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Purpose: Intracanalicular dexamethasone insert is a resorbable sustained-release polyethy
lene glycol-based hydrogel insert delivering a 0.4 mg tapered dose of dexamethasone for up 
to 30 days to the ocular surface. It is FDA-approved for treating inflammation and pain after 
ocular surgery. It has also been studied for ocular surface diseases such as allergic con
junctivitis. This study assessed the plasma pharmacokinetic (PK) parameters of dexametha
sone following intracanalicular insertion.
Patients and Methods: Study subjects (N=16) were healthy adults. A dexamethasone 
insert was unilaterally placed into the canaliculus, and blood samples were obtained for 
analysis 1 hour prior to insertion and 1, 2, 4, 8, 16, 24 hours and 4, 8, 15, 22 and 29 days 
after insertion. Safety analyses included slit lamp and dilated fundus examinations, best 
corrected visual acuity, intraocular pressure (IOP) and adverse events (AEs).
Results: Plasma results were below the lower limit of quantitation (LLOQ) at all time points in five 
subjects (31.3%). Among subjects with quantifiable plasma concentrations, Cmax was <1 ng/mL 
(range, 0.05 to 0.81 ng/mL), AUC0-last ranged from 0.13 to 7.18 h∙ng/mL, and Tmax ranged from 4.0 
to 163.0 hours. Mean (SD) IOP increased from 16.3 (1.4) mmHg at baseline to 19.3 (3.2) at Day 22 
but returned to baseline after treatment. No changes occurred in dilated fundus, punctum, or visual 
acuity examinations.
Conclusion: The dexamethasone 0.4 mg insert results in minimal systemic exposure 
following intracanalicular administration.
Keywords: intracanalicular dexamethasone, plasma pharmacokinetics, sustained-release 
insert, safety assessments

Introduction
Corticosteroid eye drops have long been the standard of care for many ophthalmic 
conditions including postoperative pain and inflammation1,2 and ocular surface diseases 
such as dry eye3 and allergic conjunctivitis.3,4 While therapeutically beneficial, topical 
corticosteroids may be associated with several ocular complications including glaucoma, 
posterior subcapsular cataract, corneal thinning,5 infection, and preservative toxicity.6–8 

In addition, barriers to effective therapy with ophthalmic drops generally include 
noncompliance,2,9,10 poor self-administration technique,11,12 and even accidental injury.13

To address these problems, an intracanalicular insert has been developed which 
delivers dexamethasone to the surface of the eye for up to 30 days (Dextenza® 

Correspondence: Srilatha Vantipalli  
Ocular Therapeutix, Inc, 24 Crosby 
Drive, Bedford, MA, 01730, USA  
Email SVantipalli@ocutx.com

Clinical Ophthalmology 2021:15 2055–2061                                                                  2055
© 2021 Blizzard et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 19 February 2021
Accepted: 12 April 2021
Published: 18 May 2021

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-5437-5903
mailto:SVantipalli@ocutx.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


[dexamethasone ophthalmic insert] 0.4 mg, for intracana
licular use; Ocular Therapeutix, Bedford, MA). The insert 
comprises a biodegradable crosslinked synthetic hydrophi
lic polyethylene glycol-based hydrogel designed to deliver 
a tapering dose of preservative-free dexamethasone to the 
surface of the eye.14 As the insert is administered by the 
physician, there are no compliance issues and patients do 
not need to touch their face or eye to receive the medica
tion. Following hydration, the insert consists of mostly 
water which contributes to its biocompatibility, allowing 
it to be used in the eye with low potential for inflammation 
or rejection. As the hydrogel gradually biodegrades, there 
is no need for removal.15 The dexamethasone hydrogel 
insert is fluorescein-conjugated to aid with visualization.16

Large placebo-controlled studies have demonstrated 
the efficacy of the insert for alleviating inflammation and 
pain following cataract surgery17,18 leading to FDA 
approval for the treatment of ocular inflammation and 
pain following ophthalmic surgery.19 Patients treated 
with the dexamethasone insert reported favorably on over
all satisfaction, convenience and comfort.20 The insert has 
also been evaluated in Phase 3 studies for treating allergic 
conjunctivitis.21,22

To address potential safety concerns from systemic 
absorption of dexamethasone in treated patients, the objec
tive of this study was to evaluate the systemic pharmaco
kinetic (PK) parameters of dexamethasone following 
placement of a sustained-release insert in the canaliculus 
of the eyes of healthy subjects.

