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Topic. Prostaglandin analogues (PGAs) are first-line medical therapy for primary open angle glaucoma (POAG) and ocular
hypertension (OHT). Intraocular pressure (IOP) lowering effects in full responders are known to be 25–33% for this class;
however, partial responders and nonresponders do exist. In clinical trials or prospective series, discontinuation and washout of
PGAs is necessary to evaluate true change in IOP from novel surgeries and medical therapies. Clinical Relevance. To identify all
relevant papers with pertinent data on washout of PGAs and quantify the duration and long-term effect of reported PGA washout
periods in glaucoma and OHT patients. Methods. A systematic review and meta-analysis was conducted to investigate the long-
term effects on IOP after discontinuation of topical PGAs POAG and OHT patients. )e main search was conducted in
MEDLINE/PubMed, EMBASE, Cochrane Library, CINAHL, Web of Science, and BIOSIS Previews and conference proceedings.
Results. 1055 papers were identified, 548 were independently screened by two physicians., and 56 papers were analyzed for
washout durations. )e mean washout was found to be 4.56 weeks (±1.25), with the mode and median being 5 weeks. Five studies
were analyzed as randomized control trials in which latanoprost was discontinued for 4 weeks prior to restarting another
intraocular pressure-lowering drug. Meta-analysis revealed a 4-week discontinuation of latanoprost, on average, subjects returned
to their baseline IOP. Conclusion. A significant IOP-lowering effect of latanoprost was not observed beyond 4 weeks, suggesting
this may be an appropriate washout period for latanoprost. We could not identify appropriate washout periods for either
travoprost or bimatoprost, although amajority of articles had 4-week washout durations for the two drugs. Despite the widespread
use of this class of medication, there is a paucity of literature on the effects of PGA washout in patients that are treatment näıve to
other topical medications.

1. Background

Intraocular pressure (IOP) is the only knownmodifiable risk
factor for glaucoma. In the mid 1990s, prostaglandin ana-
logues (PGAs) were introduced and are now recognized as
first-line topical medical therapy for primary open angle
glaucoma and ocular hypertension [1–3]. In Canada, lata-
noprost (generic and Xalatan, Pfizer, New York, NY, USA),

travoprost (generic and Travatan, Alcon, Fort Worth, TX,
USA), and bimatoprost (generic and Lumigan, Allergan,
Irvine, CA, USA) are the widely available PGAs. IOP-
lowering effects are known to be in the 25–33% range for
this class, mostly by increasing uveoscleral outflow and
minimally by increasing trabecular meshwork outflow [4–13]

Jampel and colleagues performed a retrospective analysis
of discontinuation of IOP-lowering medication. )ey
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showed that the largest change in IOP was observed after
discontinuation of the first medication (33%) as compared to
the second medication (9%) or third (13%). )is difference
was not class dependent. )ey concluded that the effec-
tiveness of IOP-lowering medications may be significantly
lower than that in ideal conditions [14]. )e PGA class is
dosed once daily, and during clinical trials, the typical
washout period for prostaglandin analogues varies between
2 weeks and 8 weeks, with most trials using a 4-week
washout. Lingering effects of medications beyond a pre-
sumed washout period could lead to erroneous conclusions
about the efficacy and responder rates to subsequent
medications, laser trabeculoplasty, minimally invasive,
and/or filtering surgeries either alone or combined with
cataract extraction. )is would be true for both clinical
practice as well as in clinical trials designed to evaluate new
IOP-lowering drugs and devices.

It is for these reasons that the purpose of this study was
to investigate if sufficient evidence exists to determine the
long-term effects on IOP after discontinuation of topical
PGAs in glaucoma or ocular hypertension patients (OHT).
A systematic review and meta-analysis was conducted of the
available literature.

2. Methods

2.1. Search Strategy. )e effects of prostaglandins on the eye
were first reported in 1985 by Giuffre [15]. )e review
therefore considered studies published in English between
1985 and 2016. Since clinical prostaglandin analogue use
began after 1996, most papers were published between 1996
and 2016.

