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What is known?

Epilepsy, anti-seizure medications & hormones:
-> numerous & complex interactions

 enhance CYP3A4 activity

‘\W \L concentrations of sex hormones

@ influence cortical excitability




Table 1. AEDs Affecting and Not
Affecting Hormonal Contraception

No Effect

Examples

Acetazolamide (Diamox)
Benzodiazepines: diazepam (Valium), clonazepam (Klonopin),
lorazepam (Ativan)
Clorazepate (Tranxene)
. . h Divalproex, valproic acid (Depakote, Depakene, Stavzor)
(] Ethosuximide (£arontin)
Medications that reduce S L
. . Lacosamide (Vim
effectiveness of the pill e Han
Pregabalin (Lyrica)
. . Tiagabine (Gabitril)
e Catamenial epilepsy Vigabatin (Sabi

Zonisamide (Zonegran)
Decreased Effectiveness

Carbamazepine (Tegretol, Carbatrol, Equetro)

Clobazam (Onfi)

Eslicarbazepine (Aptiom)

Felbamate (Felbatol)

Lamatrigine (Lamictal): =300 mg/day may reduce
contraceptive efficacy; =150 mg/day does not appear
to affect COC efficacy

Oxcarbazepine (Trileptal)

Phenobarbital

Phenytoin (Dikantin)

Primidone (Mysoline)

Rufinamide (Inovelon)

Topiramate (Topamax): >200 mg/day

AED: anviepilepric dragn COC: combined oral conracepiive.

Sowrce: References 1, 11,



Catamenial epilepsy

¢ with normal menstrual cycles:

seizure exacerbation ->
menstruation/ovulation

© with abnormal cycles:
exacerbation in 2nd half —
luteal phase -> anovulatory cycles

Hormonal and Temperature Impact on Neurological Disorders throughout

the Menstrual Cycle
. . rimenstrual
Menstruation Ovulguon » Menstrual Migraines
Follicular Phase Luteal Phase * (I pattern
C2 pattern Catamenial Seizures
Catamenial Seizures * RRMS
: Epl « PD
§ ” = N N\
Estrogen \
)
Progesterone N )
..... ‘
Temperature /
. T - A Inadequate Lutcal Phase
——— Speitions - §
e ————— C3 pattern Catamenial
Day 1 Day: 14 | Seizures (Anovulatory |Day 28
Cycles)

The ratio of estrogen/progesteron is essential: especially high perimenstrual &
periovulatory (C1&C2) in normal cycles or in inadequate luteal phases (C3)

Verrotti et al. Int I Womens Health. 2012




Effects of ASMs on sex hormones

Total testosterone Sex-hormone binding Free androgen Estradiol Dehydroepi-
globulin index androsterone sulfate
Phenobarbital Unchanged (W), or increased (M) Increased Decreased Decreased Decreased
Phenytoin Unchanged (W), orincreased (M) Increased Decreased Unchanged, Decreased
or increased (M)
Carbamazepine Increased (M), or unchanged, Increased Unchanged, Unchanged, Decreased
or decreased (W) or decreased or decreased
Oxcarbazepine Decreased (W), or unchanged Increased (W), orunchanged  Decreased (W), Unchanged Unchanged (M),
(M: at a dose <900 mg/day), (M: at adose <900 mg/day),  orunchanged (M) or increased (W)
or increased (M: at a dose or increased (M: at a dose
=900 mg/day) =900 mg/day)
Valproate Increased (especially in women Unchanged Unchanged, Decreased, Increased,
younger than 20 years), or increased (W), orunchanged (W) orunchanged
or decreased (M) or decreased (M)
Levetiracetam Unchanged, or increased (M) Unchanged, or decreased (M)  Unchanged, Unchanged Unchanged

or increased (M)

