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Aim: To evaluate the diurnal intraocular pressure (IOP) control and safety of bimatoprost versus latanoprost in
exfoliative glaucoma (XFG).
Methods: One eye of 129 consecutive patients with XFG (mean (SD) age 66.5 (8.3) years) was included in
this prospective, observer-masked, three-centre, crossover comparison. After a 4–6 week medicine-free
period patients were randomised to bimatoprost or latanoprost monotherapy for 3 months. Patients were
then switched to the opposite treatment for another 3 months. At the end of the washout and the treatment
periods diurnal IOP was measured at 0800, 1300, and 1800.
Results: At baseline the IOP (mean (SD)) was 28.0 (4.0), 26.9 (3.6), and 25.9 (3.6) mm Hg, at the three time
points, respectively. Both treatments significantly reduced mean diurnal IOP at month 3. Mean diurnal IOP
was 26.9 (3.5) mm Hg at baseline, 17.6 (3.3) mm Hg with bimatoprost, and 18.6 (3.6) mm Hg with
latanoprost (p,0.0001). Furthermore, lower IOP values were obtained with bimatoprost at all time points
(17.9 (3.4), 17.3 (3.3), and 17.6 (3.5) mm Hg, respectively) compared with latanoprost (18.7 (3.6), 18.5
(3.6), and 18.6 (4.1) mm Hg, respectively). The corresponding mean differences (0.8, 1.1, and 1.0 mm Hg,
respectively) were all significant (p,0.001 for each comparison). Significantly more patients with XFG
obtained a target diurnal IOP ,17 mm Hg with bimatoprost than with latanoprost, 55/123 (45%) v 34/123
(28%); (p = 0.001), and significantly fewer patients were non-responders with bimatoprost than with
latanoprost (5 v 13, p = 0.021). More patients reported at least one adverse event with bimatoprost than with
latanoprost (58 v 41 at 3 months; p = 0.0003).
Conclusion: This crossover study suggests that better diurnal IOP control is obtained with bimatoprost than
with latanoprost in patients with XFG.

E
xfoliative glaucoma (XFG) is a common, sight-threatening
disease, which develops as a consequence of exfoliation
syndrome.1 Clinical characteristics, course, and prognosis

of XFG are different from those in primary open angle
glaucoma (POAG).1–5 The subtlety of clinical signs results in
the diagnosis of XFG being often overlooked,1–3 sometimes
resulting in less than ideal management. XFG is a severe type of
glaucoma with a higher mean, peak, and fluctuation of
untreated 24-hour intraocular pressure (IOP) than POAG.6–8

The initial approach to the medical treatment of a patient
with XFG is currently similar to that followed in POAG.2 6 It
includes topical prostaglandin F 2a analogues (bimatoprost,
latanoprost, and travoprost), or topical b blockers (for example,
timolol maleate). However, this therapeutic approach has not
been refined specifically for XFG by taking into account the
response of this glaucoma to the various drugs. To date there is
limited information about the success of the newer drugs
specifically in XFG.2 6 9–11 A directed treatment for XFG may
employ a certain topical drug as the preferred treatment if
controlled data indicate a better long term hypotensive
response specifically in this type of glaucoma. To compare the
IOP-lowering efficacy and the safety of bimatoprost and
latanoprost specifically in XFG we performed a prospective,
crossover, observer-masked, three-centre investigation.

MATERIAL AND METHODS
The research protocol was approved by the Institutional Review
Boards for Human Research of the Aristotle University of
Thessaloniki, Hacettepe University, and Sam Rothberg
Glaucoma Centre, Tel-Hashomer, Israel, and informed consent

was obtained from all participants before they entered the
study. Consecutive white patients with XFG were recruited
from the glaucoma unit of the ‘‘A’’ University Department of
Ophthalmology, AHEPA Hospital, Thessaloniki, Greece; the
Department of Ophthalmology, Hacettepe University, Ankara,
Turkey; and the Sam Rothberg Glaucoma Centre, Tel-
Hashomer, Israel.

