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Punctal Occlusion and Topical Medications for Glaucoma

Timothy C. Huang, M.D., and David A. Lee, M.D.

We studied the effects of punctal occlusion
on the intraocular pressures of patients treated
with topical medications for glaucoma. Sili-

cone punctal plugs were used to occlude the

inferior punctum of one eye in each of 19
patients treated with identical antiglaucoma
eyedrops in both eyes. The intraocular pres-
sures before and after punctal occlusion were
compared. The eyes with the punctal plugs
showed a statistically significant (P < .0001)
decrease in pressure of 1.32 mm Hg after punc-
tal occlusion when compared to that of the
fellow control unplugged eyes. The intraocu-
lar pressures in the plugged eyes decreased an
average of 1.82 mm Hg after punctal occlusion
when compared to before punctal occlusion
(P = .001). The intraocular pressure in the
unplugged control eyes did not change signifi-
cantly after punctal occlusion of the fellow
treated eye.

Most ToricaL ophthalmic medications with
intraocular sites of action penetrate the eye
through the cornea, conjunctiva, or sclera. The
amount of medication absorbed is influenced
by the amount of contact time between the
medication and the ocular surfaces. Most of an
eyedrop is lost to drainage within 15 to 30
seconds after instillation, which includes rapid
drainage of 80% ar more of the volume through
the nasolacrimal system.! Inhibition of this
rapid drainage may lengthen the contact time
of the medication with the eye and increase its
absorption and efficacy.

Inhibition of drainage through the nasolacri-
mal system may be achieved by manual occlu-
sion with a fingertip, by placing plastic or
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collagen plugs into the puncta, or by perma-
nently closing the puncta with cautery or laser.
Zimmerman and Ziegler® have advocated naso-
lacrimal occlusion with fingertip pressure as a
means of increasing ocular absorption of topi-
cal ocular medications. Many patients, how-
ever, are unable to practice proper manual
nasolacrimal occlusion. We studied the effects
of occlusion of the nasolacrimal system by
using removable silicone punctal plugs on the
ocular hypotensive action of topical antiglauco-
ma medications.

Material and Methods

Patients from the Glaucoma Service were
selected for this study. Selection criteria in-
cluded bilateral glaucoma or ocular hyperten-
sion with intraocular pressures controlled on
glaucoma medication regimens that included
one or more topical eyedrops. Both eyes of each
patient were treated with identical types and
dosages of medications. Exclusion criteria in-
cluded past or current obstruction of the naso-
lacrimal system, and unwillingness or inability
of the patient to give informed consent for the
study.

After the nature of the study was fully ex-
plained and informed consent was obtained, a
primary dye test (Jones I test) for nasolacrimal
patency was performed. If no dye was recov-
ered by this method from either side, it was
assumed that the patient had a defect in the
nasolacrimal system and was excluded from the
study. If dye was recovered from both sides, a
punctum plug was inserted into the inferior
punctum of one eye. The eye in which the plug
was inserted alternated between the two eyes
of each subject entering the study. The fellow
eye, which was not occluded, served as a con-
trol. The patients were instructed to continue
their current regimen of glaucoma medications
as usual. After placement of the plugs and
waiting at least two days to allow equilibration
to the plugs, each patient returned for three
follow-up examinations on three different
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days. The times of day of the follow-up exami-
nations were chosen to approximate those of
pressure measurements that had been taken
before plug placement. During these follow-up
visits the intraocular pressure of both eyes
were measured in a masked fashion using a
Goldmann applanation tonometer and record-
ed along with the time of day. These measure-
ments were performed before further examina-
tion of the eye to prevent awareness of which
eye had been plugged and thus minimize bias
in the pressure measurements. A slit-lamp ex-
amination was then performed to look for
changes on the external ocular surfaces and in
the anterior segment. The patients were moni-
tored for side effects and complications related
to the punctum plugs or to the eyedrops.

The one-sample I-test was used to compare
the three intraocular pressure readings taken
after plug placement, with the most recent
three or more measurements taken during clin-
ic visits before plug placement without inter-
vening changes in the medical regimen. Re-
gression analysis was used to evaiuate diurnal
trends in the intraocular pressure of the
plugged eyes, the intraocular pressure of con-
trol eyes, and the difference in intraocular pres-
_ sures between the paired eyes. Regression
analysis was also used to study the differences
in intraocular pressure before and after punctal
occlusion among patients using one, two, or
three different classes of topical antiglaucoma
medications (beta-blockers, miotics, and epi-
nephrine compounds). P =< .01 was considered
significant.

Resuits

Nineteen patients completed the study (Table
1). There were 13 women and six men. The
average age was 67 years (range, 49 to 85
years). Fifteen of the patients had chronic
open-angle glaucoma, two had combined
mechanism glaucoma and patent peripheral
iridotomies in both eyes, one had low-tension
glaucoma, and one had ocular hypertension.
Four patients were using only one glaucoma
eyedrop; three were using two different types
of eyedrops; and 12 were using three types of
eyedrops, six of whom also took an oral carbon-
ic anhydrase inhibitor. Seven patients had un-
dergone laser treatments or surgery for glauco-
ma. These procedures were all performed more
than six months before the study; all patients
had stabie glaucoma controlled with eyedrops.

