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Effect of Latanoprostene Bunod on Optic Nerve Head Blood Flow
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SIGNIFICANCE: Topical latanoprostene bunod increases capillary oxygen saturation and blood volume at the optic
nerve head in healthy individuals.

PURPOSE: This study aimed to evaluate the effect of topical latanoprostene bunod on optic nerve blood volume
and oxygen saturation in a population of healthy participants.

METHODS: In this prospective double-blind crossover study, 23 healthy participants aged from 21 to 62 years
were recruited. Optic nerve head capillary blood volume (ONHvol) and oxygen saturation (ONHSaO2) baselines were
measured over a period of 2 hours using multichannel spectroscopic reflectometry and were remeasured after a 7-
day once-daily instillation regimen of either latanoprost 0.005% or latanoprostene bunod 0.024%. After a 30-day
washout period, participants were crossed over to the alternate product, andmeasurements were repeated. Partic-
ipants were used as their own baselines to calculate variation in ONHvol and ONHSaO2 across time and pharmaco-
logical agents. The Friedman test was used to establish significant differences in optic nerve head parameters from
baseline values, and Conover post hoc analysis was carried for multiple between-group comparisons.

RESULTS: Latanoprostene bunod 0.024% induced a significant increase of 4% in ONHSaO2 compared with
latanoprost 0.005% (P < .001). Furthermore, latanoprostene bunod increased ONHvol levels bymore than twofold
at all time points (P < .001 at T60, T90, and T120). The increase in ONHvol was 66.2% higher than levels
achieved with latanoprost at T60 (P = .001), 47% higher at T90 (P < .001), and 45% higher at T120 (P < .01).

CONCLUSIONS: Latanoprostene bunod 0.024% induces a significant increase in optic nerve head blood volume
and oxygen saturation in healthy subjects, when compared with latanoprost 0.005%. Future studies are needed to
evaluate whether similar responses are elicited in patients suffering from glaucomatous optic neuropathy.
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Prostaglandin analogues are regarded as the criterion standard
in terms of topical treatment for most types of glaucoma.1–3 Al-
though intraocular pressure is the only modifiable risk factor and
mainstay for glaucoma treatment, it is now generally accepted that
ocular blood flow dysregulation at the optic nerve head is concur-
rent with glaucomatous optic neuropathy.4 Several authors have
thus put forth evidence supporting the role of vasoprotection in the
treatment of glaucomatous optic neuropathy in both animal and
human models.5–8

Specifically, nitric oxide or nitric oxide–containing agents have
been thoroughly studied, as this compound is endogenously involved
in blood flow regulation.9 Authors have shown its involvement in reg-
ulating ocular blood flow in healthy and glaucomatous populations,
as well as hinted to the potential neuroprotective property nitric ox-
idemight confer.10–13 The notion of neuroprotective properties of ni-
tric oxide is of particular interest considering the recent addition to
the drug arsenal available to treat glaucoma, Latanoprostene bunod
(Vyzulta; Bausch & Lomb, Rochester, NY), which was approved for
the treatment of glaucoma in the United States in 2017 and is the
first innovation in topical therapy since the advent of prostaglandin
analogues on the market more than 25 years ago. This topical agent
uses the intraocular pressure–lowering mechanism specific to pros-
taglandin analogues, conferred by the latanoprost acid component,
as well as donates a nitric oxide group allowing increased outflow
through the conventional pathway.14

Authors have already demonstrated an intraocular pressure–
independent effect of topical latanoprost on optic nerve head blood
velocity on both animal and human eyes.15 The present study
sought to determine if the addition of a nitric oxide–donating group
to a prostaglandin analogue might further enhance blood flow to
the optic nerve head. We thus compared the effect of a 7-day,
once-a-day instillation regimen of latanoprost and latanoprostene
bunod on optic nerve head blood volume and capillary oxygen sat-
uration in a population of healthy individuals, using multichannel
spectroscopic reflectometry.

