophilized allergen extracts of birch, 
grass, or house dust mite (ALK-Abelló A/S, Hørsholm, Den-
mark). Dilutions were prepared as described in the manufactur-
er’s instructions. The CPT was considered positive if the allergic 
reaction was assessed as being stage II or higher (Table 1). The 
patients chose their favorite treatment option after having re-
ceived a detailed explanation of the respective products from 
their physician. Then, AD or LS were administered (in accor-
dance with the patient’s decision) immediately after a positive 
result to reduce eye symptoms.

VAS Score
Patients rated the relief of eye irritation on a VAS at 6 time 

points: immediately after the CPT as well as directly (0 min), 2, 5, 
10, and 20 min after the application of AD or LS. The VAS ranged 
from “not at all comfortable” (0%) to “very comfortable” (100%).

Photodocumentation and Digital Analysis
To objectively assess the redness of the eye, digital images of the 

provoked eye were taken at 7 time points throughout the study 
visit: before the CPT (control), immediately after a positive CPT, 
and also each time the VAS was rated. The photodocumentation 
set consisted of a foldable stand and a digital camera with specific 
preset configuration parameters as described in Astvatsatourov et 
al. [22]. The technical settings were consistent throughout the 

VAS

Photodocumentation

CPT is positive
→ application 
of LS or AD  

Questionnaire 
part 1 

(4 questions)  

Questionnaire 
part 2 

(6 questions) 

–10
(CPT is 

performed) Time, min

0 201052

Fig. 1. Timeline of the study visit: Part 1 of the questionnaire was 
completed before the CPT was performed. Immediately after the 
CPT had been assessed as positive, either LS or AD were adminis-
tered. The VAS was scored at 6 time points (after the positive CPT 
as well as 0, 2, 5, 10, and 20 min after application of LS or AD). 

Images were taken at these 6 time points as well as before the CPT 
(control). Part 2 of the questionnaire was completed after VAS and 
photodocumentation. AD, antihistamine eye drops; CPT, con-
junctival provocation test; LS, liposomal eye spray; VAS, visual 
analogue scale.

Table 1. Categorization of the response to the allergen in the CPT 
according to Riechelmann et al. [21] (stage II or higher is consid-
ered positive)

Stage Criteria

0 no subjective or visible reaction
I itching, reddening, foreign body sensation
II stage I and in addition tearing, vasodilation of the 

conjunctiva bulbi
III stage II and in addition vasodilation and erythema of  

the conjunctiva tarsi, blepharospasm
IV stage III and in addition chemosis, lid swelling

CPT, conjunctival provocation test.
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study. The digital images were analyzed by means of objective dig-
ital analysis according to Astvatsatourov and Mösges [23, 24]. Us-
ing image segmentation and pattern recognition, the redness of the 
conjunctiva was determined, which was defined as the percentage 
of red pixels in the region of interest.

External Observer
Besides undergoing digital analysis, the images were also as-

sessed by two blinded independent external observers. Redness 
was classified according to its severity: 0 = no redness, 1 = mild 
redness, 2 = moderate redness, 3 = severe redness. The assessments 
of both external observers were compared, and any discrepancies 
were again rated jointly by both observers.

Statistical Analysis
The sample size was calculated under the assumption that 50% 

of patients in one group and 90% of patients in the second group 
would perceive relief of eye irritation for the first time 5 min after 
application. Given a 5% error and a power of 80%, a group size of 
20 patients was estimated. Statistical analyses were performed with 
IBM SPSS Statistics for Windows Version 25.0 (IBM Corp., Ar-
monk, NY, USA). Double data entry was carried out to reduce data 
entry errors and the data were checked for plausibility. Missing 
entries for the VAS score were substituted with the “last value car-
ried forward” method. All other missing entries were treated as 
“missing values.” Continuous data were described as means, stan-
dard deviations, minimums, maximums, and number of valid cas-
es. Categorical data were described as absolute and relative fre-
quencies. Any differences between the two treatment groups in the 
VAS score and the digital analysis were analyzed using the Wilcox-
on-Mann-Whitney test. A p value < 0.05 was considered statisti-
cally significant.