A preliminary search was conducted in MEDLINE to
identify relevant MeSH terms and keywords. )en, a com-
prehensive search was completed using identified index
terms and keywords and was adapted accordingly to dif-
ferent databases. )e main search was conducted in six (6)
databases: MEDLINE/PubMed, EMBASE, Cochrane Li-
brary, CINAHL, Web of Science, and BIOSIS Previews.
Conference proceedings were included as found in EMBASE
andWeb of Science. )e main search was conducted in May
2014, with a follow-up search on the years 2014–2016
conducted in October 2016. Amedical librarian, experienced
in systematic review searching, designed the search strategy
and conducted the searches. )e reference lists of included
studies were searched to identify additional studies that may
meet inclusion criteria.

Index terms used in the search were (adjusted by da-
tabase) open angle glaucoma, Primary glaucoma, Ocular
hypertension, Intraocular hypertension, Intraocular pres-
sure, and prostaglandins.

Keyword terms used in the search were open angle glau-
coma, POAG, OAG, (intra)ocular hypertension, Intraocular
pressure Discontinu∗, stop∗, withdraw∗, washout, prostaglan-
dins, bimatoprost, travoprost, latanoprost, and tafluprost.

2.4. Systematic Review. Title screening was performed by
two independent reviewers familiar with systematic reviews.
Papers that were agreed upon by both reviewers were

included in the next phase of analysis. Disagreements were
reanalyzed by both reviewers, and agreement was reached by
consensus. )e inclusion/exclusion criteria are listed in
Table 1 and the algorithm is shown in Figure 1.

2.5. Quality Assessment of Included Articles. All included
articles were scored for quality using the Downs and Black
checklist [16]. A quality check was performed to ensure
completeness of our methodology.

2.6. Statistical Analysis. )e primary outcome was the mean
and standard deviation (SD) of pre- and postwashout IOP.
Meta-analysis was completed on the primary outcome of
interest using STATA v. 15.0 (STATA Corporation, College
Station, TX). )e extracted mean of the IOP at baseline and
end point was used to compute the mean IOP reduction
(IOPR) and percentage of IOP reduction (IOPR%) using the
equations below [17]:

IOPR � IOPbaseline − IOPendpoint, (1)

IOPR% �
IOPR

IOPbaseline
. (2)

For continuous scale outcomes such as mean values,
standardized mean difference (SMD) was calculated as the
treatment effect or effect size. SMD was chosen as the
treatment effect since it is a mean difference standardized
across all studies. To compute SMD for each study, the
difference between the mean pre- and postoperative values
for outcome measure (i.e., IOP) was divided by the SD for
that same outcome measure. Weights were assigned to each
SMD according to the inverse of its variance, and then
average was computed. SMD for each study was then ag-
gregated using the fixed- or random-effect model based on
the presence of heterogeneity to estimate the summary
effect.

To test heterogeneity, I2 statistics, Z-value, and χ2 sta-
tistics were computed. An I2 value of less than 50% implies
low heterogeneity, and in these cases, a fixed-effect model
was computed. An I2 statistics of 50% or more represents
high heterogeneity, and in these cases, a random-effect
model was calculated. Additionally, a high Z-value, a low
P value (<0.01), and a large χ2 value imply significant
heterogeneity, and therefore, a random-effect model using
DerSimonian and Laird methods was computed. A forest
plot was generated to display the statistics. A funnel plot was
generated to check publication bias.

3. Results

3.1. Search Results. 1055 papers that met the search strategy
were identified. 507 were removed as duplicates. )e
remaining 548 records were screened according to their title
and abstract by two independent physicians. 424 were re-
moved through the screening process. 213 were excluded
due to study design: 66 were studies without a diagnosis of
POAG or OHT, 62 were irrelevant papers to our search, 56
did not have prostaglandin analogue medications in the
study protocol, 16 had an enrolment age of less than 18
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years, 10 were nonhuman studies, and 1 was a non-English
study without available translation (Figures 1 and 2).

