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ABSTRACT | Glaucoma is a progressive optic neuropathy that
can cause irreversible blindness, though it rarely affects women of
reproductive age. lts management during pregnancy and lactation
is particularly challenging because of the potential impact of
intraocular pressure fluctuations on disease progression and the
risks of treatment to both the mother and fetus. Physiological
changes in pregnancy, such as decreased intraocular pressure and
hormonal alterations, may influence disease activity but do not
guarantee disease stability. Preconception counseling plays a key
role in mitigating risks and tailoring treatment strategies. Many
glaucoma medications carry teratogenic risks, with brimonidine
being the only US Food and Drug Administration Category B
drug. Surgical interventions — including laser trabeculoplasty and
minimally invasive glaucoma surgeries — offer alternative options
but require careful timing and consideration of fetal safety.
Multidisciplinary collaboration is essential to optimize maternal
and neonatal outcomes. This review summarizes evidence-based
approaches for glaucoma management during pregnancy and
lactation, highlighting clinical considerations, therapeutic strategies,
and patient-centered care.
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INTRODUCTION AND EPIDEMIOLOGY

Glaucoma is a slowly progressive optic neuropathy
that can lead to irreversible blindness. Although its
incidence is highest among older adults, it may also
affect women of reproductive age in rare cases". The
coexistence of glaucoma and pregnancy is uncommon,
with the prevalence of primary open-angle glaucoma
estimated at 0.48%, 0.42%, and 0.73% among women
aged 15-24, 25-34, and 35-44 years, respectively®.
This frequency is expected to rise as more women
delay childbearing and as advances in reproductive
medicine enable conception at older ages®. In addition,
women with congenital, juvenile, or secondary forms of
glaucoma may also become pregnant.

A study conducted in the United Kingdom reported
that more than one-quarter of ophthalmologists had
managed pregnant patients with glaucoma®”. Among
these, most continued preexisting treatment regimens,
while 34% opted for observation alone. Notably, 31%
expressed uncertainty regarding how to proceed if active
treatment became necessary.

Intraocular pressure (I0OP) typically decreases du-
ring pregnancy, particularly in the second and third
trimesters. This reduction is accompanied by decreased
diurnal 1OP fluctuations and increased retrobulbar
blood flow®. However, despite these physiological
changes, some patients experience disease progression
and still require medical or surgical intervention®.

Managing glaucoma in pregnant women remains
challenging because ocular hypotensive agents may
pose potential risks to both the mother and the fetus”-.
Clinicians must carefully balance maternal disease
control against fetal safety. Ethical and legal restrictions
on clinical research in pregnant populations further
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limit safety data, meaning that much of the current
understanding of drug risk is based on theoretical
considerations and animal studies rather than robust
human trials""®™,

After childbirth, the excretion of ocular hypotensive
medications into breast milk and their potential effects
on the infant must also be considered.

The absence of clear, evidence-based guidelines for
managing glaucoma during pregnancy and lactation
further complicates clinical decision-making. Because
this condition is rare in reproductive-age women, large
randomized clinical trials and systematic studies are
scarce. Consequently, management relies heavily on
individualized risk-benefit assessments that take into
account disease stage, gestational age, and the safety
profile of available treatment options“?.

Preconception counseling

Preconception ophthalmic counseling for women
with glaucoma is essential to safeguard maternal health
and minimize fetal risk during pregnancy. Although glau-
coma is less common among women of reproductive
age, advances in reproductive technology and the trend
toward later childbearing have increased the likelihood
of its coexistence with pregnancy!"'%'3,

Such counseling allows clinicians to explore alter-
native treatment strategies and optimize therapy before
conception, thereby reducing potential risks to the
fetus. Most antiglaucoma medications are classified by
the US Food and Drug Administration (FDA) as Category
C, indicating uncertain safety in humans and evidence
of adverse effects in animal studies. Brimonidine and
dipivefrine are exceptions, categorized as Category
B, suggesting a more favorable safety profile based
on animal data”®. However, dipivefrine is no longer
available in Brazil. Even when administered topically,
these drugs undergo systemic absorption through the
nasolacrimal duct”®, which may lead to placental
transfer and fetal exposure. Postpartum, exposure may
continue through breastfeeding, as animal studies have
demonstrated the presence of antiglaucoma drugs in the
milk of lactating women¢'”,

Given the risks and unique challenges of managing
glaucoma during pregnancy, regular monitoring is
essential. Although 1OP generally decreases during
pregnancy, some patients continue to require therapy,
and those with previously stable disease may experience
IOP elevation". In a retrospective study by Brauner
et al. involving 28 eyes from 15 pregnant glaucoma
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patients, 36% of eyes showed increased IOP and/or
progression of visual field loss, underscoring the need
for close follow-up during pregnancy®.

