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ABSTRACT | This systematic review aimed to assess the
effectiveness of using preservative-free artificial tears
versus preserved lubricants for the treatment of dry eyes
in Universidade Federal de Alagoas (PROSPERO 2018
CRD42018089933). Online databases were searched
(LILACS, EMBASE, MEDLINE, and CENTRAL) from inception
to April 2018; references from included papers were also
searched. The following keywords were used: lubricants
OR artificial tears OR artificial tears, lubricants AND dry
eye OR dry eye syndrome OR syndromes, dry eye OR dry
eyes. Among the 2028 electronic search results, 29 full
papers were retrieved and four were considered relevant.
The number of participants from these studies ranged
from 15 to 76. Meta-analysis was possible for the following
outcomes: score of symptoms according to the Ocular
Surface Disease Index - Allergan (OSDI), tear secretion rate
using the Schirmer test, tear evaporation rate using the tear
film breakup time test, burning, foreign body sensation,
and photophobia. No statistically significant difference
was observed between the two groups, and no side effects
were attributed to the interventions. Evidence proving that
preservative-free artificial tears are more effective than
preserved artificial tears is lacking.
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RESUMO | Esta revisdo sistemética teve como objetivo avaliar
a eficacia do uso de lagrimas artificiais sem conservantes em
comparagdo com lubrificantes preservados no tratamento do
olho seco na Universidade Federal de Alagoas (PROSPERO 2018
CRD42018089933). As bases de dados online foram pesquisadas
(LILACS, EMBASE, MEDLINE e CENTRAL) desde o inicio até abril
de 2018; referéncias de artigos incluidos também foram pes-
quisadas. Foram utilizados os seguintes descritores: lubrificantes
OU lagrimas artificiais OU lagrimas artificiais, lubrificantes E olho
seco OU sindrome do olho seco OU sindromes, olho seco OU
olhos secos. Dos 2028 resultados de busca eletronica, 29 artigos
completos foram recuperados, e quatro foram considerados rele-
vantes. O nmero de participantes desses estudos variou de 15 e
76. A meta-anélise foi possivel para as seguintes variaveis: escore
de desfecho dos sintomas de acordo com o indice de Doenca da
Superficie Ocular - Allergan (OSDI), taxa de secrecdo lacrimal
pelo teste de Schirmer, taxa de evaporagao lacrimal usando o teste
de tempo de ruptura do filme lacrimal, queimagao, sensacao de
corpo estranho e fotofobia. Nenhuma diferenca estatisticamente
significativa foi observada entre os dois grupos, e nenhum efeito
adverso foi atribuido as intervengdes. Evidéncias provando que
as lagrimas artificiais sem conservantes sao mais eficazes do que
as lagrimas artificiais preservadas estao faltando.

Descritores: Sindromes do olho seco/tratamento farmacolégi-
co; Lubrificantes oftdlmicos/uso terapéutico; Lagrimas; Revisdo
sistematica

INTRODUCTION
Based on a recent definition, dry eye syndrome is a
multifactorial ocular surface disease characterized by
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loss of tear film homeostasis, accompanied by ocular
symptoms. Its etiology comprises tear film instability,
hyperosmolarity, inflammation and ocular surface da-
mage, and neurosensorial alterations. Its prevalence
ranges from 5% to 50%"".

Dry eye disease leads to several ocular symptoms,
such as burning, foreign body sensation, blurred vi-
sion, and redness, which cause discomfort and reduce
working efficiency and quality of life. These symptoms
may cause complications, such as corneal damage and
visual impairment®.

Several methods were available for the treatment
of dry eyes, such as artificial tears, gels, topical or oral
secretagogues, blood derivatives, anti-inflammatory
therapy, and punctal occlusion, among others®.

Artificial tears are the first choice of therapy in dry
eye disease>?. These drugs enhance tear stability, thus
reducing loss by evaporation and inflammation®. Ho-
wever, this ocular inflammation can be exacerbated
with lubricant preservatives, which are also important
to prevent microbial activity and decomposition of the
active drugs. The most common preservative in ocular
solutions are benzalkonium chloride (BAK), chlorobuta-
nol, sodium perborate, thiomersal, disodium edetate,
and oxychloro complex (SOC)®”. Preservatives can cause
toxic epithelial effects and hypersensitivity reactions
that range from mild irritation to severe corneal and
conjunctival scarring”. Benzalkonium is known to cause
corneal epithelium damage and induce cell membrane
lysis at the ocular surface even at very low doses, and,
if chosen for treatment, its frequency of use has to be
limited to no more than four times a day®?.

