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367 Intraocular pressure
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Room 301  Paper Session
Program #/Board # Range: 3404–3409
Organizing Section: Physiology/Pharmacology

Program Number: 3404
Presentation Time: 3:45 PM–4:00 PM
Rapid reversal of corticosteroid-induced ocular hypertension by 
netarsudil
W Daniel Stamer1, Guorong Li1, Vibhuti Agrahari2, Ashim K. Mitra2, 
Casey Kopczynski3. 1Duke University, Durham, NC; 2University of 
Missouri-Kansas City, Kansas City, MO; 3Aerie Pharmaceuticals, 
Durham, NC.
Purpose: The goal of the present study was to evaluate the 
intraocular pressure (IOP)-lowering capabilities of netarsudil, a novel 
rho kinase inhibitor, in a mouse model displaying the four hallmarks 
of human corticosteroid-induced ocular hypertension.
Methods: IOP was elevated in C57/BL6J mice by subconjunctival 
injection(s) (10 ml/mg/dose) of a dexamethasone-loaded nanoparticle 
preparation. Control cohorts of mice received subconjunctival 
injection(s) of PBS-loaded nanoparticles. IOP was measured daily by 
rebound tonometry. Effects of 4 days of topical netarsudil (0.04 % 
QD) were compared to vehicle treatment in mice that were exposed 
to either three weeks or three months of dexamethasone.
Results: IOP was significantly elevated above control (3.9 ± 
0.5 mmHg, mean±SE, p < 0.001) 10 days after dexamethasone-
containing nanoparticle injection and remained elevated for four 
weeks without inducing weight loss/attrition like systemic minipump 
delivery of dexamethasone. Additional injections of dexamethasone 
nanoparticles were required on days 13, 28 and 62 to maintain 
elevated IOP for three months. Netarsudil treatment significantly 
lowered IOP in ocular hypertensive mice upon the first post-dose 
measurement, 24 hours after treatment, at both week 3 and month 3. 
Maximum IOP-lowering was 4.3 ± 1.5 mmHg (p=0.007) for week 
3 and 4.4 ± 1.0 mmHg (p=0.001) for month 3 cohorts compared to 
cohorts treated with vehicle.
Conclusions: Netarsudil rapidly reverses corticosteroid-induced 
ocular hypertension in both short-term and chronically exposed 
mice. Since netarsudil has been shown to lower IOP by increasing 
conventional outflow, these results suggest that morphological 
changes to resistance-generating conventional outflow tissues are 
not permanent, and that netarsudil has the potential to prevent IOP 
elevation if administered concurrently with corticosteroid.
Commercial Relationships: W Daniel Stamer, WDS-Aerie (C), 
WDS-Aerie (F); Guorong Li, None; Vibhuti Agrahari, None; 
Ashim K. Mitra, None; Casey Kopczynski, Aerie (E)
Support: BrightFocus Foundation, Aerie Pharmaceuticals

Program Number: 3405
Presentation Time: 4:00 PM–4:15 PM
Neuroprotective effects of inhibitors of Acid-Sensing ion channels 
(ASIC) in optic nerve crush model in rodents
Adnan Dibas1, Dorota Stankowska1, Brett Mueller1, Oku Hidehiro2, 
Thomas Yorio1. 1north texas eye institute, Fort worth, TX; 2Osaka 
Medical School, Osaka, Japan.
Purpose: Recent observations suggest that acid-sensing ion channels 
(ASICs) are major contributors to axonopathy in neurodegenerative 
disorders. The purpose of the current study is to assess the 
potential involvement of ASIC1 in RGC death and investigate the 
neuroprotective effects of inhibitors of ASICs in promoting RGC 
survival following optic nerve crush.