When pharmacologic treatment is required, pressure
control strategies should aim to minimize systemic drug
absorption. Techniques such as nasolacrimal occlusion,
lacrimal plugs, or eyelid closure can be employed.
Zimmerman et al. demonstrated that nasolacrimal
occlusion or eyelid closure for 5 seconds reduced sys-
temic absorption by up to 60%".

In planned pregnancies, the optimal strategy to
control maternal 1OP while minimizing fetal risk
should be carefully determined in advance through
a multidisciplinary approach involving the patient’s
healthcare team®. The intensity of therapy should be
guided by disease severity: low-risk glaucoma can often
be managed conservatively without active treatment
during pregnancy, whereas high-risk cases may require
medical or even surgical intervention®".

Accordingly, preconception counseling remains the
most effective and recommended strategy for women
of childbearing age with glaucoma who are planning to
conceive.

OCULAR CHANGES DURING PREGNANCY
Intraocular pressure

IOP decreases by approximately 10% during
pregnancy®¥. A statistically significant decline is ty-
pically observed from the first to the third trimester and
may persist for up to T month postpartum®-2?. Diurnal
IOP fluctuations are also reduced during pregnancy©?.
This decrease is primarily attributed to enhanced aqueous
humor outflow through increased uveoscleral flow and
reduced episcleral venous pressure?>26:28:2930, Hormonal
changes, particularly elevated progesterone and relaxin
levels, further promote aqueous drainage*2°.

This 10P reduction also occurs in patients with
preexisting ocular hypertension, although the onset may
vary. Normotensive women usually exhibit a significant
decrease around the 18th week of gestation, whereas
hypertensive patients may experience it later®?. Despite
these hormonal effects, approximately 10% of pregnant
glaucoma patients may show increased IOP or disease
progression during pregnancy®.

Corneal changes

Pregnancy can cause decreased corneal sensitivity,
increased thickness, and alterations in curvature.
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Corneal sensitivity declines progressively throughout
pregnancy and returns to baseline within weeks after
delivery®23334%_ Corneal thickness typically increases
by about 3%, likely due to hormonally mediated fluid
retention®>3%, These changes are generally transient and
resolve after childbirth®”.

Retrobulbar blood flow

Pregnancy is associated with increased retrobulbar
blood flow, which may offer some protection against glau-
coma progression®3%40. Elevated estrogen levels during
gestation promote endothelial-dependent vasodilation,
contributing to this hemodynamic effect®.

Visual field during pregnancy

Several transient visual field changes have been do-
cumented during pregnancy, including bitemporal con-
traction, concentric contraction, and enlargement of
the blind spot. The underlying mechanisms are not fully
understood, but multiple theories have been proposed.
In a study by Akar et al.“?, the mean sensitivity threshold
in pregnant women increased significantly during the
third trimester, and all observed visual field alterations
resolved completely within 10 days postpartum. One
potential explanation for these changes is the phy-
siological enlargement of the pituitary gland during
pregnancy, which may exert pressure on the optic
chiasm and result in transient visual field defects®>42.

LABOR, CESAREAN SECTION, AND GLAUCOMA

Currently, approximately one in three births occurs
via cesarean section. A retrospective study reported
that ophthalmologic indications accounted for 2.04%
of cesarean deliveries, with myopia comprising 57%
of cases and glaucoma 5%“?. The most relevant data
to date come from studies by Avasthi“¥ and Meshi*”,
which documented only slight fluctuations in IOP during
vaginal delivery, with values returning to baseline within
72 hours postpartum.

Indications for cesarean and vaginal delivery

In patients with glaucoma, the choice between vaginal
delivery and cesarean section remains controversial. This
debate primarily centers on concerns about increased
IOP and reduced ocular perfusion pressure associated
with the Valsalva maneuver during vaginal delivery®“®.
Previous studies have shown that IOP can fluctuate

depending on the stage of labor“**. It has also been
hypothesized that eelevated oxytocin levels during labor
may induce capillary constriction and decrease aqueous
humor flow“®. Although no direct evidence links oxytocin
to increased 1OP, the potential implications of transient
pressure elevations on glaucoma progression remain
unclear due to the absence of dedicated studies“”. In
addition, significant blood loss during labor may lead
to transient hypotension and ischemia, which could
theoretically increase the risk of optic nerve damage®“?.

