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Abstract. Pregnancy in women with early-onset Parkinson’s disease (PD) is likely to have a higher frequency given the
trend toward increasing maternal age, thus resulting in a greater overlap time between childbearing age and PD risk. Deep
brain stimulation (DBS) therapy is nowadays offered to PD patients at earlier stage of the disease, when women can still
be pre-menopausal. However, few data are available about DBS safety during pregnancy. From a review of the available
literature, only one article was published on this topic so far. Therefore, we have developed a clinical consensus on the safety
of DBS during pregnancy in PD patients.
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INTRODUCTION

More than 300,000 patients worldwide have
received deep brain stimulation (DBS) therapy for
movement disorders, mainly for Parkinson’s disease
(PD) [1].

According to newly proposed guidelines on inva-
sive therapies in PD, DBS of the subthalamic nucleus
(STN) and the globus pallidus internus (GPi) can
be recommended in early stages of PD, when
fluctuations are already present, or in medically
unresponsive tremor-dominant PD [2, 3]. Recom-
mendation to DBS is even more relevant in the setting
of juvenile onset PD and early-onset PD (EOPD),
for which the newly proposed age-cut off is 21
to 50 years [4]. EOPD represents 3 to 7% of all
PD cases with incidence of 0.29–3.3 per 100,000
person-years depending on the age cut-off [5–8].
Approximately 400 women under the age of 50 are
diagnosed with PD annually in the United States
alone [9]. Whereas the incidence of pregnancy in
women with PD is unknown, we hypothesize that it
is rising given overlapping epidemiologic trends in
both PD risk and increasing maternal age [10, 11].
Therefore, it is crucial to customize PD treatment
to accommodate life choices, encompassing both
personal and professional aspects. Furthermore, it’s
imperative to recognize sex and gender differences,
particularly regarding issues like pregnancy. Data
regarding the safety of dopaminergic treatment dur-
ing pregnancy are limited [11]. STN DBS, by offering
the possibility to discontinue medication, could be
a viable option for PD women desiring pregnancy.
Conversely, women with PD might be undertreated,
with lower rates of DBS utilization compared to men
[12]. This disparity could hinder their family planning
due to the severity of parkinsonian symptoms and
inadequate symptom control. However, the safety of
pregnancy in the context of DBS remains uncertain.

Therefore, we aimed to review the available data
on DBS and pregnancy in PD, to summarize the
available evidence and experience, and make recom-
mendations.

METHODS

We performed a systematic review of the available
literature in PubMed from database inception through
September 2023, with the following search terms:
deep brain stimulation OR DBS AND pregnancy
AND Parkinson’s disease. The inclusion criterion

was an original research article on DBS co-occurring
with pregnancy. Exclusion criteria were (1) duplicate
publications, (2) reviews or non-research articles, (3)
articles that did not include information about preg-
nancy, (4) articles not in English.

RESULTS

From 45 articles found our review included only
one, reporting three PD patients and three pregnan-
cies, all with biallelic PARK-PRKN variants [13]. We
reached out to the article’s authors to obtain previ-
ously unpublished data (Table 1). All patients had
bilateral STN DBS with neurostimulators implanted
in the right subclavicular region before becoming
pregnant. No adverse effects during pregnancy were
reported. Delivery was described only in one patient
and occurred at full term by caesarean section (c-
section) because of the baby’s abnormal position. It
was performed under general anesthesia, with DBS
turned off, and with bipolar cautery. Two patients did
not breastfeed their babies due to the unknown tox-
icity of dopaminergic therapy in breast milk. DBS
settings were not adjusted during pregnancy. Patient
1 and 3 (in Table 1) discontinued oral dopaminer-
gic medications during pregnancy. However, Patient
3 reintroduced oral therapy during the 6th month
of pregnancy due to mild worsening of the motor
fluctuations (Table 1) without any apparent impact
on pregnancy and baby’s health. Motors scores
improved during pregnancy in Patient 1, with return
to pre-pregnancy scores about 20 days after delivery.
After delivery, Patient 1 experienced an occasional
worsening of her right leg dystonia and impairment
in walking, but her motor score remained unchanged.
The patient remained independent and was able to
take care of her baby. In another patient (Patient 2),
motor scores remained stable during pregnancy and
14 months after delivery [13].

DISCUSSION

Our review demonstrates the paucity of evidence
for the safety of DBS in pregnant women with PD,
emphasizing the need for proactive solutions. Con-
sidering the challenges faced by juvenile and EOPD
patients in making life-altering decisions, especially
during pregnancy when medication may pose risks,
exploring alternatives like DBS becomes crucial [2].
Scelzo et al. reported three PD patients with juvenile
onset PD and pathogenic variants in the PRKN gene.
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This is the most common cause of autosomal reces-
sive PD, accounting for between 2.6% and 14.9%
of cases of juvenile and EOPD. The typical pre-
sentation of PRKN-PD is characterized by an early
age at onset, a pure motor disease with an excellent
response to dopaminergic therapy, slow progression,
and a lack of cognitive decline [14]. However, one
of the reported patients developed severe behavioral
disorders while on oral dopaminergic drugs, resulting
in marital breakdown, loss of child custody, depres-
sion, suicidal ideation, and social isolation [13].
After bilateral STN DBS surgery, motor symptoms
improved, and therefore, dopaminergic therapy was
reduced with clear improvement of her behavioral
symptoms. The patient not only regained custody of
her children but also decided to have another baby.
At follow up, she was fully independent and able to
care for all her children [13, 15].