Preservative-free eye drops prevent these effects
and are indicated for severe dry eyes, in patients using
multiple preserved drugs, and when higher doses of
lubricants are necessary%'",

A few clinical trials were performed to compare both
types of eye drops in dry eyes. Therefore, this systematic
review and meta-analyses focused on whether preser-
vative-free lubricants are more effective than preserved
solutions in patients with dry eye disease symptoms.

METHODS

The study has not been submitted to the Research
Ethics Committee because it analyzes secondary data
that are available in medical literature databases and
other similar sources.

This systematic review adhered to the items propo-
sed in The Preferred Reporting Items for Systematic Re-

views and Meta-analysis (PRISMA) statement"?, without
authors’ influence, and was registered at PROSPERO
(registration number CRD42018089933).

Literature search

Online search was performed in MEDLINE (via
PUBMED), EMBASE, CENTRAL (The Cochrane Controlled
Clinical Trials Database), and LILACS databases, from
inception to April 2018. We sought for randomized cli-
nical trials that evaluated non-preserved artificial tears
versus preserved eye drops as control for the treatment
of dry eye disease. The language of literatures was not
restricted. Search strategy comprised of the following
the terms: lubricants OR artificial tears or artificial tears,
lubricants AND dry eye OR dry eye syndrome OR syn-
dromes, dry eye OR dry eyes. We also searched the
references of all relevant articles to not miss any study
not found in databases.

Inclusion and exclusion criteria

All randomized clinical trials on patients with dry
eyes that compared any kinds of preservative-free artifi-
cial tears versus any preserved lubricants were included.

Studies performed in healthy eyes or no dry eye; ani-
mal studies, or in populations younger than 18 years, or
studies with intervention or control was added to other
preparations such as corticosteroids and antibiotics
were excluded.

The minimum follow-up period for inclusion was 15 days.

Data extraction

Two authors independently screened the titles, abs-
tracts, and full texts to assess whether each article met
the eligibility criteria. In the event of disagreement,
consensus was used to reach a conclusion. A standardi-
zed form was used to compile all study data. Duplicate
articles, articles with incomplete data, and those not
obtained in full were excluded. If data or a study was
not available, the review authors sent a mail to the trial’s
authors.

Risk of bias assessment

Two authors independently evaluated the methodo-
logical quality of each study assessing the risk of bias
in RCTs using the Cochrane’s collaboration tool. Any
disagreement was resolved by meeting and discussion
to establish a consensus. Selection (random sequence
generation and allocation), performance (blinding of
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participants and personnel), detection (blinding of
outcome assessment), attrition (incomplete data), re-
porting (selective outcomes reporting), and other biases
were evaluated.

Outcome analysis

Subjective improvement of dry eye symptoms were
the dichotomous outcomes (dryness, scratchiness, fo-
reign body sensation, burning); continuous outcomes
were tear film breakup time (TBUT) in seconds, amount
of tear film (Schirmer test) in millimeters, corneal stai-
ning, corneal or conjunctival epithelium (impression
cytology), tear osmolarity, visual acuity, change in the
frequency of using the eye drops, and inflammatory
biomarker alterations.

Statistical analysis

For dichotomous outcomes, risk ratio and 95% con-
fidence interval (Cl) were calculated using a random-
-effect model (REM). When the effect was not indicated,
the risk difference (RD) and 95% Cl were calculated
using REM. For continuous outcomes, mean and stan-
dard deviation were used to generate the mean differen-
ce (MD) and 95% Cl using REM. The Rev Man 5 statistical
package (Cochrane Collaboration) was used to perform
meta-analyses. 1? statistical heterogeneity was assessed
using heterogeneity tests, i.e., the standard chi-square
test (P-value of <0.10 or <10%) and the Higgins test (I
>50% was statistically significant).

Data synthesis
Assessment of heterogeneity
The 12 statistic was used to assess statistical hetero-

geneity among studies. An 12 value of >50% was inter-
preted as indicating substantial statistical heterogeneity.

Reporting bias assessment

A funnel plot was used to assess publication bias
and other reporting biases when 10 or more studies
were included in the meta-analysis. Asymmetry was
interpreted in the funnel plot in conjunction with study
characteristics, such as sample size, or other potential
factors, such as funding sources.

Sensitivity analysis

When adequate data were available, sensitivity
analysis was performed to assess the impact of excluding
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studies with poor methodological quality, such as lack
of allocation concealment, lack of masking, and a large
proportion of participants lost to follow-up (220%),
industry funding, and unpublished studies.

RESULTS

A total of 476 studies were identified in EMBASE, 785
in MEDLINE, 146 in LILACS, and 621 in CENTRAL data-
base. Of the 2028 titles and abstracts, 29 articles were
selected. In the last analysis, four clinical trials were
retrieved in full text for this review (Figure 1).