The Valsalva maneuvers associated with normal
vaginal delivery raise particular concerns in patients with
advanced glaucoma, where even small fluctuations in
10OP could theoretically exacerbate disease progression.
Similar concerns apply to patients who have undergone
trabeculectomy with thin, fragile filtering blebs, which
may be at risk of rupture. These risks are presumed to
increase with prolonged labor. However, it is important
to emphasize that no clinical evidence currently
supports these theoretical concerns in the context of
labor among glaucoma patients‘?.

A recent survey in the United States found that 25%
of obstetricians recommend cesarean delivery for women
with glaucoma, and 3.6% of ophthalmologists have advised
elective pregnancy termination in patients with advanced
or uncontrolled disease“?. These recommendations are
largely based on theoretical models associating Valsalva
maneuvers with increased maternal IOP during labor®?.
At present, there is no robust evidence to justify altering
standard obstetric protocols — such as recommending
cesarean delivery or pregnancy termination — solely on
the basis of ocular comorbidities®.

Indication of cesarean section in glaucoma-
operated patients

In patients who have recently undergone glaucoma
surgery — such as tube implantation or trabeculectomy
— labor may pose significant risks because Valsalva
maneuvers can affect vision, especially in the presence
of complications like hypotony, choroidal effusion, or
thin filtering blebs, which increase the risk of perforation
or rupture. These procedures typically require several
months of healing before delivery. Although no cases of
vision loss related to labor have been reported in this
context, cesarean section should be strongly considered
for patients with recent incisional surgery"?. Whenever
feasible, surgical intervention should be postponed until
after pregnancy?.
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There is no clear consensus regarding cesarean
delivery in patients with glaucoma-related visual de-
fects. Ophthalmologists and obstetricians may differ in
their opinions on whether vision-threatening changes
justify pregnancy termination or cesarean section. A
joint ophthalmologic—obstetric statement by the Polish
Gynecology Society®” recommends cesarean delivery
for patients with advanced glaucoma and significant
visual field loss but does not support cesarean section
in patients with stable glaucoma or minimal visual field
changes.

MEDICATION MANAGEMENT OF GLAUCOMA
DURING PREGNANCY AND BREASTFEEDING

Medications

None of the currently available glaucoma medications
have been proven to be completely safe during pregnancy.
The US FDA classifies these drugs into categories ba-
sed on animal studies, with the results extrapolated for
clinical use in humans (Table 1)%2. Because randomized
clinical trials in pregnant populations are lacking, no
glaucoma medication has been assigned to Category
A to date®. Drugs in Categories B and C are generally
considered to have a more favorable safety profile,
whereas Category D medications should be avoided.
Category X drugs are contraindicated because of their
documented teratogenic effects. Among currently avai-
lable agents, only brimonidine is classified as Category
B for use during pregnancy.

The potential toxicity of antiglaucoma medications
arises not only from the active compound but also from
the added preservative, most commonly benzalkonium
chloride (BAK). Depending on its concentration, BAK
can disrupt the tear film and contribute to ocular
surface disorders®®. In animal studies, BAK ha also

Table 1. FDA classification of medications based on teratogenic risk

Category Description

A Controlled studies in pregnant women show no risk to the fetus

B No evidence of risk in humans. Animal studies may show risk,

but human data do not; or if human studies are inadequate,
animal studies show no risk

C Risk cannot be ruled out. No adequate human studies exist, and

animal studies show risk or are lacking. Potential benefits may
justify potential risk
D Positive evidence of fetal risk exists. Investigative data show risk,
but potential benefits may outweigh the risk
X Contraindicated in pregnancy. Both human and animal studies

demonstrate definitive fetal risk
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demonstrated fetal toxicity; however, the concentrations
used in these studies were substantially higher than
those present in standard ophthalmic formulations.
Whenever possible, preservative-free preparations are
preferred for pregnant patients to minimize exposure.
Table 2 summarizes the main fetal risks, adverse
events, and clinical recommendations associated with
the primary classes of antiglaucoma medications used
during pregnancy, while table 3 outlines their safety
profiles during lactation.