Methods: Optic nerve of the right eye of Wistar rats was crushed. 
Retinal Ganglion Cells were retrogradely labeled by applying 
fluoroGold onto the left superior colliculus one week prior to 
crushing. Changes in ASIC1, α-fodrin, and microtubule-associated 
protein 2 (MAP2, known substrates of calpain), glutamine 
synthetase (GS) and glial fibrillary acidic protein (GFAP) expression 
were also measured in retinal extracts by western blotting. Also, 
neuroprotective effects of amiloride or psalmotoxin (ASIC1 blockers) 
were assessed in hypoxic-ex-vivo retinal explant and ON crush injury 
models.
Results: ASIC1 protein was significantly increased in optic nerve 
extracts at day 7 following optic nerve crush (ONC) in rats. Activated 
calpain-1 increased at 2 and 7 days following crush as evidenced by 
increased degradation of α-fodrin and MAP2. GFAP levels increased 
significantly at 2 and 7 days post injury. By contrast, GS at 2 days 
while decreased at 7 days. The inhibition of ASICs with amiloride 
or psalmostoxin significantly increased RGC survival following 
ONC. In addition, blocking of ASICs with amiloride or psalmotoxin 
significantly increased RGC survival from ischemic-like insult. 
ASIC1 was detected in isolated primary rat RGCs by immunoblot 
and immunohistochemistry. Acidification (a known activator of 
ASIC1) increased intracellular Ca2+ ([Ca2+]i) in primary RGCs.
Conclusions: ASIC1 up-regulation-induced influx of extracellular 
calcium may be responsible for activation of calcium-sensitive 
calpain-1 in the retina. Calpain-1 induced degradation of essential 
proteins such as α-fodrin and MAP2 leads to morphological changes 
and eventually neuronal death. Therefore, blockers of ASIC1 are 
potential therapeutics in the treatment of optic nerve degeneration.
Commercial Relationships: Adnan Dibas, None; 
Dorota Stankowska, None; Brett Mueller, None; Oku Hidehiro, 
None; Thomas Yorio, None
Support: Brightfocus Foundation

Program Number: 3406
Presentation Time: 4:15 PM–4:30 PM
Evaluation of modern transpalpebral transscleral tonometry 
before and after keratorefractive surgery
Margarita Rozhdestvenskaya1, Alla Illarionova2, Alexey Dashevsky4, 
Konstantin E. Kotliar3. 1Tonom GmbH, Muenster, Germany; 
2Ophthalmology, Russian State Medical University, Moscow, Russian 
Federation; 3Medical Engineering and Technomathematics, Aachen 
University of Applied Sciences, Juelich, Germany; 4Dashevsky Eye 
Clinic, Munich, Germany.
Purpose: Measurement of intraocular pressure (IOP) is needed 
for the screening, diagnosis and monitoring of glaucoma. In ocular 
surgery IOP-values are used for the indication of the operation 
and for its monitoring. Corneal tonometry has limitations when 
using after keratorefractive surgery. Modern transpalpebral scleral 
tonometry is not directly influenced by corneal surgery and it has 
been shown to provide reliable IOP-measurement results. We 
evaluate the clinical use and the reliability of modern transpalpebral 
transscleral tonometry in patients with refraction anomaly before and 
after keratophotorefractive surgery.
Methods: 97 individuals (age: 18 - 53 years) with ametropia 
of different grades were included in the retrospective study. 59 
subjects (age: 19 – 53 years) from the cohort had no history of 
keratophotorefractive interventions. Other 38 subjects (age: 18 – 50) 
underwent excimer laser correction of vision with different durations 
of post-surgery period from 7 days to 4 years. IOP was assessed with 
transpalpebral tonometry (Diaton transpalpebral scleral tonometer, 
Tonom GmbH) and Goldmann Applanation Tonometry (GAT) in both 
eyes of each patient.
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Results: Individuals unaffected by the surgery showed GAT IOP of 
18.0 (15.0 - 19.0) mmHg [median(1st quartile - 3rd quartile)], CCT 
corrected GAT IOP of 17.2 (14.9 - 18.4) mmHg and transpalpebral 
IOP (tpIOP) of 14.5 (12.5 - 16.0) mmHg. In patients after 
keratophotorefractive correction GAT IOP amounted to 11.8 (10.0 - 
14.0) mmHg, CCT corrected GAT IOP was 14.3 (12.8 - 16.3) mmHg 
and tpIOP was 15.0 (13.4 - 17.5) mmHg. GAT IOP showed strong 
correlation with CCT: r = 0.606; p<0.001, while CCT corrected GAT 
IOP (r = 0.095; p = 0.355) and tpIOP (r = -0.125; p = 0.224) did not 
correlate with CCT. Bland-Altman plots show a good agreement 
between CCT corrected GAT and tpIOP.
Conclusions: Transpalpebral transscleral tonometry results were 
independent from biomechanical properties of the cornea, while GAT 
showed dependence of IOP-measurement on these properties. CCT 
corrected GAT IOP values before and after corneal surgery differ 
from each other, while Diaton tonometry values remain stable. In 
the whole group CCT corrected GAT and transpalpebral IOP-values 
were in a good agreement. This study confirms the reliability and 
advantages of the clinical application of transpalpebral transscleral 
tonometry after photorefractive surgery.
Commercial Relationships: Margarita Rozhdestvenskaya, Tonom 
GmbH (E); Alla Illarionova, None; Alexey Dashevsky, None; 
Konstantin E. Kotliar, None