Characteristics of included studies

The characteristics of included studies are summari-
zed in table 1. A total of 323 patients were included in
the four selected papers.

One study was conducted in Iran®, the second was
a multicenter study in Colombia, Mexicom and Chile"?,
the third study was conducted in Minnesota and New
York™, and the last study took place in Russia"”. The
etiology of dry eye disease in most studies was not specific
and widely varied (aqueous deficiency or evaporative

Relevant Titles
EMBASE - 476
MEDLINE - 785
CENTRAL - 621
LILACS - 146

I Not Eligible
1999
Referecend Studi Full Text
2 27

Studies Excluded

No dry eye disease - 2
Incomplete outcome results - 1
Unqualified control - 7
Unqualified intervention - 6
Not randomized study - 2
Studies with animals - 2
Abstract in congress -5

(data not available)

Clinical Trials
Selected
4

[

Studies included
in qualitative synthesis
4

S I

Studies included
in quantitative synthesis
[meta-analysis)
4

Figure 1. Flow chart with the selection of clinical trials included in this review.
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Table 1. Characteristics of included trials

P (between
Author Groups A
(yr) Country Gender Participants Intervention Control Outcomes  Results in intervention ~ Results in control and B) Comments
Safarzadeh  Iran Group A:  Dry eye patients Tear Naturale  Tearlose (Darou a) OSDI scale of Group A: Group B: Baseline:
M., etal., Male- 19 41 in Group A (Alcon): dextran Company) symptoms OSDI: 43.58 baseline, OSDI: 39.51 baseline, OSDI: P=0.339
2016 Female-22 47 in Group B 70 -1 mg/ml, Hydroxipropyl,  b) Rate of tear 31.92 after 4 weeks, 29.97 after 4 weeks, TFBUT: P=0.640
Group B: hypromellose 3 mg/ methylcellulose  secretion-Schirmer (P<0.001) (P<0.001) Conjunctival
Male- 21 ml, hydroxipropyl, 03g,0.1g test TEBUT TEBUT staining: P=0.334
Female- 26 metylcellulose, of dextran ¢) Rate of tear baseline: 7 seg, and after  baseline: 7.15 seg, and after Corneal staining:
sodium chloride, hydroxipropyl evaporation - 4 weeks: 7.62 (P=0.027) 4 weeks: 8.09 (P=0.013) P=0.807
potassium chloride, and 0.01% TFBUT Conjunctival score: Conjunctival score: Schirmer:
calcium chloride, benzalkonium d) Staining in baseline: 6.67 and after baseline: 7.34 and after P=0.676
magnesium chloride as cérnea 4 weeks: 5.53 (P<0.001) 4 weeks: 5.09 (P<0.001) after 4 weeks:
chloride, zinc preservative €) conjunctival Corneal staining Corneal score OSDI: P=0.440
chloride, staining baseline:1.23 and after baseline:1.15 Schirmer:  TFBUT: P=0.497
sodiumhydrogen 4 weeks-0.44 (P<0.001) baseline 6.64 and after Conjunctival
carbonate, carbono Schirmer: 4 weeks-7.10 (P=0.115) staining: P=0.822
dioxide, purified baseline 6.04 and after Corneal staining:
water (non- 4 weeks-6.56 (P=0.129) P=0.793
preservative) Schirmer:
P=0.441
Perez- Mexico  Information  Mild to moderate Xiel Ofteno Systane-Alcon  a) OSDI scale of Group A OR XG/CS: Group B OR Says that is - Do not say
Balbuena about the  dry eye patients -Sophia (polyethylene symptoms OSDI 19.3 baseline, 7.3 after PEG/PG not statistically ~ the P between
AL, etal., multicenters 76 in Group XG/CS  laboratories glycol/propylene  b) Rate of tear 8 weeks (P=0.001) OSDI: 19,3 baseline, 7.9 significant but do the two groups
2016 arenot 72 in Group PEG/PG  (0,09% xanthan glycol) secretion tax-  Schirmer: 6.4 baseline, 11.0  after 8 weeks (P=0.001)  not say p’s value - Refers to
compiled gum/0,1% Schirmer test after 8 weeks, (P=0.002) ~ Schirmer: 6.5 baseline, 10.5 “staining” as a
chondroitin sulfate c) Rate of tear ~ TBUT: baseline-5.5, 7.4 after  after 8 weeks, (P=0.019) variable but do