Topical anesthetics and fluorescein

Topical anesthetics such as proparacaine, oxy-
buprocaine, and tetracaine are not recommended for
use during pregnancy or breastfeeding, according to
their respective package inserts. Topical fluorescein;
however, is classified as Category B. Although its use
should be approached with caution, no teratogenic
effects have been reported, and its intermittent appli-
cation is generally considered acceptable for IOP mea-
surements in pregnant or breastfeeding patients.

Prostaglandin analogs

Prostaglandin analogs are typically considered first-
line agents for glaucoma management; however, they
can cross the placental barrier and stimulate uterine
contractions, potentially leading to preterm labor or
spontaneous abortion. These agents act by binding
to prostaglandin F2a receptors, stimulating luteolytic
activity and oxytocin release®. In animal studies,
prostaglandins have been shown to induce abortion by
degrading the corpus luteum, which supports early fetal
development. Although this effect has been observed
in rat models, no cases of preterm labor associated
with ophthalmic prostaglandins have been reported in
humans®. Misoprostol, a prostaglandin widely used
as an abortifacient in early pregnancy, has been linked
to congenital anomalies such as Mobius syndrome
when administered orally or intravaginally. However,
it remains unclear whether the low concentrations in
ophthalmic formulations pose a similar risk®®. This drug
class is classified as Category C by the FDA because of the
potential for preterm labor. Prostaglandin analogs are
generally considered acceptable during lactation; while
animal studies demonstrate excretion into breast milk,
human data are inconclusive. Vyzulta (latanoprostene
bunod 0.024%), a newer prostaglandin F2a analog®?”,
is metabolized into latanoprost and a nitric oxide
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Table 2. Safety of ophthalmic medications during pregnancy

Drug class

Example(s)

FDA category

Fetal risk/adverse effects

Clinical recommendation

Topical beta-blockers
Alpha-2 adrenergic agonists
Prostaglandin analogs

Prostaglandin analog with nitric
oxide-mediated mechanism

Topical carbonic anhydrase
inhibitors

Oral carbonic anhydrase
inhibitors

Cholinergics
(parasympathomimetics)

Rho-kinase inhibitors

Osmotic agents

Timolol, betaxolol

Brimonidine

Latanoprost, bimatoprost,

travoprost

Latanoprostene bunod

Dorzolamide, brinzolamide

Acetazolamide

Pilocarpine

Netarsudil

Mannitol, glycerol

©

C*

Fetal bradycardia, growth restriction

Neonatal CNS depression, apnea

Possible preterm labor or
miscarriage risk

Possible preterm labor or
miscarriage risk

Theoretical fetal risks; data
inconclusive

Limb malformations (animal data)

Low tolerance; hyperthermia or
restlessness in neonates

Insufficient data; potential
teratogenicity

Abortive potential
(experimental data)

Use with caution; prefer gel
formulation or once-daily dosing

Use until third trimester; discontinue
before delivery

Avoid; consider only if benefits
outweigh potential risks

Avoid; consider Only if benefits
outweigh potential risks

Use with caution; avoid in the
first trimester

Avoid, especially during the
first trimester

Avoid during pregnancy and
breastfeeding

Not recommended

Avoid

FDA= Food and Drug Administration; CNS= central nervous system.
Note: *Unofficial classification based on limited preclinical data

Table 3. Safety of ophthalmic medications during lactation

Excretion into

Potential effects on

Drug class Example(s) breast milk the infant Clinical recommendation

Topical beta-blockers Timolol Yes (high Bradycardia, Use with nasolacrimal occlusion;
concentration) hypotension monitor infant

Alpha-2 adrenergic agonists Brimonidine Probable CNS depression, apnea Contraindicated during breastfeeding

Prostaglandin analogs

Prostaglandin analog with nitric oxide-
mediated mechanism

Topical carbonic anhydrase inhibitors

Oral carbonic anhydrase inhibitors
Cholinergics (parasympathomimetics)
Rho-kinase inhibitors

Topical antibiotics (postoperative)

Topical corticosteroids

Latanoprost, travoprost,
bimatoprost,

Latanoprostene bunod

Dorzolamide, brinzolamide

Acetazolamide
Pilocarpine
Netarsudil
Erythromycin, polymyxin B

Prednisolone,
dexamethasone

Conflicting data

Conflicting data

Possible

Yes (low levels)
Yes
Unknown
Yes

Yes (minimal)

Likely safe

Likely safe

Low risk at ophthalmic
doses

Irritability, rare acidosis
Irritability, diarrhea
Unknown
Generally safe

Generally safe

May be used with caution

May be used with caution

Use with caution

Use with clinical monitoring

Avoid

Avoid until more safety data are available

Allowed
Allowed

CNS= central nervous system.