Results

Demographic Data and CPT Results
Forty patients aged 20–62 years (mean 35 ± 13.9 

years) were included in the study; 26 patients were fe-
male and 14 were male. Each study group consisted of 
20 patients. Twenty-five patients wore glasses, and 
none were contact lens wearers. Comorbidities or con-
comitant medication were not documented in this 
study. All patients had a history of ARC (triggered by 
birch pollen, grass pollen, or house dust mites), but did 
not show any symptoms upon inclusion in the study. 
All 40 patients had a positive CPT (stage II) as rated by 
the physician.

Safety Aspects
No treatment-related adverse events or serious ad-

verse events occurred during the study. One patient 
treated with AD experienced an adverse event (self-lim-
ited mild epistaxis) that had no correlation with the 
treatment.

Onset of Action
In each study group, 80% of the patients (16 per group) 

perceived an onset of action, being defined as the first 
perception of symptom relief, within 0–2 min after re-
ceiving their respective treatment (Fig. 2). In the LS group, 
4 patients felt an onset of action within 3–5 min. In con-
trast, 1 patient in the AD group felt an onset of action 
within 3–5 min, 2 patients within 6–10 min, and 1 patient 
within 11–20 min. No significant differences were found 
between the two study groups.

Questionnaire
The questions regarding pain or discomfort, the urge 

to rub the eye, vision, and reading difficulties asked prior 
to and after the CPT showed no significant differences 
between the two study groups. The relief of eye irritation 
was rated as “very good” by 6 patients in the LS group and 
7 patients in the AD group. Nine patients in the LS group 
and 10 patients in the AD group gave the rating “good.” 
Relief was rated as “moderate” by 5 patients in the LS 
group and by 3 patients in the AD group. None of the pa-
tients in either group gave the rating “poor.”

VAS Score after Application of LS and AD
The mean VAS score for eye irritation relief showed an 

overall similar increase in both groups. The score in-
creased from 27.4%, rated immediately after a positive re-
action in the CPT, to 71.9% 20 min after application of LS, 
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Fig. 2. Onset of action after administration of AD (n = 20) or LS  
(n = 20), defined as the first perception of relief after eye irritation. 
AD, antihistamine eye drops; LS, liposomal eye spray.
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and from 28.3 to 78.9% for the AD group, respectively 
(Fig. 3). Even though the mean score for AD was slightly 
higher than that for LS, no significant difference was found 
between the treatment groups at any time point.

Digital Analysis of Conjunctival Redness
The objective digital analysis of the images taken during 

the study visit showed a reduction in the percentage of red 
pixels in the region of interest and therefore a decrease in 
redness of the eye for both treatment groups (Fig. 4). Im-
mediately after the CPT, redness was 9.4% for LS and 7.9% 
for AD. The highest mean percentage of eye redness was 
observed directly after treatment application, with 10.3% 
being noted for LS and 10.4% for AD. At the end of the ob-
servation period (20 min after treatment), the mean per-
centage had decreased to 7.0% for LS and to 6.5% for AD. 
The largest difference between the two treatment groups 
was observed 10 min after application (LS: 8.9%; AD: 
6.0%). There was a trend (p = 0.094) towards a more pro-
nounced action of AD at this time point. Overall, no sig-
nificant differences were observed at any time point.

Assessment by External Observers
The assessments made by the external observers (0 = 

no redness, 1 = mild redness, 2 = moderate redness, 3 = 

severe redness) showed similar results for both treatment 
groups, with only a slight change in the mean value being 
noted between baseline (LS: 1.3; AD: 1.15) and 20 min 
after application (LS: 1.15; AD: 1.15). For both groups, the 
most frequent assessment at any time point was mild red-
ness, followed by moderate redness, no redness, and se-
vere redness (Fig. 5). No significant difference was ob-
served between the study groups.