All patients who agreed to participate in the study and met
the inclusion and exclusion criteria were enrolled. Inclusion
criteria were age between 39 and 85 years; best corrected
distance Snellen visual acuity .0.1 in the study eye; early to
moderate XFG (glaucomatous disc damage with disc cupping
not exceeding 0.7 and/or reproducible glaucomatous visual field
loss less than 12.0 dB in the study eye with Humphrey 24-2
automated perimetry); patient could safely undergo wash out;
open anterior chamber angles; untreated baseline IOP between
24 and 38 mm Hg at 1000 hours. Exclusion criteria were
evidence of concurrent conjunctivitis, keratitis or uveitis in
either eye; active ocular inflammation, history of ocular herpes
simplex, or macular oedema; history of inadequate compliance,
allergic hypersensitivity, poor tolerance or contraindication to
either bimatoprost or latanoprost; intraocular conventional or
laser surgery in the study eye; child bearing potential or
lactation; previous history of ocular trauma, use of corticoster-
oids (within 2 months before the enrolment), severe dry eyes,
and use of contact lenses.

Abbreviations: IOP, intraocular pressure; POAG, primary open angle
glaucoma; XFG, exfoliative glaucoma
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Procedures
At visit 1 the patients’ ophthalmic and systemic history were
recorded. Slit lamp biomicroscopy, dilated funduscopy, and
automated threshold perimetry were performed, and best-
corrected visual acuity and IOP were measured. Glaucoma
drugs were then washed out of qualifying patients with XFG.
The washout period was 6 weeks for b blockers, prostaglandin
analogues, and fixed combinations; 4 weeks for brimonidine;
and 3 weeks for carbonic anhydrase inhibitors.

The baseline visit (visit 2) was performed within 6 weeks
from visit 1. At visit 2 IOP was measured at 0800, 1300, and
1800 (¡1 hour). For the purposes of this study, mean diurnal
IOP and diurnal control represent the average of these three
daytime IOP readings. The patients were then randomly
assigned to receive bimatoprost or latanoprost once in the
evening (2100) for the next 3-month period (period 1).

At week 3 a safety visit (visit 3) with slit lamp biomicroscopy,
morning IOP measurement, and registration of any adverse
event was carried out. At the end of period 1 (visit 4) the
diurnal IOP was measured and the detailed clinical examina-
tion was repeated. Then the patients were switched to the
second study drug for period 2, which included a safety visit
(visit 5) at week 3, and a final visit with diurnal IOP
measurement at month 3 (visit 6). IOP was measured by the
same investigators in sitting position using the same calibrated
Goldmann tonometer at each site. Non-responders were
defined as those with a mean diurnal IOP decrease of (20%
at week 12 for either study period. During the study the
investigators were masked to the treatment regimen. Drug
labels were removed and the drugs were kept in opaque
medicine vials. The patients were aware only of the coloured
bottle cap of the study treatment.

Statistics
The primary efficacy variable was the mean diurnal IOP at the
end of month 3 for each drug. The secondary efficacy variables

were the level of IOP at each time point, the reduction of IOP
from untreated baseline for each time point, respectively as well
as for the diurnal IOP, the responder rate, and the target IOP
obtained. The study had a 90% power to identify a 1.0 mm Hg
difference between individual time points and between mean
diurnal IOP values, assuming a standard deviation of 3.3 mm
Hg between treatments if 118 patients with XFG completed the
trial. In patients where both eyes qualified one eye was
randomly selected for the study; hence one eye for each patient
was analysed for the efficacy analysis. Wilcoxon’s signed rank
test was used for comparing the IOP values. The responder rate
and the target IOP achieved with each drug were evaluated
with McNemar’s test and Bowker’s test. The significance level
was set at 5%. Adverse events were evaluated with McNemar’s
test.