Note: Systemic absorption can be reduced using techniques such as nasolacrimal occlusion or eyelid closure. Infant monitoring is recommended when appropriate

donor fraction. Nitric oxide has been suggested to play
a progestational role by enhancing uterine and fetal
blood flow®®. However, the latanoprost concentration
in Vyzulta is higher than in older formulations, making
it a less suitable option during pregnancy. Therefore,
it should still be considered a Category C medication,
with no clear advantages over other prostaglandins for
pregnant patients.

Beta-blockers

Beta-blockers are among the first-line treatments
for glaucoma, acting by inhibiting cAMP in the ciliary
epithelium to reduce aqueous humor production.
Systemic beta-blockers are frequently used in obstetric
practice to manage hypertensive disorders of pregnan-
cy (DHEG); however, their use has been associated
with maternal neurological complications - including

Arqg Bras Oftalmol. 2026;89(1):e2025-0051 5
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lethargy, confusion, and depression — as well as in-
trauterine growth restriction in newborns®®. Due to
these concerns, beta-blockers are classified as Category
C by the FDA for use during pregnancy®. Fetal cardiac
effects have also been reported. Wagenvoort et al.®?
described a case of fetal bradycardia and arrhythmia
related to maternal use of topical timolol, which
improved after dose reduction. Topical timolol gel 0.1%
administered once daily has been proposed as a safer
alternative during pregnancy to minimize systemic
exposure.

The safety profile of beta-blockers during lactation
remains controversial, as these drugs are actively
secreted into breast milk and may cause adverse effects
in infants. Lustgarten and Podos"® reported that timolol
concentrations in breast milk were approximately six
times higher than in plasma several hours after topical
administration. In contrast, Madadi et al. did not observe
this finding, highlighting variability in absorption and
excretion patterns62.

Sympathomimetics

Among topical antiglaucoma agents, brimonidine
tartrate is the only drug classified as Category B for use
during pregnancy. Other alpha-adrenergic agonists,
such as clonidine and apraclonidine, are generally
avoided because chronic use has been associated with
adverse effects including nausea, vomiting, palpitations,
and urinary difficulties®. Animal studies indicate that
brimonidine is relatively safer and better tolerated for
long-term use. However, brimonidine readily crosses
the blood-brain barrier and may cause central nervous
system depression and apnea in newborns; therefore,
it should be discontinued near delivery?”. Although
considered relatively safe during pregnancy, it is be-
lieved to be excreted into breast milk, and current
recommendations advise against its use in breastfeeding
mothers.

Carbonic anhydrase inhibitors

Carbonic anhydrase inhibitors are commonly used
in both oral and topical formulations for glaucoma
management. Systemic absorption of topically admi-
nistered drugs is minimal and rarely causes systemic
adverse effects, in contrast to the oral formulation.
This distinction is particularly relevant for patients
with chronic kidney disease, in whom impaired drug
clearance may increase the risk of systemic toxicity®©.

6 Arg Bras Oftalmol. 2026;89(1):€2025-0051

These agents are classified as Category C for use during
pregnancy. Animal studies have reported congenital
limb malformations following exposure to this drug
class, while evidence from human studies remains
inconclusive.

In the study by Falardeau et al.®®, no adverse effects
were observed in pregnant participants treated with
acetazolamide for intracranial hypertension; however,
the sample size was insufficient to establish safety in
pregnancy. Because of the potential risk of teratogeni-
city, particularly limb deformities, carbonic anhydrase
inhibitors should be avoided during the first trimester.
Low plasma levels of acetazolamide have been detected
in infants exposed through breast milk, but no significant
adverse effects have been reported. Consequently, the
American Academy of Pediatrics considers the use of
this drug class compatible with breastfeeding, provided
that infants are closely monitored for potential adverse
effects®®.

Parasympathomimetics

Parasympathomimetic agents, or cholinergics such as
pilocarpine, are classified as Category C by the FDA®”.
Although Kooner et al. reported no association between
congenital anomalies and the use of topical cholinergic
agents during the first 4 months of pregnancy, these
medications are generally avoided because of their low
tolerability and teratogenic effects observed in animal
studies®®. In addition, there have been reports of hyper-
thermia, seizures, and restlessness in newborns exposed
to these agents, making them unsuitable for use during
the postpartum period and breastfeeding. As a result,
parasympathomimetics are not considered first-line
options during pregnancy or lactation.