When comparing the results from the digital analysis 
with those from the assessments by the external observ-
ers, a linear correlation was observed for AD with a Pear-
son correlation coefficient of 0.42.

Discussion and Conclusion

This study is the first to compare LS with AD in pa-
tients with ARC. The aim of this study was to determine 
the onset of action and the reduction of allergy symptoms 
for the tested nonpharmacological LS following allergen 
exposure as compared to those for guideline-recom-
mended treatment with AD. The allergic reaction was 
triggered by conjunctival provocation, which has been 
shown to serve as a predictive model for ARC symptoms 
during the allergy season [18].
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Fig. 3. Patients rated the relief of eye irritation at 6 time points (af-
ter positive CPT as well as 0, 2, 5, 10, and 20 min after application) 
throughout the study using the VAS, which ranged from “not at all 
comfortable” (0%) to “very comfortable” (100%). Data are pre-
sented as mean percentages of the VAS. AD, antihistamine eye 
drops; CPT, conjunctival provocation test; LS, liposomal eye spray; 
VAS, visual analogue scale.
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Fig. 4. Objective digital analysis of the redness of the eye was per-
formed for digital images taken at 7 time points (before CPT [con-
trol], after CPT, as well as 0, 2, 5, 10, and 20 min after application) 
during the study visit. Data are presented as mean ± SEM. AD, 
antihistamine eye drops; CPT, conjunctival provocation test; LS, 
liposomal eye spray.
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Since ARC is a common condition all over the world, 
treatment options have been thoroughly investigated in 
multiple studies, and guidelines for an optimal approach 
have been established [1, 2]. These guidelines recom-
mend the administration of oral antihistamines or leu-
kotriene antagonists, or the application of topical anti-
histamines or nasal glucocorticoids for the symptom-
atic treatment of allergy symptoms. While many patients 
use these conventional therapies, some patients have 
reservations about pharmacological products and tend 
to try alternative options, including homeopathy or acu-
puncture. According to a survey conducted by Schäfer 
et al. [17], 26.5% of patients used alternative medicine 
for their allergies. Their reasons for doing so were un-
satisfactory results from conventional therapy, the be-
lief that alternative medicine has fewer side effects, and 
the desire to “try everything” to reduce allergy symp-
toms. Given these findings, medical products with lipo-
somes – such as LS – might be especially interesting for 
patients who do not want to apply pharmaceutical med-
ication for fear of side effects or interactions, but who 
desire similar symptom relief. Regarding LS, its mode of 
action is not based on pharmacological principles. The 
liposomes contained in it consist of phospholipids that 
also make up parts of the lipid layer of the tear film and 
thus play an important role in the proper functioning of 
the tear film. Consequently, liposomes can be used to 
stabilize the tear film by complementing the lipid layer. 
Furthermore, liposomes have been found to reduce in-

flammation of the rim of the eyelid in patients suffering 
from dry eye [11].

An important aspect for patients suffering from allergic 
symptoms is not only the overall efficacy of a product, but 
also its onset of action. This noninterventional study 
showed that LS was as effective as AD regarding the onset 
of action. In both treatment groups, 80% of patients per-
ceived the onset of action within 0–2 min after application, 
resulting in the first perception of relief of allergy symp-
toms. This finding goes in line with that of an earlier pro-
spective, controlled, open, observational study conducted 
by Böhm et al. [6], which compared a cromoglycate com-
bination therapy to a liposomal nasal spray, either alone or 
in combination with an LS. They found that 25% of LS us-
ers felt an onset of action within 5 min, whereas only 12.5% 
of cromoglycate eye drop users perceived an onset of action 
within the same time frame. Furthermore, the liposomal 
nasal spray in combination with the LS and the cromogly-
cate combination therapy were safe and well tolerated. 
Similar to the findings by Böhm et al. [6], the safety and 
tolerability of the treatment investigated here can be as-
sessed as good, since no treatment-related adverse events 
or serious adverse events occurred. These results are con-
sistent with those from previous studies evaluating the ef-
fect of LS for dry eye [8, 10] and with findings from studies 
assessing liposomal nasal spray [13, 15].