Approximately 65% of women with PD experi-
ence worsening of their symptoms during pregnancy
due to various physiological changes [9, 11]. Poten-
tial advantages of STN DBS include creating a more
secure space to consider pregnancy through a bet-
ter symptom control and permitting a reduction in
pharmacotherapy, thus limiting fetal exposure to
oral agents. Indeed, the evidence on the safety of
dopaminergic therapy in pregnancy remains limited,
although spontaneous abortion does not seem more
frequent after exposure to levodopa compared with
the general population [11, 16].

Currently, there are no available guidelines on
the management of PD during pregnancy, and cer-
tainly not on PD women with DBS and pregnancy.
With multidisciplinary teams being created to sup-
port holistic treatment of PD, this model should be
incorporated to establish obstetric best medical prac-
tice in pregnant patients. Based on a survey of 15
obstetricians, the following proposal was suggested
for women with PD: 1) normal schedule of prenatal
appointments, 2) prenatal counselling with a neu-
rologist, and 3) method of delivery chosen based
on standard obstetric indications [17]. Additionally,
neurological review within 24 hours of delivery
and obstetric high-dependency monitoring were sug-
gested [11, 17]. Moreover, addressing the uncertainty
among pregnant PD patients about disease progres-
sion and DBS management is essential for patients
safety [18]. Ideas for management include having
neurologists provide information on the DBS device
to the obstetric and anesthetic team at an early stage
of pregnancy. Local anesthetics delivered epidurally
seem safe, and general anesthesia is possible. In their

cohort, c-section was a safe option with stimulation
switched off during surgery under general anesthe-
sia. They recommend bipolar cautery if needed, not
to expose the stimulator and to place the grounding
pad distant from DBS hardware to reduce the risk
of current spreading through the DBS system and
heating the brain tissue surrounding the lead tip [18].
King et al. [19] summarized data on 29 pregnancies
and 31 infants exposed to DBS, suggesting a rea-
sonable safety profile, with battery site discomfort
being the primary concern. In contrast, our article
focused specifically on PD patients, detailing disease
management during pregnancy and providing clin-
ical recommendations. Publication bias may skew
perceptions, leading to overestimation of treatment
effects. We urge the medical community to publish
all available data on DBS and pregnancy to ensure
unbiased decision-making.

A final consideration may be the role of genetic
forms of EOPD and their response to DBS. It
is notable that all three published patients have
PRKN-associated PD. In this scenario, genetic deter-
mination and counselling may also be critical for
understanding the outcomes and can thus influence
the management. Indeed, the effectiveness of DBS
is influenced by the underlying genetic mutation
causing EOPD, with SNCA genomic multiplication
responding less well than mutations in the PRKN or
PINK1 genes [20, 21].

Based on the limited available data, the EOPD
working group suggests the following regarding preg-
nancy in a PD patient treated with DBS: 1) adequate
pregnancy planning with collaboration between the
neurologist and obstetrician, as well as with the
anesthesiologist later in pregnancy; 2) regular IPG
checks before pregnancy and every three months dur-
ing pregnancy to avoid sudden depletion and battery
replacement during the pregnancy; 3) programming
is safe during pregnancy and can be performed if
needed; 4) vaginal delivery as a preferable choice
of delivery; 5) in case of c-section, bipolar cautery
should be used as it reduces the potential for electro-
magnetic interference; 6) breastfeeding should not be
discouraged by the presence of the IPG in the breast
area.

Addressing this substantial evidence gap for
decision-making requires establishing international
collaboration to create a pregnancy registry, monitor-
ing the safety of pregnant PD patients and informing
guidelines for enhanced care, particularly for women
with EOPD. Ensuring the safety of dopaminergic
treatment and offering proper advice on treatment



K. Smilowska et al. / Deep Brain Stimulation and Pregnancy 5

options for PD women are imperative. Establishing
an international prospective registry for pregnancy in
PD is essential to validate the safety of dopaminer-
gic treatment and provide comprehensive guidance.
Local initiatives addressing these needs are ongoing,
such as at the School of Medicine at Cardiff and at
Radboud University in Nijmegen, The Netherlands.
The effort should be made to create international reg-
istries.
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Corvol JC, Fabbrini G, Ferreira J, Foltynie T, Mir P, Schrag
A, Seppi K, Taba P, Ruzicka E, Selikhova M, Henschke
N, Villanueva G, Moro E (2022) European Academy of
Neurology/Movement Disorder Society-European Section
Guideline on the Treatment of Parkinson’s Disease: I. Inva-
sive Therapies. Mov Disord 37, 1360-1374.

[3] Deuschl G, Antonini A, Costa J, Śmiłowska K, Berg D,
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