Ten patients had the right lower punctum
occluded and nine had the left lower punctum
occluded.

Mean = S.E. intraocular pressure readings of
all eyes were 16.96 + 0.72 mm Hg before and
15.14 = 0.70 mm Hg after punctal plug place-
ment (Table 2). Intraoculiar pressure readings of
all fellow eyes were 16.57 = 0.78 mm Hg before
and 16.07 = 0.84 mm Hg after plug placement.
Analysis of only the eyes with occluded puncta
showed an average decrease in intraocular
pressure of 1.82 mm Hg after punctal occlu-
sion, which was statistically significant (P =
.001) (Table 3). Comparison of the unplugged
eyes alone showed no statistical change in the
intraocular pressures before and after occlusion
of the feliow eye (P = .25). Comparison of the
mean differences in intraocular pressure be-
tween the plugged eye and the control fellow
eye of each patient before occlusion with those
differences after occlusion showed that there
was an average decrease of 1.32 mm Hg after
punctal occlusion. This was statistically highly
significant (P < .0001).

Of the 57 pressure readings taken after punc-
tal occlusion, 49 were taken at a time of day that
was matched to within two hours of a corre-
sponding measurement before occlusion. Two
of the readings were between two and four
hours from the before-occlusion readings. In
six of the readings after occlusion, the exact
time of day of the corresponding measure-
ments before occlusion had not been recorded;
however, it could be ascertained whether the
patient had been seen in the morning or after-
noon, and thus the timing of the measurement
after occlusion was matched to either the morn-
ing or afternoon, accordingly.

Comparison of the mean differences in intra-
ocular pressure before and after punctal occlu-
sion among the patients using one, two, or
three classes of topical antiglaucoma medica-
tions showed no statistically significant differ-
ences between the three groups. There was no
significant correlation between the decrease in
intraocular pressure and the number of differ-
ent glaucoma medications the patient used.

Each patient was followed up for three exam-
inations on three different days after plug
placement. The length of follow-up averaged
13.8 days (range, seven to 34 days). During the
follow-up period, seven patients experienced
adverse reactions to the plugs, none of which
were serious. Four patients complained of irri-
tation of the eye for two days after placement,
after which the discomfort abated. Two patients
complained of persistent, mild, occasional itch-



TABLE 1

PATIENT CHARACTERISTICS
PATIENT NO.,
AGE (vms). PREYIOUS LASER OR
SEX DIAGNOSIS MEDICATIONS® SURGICAL TREATMENT

1,80, F Chronic open-angle glaucoma 3A None

2,60, M Low-tension glaucoma 1A None

3,65 F Chronic open-angle glaucoma 2B None

4,54 M Chronic open-angie glaucoma IC" None

5,65 F Chronic open-angle glaucoma 3B Argon laser rabeculoplasty
in both eyes

6,43, M Chronic open-angie giaucoma 3B None

7.0, F Chronic open-angle glaucoma 3A Argon {aser trabecuioplasty
in both eyes

8.65, M Chronic open-angle glaucoma 3C None

9,61, F Combined mechanism glaucoma 2A Argon laser peripheral iridotory
in both eyes

10.57. M Chronic open-angle glaucoma 38 None

1,68, F Chronic open-angie giaucoma 38 Argon taser trabecuioplasty
in both eyes

12,58, M Chronic open-angle glaucoma 3A Argon {aser rabecuioplasty in
night eye, filtering surgery
in right eye

13.8,F Chronic open-angle giaucoma 2A None

14,85, F Chsonic open-angle giaucoma B None

15,71, F Chronic open-angie glaucoma 38 None

16,72, F Chronic open-angie glaucoma 3A None

17.60, F Chronic open-angle glaucoma 3A Filtering surgery in the ngft eye

18,63, F Combined mechanism glaucoma 38 Argon laser peripheral indotomy in

: both eyes. argon laser trabeculo-

plasty in nght eye

19,75, F Ocutar hypertension 1A None

*Medication regimen for glaucoma: 1A = beta-bilocker only; 1B = miotic only; 1C = epinephrine compound only; 2A = beta-blocker and
Tmiotic; 28 = beta-blocker and epinephrine compound; 3A = beta-blocker, miotics, and epinephrine compound; 38 = beta-blocker, miotics,
epinephrineg compounds, and oral carbonic anhydrase inhibitor; 3C = beta-blocker, pilocarpine, and echothiophate.