preservative-free) evaporation - 8 weeks TBUT: 5.2 baseline, 7.4, not says these
TFBUT (P=0.027) after 8 weeks (P=0.046) results
d) corneal staining - Informatiosn
€) conjunctival about gender
staining are not
compiled
Nelson, US.A Sodium Severe dry eye Pharmacia - Liquifilm - a) Tear osmolarity ~ Group A OR HS Group:  Group B OR PVA Group Says that is - Do not say
JD, etal., hyaluronate 20 in HS Group ~ Piscataway, N) Allergan b) Pain/analog a) Pain scale a) Pain scale not statistically ~ the P between
1988 (HS) Group: 15 in PVA Group  (unpreserved 0,1%  (1,4% polyvinyl scale 65.9 baseline, 37.0 after 67.6 baseline, 31.3 after  significant but do the two groups
Male- 3 sodium hyaluronic  alcohool with c) Patients 8 weeks 8 weeks not say p’s value - Not detailed
Female- 17 purified water) chlorabutanol comments b) Tear osmolarity b) tear osmolarity description of
Polyvinyl 0,5%) (symptoms) 339.5 baseline, 312.0 after  371.4 baseline, 311.6 after the variabels
alcohhol d) Eye drops 8 weeks 8 weeks (visual acuity,
(PVA): frequency of use c) Schirmer ©) Schirmer frequency of
Male- 1 e) Visual acuity 5.1 baseline, 6.5 after 8 weeks 5.3 baseline, 6.6 after use, symptoms
Female- 14 f) Rate of tear d) TFBUT 8 weeks comments)
evaporation 3.5 baseline, 4.9 after 8 weeks d)TFBUT
-TFBUT €) Rose bengal staining 4.8 baseline, 6.3 after weeks
g Rose bengal 4.0 baseline, 2.8 after 8 weeks ) Rose bengal staining
staining f) Bulbar and palpebral 3.1 baseline, 2.3 after
h) Rate of tear impression citology 8 weeks
secretion- Bulbar: f) Bulbar and palpebral
schirmer test 2.4 baseline, 2.3 after 8 weeks ~ impression citology
i) Ocular surface Palpebral: Bulbar:
impression 1.3 baseline, 0.8 after 8 weeks 2.7 baseline, 2.3 after
citology 8 weeks
Palpebral:
1.0 baseline, 0.7 after
8 weeks
Astakhov,  Russia Hylabak ~ Mild dry eye after  Intervention: CONTROL a) Drymess HYLABAK Group SYSTANE Group Says that is - Do not say
YSetal., Group: LASIK surgery Hylabak, Systane, Alcon  b) Fluorescein  a) Dryness - no patients a) Dryness - after 12 not statistically ~ the P between
2013 Male- 11 27 in HYLABAK Abak, THEA (polyethylene satining after 84 days weeks: no patients significant but do  the two groups
Female- 16 Group Laboratories, glycol 0,4%, ¢) Global b) Fluorescein staining-0.26 b) Fluorescein staining- not say p’s value - No detailed
Systane 25 in SYSTANE  (0,15% hyaluronato  propylene glycol tolerance baseline, 0.11 after 12 weeks 0.11 baseline, 0.16 Just statistically  description of
Group: Group preservative -free) 0,3%, polidronium d) Global efficacy (P=0.16) after 12 weeks significant the variabels
Male- 11 chloride 0,001% as and tolerance- ©) Global efficacy and (P=0.03) in 28 day in (TBUT,
Female- 16 preservative) investigator  tolerance- investigator-one ) Global efficacy and  “global efficacy”  symptoms,
e) Best corrected case “not satisfactory,” 62.96% tolerance- investigator- to hylabak global
visual acuity “very satisfactory” 37.04% “very satisfactory” (P=0.0113)  tolerance scale.

f) Rate of tear
evaporation-
TFBUT
g Lid-paralel
conjunctival folds-
lipcof test
h) Slit lamp
acessment- as
blepharitis and
meibomitis

baseline: flap edema -2 (7,41%)

d) Best corrected visual

acuity

59.26% had 6/6 in baseline,
81.48% had 6/6 after 12 weeks 84% had 6/6 after 12 weeks

e) TFBUT-just describes
and after 12 weeks

folds- lipcof test
baseline: 55.56% no
paralell fold
40.74% one parallel fold
1 severe parallel fold

after 12 weeks: 81.48% no

parallel fold, none severe
parallel fold

g) Slit lamp acessment -
as blepharitis, meibomitis

and flap edema

No one in day 84.