METHODS

Participants

Twenty-five healthy participants were recruited for the purpose
of this study. This research was reviewed by an independent ethical
review board and conforms with the principles and applicable guide-
lines for the protection of human subjects in biomedical research.
Written consent was received before any examination.

Strict inclusion criteria included no history of systemic disease,
migraines, use of any oral medication, or oral contraception method.
Participants were screened for glaucoma using optical coherence to-
mography, tendency-orientedperimetrywith theOctopus standard au-
tomated perimeter (Haag-Streit International, Koeniz, Switzerland;
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G-TOP test strategy), slit-lamp examination, and iCare tonometry
(Icare, Helsinki, Finland). Specifically, optical coherence tomogra-
phy was carried out using the Cirrus high-definition tomograph
(Carl Zeiss Meditec Inc., Dublin, CA). Peripapillary retinal nerve fi-
ber layer measurements were obtained using the optic disc cube
200� 200 protocol, whereas ganglion cell complex measurements
were obtained using the macular cube 200� 200 protocol. Images
with poor centration, segmentation errors, and scan quality less than
7/10 were excluded. Subjects demonstrating an intereye retinal
nerve fiber layer asymmetry of 9 μm or more or an intereye macular
thickness asymmetry of 9 μm or more were excluded.16,17 Any sus-
picious findings on slit-lamp examination, such as asymmetrical op-
tic disc cupping or intraocular pressure higher than 21 mmHg, also
resulted in participant exclusion.

Resting arm systolic and diastolic pressures were measured be-
fore each spectroreflectometry measurement. Pupillary dilation
was carried out with one drop of tropicamide 1%, after which base-
line measurements of optic nerve head capillary volume and optic
nerve head capillary oxygen saturation were obtained after 60minutes
of tropicamide 1% instillation, after 90 minutes, and after
120 minutes using multichannel spectroreflectometry.18,19 Each
participant went through a 10-minute dark adaptation in the
spectroreflectometry examination room before each measurement
(0.1 lux or less). The first spectroreflectometry measurements were
scheduled between 9 and 10 AM for all participants. The start time
for each participant was the same for all experimental days to ac-
count for individual diurnal changes in ocular blood flow.20,21

Each time-point measurement consisted of acquiring 10 consecu-
tive measurements from optic nerves capillaries in the temporal re-
gion, to maximize the signal-to-noise ratio. The system uses a mul-
tichannel spectroreflectometry technique with 1024 discrete
wavelengths between 400 and 700 nm coupled with a fundus
camera that captures light reflected from a specific zone of the op-
tic nerve papilla through a pinhole aperture. This acts as a highly
sensitive photon detector. The spectrum of the reflected light con-
tains the hemoglobin and oxyhemoglobin spectral signature
changes depending on whether the hemoglobin is associated with
oxygen or not; the analysis of the reflected light absorption spec-
trum allows the oxygen saturation to be determined in capillary
beds. Simply put, using a linear mathematical model described
elsewhere,18,19 reflectometry functions from capillaries of the op-
tic nerve are used to derive oxygen saturation and blood volume
represented by the optical density of the blood. The device is con-
nected to a computer software that derives the rate of blood oxy-
genation and blood volume optical density in real time.

Patients were then randomized into receiving either latanoprost
0.005% (Xalatan; Pfizer, New York, NY) or latanoprostene bunod
0.024% (Vyzulta; Bausch & Lomb) once daily for 7 days. On the
eighth day, the same measurement protocol was repeated, to have
the first measurements exactly 60minutes after the last topical in-
stillation and at the same time of day as the baseline measure-
ments. Participants then underwent a 30-day washout and were
crossed over to the other topical agent, using the same regimen.
Spectroreflectometry measurements were once again carried out,
abiding to the same schedule as the previous sessions. Participants
were instructed to refrain from consuming caffeine-containing
foods or beverages for at least 8 hours before experimental days.

Drugs

Latanoprost 0.005% and latanoprostene bunod 0.024%
were transferred under sterile conditions in identical masked

bottles. Only the principal investigator was aware of the
randomization key.