RESULTS
Sixty four patients with XFG were randomised to treatment
with bimatoprost in period 1 and then with latanoprost in
period 2, whereas 65 patients were randomised to the opposite
sequence of treatment. One hundred and twenty three of the
129 enrolled patients with XFG (mean (SD) age 66.5 (8.3)
years) completed this 6-month study. Treatment of two
patients was discontinued owing to intolerance to bimatoprost
and four patients were lost to follow up. At baseline untreated
IOP (mean (SD)) was 28.0 (4.0), 26.9 (3.6), and 25.9 (3.6) mm
Hg at 0800, 1300, and 1800 time points, respectively, and the
mean diurnal IOP was 26.9 (3.5) mm Hg (table 1). Both
bimatoprost and latanoprost decreased IOP significantly com-
pared with the baseline pressure at each time point throughout
the study period (p,0.0001 for each comparison) and for the
diurnal IOP (35% reduction with bimatoprost v 31% reduction
for latanoprost). The IOP decrease was independent of the
treatment order for both bimatoprost (p = 0.772) and latano-
prost (p = 0.088). Bimatoprost provided significantly greater
IOP lowering than latanoprost at each time point and for the
diurnal mean IOP (table 1). The mean IOP difference ranged
between 0.8 and 1.1 mm Hg (table 1; p,0.001 for each
comparison). When latanoprost treatment was followed by
bimatoprost treatment (fig 1), the mean diurnal IOP was
further reduced by 1.23 (0.27) mm Hg (p,0.0001). With the
opposite treatment order, (that is, when patients switched from
bimatoprost to latanoprost; fig 1) the IOP increased signifi-
cantly by 0.69 (0.30) mm Hg (p = 0.042).

A lower mean diurnal IOP was more frequently obtained
with bimatoprost (table 2, p = 0.001). The mean diurnal IOP
was ,17 mm Hg in 55 patients with XFG (45%) at the end of
the bimatoprost treatment period compared with 34 patients
with XFG (28%) at the end of the latanoprost period. In
contrast, there was a trend for IOP values between 17 and
19 mm Hg and .19 mm Hg to be more common during the
latanoprost treatment phase (51 v 40 and 38 v 20 patients,
respectively), but this was not significant (p.0.05). Treatment
order had no influence on this outcome (p = 0.122). Few
patients with XFG responded with a ,20% IOP reduction

Table 1 Intraocular pressure at baseline and at the end of each 3-month treatment period with latanoprost or bimatoprost

Time

Baseline Latanoprost Bimatoprost IOP difference

p ValueNo Mean Median SD No Mean Median SD No Mean Median SD No Mean Median SD

0800 129 28.0 26.0 4.0 125 18.7 18.0 3.6 124 17.9 17.0 3.4 123 0.8 1.0 2.5 0.0009
1300 129 26.9 26.0 3.6 125 18.5 18.0 3.6 124 17.3 17.0 3.3 123 1.1 1.0 2.3 ,0.0001
1800 129 25.9 25.0 3.6 125 18.6 18.0 4.1 124 17.6 18.0 3.5 123 1.0 1.0 3.0 ,0.0001
Diurnal
mean

129 26.9 25.7 3.5 125 18.6 18.0 3.6 124 17.6 17.3 3.3 123 1.0 1.0 2.3 ,0.0001

*Wilcoxon signed rank test.
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Figure 1 Intraocular pressure reduction with bimatoprost and latanoprost.
The changes after the switch are significant (p,0.05): bimatoprost to
latanoprost (solid line); latanoprost to bimatoprost (dashed line).
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www.bjophthalmol.com



(18/123 (14.6%)), but there were fewer non-responders with
bimatoprost (five (4%) patients) than with latanoprost (13
(10.5%) patients); (p = 0.021).

No serious adverse events were detected in this study. More
patients reported at least one adverse event with bimatoprost
than with latanoprost (65 v 41 patients at 3 weeks, p = 0.0003,
and 58 v 34 patients at 3 months; p = 0.0005). At week 3 the
number of adverse events was independent of the treatment
sequence (p = 0.46). At the end of the 3-month treatment
period conjunctival hyperaemia and hypertrichosis were more
common with bimatoprost than with latanoprost (32 v 9,
p = 0.0002 and 14 v 2, p = 0.003, respectively). No significant
difference was detected between the two treatments in the
incidence of the other adverse events (lid dermatitis, itching,
stinging, ocular pain, foreign body sensation, blurred vision,
headache, change of iris colour, and periocular pigmentation).
The number of adverse events at the end of the trial was
independent of the treatment order (p = 0.851).