In addition to objective assessments, the tolerability and 
efficacy of study treatments can also be evaluated using in-
formation regarding overall patient satisfaction. Patient 
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external observer using the images from 
photodocumentation (0 = no redness, 1 = 
mild redness, 2 = moderate redness, 3 = 
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drops; CPT, conjunctival provocation test; 
LS, liposomal eye spray.
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satisfaction was assessed on the basis of a VAS score, rang-
ing from “not at all comfortable” (0%) to “very comfort-
able” (100%). The score for AD increased from 28.2% (im-
mediately after the CPT) to 78.9% (20 min after appli
cation), suggesting good efficacy. For LS, a comparable 
increase from 27.4 to 71.9% was observed, indicating con-
siderable relief of eye irritation and further demonstrating 
the noninferiority of LS. The results of the patients’ percep-
tion of the treatment are comparable to those reported in 
studies exploring the application of liposomes for dry eye 
and in studies assessing liposomal nasal spray for treating 
seasonal allergic rhinitis. Subjective improvement of symp-
toms was observed in these studies [6–8, 11, 14]. For ex-
ample, according to Lee et al. [11], 72% of patients indi-
cated noticeable relief of dry eye symptoms after the appli-
cation of LS. Also, the application in form of a spray was 
considered by all patients to be more pleasant than the use 
of eye drops. Some patients might need to apply a product 
for relief of eye irritation every day. Therefore, the use of a 
spray instead of eye drops might be especially interesting 
for patients who need treatment regularly and who are un-
comfortable with applying eye drops.

Not many studies exist that have evaluated the ocular 
application of liposomes for the treatment of ARC. A pre-
vious study assessing a liposomal nasal spray also showed 
a significant reduction in conjunctival symptoms after its 
application [15]. This finding shows that a nasal spray is 
capable of reducing eye symptoms, demonstrating the 
high efficacy of liposomal products.

The observation that the efficacy of LS is similar to that 
of standard therapy with AD confirms that LS is a suitable 
alternative for treating allergic eye symptoms. The results 
of the VAS score, the onset of action, and the question-
naires support that statement. Despite its pharmacologi-
cal mode of action, no superiority was observed for AD 
as shown by the subjective patient evaluation.

Apart from AD, there are other frequently used and 
well-established pharmaceutical products for the treatment 
of allergic conjunctivitis, such as nedocromil, emedastine, 
azelastine, and olopatadine, that have a similar onset of ac-
tion. Overall study results suggest good clinical efficacy and 
a fast onset of action for these products [25–28]. In an open 
observational study of 102 patients with ARC, the mast cell 
stabilizer nedocromil was found to be well tolerated and 
showed no significant difference in symptom reduction 
when compared with levocabastine. Onset of action was 
perceived within the first hour by 82.9% of patients treated 
with nedocromil [26]. Emedastine is a second-generation 
H1 receptor antagonist. Netland et al. [27] described a rap-
id onset of action when this product was instilled 10 min or 

2 h before conjunctival allergen challenge. Emedastine was 
more effective than levocabastine in inhibiting ocular itch-
ing and equivalent in inhibiting redness. Besides being an 
H1 antagonist, azelastine also has a mast cell stabilizing ef-
fect. In a randomized, active- and placebo-controlled study 
conducted by Bousquet et al. [25], patients received azelas-
tine in combination with fluticasone while in an environ-
mental exposure chamber. Onset of action of the active 
treatments tested (azelastine in combination with flutica-
sone, loratadine, and fluticasone alone) was defined as the 
first time point demonstrating a change from baseline 
which was greater than that for placebo and which contin-
ued until the last assessed time point. The total ocular symp-
tom score for azelastine showed an onset of action 10 min 
after application, and the total nasal symptom score showed 
an onset of action after 5 min. In another study, an H1 an-
tagonist olopatadine formulation containing a vehicle was 
shown to stabilize mast cells and was found to be signifi-
cantly better than its vehicle in reducing ocular itching at 
onset of action and 16 and 24 h after onset of action [28]. 
Similar to AD and LS, these pharmaceutical products 
showed a fast onset of action.