Data Analysis

Because there exists great interindividual variability in optic
nerve head blood supply, multichannel spectroreflectometry param-
eters are not suited for direct interindividual comparisons.22 Instead,
owing to the excellent intraindividual reproducibility of this method,
optic nerve head capillary volume and optic nerve head capillary ox-
ygen saturation normalized to baseline values correlate to determine
relative change in capillary blood volume and oxygen saturation, re-
spectively.18,23 The Friedman test was performed to evaluate ratio
differences from baseline values in both treatment arms, followed
by a two-way repeated-measures analysis of variance.

RESULTS

Twenty-threesubjects (60%female;ages,21to62±11.5years)
completed the study. Subjects' ocular parameters are summarized
in Table 1. Average spherical equivalent was −0.71 ± 2.1 D, and
average visual acuity (logMAR) was 0.2 ± 0.1. Average untreated
intraocular pressure was 14.7 mmHg (95% confidence interval
[CI], 13.5 to 15.9 mmHg) and decreased to 12.8 mmHg after a
7-day regimen of latanoprost (95% CI, 11.6 to 14.1 mmHg). The de-
crease in intraocular pressure was statistically significant
(P < .001). After the latanoprostene bunod regimen, the intraocu-
lar pressure decreased to 11.8 (95%CI, 10.7 to 12.9mmHg), and
this difference from baseline was statistically significant (two-
sample t23 = 10.3; P < .001). Average intraocular pressure be-
tween both treatment arms differed significantly (two-sample
t23 = 4.8; P < .001).

Optic nerve head capillary oxygen saturation was increased by
an average of 4% using latanoprostene bunod (95% CI, 3 to
5.5%), and values differed from baseline across all time points
(P = .001 at 60 minutes, P < .001 at 90 minutes, P = .001 at
120 minutes). The oxygen saturation changes observed in the
latanoprostene bunod group were also statistically different from

TABLE 1. Comparison of systemic and ocular parameters (ONHSaO2

and ONHVOL) at baseline and after a 7-day instillation of latanoprost
0.005% or latanoprostene bunod 0.0024%

60 min 90 min 120 min

ONHSaO2 (baseline) 1.00 0.99 ± 0.02 1.00 ± 0.03

ONHSaO2 (latanoprost) 1.01 ± 0.03 1.00 ± 0.05 0.99 ± 0.02

ONHSaO2 (latanoprostene
bunod)

1.05 ± 0.04

(P = .001)

1.05 ± 0.05

(P < .001)

1.03 ± 0.04

(P = .001)

ONHVOL (baseline) 1.00 1.01 ± 0.09 1.01 ± 0.08

ONHVOL (latanoprost) 1.57 ± 0.96

(P = .03)

1.45 ± 0.59

(P = .01)

1.24 ± 0.48

ONHVOL (latanoprostene
bunod)

2.61 ± 0.92

(P < .001)

2.14 ± 0.72

(P < .001)

1.81 ± 0.94

(P < .001)

Units are ratio of variation from baseline values. Data aremean ± SEM.
P values are indicated where difference from baseline values was sta-
tistically significant. ONHSaO2 = optic nerve head capillary oxygen sat-
uration; ONHVOL = optic nerve head capillary volume; SEM = standard
error of the mean.
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the values obtained in the latanoprost group at all time points
(P = .02 at 60 minutes, P < .001 at 90 minutes, P = .004 at
120minutes). Values of optic nerve head capillary oxygen saturation
obtained with latanoprost did not differ from baseline values at any
time point (P > .99 for all time points). Experimental data for optic
nerve head capillary oxygen saturation are reported in Fig. 1.