Patients and Methods
Study Participants
Eligible subjects were healthy adults with a best-corrected 
visual acuity (BCVA) of 0.6 logMAR (20/80 Snellen) or 
better in each eye. Reasons for study exclusion included 
hypersensitivity to any component of the study product; 
recent ocular trauma, infection or inflammation; glaucoma 
or intraocular pressure <5 mmHg or >22 mmHg; women 
of childbearing potential who were currently pregnant, 
nursing or planning a pregnancy during the study.

Ethics
The study protocol and related materials were approved by 
an Institutional Review Board (Salus IRB, Austin, TX). 
The study was conducted in accordance with the United 
States Title 21 Code of Federal Regulations, Part 56 and in 
accordance with the Declaration of Helsinki.23 Enrolled 

subjects provided written informed consent prior to parti
cipating in any study-related activities.

Dexamethasone Intracanalicular Insert
Each polyethylene glycol-based hydrogel ocular insert 
contains 0.4 mg of dexamethasone (Dextenza® [dexa
methasone ophthalmic insert] 0.4 mg, for intracanalicular 
use; Ocular Therapeutix, Inc., Bedford, MA).24 A single 
insert releases a 0.4 mg dose of dexamethasone for up to 
30 days. The resorbable insert does not require removal; 
however, saline irrigation or manual expression can be 
performed to remove the insert if necessary. The dexa
methasone inserts are conjugated with fluorescein to per
mit visualization through the tissue when illuminated with 
a blue light source.

Procedures
Within 14 days of an initial screening visit, 
a dexamethasone insert was unilaterally placed into the 
inferior vertical canaliculus on study Day 1 (Figure 1). 
Subjects with punctum size <0.4 mm or ≥1.0 mm, unsuc
cessful transient dilation to 0.7 mm prior to insertion or 
unsuccessful insertion were excluded from the study.

Blood samples were obtained for plasma PK analysis at 
1 hour (±30 min) prior to insertion and following insertion 
after 1 hour (±10 min), 2 hours (±10 min), 4 hours (±20 
min), 8 hours (±20 min), 16 hours (±60 min), 24 hours 
(±60 min) and on Days 4, 8, 15, 22 and 29. If the insert 
was still present at the Day 29 Visit, it was removed via 
saline irrigation or by applying manual pressure.

Figure 1 The dexamethasone insert is placed in the punctum and into the 
canaliculus.
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Study Endpoint
The primary PK parameters assessed were peak plasma 
concentration (Cmax), area under the plasma concentration 
time curve (AUC) and time to reach peak drug plasma 
concentration (Tmax). Human plasma samples and quality 
control standards containing dipotassium EDTA were 
stored at −20°C until analysis. Quantitation of dexametha
sone was performed using validated high-pressure liquid 
chromatography with tandem mass spectrometry (LC/MS/ 
MS) detection.

Safety Assessments
Best-corrected visual acuity (BCVA) testing, slit lamp 
biomicroscopy including IOP measurement and dilated 
fundus examination were performed. The presence of the 
test article was confirmed with a blue light and yellow 
filter. Subjects were queried about potential adverse events 
during each evaluation.

Statistical Analyses
Descriptive statistics were calculated for each PK para
meter at each time point. The AUC was calculated using 
the log-linear trapezoidal rule: linear trapezoidal rule to 
Tmax and log trapezoidal rule thereafter. Subject demo
graphics are presented using continuous summary statis
tics. The results from safety evaluations were tabulated 
using descriptive statistics. IOP from each visit was sum
marized using continuous summary statistics for actual 
values and change from baseline. Discrete summary sta
tistics were determined for any subjects with baseline IOP 
increases ≥10 mmHg.

Results
Among the 16 enrolled subjects, 14 completed the study 
through Day 29. The dexamethasone insert was removed 
from one subject due to an AE (intraocular pressure 
increased) following the Day 15 visit and the insert was 
not noted to be present on Day 15 in another subject. 
Enrolled subjects had a mean age of 31.7 years (range, 
19 to 55 years) and most (68.7%) were female. The demo
graphics and clinical characteristics of enrolled subjects 
are summarized in Table 1.

Pharmacokinetic Analysis
Dexamethasone plasma assay results were below the lower 
limit of quantitation (LLOQ; 0.05 ng/mL) at all time 
points in five (31.3%) of the 16 subjects, 100% (16/16) 

of the subjects at 1 and 2 hours, 87.5% (14/16) of the 
subjects at 4 hours, 75% (12/16) of the subjects at 8, 16 
hours and on Day 4, and 66.67% (10/15) of the subjects on 
Day 8, were below LLOQ. Individual dexamethasone 
plasma concentrations are shown in Table 2.