Rho-kinase inhibitors

Rho-kinase inhibitors represent a relatively new
class of antiglaucoma agents with a unique mechanism
of action, primarily increasing aqueous humor outflow
through the trabecular meshwork®’. Experimental
studies in mice have suggested that these agents may
influence uterine contraction and exert tocolytic
effects®. During the development of netarsudil (Rho-
pressa®, Aerie Pharmaceuticals, Irvine, CA, USA), no
teratogenic effects were observed at physiological
concentrations in animal models. However, given the
drug’s multiple molecular targets, the potential for
malformations or fetal demise cannot be completely
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excluded””. Because of insufficient human data and
potential teratogenic risks, netarsudil should be avoided
during pregnancy, particularly in the first trimester?. Its
safety profile during lactation remains unclear, and use
is not currently recommended in breastfeeding women.

Osmotic agents

Osmotic agents such as mannitol and glycerol are
classified as Category C by the FDA. One of the methods
used for inducing abortion in the second trimester
involves intra-amniotic administration of mannitol and
urea, raising concerns about their fetal safety profile. To
date, no animal or human studies have evaluated the
use of osmotic agents for IOP control during pregnancy"”.
Given the lack of safety data and their association with
pregnancy termination methods, osmotic agents should be
avoided in pregnant women unless absolutely necessary.

SURGICAL MANAGEMENT OF GLAUCOMA
DURING PREGNANCY AND BREASTFEEDING

Laser
Trabeculoplasty

Among the available treatment options, laser tra-
beculoplasty is considered the safest and least in-
vasive intervention during pregnancy, posing minimal
risk to the fetus’?. A case series on selective laser
trabeculoplasty (SLT) demonstrated its effectiveness
in reducing or eliminating the need for antiglaucoma
medications during pregnancy®”?.

Because trabeculoplasty has a latency period before
its maximal hypotensive effect is achieved, the ideal
timing for this procedure is before conception. However,
as many pregnancies are unplanned and patients may
presentseveral weeks postconception, SLT remains a safe
option throughout pregnancy. Nevertheless, because of
its delayed onset of action, laser trabeculoplasty may not
be the most appropriate choice when a rapid reduction
in 10P is required.

Peripheral iridotomy and iridoplasty

For patients with primary angle-closure glaucoma,
peripheral iridotomy and iridoplasty are considered
safe and effective options for both prophylaxis and the
management of acute angle closure during pregnancy.
These laser procedures pose no known or theoretical
risks to the fetus and can be performed when clinically
indicated.

GLAUCOMA SURGERY

Certain glaucoma subtypes more commonly observed
in young women - such as juvenile, congenital, trau-
matic, and inflammatory glaucomas — are often more
severe and resistant to conservative treatment. In cases
where medical or laser interventions fail to achieve
adequate 1OP control, surgical management should be
considered.

Anesthetic risk

General anesthesia should be avoided during
pregnancy because it can cause maternal hypotension,
leading to reduced uterine blood flow and fetal hy-
poxemia’®™, In addition, anesthetic agents can cross
the placenta, potentially resulting in fetal cardiovascular
and central nervous system depression, teratogenic
effects, and preterm labor"". Administration of general
anesthesia during the first trimester has also been
associated with an increased risk of low birth weight and
neural tube defects”.

Local anesthesia is considered safer. Lidocaine is
classified as Category B, whereas bupivacaine is Category
C®. Bupivacaine should be avoided due to reports of fetal
bradycardia when used in dental anesthesia, whereas
lidocaine has not been associated with adverse fetal
effects. Safer anesthetic techniques include retrobulbar
block, sub-Tenon, or subconjunctival anesthesia with
lidocaine, as well as topical lidocaine gel. It is important
to note that retrobulbar anesthesia results in greater
systemic absorption than subconjunctival or sub-Tenon
anesthesia®.

When is the best time for surgery?

Glaucoma surgery should ideally be performed before
conception in women with advanced glaucoma requiring
maximal medical therapy and at high risk of progression.
If surgery is unavoidable during pregnancy, the first
trimester should be avoided because organogenesis
occurs during this period, increasing the risk of
teratogenicity and miscarriage. The second trimester
is considered the safest and most appropriate time for
surgery, offering the best balance between maternal and
fetal risks. In contrast, surgery in the third trimester
carries additional challenges, including laryngeal ede-
ma, increased risk of gastric acid aspiration due to
reduced gastroesophageal sphincter tone, and delayed
gastric emptying, particularly in women with significant
weight gain.