The change from baseline in optic nerve head capillary blood
volume observed in the latanoprost group was significant at 60
and 90minutes after instillation (P = .03 and P = .01, respectively)
but not at the 120-minute mark (P = .98). In the latanoprostene
bunod–treated group, the optic nerve head capillary blood volume
was increased, on average, 2.18-fold from baseline (95% CI, 186
to 250%), and this change was statistically significant across all
time points (P < .001 at 60 minutes, P < .001 at 90 minutes,
P< .001 at 120minutes). The change in optic nerve head blood vol-
ume seen with the latanoprostene bunod group was, on average,
53% larger than the change seen with the latanoprost group and
was significant at all time points (P < .001 at 60 minutes, P < .001
at 90 minutes, P < .01 at 120 minutes). Experimental data for optic
nerve head capillary blood volume are demonstrated in Fig. 2.

For either optic nerve head capillary oxygen saturation or blood
volume, there was no effect of treatment order on the response
to either drug ( P > .99 for oxygen saturation and P = .79 for
blood volume).

Finally, average systolic and diastolic pressures did not signifi-
cantly differ from baseline measurements after either latanoprost
or latanoprostene bunod treatments (P = .91 and P = .71, respec-
tively, for systolic pressure and P = .32 and P = .43, respectively,
for diastolic pressure). Average systolic pressure was 113.4 mmHg

(95% CI, 111.9 to 114.9 mmHg), and average diastolic pressure
was 72.8 mmHg (95% CI, 71.5 to 74.2 mmHg).

DISCUSSION

The current study demonstrates the increase in optic nerve head
capillary oxygen saturation and optic nerve head capillary blood vol-
ume after topical administration of latanoprostene bunod 0.024%.
After instillation, latanoprostene bunod undergoes rapid hydrolysis
into latanoprost acid and butanediol mononitrate, a nitric oxide–
donatingmoiety.14 The VOYAGER study demonstrated the effective-
ness of a topical nitric oxide–donating group in lowering intraocular
pressure by reducing outflow resistance through the trabecular
meshwork. However, nitric oxide is also known to be an important
homeostatic agent for ocular blood flow. Indeed, optic nerve head ar-
teries are known to dilate in response to nitric oxide release by neu-
rons.13,24–26 Our results are analogous to the outcomes put forth by
Grunwald et al.,27 who documented an intraocular pressure–
independent increase in blood flow at the optic nerve head after oral
administration of isosorbide mononitrate, also a nitric oxide donor. A
33% increase in optic nerve head flow was reported in their study,
which was mainly mediated by an increase in blood volume at the
optic nerve head.

Other studies using nipradilol, a topical hypotensive drug used
in Japan that also carries a nitric oxide–donating group, determined
that rats with induced retinal damage suffered from significantly
less ganglion cell loss when compared with controls.12,28 Signifi-
cant amounts of topically applied nipradilol were also detected at
the retinal-choroid interface, implying that topical medication

FIGURE 1. Optic nerve head capillary oxygen saturation (ONHSaO2)
change. Changes from baseline of ONHSaO2 after a 7-day, once-a-day
instillation of latanoprost 0.004% and latanoprostene bunod
0.024%. Each plot represents the average of ONHSaO2 or the ratio,
with a bar denoting standard error. *Significant statistical difference
from baseline.

FIGURE 2.Optic nerve head capillary blood volume change (ONHVOL).
Changes from baseline of ONHVOL after a 7-day, once-a-day instillation
of latanoprost 0.004% and latanoprostene bunod 0.024%. Each plot
represents the average of ONHVOL or the ratio, with a bar denoting stan-
dard error. *Significant statistical difference from baseline.
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can sufficiently penetrate ocular media, via corneal and
scleral routes.29,30

The effect of nitric oxide at the retinal level has been greatly
studied, and outcomes remain uncertain.31–34 Increasing evidence
points to its possible neuroprotective properties.35–38 These results
may contradict the general concept that nitric oxide possesses neu-
rotoxic properties, particularly in regard to glaucomatous optic neu-
ropathy, be it causative or resulting of the optic neuropathy.39More
precisely, conflicting evidence exists concerning the different nitric
oxide isoforms in retinal function, and the significance of this com-
ponent is still under study.28,40