Paragliola et al. Lancet Diabetes Endocrinol Metab. 2015




Interactions between hormones and ASMs

CYP3A4 inducers
—Strong mauocers:
Phenobarbital
Primidone
Phenytoin
Fosphenytoin
Carbamazepine
Oxcarbazepine

Weak inducers:
Rufinamide

Clobasam

Topiramate

Felbamate
Esclicarbazepine acetate
Perampanel

SHBG inducers
Corticosteroids Testosterone Estrogens —Phenobarbial—
Primidone
Phenytoin
Carbamazepine
¢ Oxcarbapine
h 4 h 4
—p{ CYP3A4 SHBG |4
h 4 h 4
Hydroxylated Reduced concentrations
metabolites of bioactive hormones \

Contraceptive
failure

Paragliola et al. Lancet Diabetes Endocrinol Metab. 2015




THYROID HOR



Case report, 8-year-old boy

Refractory epilepsy, ring chromosome 20

Extreme fatigue, no sleeping problems, wakes up tired every day, falls asleep
in the afternoon.

R/ ketogenic diet, valproate, oxcarbazepine, benzodiazepines, fenfluramine
(research setting)

Clinical examination: no goiter

Thyroid ultrasound: unremarkable

Blood results -

TSH 7,2 mlU/L 0,27-4,2
T4 4,1 ug/dL 5,1-14,1
TPO Ab 11 1IU/mL <34
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Are ASMs responsible for alterations in thyroid
hormone homeostasis?

Which ASMs?
Should we monitor patients under ASMs?
Is thyroid hormone supplementation indicated?

Can a changed thyroid hormone level affect the
seizure threshold?
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> J Clin Endocrinol MEtI':E'] :252-62. doi: 10.1210/jcem-21-3-252.

Depression of the serum protein-bound iodine level
by diphenylhydantion

J H OPPENHEIMER, L V FISHER, K M NELSON, J W JAILER

PMID: 13731058 DOI: 10.1210/jcem-21-3-252

Afterwards studies showed:
« ASMs affect synthesis, release, transport, metabolism & excretion

« Evidence: older > newer ASMs
* No guidance




THYROID HORMONE
BIOSYNTHESIS

Hypothalamus
| TRH

Anterior

Pituitary

- ' THYROID FOLLICLE  THYROID FOLLICLE
Thyroid &
gland THYROID HORMONES
=< T4& T3 / \

TRH: Thyrotropin releasing hormone EEIRORWE (29) SRICDCOTH cRONMENE)

0, ~ 0
_ TSH: Thyroid stimulating hormone =07 W
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Primary hypothyroidism

Chronic autoimmune thyroiditis (Hashimoto thyroiditis)
lodine deficiency or excess

Drugs (e.g., lithium, amiodarone, methimazole)
latrogenic (e.g., after treatment with radioactive iodine)
Subacute thyroiditis (e.g., viral infection)

Thyroid gland infiltration (e.g., sarcoidosis)

Genetic (e.g., inactivating TPO gene mutation)

Central hypothyroidism

Pituitary tumors or dysfunction

Hypothalamic tumors or dysfunction

Resistance to thyroid-stimulating hormone

Drugs (e.g., bexarotene)

Hypothyroidism due to causes outside the HPT axis

Consumptive hypothyroidism (e.g., nephrotic syndrome)

Tissue-specific hypothyroidism due to decreased sensitivity to thyroid hormone
(RTH)




Nonthyroidal illness syndrome

e Serum TH drop
during starvation
and illness

e Mild: ¥ T3

e Severe: v 13, TrTB,
low/nl T4, no

concomitant T TSH

Langouche et al. J. Endocr. Soc. 2019
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TSH response to critical illness
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Langouche et al. J. Endocr. Soc. 2019



Review > Epilepsia. 2022 Feb;63(2):259-270. doi: 10.1111/epi.17117. Epub 2021 Nov 9.