Arqg Bras Oftalmol. 2026;89(1):e2025-0051 7
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Which technique should be chosen?

The introduction of minimally invasive glaucoma
surgeries (MIGS) has shifted surgical indications toward
more conservative approaches. MIGS can be particularly
advantageous for pregnant women, as these procedures
are relatively quick, can be performed under topical or
local anesthesia, and may reduce the need for chronic
topical medications"?. Trabecular MIGS - including
the iStent, goniotomy with Kahook Dual Blade, and
gonioscopy-assisted transluminal trabeculotomy — offer
the additional benefit of not requiring adjuvant anti-
metabolites.

For patients requiring greater 1OP reduction, con-
ventional incisional surgeries such as trabeculectomy
or drainage tube implantation may be indicated. A
case series reported favorable outcomes in pregnant
women with juvenile glaucoma who underwent bilateral
procedures during the second trimester, including
trabeculectomy without antimetabolites and Ahmed or
Baerveldt tube implantation, without adverse effects on
the infants"®.

When selecting a surgical technique during preg-
nancy, priority should be given to achieving rapid
and sustained 1OP reduction while minimizing the
need for postoperative hypotensive medications.
Antimetabolites such as mitomycin-C and 5-fluorouracil
are contraindicated at all stages of pregnancy due
to documented teratogenicity in humans and their
classification as Category X by the FDA. When trabe-
culectomy is indicated, surgeons should consider the
higher risk of failure in pregnant patients, as younger
patients often cannot use antimetabolites to enhance
bleb survival.

Some authors advocate the use of tube shunts during
pregnancy because they do not require antimetabolite
support. However, potential limitations include transient
IOP elevation during the hypertensive phase of the
tube””, delayed 10P reduction with nonvalved implants,
and the frequent need for supplemental eye drops to
achieve adequate pressure control.

As an alternative to filtering surgeries, cyclo-
photocoagulation represents a viable option during
pregnancy. Both micropulse and continuous-wave
laser (preferably using the “slow-coagulation” protocol)
are minimally invasive, rapid procedures that can be
performed under local anesthesia and do not require
antimetabolite use, making them suitable for managing
refractory glaucoma in pregnant patients.

8 Arg Bras Oftalmol. 2026;89(1):€2025-0051

Postoperative medication

Corticosteroids are classified as Category A by the
FDA and are considered safe for use during pregnancy.
Selection of antibiotic eye drops should be guided by their
safety profile; cephalosporins, topical erythromycin,
and polymyxin B are classified as Category B and are
generally considered safe for pregnant women?®.

Surgery during lactation

During lactation, antimetabolites can be safely used
in both trabeculectomy and needling procedures, as
even systemic doses of 5-fluorouracil are not detected in
breast milk”?. When possible, elective glaucoma surgery
should be postponed until the postpartum period, when
the likelihood of surgical success is higher and the risks
to the infant are negligible.

In conclusion, although glaucoma during pregnancy is
rare, it presents a significant clinical challenge requiring
careful planning and individualized management. While
10P often decreases during pregnancy, some patients
may still require medical or surgical intervention. Data
on the safety of antiglaucoma medications in pregnancy
remain limited. Laser trabeculoplasty represents a
safe and effective method for controlling IOP during
pregnancy. When surgery is necessary, procedures
performed under local anesthesia without the use
of antimetabolites can minimize fetal exposure and
optimize maternal outcomes.

Themanagementofglaucomaduringpregnancyshould
be conducted by a multidisciplinary team, including an
ophthalmologist, obstetrician, neonatologist, and other
relevant healthcare professionals.

Whenever possible, pregnancy should be planned
and coordinated to prevent disease progression in the
mother and minimize potentially harmful interventions
for the fetus or newborn. ldeally, treatment and coun-
seling should begin prior to conception. Both clinical and
surgical interventions should be decided collaborati-
vely among healthcare professionals, the patient, and
her family, taking into account her ophthalmological
and overall clinical status. The overarching goal is
to preserve maternal vision while minimizingrisks
to the developing fetus, ensuring safe and effective
management throughout pregnancy and postpartum.
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