The role of hypoxia in the development of glaucomatous optic neu-
ropathy is well known.4,41–43 Essentially, transcription of hypoxia-
inducible factor 1α, an indicator of hypoxic stress, has been found
to be higher at the level of retinas of glaucoma patients, suggesting
its role in the pathogenic mechanism of glaucomatous optic neuropa-
thy (Singh S, Husain S. IOVS 2019;60:ARVO E-Abstract 22).44

Furthermore, oxygen saturation in the juxtapapillary regions has
been shown to be significantly lower in both low-tension and high-
tension glaucoma groups when compared with healthy controls.45

This is of particular interest considering the disturbed ocular blood flow
regulation that is known to occur in glaucomatous patients.43,46,47

Because the association between glaucoma incidence and decreased
retinal vessel oxygen saturation has been established, it is, however,
still unknown whether an increase in saturation at the capillary level
may translate into an increased oxygen extraction toward retinal tissue
and the optic nerve head.

Concerning the increased capillary blood volume observed in
the latanoprostene bunod group and considering Poiseuille's formula,
it can be asserted that, as the vascular resistance is decreased and
thus blood volume is increased, oxygen delivery to retinal tissues
may be facilitated. Retinal arteriolar diameters have been measured
to be narrower in glaucomapatients; one can then hypothesize that re-
versing this narrowing and increasing blood flow in retinal arterioles
and capillaries may help provide a positive effect to retinal tissues.48

Although the use of latanoprost yielded no change in oxygen sat-
uration at the optic nerve head, a statistically significant but
momentaneous increase in optic nerve head capillary volume was
observed after 60 and 90 minutes of drop instillation (57 and
45% increase from baseline, respectively; P < .01). These results

are in line with a similar study evaluating optic nerve head blood
velocity after a 7-day regimen of latanoprost in healthy humans.15

It is theorized that latanoprost, a prostaglandin analogue, may ex-
ert vasodilating properties on the optic nerve head, as only small
concentrations of prostanoids are needed to induce such effects.49

It is thus possible, however, that themeasured increase in optic nerve
head capillary blood volume may have been too low to enable detec-
tion of any increase in optic nerve head capillary oxygen saturation.

Most oximeters use two to four wavelengths to derive oxygen sat-
uration levels from spectroreflectometry readings.50–52 It was dem-
onstrated that increasing the number of wavelengths used in oxim-
etry increases the precision of the blood oxygenation evaluation by
about the square root of the considered wavelength number.53 This
means that the accuracy of multichannel technology, which uses
1024 discrete wavelengths, versus a technology that uses two to
four wavelengths can offer approximately 30 times the precision
of other oximeters.

Study limitations were related to patient adherence to instruc-
tions pertaining to drop instillation, time of instillation, and food
consumption on experimental days. Researchers sought to obtain
homogenous data (measurements were to begin precisely 60 minutes
after the last drop administration) and to limit any external factors that
could potentially affect data collection and quality. Participants were
to refrain from consuming foods or beverages known to affect retinal
and optic nerve head circulation, such as caffeine and foods with high
salt content, but ultimately, there was no control over what participants
consumedbeforemeasurement sessions.54,55Smokingwas considered
an exclusion criterion, and patients were asked to abstain from
exercising on experimental days.56,57 Although systolic and diastolic
pressures and physical activity weremonitored on data sampling days,
oxygen saturation and pulse rate were not confirmed to be stable be-
tween sessions. Lastly, although participants acted as their own con-
trol, a vehicle control group was not included in the study protocol.

Further longitudinal research is needed in glaucoma patients, in
which dysfunction of optic nerve head autoregulation plays a key
role in the development and progression of glaucomatous optic
neuropathy.4 Based on the improvements in optic nerve capillary
blood flow and oxygen saturation seen in this study, the nitric
oxide–donating property of latanoprostene bunod 0.024% may
well prove useful as a neuroprotective agent for glaucoma.
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