after 12 weeks: One (3,7%)

had flap folds

- Use of collors
design graphics
scales without
exact numbers

d) Best corrected visual
acui
64% had 6/6 in baseline,

e) TFBUT-just describes

p<0.0001, between baseline p<0.0001, between baseline

and after 12 weeks

f) Lid-paralel conjunctival f) Lid-paralel conjunctival

folds- lipcof test
baseline: 64% no paralell
fold
24% one parallel fold
1 severe parallel fold
after 12 weeks: 88% no
parallel fold
None severe parallel fold
g) Slit lamp acessment- as
blepharitis, meibomitis,
and flap edema-
baseline: 1 (4%) after
12 weeks:
No one

Arqg
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causes, Sjogren, and no Sjogren syndrome). One study
compared non-preserved Tear Naturale (Alcon) with
TearLose with BAK as preservative (Darou, Company)®.
The second study compared preservative-free Xiel
Ofteno (Sophia Laboratoire) with polidronium chloride
preserved Systane (Alcon)". The third paper compared
unpreserved sodium hyaluronic (Pharmacia, Piscata-
way-NJ) with Liquifilm (Allergan) with chlorabutanol as
conservant"®; and the last article compared preservati-
ve-free Hylabak (Abak, Thea Laboratoires) with Systane
(Alcon) with polidronium chloride as preservative’. The
sample size ranged from 15 to 76 randomized in each
group, and the follow-up period ranged from 1 month
to 3 months. The eye drops were used twice a day in a
study, four times a day in two studies, and eight times a
day in the last study.

Risk of bias in included studies

The risk of bias assessment of the four included
studies are summarized in figures 2 and 3. One study
used a random numbers software to prevent selection
bias'"¥, the second used random blocks®?, the third study
used a code list allocated to patients in a predetermined
order™, and the last study did not report the random
sequence generation®. The first study was double-
blinded using the same label or package bottles"?; the
second publication blinded patients using plastic bottles
with nozzle droppers and pilfer proof caps?; the third
study blinded the investigators"”; and the last study
indicated that it was double-blinded but only reported
that medication were packaged in unit-dose plastic
containers""?.

Outcome measures

Meta-analysis was possible for three continuous and
three dichotomous outcomes. The number of studies
used in these results ranged from 2 to 3. Heterogeneity

Random seguence generation (selection bias) —:]

Allocation concealment (selection bias) _:

Blinding of participants and personnel (performance bias) _:I
Blinding of outcome assessmente (detection bias) -
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) -

Other bias - |

0% 25% 50% 75%  100%
D Unclear risk of bias . High risk of bias ]

[ . Low risk of bias

Figure 2. Risk of bias graph: review authors’ judgments on each risk of
bias item presented as percentages in all included studies.
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was present in all outcomes, but was only statistically
significant for the burning symptom (p=0.003).
Symptoms were evaluated using the Ocular Surface
Disease Index- Allergan (OSDI) score in two studies®'?,
without significant differences (MD=0.37, C1 95%: -2.35
to 1.61; p=0.72; ?’=0%) (Figure 4). The tear film brea-
kup time (TFBUT) was described in three studies® ',
with MD of 0.20 (Cl 95%: -0.85 to 0.44; p=0.54;
12=0%), also without statistically significant difference
between the preservative-free and preserved lubricants
groups (Figure 5). Aqueous secretion, evaluated using
the Schirmer test, was present in three studies, but
without statistically significant difference between the
intervention and control groups, with the MD of 0.12
(C1 95%: -1.24 to 1.49; p=0.86; 1>=0%) (Figure 6)*'3149,
Corneal staining was evaluated in three studies®'*';
however, meta-analysis was not performed because the
authors used different methods to quantify this outco-
me. Burning, foreign body sensation, and photophobia
were described in two studies'?, for the presence or
absence of this symptom, which showed no statistically

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

+ | Randon sequence generation (selection bias)
+ | Allocation concealment (selection bias)
- | Selective reporting (reporting bias)

©

2

@

S

o

Astakhov 2013 - ? - ?
Nelsom 1988 | ? ? ? ? + 2 2
Pérez-Balbuena 2016 | (+ + + + - + ?
Safarzadeh 2017 | (+ | (+ - ? + ? +

Figure 3. Risk of bias summary: review authors’ judgments on each risk
of bias item for each included studly.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Pérez-Balbuena 2016 7.3 59 93 79 8.2 90 90.9% -0.60[-2.68,1.48)
Safarzadeh 2017 31.92 1521 41 2997 16.18 47  91% 1.95[-4.61,8.51)
Total (95% CI) 134 137 100.0%  -0.37 [-2.35,1.61]