DISCUSSION
In the current crossover trial we attempted to evaluate
latanoprost versus bimatoprost specifically in patients with
XFG. To the best of our knowledge, the current trial is the first
crossover study assessing diurnal IOP reduction with these two
drugs in XFG and the second comparative crossover study of
these drugs in glaucoma. A previous, smaller crossover 24-hour
study in POAG12 showed a smaller, but statistically significant
mean IOP difference (0.6 mm Hg) between the two drugs. Our
current, larger crossover study showed that both treatments
provided a statistically significant reduction in IOP from
untreated baseline at each individual time point and for the
mean diurnal curve (35% reduction with bimatoprost v 31%
reduction for latanoprost). Direct comparison of the treatment
groups showed a greater reduction with bimatoprost for all
time points and for the diurnal curve after 3 months of
treatment as well as significantly fewer non-responders and
significantly more eyes reaching a target diurnal IOP of
,17 mm Hg.

Of interest in the present crossover study was the incre-
mental IOP lowering when patients with XFG receiving
latanoprost were switched to bimatoprost. These patients
achieved a further, statistically significant IOP reduction
(1.2 mm Hg). In a recent, retrospective analysis of 309 patients,
mainly with POAG, switched from latanoprost to bimatoprost a
small, but statistically significant, mean reduction of 0.5 mm
Hg was also detected.13 These results underline the need for
further controlled studies to elucidate the differences in the
clinical profile and the mechanism of action of these two
popular drugs in XFG and other glaucomas.

The differences in the IOP levels between treatment groups
seen in the current crossover study are greater than those
previously observed by other investigators in patients with
POAG, except for the parallel study by Noecker and cow-
orkers.14 The reason for the greater differences in XFG is not
known. Possibly, the higher IOP in XFG allows better
separation between the two drugs. It is also conceivable that
bimatoprost may be more effective in XFG. More information is

needed in the future to elucidate potential differences in ocular
absorption between bimatoprost and latanoprost.

This study indicates that the mean diurnal IOP for all time
points and for the mean diurnal pressure was statistically lower
by 1.0 mm Hg in XFG with bimatoprost than with latanoprost
after 3 months of chronic treatment. It is still not clear what
diurnal IOP difference is needed to impact long term prognosis
in glaucoma. However, the Early Manifest Glaucoma Trial
previously established that a 1 mm Hg difference was
associated with reduction of glaucoma progression by 10%.15

Consequently, ophthalmologists must decide for their own
practice what value constitutes a clinically important IOP
difference between two glaucoma drugs.

In this 3-month crossover trial no serious adverse events
occurred, but a higher incidence of adverse events was seen
with bimatoprost treatment. More patients with XFG reported
at least one adverse event with bimatoprost than with
latanoprost, and the number of adverse events was indepen-
dent of the treatment order. A higher incidence of conjunctival
hyperaemia and eyelash changes was found with bimatoprost.
This finding is consistent with previous trials, which showed an
approximately 34–45% incidence of conjunctival hyperaemia
with bimatoprost and 5–15% with latanoprost.12 14 16–20 Because
patients with intolerance to the study drugs were excluded, the
real incidence of adverse reactions is likely to be higher than
that reported in this study.

The diurnal curve measurements in the present study were
limited to three time points from 0800 until 1800. Therefore,
the 24-hour IOP control with these two drugs remains to be
elucidated. Previous studies have highlighted the worse 24-
hour IOP characteristics of patients with XFG.21 22 This 3-month
study did not evaluate the long term efficacy and safety of
latanoprost and bimatoprost in XFG. The initial and stepwise
approach to the treatment of a patient with XFG is currently
similar to POAG. Conceivably, however, future medical treat-
ment in XFG may differ from that employed in POAG

CONCLUSION
The results of this crossover study show that in XFG
bimatoprost obtains a significantly lower mean diurnal IOP
than latanoprost (1.0 mm Hg), but the incidence of conjuncti-
val hyperaemia is higher with bimatoprost. Bimatoprost may be
a future directed treatment of choice in XFG, if data can be
provided for a better long term, as well as short term,
hypotensive response in patients with XFG.
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