In total, 56 of the 74 papers which were analyzed listed
washout durations for the prostaglandin analogues. Of the
56, 32 had a washout period listed of 4 weeks (57.1%). Seven
had a washout of less than 4 weeks (12.5%), and 19 had
a washout period of more than 4 weeks (33.3%) of which
most were washouts of 6-week duration. )e mean was 4.56
weeks with a standard deviation of 1.25 weeks. Both the
median and mode washout period was 4 weeks (Figure 3).

3.2. Study Characteristics. Eight studies were identified that
reported both means and standard errors/standard de-
viations for intraocular pressure. All eight studies were
prospective, of which five were randomized control trials in
which latanoprost was discontinued for 4 weeks prior to
restarting another intraocular pressure-lowering drug. For
each of those five papers, IOP was measured and docu-
mented prewashout (on latanoprost) and 4- week post-
washout (off latanoprost). Each study had differing inclusion
and exclusion criteria. Overall, studied participants varied
greatly with respect to previous laser (SLT/ALT) treatment,
phakic status, or previous medication history. Comparison
between the two measurements was used to determine
change in IOP due to the 4-week washout (Table 2).

3.3. Publication Bias. A funnel plot was generated to check
publication bias. Visual inspection of the funnel plot for both
pre- and postwashout IOP (Figure 4) did not reveal any
asymmetry. Additionally, publication bias is only one of the
numerous possible explanations for funnel plot asymmetry.

3.4. Impact onPrimaryOutcome. A forest plot was created of
five studies which yielded data (Figure 5). Figure 5 sum-
marizes the results for the outcome measure IOP. Five
studies (178 subjects) considered the impact on IOP due to
discontinuation of topical PGAs in glaucoma or ocular
hypertension patients at week four. Two studies showed
a sustained IOP-lowering effect relative to pretreatment
baseline after four weeks after washout. Heterogeneity be-
tween studies that investigated the impact on IOP
(I2 � 89.3%) was significantly (p � 0.0) high. In studies ex-
amining the impact of washout or discontinuation of topical
latanoprost (SMD�−0.53, CI�−1.22, 0.17), IOP change was
not different as compared to baseline.

3.5. Analysis. )is study reviewed 548 papers of which 56
met the study criteria. We found that the washout duration
between studies varied from 4-5 days to 8 weeks. Seven of the
fifty-six articles had a washout duration which was less than
4 weeks, ranging between 4-5 days and 3 weeks.)eir year of
publication ranged between 1996 and 2015, demonstrating
no apparent standard duration of washout of PGA in the
setting of clinical trials. )e mean washout period in the
reviewed articles was 4.56 (±1.25) weeks, with the median
and mode both being 4 weeks (Figure 3).

Our analysis of eight articles found that the difference
between baseline IOP (pretreatment) and postwashout IOP
was statistically significant in only 3 studies. Aung et al. [18]
discontinued monotherapy PGA prior to starting a cross-
over trial of either unoprostone and latanoprost. Sit et al.
[23] washed out a heterogenous group of patients (some
naı̈ve and others on previous therapy) and then adminis-
tered only with travoprost for 4 weeks. )ese participants
were washed out for 41–63 hours, after which their IOP was
re-measured. Meanwhile, the findings of Kobayashi and
colleagues showed that after a 4-week discontinuation of
latanoprost, patients who had remained on beta-blockers
and brinzolamide did not have an expected increase of
25–33% of pretreatment IOP, but only a 15.4% of baseline
IOP increase. As expected, the IOP did not return to baseline
as patients remained on at least one other IOP-lowering
medication.

)e remainder of the analyzed studies did not show
a statistically significant effect. Larsson et al. [20] showed
that treatment naı̈ve OHT patients who were treated with
latanoprost for 4 weeks and then washed out for 4 weeks,
returned to their pre-treatment IOPs. Linden et al. [21]
found that in patients treated with monotherapy latano-
prost for at least 6 months, with most greater than 1 year,
experienced a significantly lower IOP of 1.3mmHg com-
pared to baseline measurements following a 14-day
washout period. Sehi et al. [22] analyzed the washout re-
sults from a cohort of patients. A four-week washout
showed an IOP of 18.0mmHg which was lower than un-
treated baseline of 18.8mmHg. Stewart et al. [22, 23] had an
open label assessment of a four-week latanoprost washout
in patients who had previously been treated with various
classes of IOP-lowering medications. )ere were in-
adequate data in the published data to draw specific
conclusions regarding washout duration. Finally, Walters
et al. looked at 4-week discontinuation of PGA in patients
previously treated with IOP-lowering medication and
found no statistically significant change after washout. All
participants had already discontinued other ocular medi-
cations prior to the study.