Heterogeneity: Tau*= 0.00; Chi*= 0.53, df=1 (P=0.47); F=0%

-10 0 10

-20

7= - 20
Testfor overall effect: Z=0.30 (P = 0.72) Favours [experimental] Favours [control]
Figure 4. Ocular surface disease index (OSDI) scores in the preservative-free and control groups.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Nelsom 1988 49 23 20 63 6.3 15  37% -1.40[-4.74,1.94)
Pérez-Balbuena 2016 74 29 93 74 27 90 63.0% 0.00 [-0.81, 0.81)
Safarzadeh 2017 764 26 41 809 274 47 333% -0.45[1.57,067)
Total (95% CI) 154 152 100.0%  -0.20 [-0.85, 0.44]
Heterogeneity: Tau®= 0.00; Chi*= 0.92, df= 2 (P = 0.63); F= 0% 20 o S % %
Testfor overall effect: Z= 0.61 (P = 0.54) Favours [experimental] Favours [control]
Figure 5. Tear film breakup time (TBUT) in the preservative-free and control groups.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Nelsom 1988 65 7.7 20 6.6 55 15 9.8% -0.10[-4.47,4.27)
Pérez-Balbuena 2016 11 66 93 105 56 90 59.7% 0.50[-1.27,2.27)
Safarzadeh 2017 6.56 5.46 41 71 6.4 47 30.5%  -0.54[-3.02,1.94)
Total (95% Cl) 154 152 100.0%  0.12[-1.24, 1.49)
Heterogeneity: Tau?= 0.00; Chi*= 0.46, df= 2 (P = 0.79); F= 0% _250 _150 5 150 2'ru

Test for overall effect: Z= 0.18 (P = 0.86)

Figure 6. Schirmer test in the preservative-free and control groups.

significant difference between the non-preserved and
preserved artificial tears, with RD of 0.07 (Cl 95%:
-0.17 to 0.30; p=0.59; 1’=89%), 0.00 (IC 95%: -0.06 to
0.07; p=0.59; 1>=0%) and 0.01 (Cl 95%: -0.06 to 0.07;
p=0.62; 12>=0%), respectively (Figures 7, 8, and 9).

Meta-analysis for other outcomes was not possible
because each of them was reported in only one study.
Tearing sensation is a symptom described in one study?,
in which the authors described a reduction from 50% to
23% in the intervention group as compared to 28% to
17% in the control group. Hyperemia, a dry eye signal,
was also described in the same study"® and a reduction
from 59% to 28% was reported in the intervention group
as compared to 73% to 35% in the control group.

Tear osmolarity was evaluated in one study only",
with the mean of 339.5 mOsm/kg before the use of pre-
servative-free eye drops that changed to 312 mOsm/kg
after 8 weeks of intervention in the intervention group,

Favours [experimental] Favours [control]

whereas the control group had 371.4 mOsm/kg before
and 311.8 after using preserved eye drops. These results
were not statistically significant.

Bulbar impression cytology grades were evaluated in
one study"?, with the mean of 2.4 before and 2.3 after
the intervention as compared to 2.7 before and 2.3 after
using the control medication. These results were also
not statistically significant.

Palpebral impression cytology grades were evaluated
in one study"”, with the mean of 1.3 before and 0.8 after
the intervention as compared to 1.0 before and 0.7 after
using the control medication, and these results did not
show a statistically significant difference.

A visual analog scale to classify pain and discomfort
was used in one study"?. The mean score changed from
65.9 to 37 in the intervention group and from 67.6 to
31.3 in the control group, and these results were statis-
tically significant.
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Experimental Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Astakhov 2013 0 27 0 25 53.3% 0.00 [-0.07, 0.07]
Pérez-Balbuena 2016 45 93 3 90 46.7% 0.14 [-0.00, 0.28]
Total (95% Cl) 120 115 100.0% 0.07 [-0.17, 0.30]
Total events 45 3

Heterogeneity: Tau®= 0.03; Chi*=8.91, df=1 (P = 0.003); F= 89%
Test for overall effect: Z= 0.54 (P = 0.59)

Figure 7. Burning symptom in the preservative-free and control groups.
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Experimental Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Astakhov 2013 0 27 0 25 76.7% 0.00 [-0.07, 0.07]
Pérez-Balbuena 2016 27 93 25 90 23.3% 0.01 [-0.12,0.14)]
Total (95% CI) 120 115 100.0% 0.00 [-0.06, 0.07]
Total events 27 25

Heterogeneity: Tau®= 0.00; Chi*= 0.07, df=1 (P=0.79); F= 0%
Test for overall effect: Z= 0.09 (P = 0.93)
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Figure 8. Foreign body symptom in the preservative-free and control groups.