Program Number: 3407
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Late-onset Ocular Hypertension after Pars Plana Vitrectomy: 
Five-Year Results of a Multicenter Chart-Review Study
Teresio Avitabile1, Caterina Gagliano1, Antonio Longo1, 
Cesare Mariotti2, Francesco Boscia3, Vincenza Bonfiglio1, 
Andrea Russo1, Matteo R. Fallico1, Guglielmo Parisi1, 
Michele Reibaldi1. 1Eye Clinic, University of Catania, Catania, Italy, 
Catania, Italy; 2Università Politecnica delle Marche, Ancona, Italy; 
3Universita degli studi di Sassari, Sassari, Italy.
Purpose: Purpose: To determine the incidence and risk factors of 
late-onset ocular hypertension after vitrectomy.
Methods: Methods: In this retrospective multicenter cohort study 
all consecutive patients who underwent primary vitrectomy with 
at least 6 months, from January 2010 to December 2015, at 5 
tertiary vitreoretinal centers in Italy were enrolled. Enrolled eyes 
were divided into 2 groups on the basis of presence of late-onset 
ocular hypertension after vitrectomy, determined by all of the 
following criteria: (1) IOP > 21 mmHg detected more than 2 months 
postoperatively on at least 2 separate visits; (2) an increase in IOP > 4 
mmHg above the fellow eye; all eyes that developed late-onset ocular 
hypertension were identified as the late-onset ocular hypertension 
group. All other eyes that underwent vitrectomy in the same period, 
without late-onset ocular hypertension, were considered the control 
group. Patient demographics, systemic, ophthalmic, operative and 
postoperative data were drawn from the electronic medical records.
Results: Results: From a total of 6048 vitrectomy procedures, 294 
cases of late-onset ocular hypertension (4.9%) were identified in 
the eyes that underwent vitrectomy, and 116 eyes in the fellow eye 
(1.9%). Multivariable logistic regression showed that significant 
risk factors for developing late-onset ocular hypertension included 
intraoperative triamcinolone use (odds ratio [OR], 7.78; P < 0.001), 
longer axial length (OR, 1.55; P = 0.023), preoperative higher IOP 
(OR, 1.81; P = 0.003), and pseudophakic/aphakic status (OR, 2.04;  
P < 0.001).
Decision-tree analysis showed that the stronger predictor of late-onset 
ocular hypertension was intraoperative triamcinolone use (P < 0.001).
Secondary predictors were a preoperative IOP more than 15 mmHg 
(P < 0.001) in eyes that use triamcinolone, and pseudophakic/aphakic 

status (P = 0.007) in eyes that not use triamcinolone. Finally, the 
third related classification variable was an axial length >24.9 mm 
in eyes with pseudophakic/aphakic status (P < 0.001) that not use 
triamcinolone.
Conclusions: Conclusions: Late-onset ocular hypertension occurs in 
4.9% of vitrectomized eyes. The main risk factors are intraoperative 
use of triamcinolone and pseudophakic/aphakic status.
Commercial Relationships: Teresio Avitabile, None; 
Caterina Gagliano, None; Antonio Longo, None; Cesare Mariotti, 
None; Francesco Boscia, None; Vincenza Bonfiglio, None; 
Andrea Russo, None; Matteo R. Fallico, None; Guglielmo Parisi, 
None; Michele Reibaldi, None

Program Number: 3408
Presentation Time: 4:45 PM–5:00 PM
IOP Asymmetry in Nonhuman Primates (NHPs) Measured with 
Continuous Telemetry
Jessica V. Jasien1, Daniel Turner1, Jeffrey S. Morris2, 
Christopher A. Girkin3, J Crawford C. Downs3. 1Vision Science, 
University of Alabama at Birmingham, Birmingham, AL; 
2Biostatistics, University of Texas MD Anderson Cancer Center, 
Houston, TX; 3Ophtahlmology, University of Alabama at 
Birmingham, Birmingham, AL.
Purpose: Glaucoma is commonly worse in one eye of patients, 
but little is known about the underlying causes of asymmetric 
disease severity. IOP is a common risk factor for glaucoma, so 
we characterized IOP asymmetry in fellow normal eyes of NHPs 
instrumented with a fully implanted, continuous bilateral IOP 
telemetry system.
Methods: Bilateral IOP was measured and recorded 500 times per 
second, 24 hours a day, over long periods of time in 3 male rhesus 
macaques aged 3-6 years old using a proven implantable telemetry 
system (IOVS 52(10):7365-75). The IOP transducers were calibrated 
every two weeks via anterior chamber cannulation manometry and 
all data were continuously corrected for signal drift via software. IOP 
asymmetry was defined as the absolute difference between IOPs in 
fellow eyes, calculated over 182 to 452 days depending on the animal 
(Table). IOP (500 Hz) was averaged hourly in each eye and relative 
hourly difference between fellow eyes was calculated, then averaged 
across all days (Figure). 95% confidence intervals were computed 
and plotted, and statistical significance determined based on t-tests 
with Bonferroni correction for multiple testing. Waking hours are 
from 6:00 to 18:00 based on the NHP holding room light cycle.
Results: Results show the IOP difference between fellow eyes is 
significant and varies from 0.2 to 2 mmHg (Figure). The greatest IOP 
asymmetry is seen during waking hours in all three NHPs. The mean 
IOP in the left and right eyes of each NHP is shown in the table.
Conclusions: IOP asymmetry is large and persistent in some NHPs, 
and varies with the time of day. If this result translates to humans, 
IOP asymmetry may underlie the asymmetric glaucoma severity 
commonly seen in patients, and hence IOP asymmetry should be 
considered in clinical management of glaucoma.