Plasma concentrations of dexamethasone were detectable 
in 11% of samples (21 of 189). For plasma samples with 
quantifiable drug concentrations, mean Cmax was <1 ng/mL 
(range, 0.05 to 0.81 ng/mL), AUC0-last ranged from 0.13 to 
7.18 h∙ng/mL, and Tmax ranged from 4.0 to 163.0 hours. The 
PK results from each subject are summarized in Table 3.

Ease of Insertion, Visualization and Removal
Ease of inserting the dexamethasone insert was judged by 
the investigator to be easy in 15 eyes (93.7%) and moder
ate in one eye (6.3%).

Safety
There were no serious adverse events (AEs). There were three 
ocular and one non-ocular AEs. In three subjects (18.7%), 
there was an increase in baseline IOP that were considered 
mild in severity and were deemed related to study treatment but 
resolved without treatment following insert removal at Day 15 
(1/3) and at the end of the study (2/3). There was no change in 
mean IOP in the fellow eyes (Table 4). Nasopharyngitis (n=1, 

Table 1 Demographics and Clinical Characteristics

Age, years

Mean 31.7
Median (min, max) 27 (19, 55)

Gender, n (%)
Male 5 (31.3)

Female 11 (68.7)

Height, Inches

Mean 65.7

Median (min, max) 65 (59, 74)

Weight, pounds

Mean 143.4
Median (min, max) 145 (108, 170)

Body Mass Index, kg/m2

Mean 23.4

Median (min, max) 23.5 (19.5, 26.3)

Race and Ethnicity, n (%)

Caucasian 7 (43.7)

African American 5 (31.3)
Hispanic 4 (25.0)
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6.3%) was also a reported AE (non-ocular) but was unrelated 
to study treatment. No changes were observed in visual acuity 
measures (Table 5), punctum, slip lamp or dilated fundus 
examinations at any time point during the study.

Table 2 Individual Dexamethasone Plasma Concentrations

Subject Hours Post-Insertion Days Post-Insertion

0 1 2 4 8 16 2 4 8 15 22 29

1 0 0 0 0 0 0.08 0 0.06 0 0 0 0

2 0 0 0 0 0 0 0 0 0.19 0 ND ND
3 0 0 0 0 0 0 0 0 0.08 0 0 0

4 0 0 0 0.81 0.06 0.08 0.06 0.05 0 0 0 0

5 0 0 0 0 0.05 0.05 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0.08 0.05 0.07 0.08 0 0 0 0

8 0 0 0 0 0.05 0 0 0 0.05 0 0 0
9 0 0 0 0 0 0 0 0 0.1 0 0 0

10 0 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0.08 0 0 0 0

13 0 0 0 0 0 0 0 0 0 0 0 0

14 0 0 0 0.06 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0 0 0.12 0 ND ND

16 0 0 0 0 0 0 0 0 ND 0 0 0

Notes: Drug concentrations expressed as ng/mL. Values of 0 indicate drug concentrations below the lower level of quantitation (0.05 ng/mL). 
Abbreviation: ND, not done.

Table 3 Pharmacokinetic Parameter Results by Subject

Subject Cmax  

(ng/mL)
AUC0-last  

(h∙ng/mL)
Tmax (Hours)

1 0.082 6.37 16.57
2 0.19 4.46 143.58

3 0.081 3.91 166.5

4 0.81 4.37 4.02
5 0.052 0.49 15.33

6 0 0 NCa

7 0.078 6.34 8.02
8 0.053 7.18 142.3

9 0.1 3.61 139.87

10 0 0 NCa

11 0 0 NCa

12 0.083 3.31 103.88
13 0 0 NCa

14 0.064 0.12 7.73

15 0.12 3.8 163.9
16 0 0 NCa

Note: aNC, not calculated because drug concentrations were below the lower 
limit of quantification for these subjects.