To objectively determine changes in eye irritation, red-
ness was analyzed using digital imaging and analysis. Two 
external observers also rated the images. The digital im-
ages were taken at baseline before the CPT, immediately 
after a positive CPT, and at 5 time points after application 
of the respective product. The evaluation of redness by 
means of digital analysis showed a similar reduction in red-
ness after application of LS or AD. As expected, AD re-
duced the redness of the eye more strongly than did LS. 
This finding could be due to the pharmacological mecha-
nism of action of AD. However, the difference was not sig-
nificant. The digital analysis underlines the marginal dif-
ferences between the products that were already observed 
in the VAS score. Thus, digital analysis presents itself as a 
very sensitive method for evaluating the redness of the eye. 
The benefit and purpose of digital analysis have been dem-
onstrated in multiple studies [29, 30]. This objective meth-
od for evaluating the relief of eye irritation further confirms 
the subjective patient evaluation and thus strengthens the 
hypothesis that LS is as effective as AD in reducing allergy 
symptoms. As assessed by the external observers, the red-
ness of the eye decreased only slightly for both groups 
throughout the study visit, which might be due to the 
sometimes unsatisfactory quality of the digital images. Still, 
the noninferiority of LS was confirmed since there was no 
significant difference between the study groups.

A limitation of this study is the lack of blinding. Some 
patients might look more favorably upon the use of a rel-
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atively new alternative treatment option, whereas others 
might prefer the familiar standard drug therapy. Gener-
ally, blinding would make individual preferences irrele-
vant because the patients would not know which product 
they are using. However, blinding was not possible in this 
study since two different forms of application were used, 
eye spray and eye drops. To overcome this, a blinded dou-
ble-dummy approach could have been applied, but this 
was not feasible here because of two reasons: Firstly, the 
placebo eye drops might have some inherent effects like 
rinsing of the eye. Regarding the double-dummy ap-
proach, the rinsing of the eye with the placebo eye drops 
as the first of the two interventions could lead to a wash-
out of the allergens. This can result in false-positive effects 
of the investigational product, whereas a placebo eye 
spray would not have this rinsing effect when applied on 
the closed eye like LS. Secondly, in Germany, placebo, 
such as saline eye drops, is not allowed as a control in a 
study if a standard therapy is available (as defined by the 
German Medical Association [Bundesärztekammer] [1]).

Another apparent limitation was the quality of the digi-
tal images taken of the eye during the study visit. Although 
it was difficult for the external observers to distinguish dif-
ferences between the images, digital analysis was able to 
produce satisfactory results. However, we recommend fur-
ther improvement of digital imaging to ensure that high-
quality images are available for use in future studies. Lastly, 
the short duration of the study only allowed conclusions to 
be drawn for a single application of the products. Neverthe-
less, this one visit fulfilled the purpose of this study by pro-
ducing results regarding the onset of action and symptom 
reduction. It might also be interesting to extend this study 
over more than one study visit and explore the efficacy of 
the tested treatments in a larger study population.

The onset of action and relief of eye irritation was 
perceived for LS within only a few minutes of its appli
cation following the CPT. The study results confirm the 
noninferiority of LS versus standard therapy with AD  
in patients suffering from ARC. Thus LS, with its good 
tolerability and safety, represents an equal nonphar
macological treatment option to guideline-recommend-
ed treatment with antihistamines. Since this study shows 
promising results, the next step is to investigate the toler-
ability and efficacy of LS during the allergy season.
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