Table. Mean 24-Hour IOP OU, Mean 24-Hour IOP Asymmetry 
(mmHg) and the total days of data analyzed by NHP.
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Figure. 24-Hr IOP Asymmetry by NHP. Green lines represent the 
95% Confidence Interval. Waking hours are highlighted.
Commercial Relationships: Jessica V. Jasien, None; 
Daniel Turner, None; Jeffrey S. Morris, None; 
Christopher A. Girkin, None; J Crawford C. Downs, None
Support: NIH Grants R01 EY024732 and P30 EY003039
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Presentation Time: 5:00 PM–5:15 PM
Both Endothelin A (ETA) and Endothelin B (ETB) Receptors Are 
Involved in Neurodegeneration in a Rodent Model of Glaucoma
Raghu R. Krishnamoorthy, Nolan R. McGrady, Shaoqing He, 
Dorota L. Stankowska. North Texas Eye Research Center, UNT 
Health Science Center, Fort Worth, TX.

Purpose: Ongoing studies in our laboratory have demonstrated a key 
role of the ETB receptor in causing optic nerve axonal degeneration 
and retinal ganglion cell (RGC) loss in a rodent model of ocular 
hypertension. The current study examined the involvement of the ETA 
receptor in the Morrison’s model of IOP elevation in rats. Additional 
studies were carried out to determine if the dual ETA/ETB receptor 
antagonist, macitentan could attenuate neurodegenerative changes 
following IOP elevation in Brown Norway rats.
Methods: IOP was elevated in one eye of adult male retired 
breeder Brown Norway rats using the Morrison’s method, while 
the contralateral eye served as control. Following IOP elevation, 
rats were maintained for 2 and 4 weeks and sacrificed. Retinal 
sections were stained with an antibody to the ETA receptor and 
co-stained with β-tubulin III (a selective marker of the RGC layer) 
and immunofluorescence analysis was carried out. Primary RGCs 
were infected with an adeno-associated virus encoding the ETA 
cDNA following which an immunocytochemical analysis of the ETB 
receptor and a cell viability assay were carried out. Another set of 
Brown Norway rats were fed for 1 month with macitentan (10 mg/kg/
body weight) during IOP elevation (100 to 120 mm Hg-days). Retinal 
flat mounts obtained from the rats were assessed for RGC survival by 
counting surviving RBPMS positive-RGCs.
Results: IOP elevation for 2 weeks produce a modest increase 
in immunostaining for the ETA receptor in the RGC layer, inner 
plexiform layer and outer plexiform layer compared to those of wild 
type rats. Significantly increased immunostaining for the ETA receptor 
was observed at 4 weeks of IOP elevation in the RGCs and inner 
plexiform layer. AAV-2 mediated upregulation of the ETA produced 
an increase expression of the ETB receptor and a decrease in viability 
of cultured RGCs. Rats fed with macitentan displayed increased 
RGC survival by 25 to 42% following IOP elevation, compared to 
untreated rats.
Conclusions: Both ETA and ETB receptors levels are increased 
following IOP elevation in Brown Norway rats. ETA receptor 
activation contributes to neurodegeneration possibly by its ability 
to increase ETB receptor expression. Blocking both ETA and ETB 
receptors could have neuroprotective effects by enhancing RGC 
survival without affecting IOP.
Commercial Relationships: Raghu R. Krishnamoorthy, 
None; Nolan R. McGrady, None; Shaoqing He, None; 
Dorota L. Stankowska, None
Support: NIH Grant EY01992 and UNTHSC Intramural Grant