TABLEZ2
MEAN INTRAOCULAR PRESSURES (Mm HG)*

EYE WiTH BEFORE PLACEMENT OF PLUG AFTER PLACEMENT OF PLUG
PATIENT PUNCTUM
NO. PLUGGED PLUGGED EYE FELLOW EYE PLUGGED EYE FELLOW EYE
1 RE. 185 205 137 187
2 LE 1.2 105 9.0 87
3 RE. 25.0 253 223 257
4 LE 148 13.0 157 147
5 RE 168 152 147 140
6 LE 148 142 103 1.0
7 RE. 212 18.0 19.0 17.7
8 LE 177 17.7 16.0 173
9 RE 178 17.2 133 130
10 LE 19.0 21.0 177 190
n ‘RE. 135 142 150 170
12 LE. 152 135 15.0 13.7
13 RE. 14.6 152 147 160
4 LE 202 198 170 150
15 RE. 17.0 163 113 133
16 LE. 17.2 16.4 163 157
17 RE. 17.4 168 157 177
18 LE. 135 14.0 140 14.7
19 RE 16.8 165 173 187

*Al measurements made dy appianation tonometry.
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TABLE 3
MEAN = S.E. INTRAOCULAR PRESSURE (Mw Ha)

BEFORE AFTER CHANGE IN PRESSURE
PLACEMENT PLACEMENT FROM BEFORE TO AFTER
EYES OF PLUG OF PLUG PLACEMENT OF PLUG P VALUE
Piugged eyes 16.96 = 0.72 15.14 = 0.70 decrease 1.82 = 0.46 001
Unplugged eyes 16.57 = 0.78 16.07 = 0.84 decrease 0.50 = 0.42 25
Ditference in pressure 035 =029 -0.93 = 0.36 decrease 1.32 = 0.25 <.0001

{plugged eye—unplugged eye)

ing, but one of the two had preexisting chronic
blepharitis. One patient compiained of bother-
some persistent epiphora of the occluded eye
which necessitated wiping her eye several
times a day. In one patient the plug extruded
just hours before she came in for her final
follow-up visit when she rubbed her eyes. No
evidence of infection, persistent conjunctivitis,
or corneal epitheliopathy was noted in any of
the patients.

Discussion

This study suggests that occlusion of the
lacrimal puncta may result in an increased
efficacy of antiglaucoma eyedrops, as shown by
a decrease in intraocular pressure. The mecha-
nism responsible for this increased efficacy is
probably that the punctal plugs inhibit drain-
age of the eyedrops through the nasolacrimal
system, thus keeping the medication in contact
with the ocular surfaces for a longer time.
Because of this increased contact time, more of
the medication is absorbed into the eye, result-
ing in increased efficacy. Our results are consis-
tent with those of Zimmerman and associates®
who showed that nasolacrimal occlusion in-
creases intraocular absorption of topically ap-
plied fluorescein.

The decrease in intraocular pressure, al-
though highly statistically significant, was less
than 2 mm Hg. Therefore, we cannot determine
from this study whether the decrease in intra-
ocular pressure was clinically significant. We
chose to occlude only the lower punctum, leav-
ing the upper punctum patent, to avoid induc-
ing excessive epiphora in our patients. Perhaps
if both puncta had been occluded, the decrease
in intraocular pressure would have been even
greater. However, the incidence of epiphora
also might have increased.

The punctal plugs were generally well tole-

rated by most patients. The two patients who

reported mild, occasional itching showed no
objective signs of changes on their external
ocular surfaces. These two patients tolerated
the mild ocular irritation without difficulty.
The plug extruded in only one of the 19 pa-
tients (5.3%). In this patient, the plug could be
placed only half-way into the punctum, and it
extruded nine days after placement. This inci-
dence of extrusion is lower than the 28% (nine
of 32 eyes)* and 22% (three of 14 eyes)® reported
previously in studies using similar plugs. Sub-
sequent to our study, the manufacturer of the
silicone plugs used in this study (Eagle Vision,
Inc.) developed plugs shorter in overall length
and shorter in the height of the dome that
remains exposed after plug placement. The use
of these newer plugs may decrease ocular irrita-
tion and extrusion. Only one of our 19 patients
(5.3%) reported epiphora with just the lower
punctum occluded. Willis and associates® re-
ported a series of 18 patients with dry eyes who
underwent occlusion of all four puncta with
removable punctal plugs. Three of their pa-
tients (17%) compiained of epiphora. Only one
of our patients (5.3%), the one who experi-
enced epiphora, had an adverse effect that was
significant enough to contraindicate piug
placement.

Noncompliance in the treatment of glaucoma
has been called a “leading cause of glaucoma
blindness.””¢ Kass and associates showed that
patients actually administered only 76% of
their prescribed doses of pilocarpine’ and only
83% of their prescribed doses of a beta-
blocker.? It is likely that some patients would
be even more noncompliant in practicing prop-
er manual punctal occlusion for five minutes
after instilling each eyedrop since it requires
even more effort than instilling eyedrops.
Occlusion of the puncta with punctal plugs
may be a simple method of maximizing the
effects of topical medications in these patients.

Another potential benefit of punctal occlu-
sion is the reduction of systemic absorption of
topical medications, which may resuit in fewer
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systemic side effects. Zimmerman and associ-
ates’ showed that nasolacrimal occlusion re-
duced the amount of systemic absorption of
topical timolol maleate by more than 60%. In
our series no patient reported any systemic
side effects attributable to their eyedrops be-
fore or after plug placement. This may be be-
cause we selected patients who had been con-
trolied with the same medications for an
extended period of time. Patients who experi-
enced significant side effects would have re-
quired modifications of their medication regi-
men and thus would not have been included in
our study.
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