Experimental Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Astakhov 2013 0 27 0 25 77.2% 0.00 [-0.07, 0.07]
Pérez-Balhuena 2016 29 93 26 90 22.8% 0.02 [-0.11,0.16)
Total (95% ClI) 120 115 100.0% 0.01 [-0.06, 0.07]
Total events 29 26

Heterogeneity: Tau®= 0.00; Chi*= 0.24, df=1 (P=0.62); F= 0%
Test for overall effect: Z= 0.16 (P = 0.87)
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Figure 9. Photophobia symptom in the preservative-free and control groups.

Visual acuity was evaluated in two studies; however,
the results were not described in one of them"®. In
another study, visual acuity was 6/6 in the worst eye in
59.26% of patients at baseline that changed to 81.48%
in the intervention group, as compared to 64% to 84%
in the control group. These results did not show a sta-
tistically significant difference">.

Flap edema was assessed in one study on after-LASIK
dry eye, which ranged from 7.41% to none in the
intervention group and from 4% to none in the control
group. Flap folds were evaluated in the same study, ran-
ging from no case to 3.7% in the intervention group as
compared to that in the control group, which showed
no flap folds at baseline and after the medication. This
study did not report the p-values.

Dryness was evaluated in one study!?, ranging from
3.7% to none in the intervention group as compared to
that in the control group, which showed no flap folds at
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baseline and after the medication. This study also did
not report its p-values.

Critty-eye was evaluated in one study"®, ranging
from 11.11% to none in the intervention group as com-
pared to that in the control group ranging from 12% at
baseline to zero after the medication use. No p-value
description was reported in this study.

Another study evaluated patients with no parallel
fold", with range from 55.56% at baseline to 81.48%
in the intervention group, as compared to 64% to 88%
in the control group. This study also did not report its
p-values.

One parallel fold was evaluated in one study!?,
which ranged from 40.74% at baseline to no case in the
intervention group, as compared to 24% to no case in
the control group, with no p-value description.

One study assessed the overall efficacy with one of
the following answers from the investigator: “satisfac-
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tory,” “not very satisfactory,” and “unsatisfactory.” All
participants had a “satisfactory” answer from the inves-
tigator, except for one participant after the intervention
and two patients in the control group at baseline gave
a “not very satisfactory” answer regarding the efficacy.
After using the medication, only one patient provided
the same answer".

DISCUSSION

The perfect artificial tear should be able to repair the
damaged tear film with less frequency of instillation and
with minimal side effects"®'®. The short time duration in
the cornea, in addition to the limited time of symptom
improvement, is a common problem of lubricants.

Cytotoxicity and high prevalence of ocular surface
disorders in preservatives were reported in several stu-
dies!"?9, High concentrations of BAK can cause corneal
epithelial damage, reduce tear and mucin production,
reduce goblet cell density, and induce squamous meta-
plasia. Recent studies reported that BAK may cause DNA
single- and double-strand breaks in human corneal epi-
thelial cells and can affect the blood-aqueous barrier'-2.

Although preservative-free artificial tears are now
recommended for dry eyes, single unit-dose tear subs-
titutes are more expensive for the manufacturers and
consumers, and less convenient to use than bottled
artificial tear drops®@®29.

This systematic review had some limitations. It com-
pared preserved artificial tears with preservative-free
artificial tears, and although all preservatives cause similar
ocular surface damages, each one may have particularities.

Another limitation was the various etiologies and
severity of dry eye from the study participants, ranging
from mild dry eye to severe cases, with Sjogren, no
Sjogren, and after Lasik dry eye, which could also in-
fluence disease improvement or not with the two groups
of lubricants.

The number of participants in each group in selected
clinical trials was also a possible limitation, because we
included a study with 15 participants in a group?, as
compared to other studies with 75 patients in a group®?.

This systematic review evaluated studies that, if were
analyzed individually, no study had low risk of bias; only
one of them had more items with low risk of bias."® This
is an important limitation in this review.

Symptoms and signs are often not compatible with the
degree of dry eye disease severity, which makes it difficult
to quantify the real improvement of each treatment.

The variables “symptoms” were evaluated in all
studies; however, only two of them used the OSDI sco-
re1329 1t consists a scale of symptoms, and the greater
the score, the more severe is the dry eye disease. No
statistically significant difference was observed between
the two groups in the OSDI score meta-analysis.

Symptoms were also evaluated using other scales,
such as the pain/discomfort analog scale, but no statis-
tically significant difference was observed between the
two groups. Symptoms were also analyzed individually
in two groups; dryness, gritty, foreign body sensation,
and photophobia were reduced after the treatment in
both groups in one study; however, this study did not
mention the statistical significance of the intergroup
analysis"®.