In a prospective analysis of 603 patients, Jampel and
colleagues showed that the IOP changes caused by removing
a medication was significantly less than the historically
reported maximal IOP changes observed in monotherapy
published trials, following discontinuation of a second or
third medication class [14]. )is finding highlights the
complexity of understanding the true IOP effects of single-
agent washout in clinical settings where patients are subject
to multiple drug classes.

Table 1: Inclusion and exclusion criteria.

Inclusion Exclusions
Population of study >18 years of
age Non-English papers

Diagnosis of POAG, OHT Nonhuman studies
Treatment with prostaglandin
analogue or prostamide or
combination drug which
includes prostaglandin
analogue or prostamide

Diagnosis of normotensive
glaucoma

Study design: meta-analyses,
opinion papers, reviews

Journal of Ophthalmology 3



Of the �ve articles included in the meta-analysis, all
except Kobayashi [19] showed a return to baseline IOP
following a washout of 3 or 4 weeks. Participants in the study
by Kobayashi [19] continued on their other intraocular
medications, while the other studies had participants dis-
continue their previous drops prior to the start of each study
[18–22]. Stewart et al. were the �rst to identify that there may
be a variation in the time to return to baseline IOP following
washout in individuals being treated with latanoprost.
Moreover, they showed that the washout e�ect is longer than
that of brimonidine. �ey concluded that latanoprost
washout periods were often greater than 4 weeks (Stewart
et al. 2000).

In an open-label pilot study, Dubiner and colleagues
showed that travoprost can have lasting IOP-lowering e�ects
even up to 84 hours after initial dosing. Subsequently, they
studied 34 open-angle glaucoma patients and concluded that
IOP-lowering e�ects were identi�ed up to 44 hours after use
of travoprost drops [25]. Sit and colleagues also showed that
travoprost IOP lowering persisted up to 63 hours after the
�nal dose [23], while Kurtz and Shemesh found that in
a certain group of 20 OHTpatients, dosing latanoprost once
weekly was noninferior to daily use of the medication. �eir

results were not statistically di�erent up to 3 months of
follow-up [26].

4. Discussion

Meta-analysis of existing literature demonstrated that after
washout, IOP returned to baseline values, with a maximum of
17% IOP reduction (IOPR%) from baseline occurring at 4-
weeks after washout. Of the eight articles which met the study
criteria, the di�erence between baseline IOP (pretreatment)
and postwashout IOP was statistically signi�cant in only 3
studies [18, 19, 23]. A 4-week discontinuation of latanoprost
in patients who had remained on beta-blockers and brin-
zolamide did not have an expected increase of 25–33% of
pretreatment IOP, but only a 15.4% of baseline IOP increase.
As expected, the IOP did not return to baseline, as patients
remained on at least one other IOP-loweringmedication.�is
suggests that the e�ectiveness of PGAs is not as high as
expected, especially in the setting of using multiple drug
classes [14, 19] (Stewart et al. 2000). It is also possible that full
responders, partial responders, and nonresponders to the
PGA drug class were pooled in these studies, which the mean
IOP values would not adequately re�ect.