Table 4 Changes in Intraocular Pressurea

Study Eye Non-Study Eye

Screening

Mean, mm Hg (SD) 16.2 (1.4) 16.6 (2.0)
Median (min, max) 16.0 (14, 19) 17.0 (13, 20)

Day 2
Mean, mm Hg (SD) 16.1 (2.0) 15.8 (2.1)

Median (min, max) 16.0 (13, 20) 16.0 (12, 20)

Day 4

Mean, mm Hg (SD) 16.4 (3.1) 15.8 (3.2)

Median (min, max) 15.5 (12, 23) 15.0 (11, 23)

Day 8
Mean, mm Hg (SD) 17.2 (3.5) 15.1 (2.2)

Median (min, max) 16.5 (11, 27) 16.0 (11, 18)

Day 15

Mean, mm Hg (SD) 18.1 (5.1) 15.1 (2.2)

Median (min, max) 17.0 (13, 34) 15.0 (12, 19)

Day 22

Mean, mm Hg (SD) 19.3 (3.2) 16.4 (2.8)
Median (min, max) 18.0 (16, 28) 16.5 (13, 23)

Day 29
Mean, mm Hg (SD) 18.5 (4.1) 15.2 (2.8)

Median (min, max) 17.5 (14, 27) 14.0 (10, 20)

Notes: aSafety population, n=16.
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Discussion
The present study was performed to assess any potential 
systemic absorption of dexamethasone in patients receiv
ing intracanalicular dexamethasone. The results indicate 
very little systemic absorption of dexamethasone as most 
plasma samples did not contain measurable drug. Among 
the 16 treated subjects, plasma drug concentrations were 
<0.05 ng/mL at all time-points in five subjects (31.3%). 
Among the remaining 11 subjects, plasma drug concentra
tions were <0.05 ng/mL at 1 and 2 hours post-insertion 
and at Days 15, 22 and 29. In the 21 plasma samples above 
the LLOQ between 4 hours and Day 8, maximum plasma 
dexamethasone concentrations ranged from 0.05 to 0.81 
ng/mL. Overall, the safety profile of the dexamethasone 
insert is consistent with the ocular administration of dex
amethasone using other dosage forms, such as drops and 
implants.

When instilling typical eye drops, the lacrimal fluid 
drains through the nasolacrimal duct from the conjunctival 
sac to the nasal cavity. There, absorption can also occur 
through the highly vascularized nasopharyngeal mucosa. It 
has been estimated that up to 80% of instilled drug may 
reach the systemic circulation.25 The insert is designed to 
deliver a single 0.4 mg tapered dose of dexamethasone to 
the ocular surface for a period of up to 30 days. In con
trast, dexamethasone phosphate 0.1% eye drops contain 
1 mg/mL of medication. A standard eyedropper dispenses 
0.05 mL per drop delivering 0.05 mg of drug/drop, 
although the volume of commercial ophthalmic products 
will vary.26 Initial therapy with dexamethasone ophthalmic 
drops may deliver 1.0 to 2.0 mg of drug to the surface of 
the eye during the first day of therapy alone.

In contrast, the insert delivers a daily dexamethasone 
dose of approximately 0.02 mg per day directly to the ocular 

surface. This daily rate is regulated by the solubility of the 
hydrogel matrix and drug transfer at the interface proximal to 
the ocular surface in contact with the tear fluid lavage. The 
drug release from the dexamethasone insert will remain con
stant until sufficiently depleted at the interface between the 
hydrogel and the tear fluid leading to a gradual tapering effect 
observed in the tear fluid pharmacokinetic profiles. The daily 
systemic exposure from eye drops exceeds the insert. Eye 
drops require more frequent administrations and a greater 
total daily dose to achieve similar therapeutic levels. The 
lower systemic absorption of dexamethasone from intracana
licular insert (0.4 mg) supports these observations.

Our results are similar to other ocular dexamethasone PK 
studies. While we understand that the intravitreal space has a 
different blood supply, administration of a 0.7 mg dexamtha
sone implant in patients with macular edema produced 
plasma drug concentrations ranging from 0.052 to 0.102 
ng/mL during 90-day post-treatment measurements.27 

Mean (SD) steady-state drug serum concentrations of 0.7 
(0.4) ng/mL (range, 0.0 to 1.2 ng/mL) were reported follow
ing topical administration of dexamethasone sodium phos
phate 0.1% eye drops.28 Following bilateral administration 
of a tobramycin 0.3%/dexamethasone 0.1% ophthalmic sus
pension four times daily for 2 days, the peak plasma dex
amethasone concentrations was <1 ng/mL.29

There was a higher incidence of subjects who reported 
increased IOP in the treated eye (18.7%) than observed in 
previous studies for treating patients with postoperative 
pain and inflammation (6%).24 No changes in the conjunc
tiva, cornea, anterior chamber, iris, eyelid or lens were 
observed. Similar to the clinical trial experience,30 inves
tigators rated the dexamethasone insert as easy to place, 
visualize and remove when necessary.

Conclusion
The 0.4 mg dexamethasone intracanalicular insert results 
in minimal systemic exposure following intracanalicular 
administration.
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