Hyperemia and tearing sensation were described in
one study"?, and a statistically significant difference was
observed between the baseline and after the interven-
tion in each group; however, this study did not descri-
be the p-values between the intervention and control
groups. Dryness, gritty, and presence of parallel folds or
flap edema (in cases after LASIK surgery) were reported
in one study""®, but without p-value description, which
was also considered as a limitation in this review (i.e.,
incomplete outcome data).

Burning, foreign body sensation, and photophobia
were described in two studies!"*', for the presence or
absence of this symptom, without statistically significant
difference between the preservative-free and preserved
artificial tears. Thus, the symptoms were not standardi-
zed on a single scale, and they were also not the same
in each study when mentioned individually.

The quality of the tear film and its evaporation rate,
conducted using the TBUT, and the amount of tear secre-
tion evaluated using the Schirmer test, were analyzed in
three studies. Meta-analysis was performed but did not
show a statistically significant result.

Corneal and conjunctival staining were assessed in
three studies, but one of them only reportedly used a
scale grade ranging from O to 3?; another study repor-
tedly graded the lisamine and fluorescein stain but did
not describe the methods used, neither the results";
the third paper used the method by von Bijsterveld gra-
ding stain from 0 to 9"*3%; and the fourth one used the
Oxford scheme>3". The various methods used to per-
form the staining were a limitation in the meta-analysis
of this outcome.

Visual acuity is an important variable, and visual im-
pairment is a common complication in severe cases of
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dry eyes®®. However, this outcome was reported in two
studies only"*'®, in which only one of them had mentio-
ned the results with no statistically significance between
control and intervention groups after the treatment.

Tear film osmolarity is known to have an excellent
performance in diagnosing dry eyes, which showed hi-
gher accuracy than other tests, mainly in severe cases
of dry eye disease. However, it was only evaluated in
one study, which did not show a statistically significant
difference between the two groups‘*3?.

Impression cytology is a method performed using a
cellulose acetate filter to remove superficial epithelial
cells from the conjunctiva to evaluate the degree of
metaplasia in the conjunctiva, caused by various etiolo-
gies, such as dry eye disease®. It has very good results
in dry eye diagnosis, but was only evaluated in one
study, without statistically significant between-group
differences".

Only one study assessed the “global efficacy”, that
authors referred to “patient tolerance” and that this
variable was assessed by the investigators, using the
terms “not very satisfactory”, “very satisfactory”, and
“unsatisfactory”. They reported that only one patient
had no tolerance to the control drug in day 28; howe-
ver, during the last visit (day 84), they did not find a
statistically significant results between the groups. The
limitation in this outcome is the way the investigators
used to classify the patient as satisfactory or not, which
was not described in the paper.

With regard to side effects, the reason for the current
selection of preservative-free eye drops, no significant
adverse effects were observed in any of the groups in
these studies. Safarzadeh et al. did not observe any ad-
verse effects in the group that used preserved eye drops
and attributed the results to the short treatment time
in this study. Perez-Balbuena et al. reported that side
effects were not associated with the intervention in their
study. Astakhov et al. described that both treatments
were well tolerated in their results, without significant
topical or systemic adverse effects, or discontinuation of
treatment for any reason. Only two cases of corneal ede-
ma were reported in the group that used preservative-
free lubricants, and one case of corneal edema in the
preserved artificial tears group, which were attributed to
LASIK surgery and not to the lubricants studied. Finally,
Nelson et al. reported that no side effects were observed
in any of the groups included in their studies®'*'.

In this review, we subjective tests were observed as
symptom evaluation, and some of the main objective
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tests, such as TFBUT and Schirmer, had no significant
changes between the two groups. In addition, other tests
to diagnose dry eyes, such as tear osmolarity and im-
pression cytology tests, were rarely used in the analyzed
studies; this made it difficult to define the improvement
between the intervention and control groups.

Therefore, the lack of outcomes, the small number
of participants, the control group with various types of
conservants, the absence of some primary variables in
any studies, the non-standardized method of extracting
some outcomes, the various etiologies of dry eye disease
in the study participants, and the low quality of studies
were a limitation in this systematic review.

Hence, greater effectiveness of one group over the
other cannot be proven; therefore, we cannot say that
preservative-free artificial tears are better than pre-
served lubricants for the treatment of dry eye disease.
However, we highlight that physicians’ experience is
also fundamental in selecting the ideal artificial tears in
each patient.

Our results showed that further randomized clinical
trials of good quality are required to answer this research
question, with the suggestions of improving the related
limitations in this review, to achieve better results.

The evidence assessed in the selected clinical trials
was not sufficient to prove that preservative-free arti-
ficial tears are more effective than preserved artificial
tears for the treatment of dry eye disease.
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