Include
Exclude on basis of

Yes
No

548 screened articles: read title and abstract

English speaking
search results

Exclude on basis of
research logistics

Exclude on basis of
study population

Exclude on basis of
study population

Exclude on basis of
study population

Exclude on basis of
intervention

Exclude on basis of
study design

Opinion papers or
reviews Meta-analyses Retrospective

observational

“IOP,” “pressure,” or
variant is stated

“IOP,” “pressure,” or
variant is stated

“IOP,” “pressure,” or
variant is stated

Keywords:
“washout,”
“crossover,”

“discontinuation”

Cross-sectional
studies

Prospective
cohort/case control

RCT/experimental
no randomization

Include for
information

Exclude
on basis
of study
design

Inclusions: to read full publication

Include Exclude
on basis
of study
design

Include Exclude
on basis
of study
design

Include
Exclude
on basis
of study
design

Include

Human studies

Adult
(>18 years at Dx)

Dx of POAG, NTG
or OHT

Treatment with PGA
or combination

Figure 1: Inclusion and exclusion algorithm for screening articles.
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�e analysis reveals that there is no standard for PGA
washout in reported studies although 4 weeks appears to be
the most common period. �e analysis also reveals that the
various members of the PGA class may di�er in the duration
of their e�ectiveness after washout, with some patients
having lingering e�ects to all of the PGA medications. If
inappropriate washout is conducted, lingering e�ects of
a PGA drug may in�uence conclusions regarding sub-
sequent IOP-lowering interventions. As an example,

minimally invasive glaucoma surgeries (MIGS) are being
suggested as a treatment option to reduce dependency on
medical therapy. Lingering IOP e�ects following an in-
su�cient washout period may prevent the observation of the
true IOP-lowering e�ect of MIGS. �is has relevance not
only with respect to potential erroneous conclusions from
MIGS clinical trials but also can lead to a false security of the
e�ectiveness of MIGS in the clinical setting, the latter
resulting in insu�cient monitoring after surgery.

�e Ocular Hypertension Study found that to achieve
target IOP, nearly 40% of patients had to be on at least two
IOP-lowering medications [27]. As such, a large portion of
glaucoma and OHT patients are on multiple drug classes to
control IOP. �e �ndings of Jampel et al. highlight the
complexity of the interactions of the IOP-lowering agents
when used in combination [14].

�e lingering IOP-lowering e�ects following an in-
su�cient washout may also in�uence clinical trials designed
to evaluate new drugs and/or devices. In clinical trials
designed to study the e�ectiveness of a new IOP-lowering
strategy, treatment naive patients would be preferred to
avoid the confounding e�ects of other current or previous
interventions. �e results of this meta-analysis revealed
a paucity of such studies. Only Larsson et al. [20] studied
treatment naive participants, with Sit et al. [23] looking at
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IOP is below pretreatment values IOP returns to pretreatment values

Author

Aung 2001 RCT –0.23 (–0.76, 0.31) 16.07

–2.90(–3.80, –2.00) 5.69

0.19 (–0.34, 0.73) 16.10

–0.18 (–0.51, 0.16) 40.58

0.00 (–0.46, 0.46) 21.57

–0.24 (–0.46, –0.03) 100.00

–0.53 (–1.22, 0.17)

Kobayashi 2012 RCT

larsson 2001 RCT

Sehi 2011 RCT

Walters

I-V overall (I-squared=89.3%, p=0.000)

D+L overall

2004 RCT

Year of
publication

Study
design SMD (95% Cl)

%
Weight
(I-V)

–3.8 0 3.8

Figure 5: Forest plot of 5 studies of latanoprost washout.

Table 2: Pre-and postwashout IOP of prostaglandin analogues in research studies 1997–2012, n� 8 studies.

References Study
design

Study
location Medication N Treatment

(weeks)
Washout
(weeks)

IOP

Baseline Afterwa
shout P

value
Mean SD Mean SD

Aung et al. [18] RCT Singapore Latanoprost 27 4 3 22.8 2.08 22.2 3.12 0.4095
Unoprostone 29 4 3 24.3 3.23 20.9 2.70 <0.001

Kobayashi et al.
[19] RCT Japan Latanoprost 20 13.3± 5.6 4 23.6 1.6 19.5 1.2 <0.001

Larsson [20] RCT Sweden Latanoprost 27 4 4 23.6 1.04 23.8 1.04 0.4830

Linden et al. [21] Prospective case
series Sweden Latanoprost 26 26–52 2 — — — — —

Sehi et al. [22] RCT US Latanoprost 68 — 4 18.8 4.7 18.0 4.3 0.3023

Sit et al. [23] Prospective open
label US Travoprost 20 — 41–63 (hrs) 21.5 2.9 19.6 2.6 0.0354

Stewart et al. [22,
23]

Prospective open
label US Latanoprost 17 — 4 — — — — —

Walters et al. [24] RCT US Latanoprost 36 — 4 23.6 2.1 23.6 0.3 1
Bimatoprost 37 — 4 24.1 2.6 24.1 0.1 1

RCT: randomized control trial; P value: Student’s t test comparing pre- and postwashout IOP.
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a mix of treatment naive and previously treated patients.
Without a thorough understanding of the impact of previous
and current topical antiglaucoma medication use, it is not
possible to gauge the true efficacy of adjunctive medications,
SLT, and/or surgical interventions such as cataract extrac-
tion with or without MIGS.

)is review was limited by the number of available
studies with published data. Only five studies had washout
IOP as the main outcome measured [14, 19, 22, 23], with
only one study [19] publishing data that could be analyzed
for PGAs. Amajority of studies were crossover studies which
included a discontinuation period.

Another limitation was the considerable amount of
heterogeneity among the five studies examining the impact
of washout on IOP. )is reflected different study pop-
ulations, demographics, inclusion/exclusion criteria, study
location, washout technique, surgeon’s experience, available
facilities to performwashout, rates of complications, the year
washout was performed, and the year the study was con-
ducted. Of note is that there may exists intra-rater and inter
rater IOP measurement differences between the various
studies. Random-effect computations showed a non-
significantly controlled and lowered IOP after washout of
latanoprost.

In this meta-analysis the Downs and Black checklist [16]
was employed to assess the quality of the included studies.
)is revealed a significant variation in quality scoring with
high-, medium-, and poor-quality studies having been re-
ported. Nevertheless, as only five studies were available for
analysis, all were included.)is is a recognized but necessary
limitation due to the few clinical studies currently available.
Meta-analysis of RCTs is influenced by inherent biases in the
included articles [28]. For example, a multitude of other
factors such as level of education, ethnicity, income status,
socioeconomic status, previous ocular and nonocular sur-
geries, family history, other ocular and nonocular diseases,
preoperative and postoperative medications, number of
medications and comorbidities (e.g., high blood pressure,
diabetes, stroke, heart conditions, etc.) could influence the
estimates in the original studies.

)e results of this quantitative synthesis of the currently
available literature suggest that more studies need to be
reported to better understand the optimal role of washout in
IOP management and topical glaucoma medication man-
agement. Washout periods of medications are important to
patients, researchers, and physicians. Accurate dosing is key
in maintaining IOP to slow or halt progression of glau-
comatous changes. Physicians need to know how often to
prescribe medications, whether it is safe to discontinue one
class and to have guidance when it is appropriate to stop
treatment altogether. Researchers, on the other hand, should
know the effects of IOP-lowering agents when investigating
new therapies or surgical procedures and devices. If the
sustained effect of prostaglandin analogues on IOP are not
known, baseline IOP measurements cannot be accurately
determined in patients previously treated with this drug
class.

)is meta-analysis demonstrates very little published
evidence exists describing the washout effects of prostaglandin

drugs on intraocular pressure. Most of the available data are
retrospective and confounded by heterogeneity due to ex-
posure to multiple drug classes. Further, confounding fac-
tors such as the phakic state and previous laser
trabeculoplasty are rarely addressed. Accepting these limi-
tations, four weeks may be a sufficient washout period for
many patients who have been subjected to multiple drug
therapy. However, the evidence is inconclusive and in-
sufficient to apply to all patients. To address this gap in
knowledge, consideration may be given to conduct a pro-
spective, masked study specifically designed to determine the
washout period for patients on monotherapy prostaglandin
medications. )is will be useful to provide guidance to both
clinicians and researchers as to when and how to assess the
effects of adjunctive therapies in patients previously exposed
to first-line prostaglandin medical management.
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