Antiseizure medications and thyroid hormone
homeostasis: Literature review and practical
recommendations

Anne Maria Rochtus ! ¢, Dorien Herijgers *, Katrien Jansen ¢, Brigitte Decallonne #

Affiliations 4 expand
PMID: 34750814 DOI: 10.1111/epi. 17117

We searched for all articles published between January 1990
and January 2021, using key terms related to ASMs and thyroid
hormone function: ("thyroid hormones"[MeSH] AND
"anticonvulsants"[MeSH]) OR ("thyroid function tests"[MeSH]
AND "anticonvulsants"[MeSH]) OR ("thyroid hormones"[MeSH]
AND "epilepsy"[MeSH]).



Records identified through
database searching
(n= 178)
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Additional records identified
through other sources
(n=4)

\ 4 Records excluded:

Records screened
(n= 182)

Non-English (n = 33)
——> Not relevant (n = 90)
Single case reports (n = 6)

Screening

Full text NA (n =6)

Studies included in the systematic review:

'

Cross-sectional studies (n = 25)
Prospective cohort studies (n = 13)
Meta-analysis (n = 1)
Pathophysiology (n = 8)




Effect of ASMs on thyroid homeostasis

TBG CYP3A4 UGT
ASM T3 FT3 T4 FT4 TSH binding induction induction
PHT =/l ] l ] = ] Yes Yes
PB — — =/] =/] — 1 Yes Yes
CBZ =/l =/ 1 1 = ™ Yes Yes
OXC = = =/] =/] = ™ Yes Yes
VPA =/l =/ =/ = =" 1 No No
KD NA l NA =/] =/1 NA Yes NA
LTG NA NA NA =/] =/1 NA No Yes
LEV = = = =/l = NA NS No
TPM = = = =/] = NA No No




Hypothalamus

TRH
+
GABA
Pituitary
TSH « SS
Thyroid gland
VPA

“, Bound T4 <= free T4
Bound T3 €= free T3
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CBZ, N\
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Valproate (VPA)

e 26 studies (5 prospective)
— Increased TSH in 12-52% patients —
f Depakine*

— TSH rarely > 10 mIU/L 300 mg/5 ml

e Longer therapy ~ higher TSH (OR 3) e glroop - sirop
el Siru
e Enzyme-inducing (OR 6) & non-enzyme inducing (OR 3) o, B

— 1=l effect on FT4, T4, FT3 & T3 e
— Transient and reversible effect Seecn [1mi= 60 mg

S Natriumvalproa(ajt -
Valproate de sodium

W”:”mim« Oraal gebruik
i Voie orale
Zum Einnehmen

e Mechanism
— Central & intrathyroidal S s
— VPA stimulates GABA e
— Minimal enzyme-inducing
— Deficient Zinc & Selenium
- L TBG + DIO1, DIO2 & DIO3

Rochtus et al. Epilepsia 2022



Carbamazepine (CBZ)

e 26 studies (7 prospective)
— Significant \ of FT4, T4, FT3 & T3 (< 1 month)
— 28-33% had ¥ FT4
— Negative correlation with CBZ level
— Enlargement of thyroid gland & thyroid cysts
— T TSH in 10-25% of patients (< 12 months)

e Mechanism
— Central & intrathyroidal
— Enzyme inducing (CYP450, glucuronidation)
— Central effect through T hippocampal DIO3



Studies | perect
(prospective)

Oxcarbazepine 8 (2) l FT4, =TSH
Phenobarbital 7 (2) { FT4, = TSH
Phenytoin 5 l FT4, =TSH
Lamotrigin 3 (1) T TSH

Gabapentin - Data lacking
Levetiracetam™ 6 d FT4, = TSH
Topiramate™ 3 l FT4,=TSH

Often small and retrospective studies!

* Limitedly metabolized



is Good for
Epilepsy Patients

Low-carb, high-fat keto diet helps
control seizures by reducing
fluctuations of blood sugar

Keto diet 1s safe, effective &
well-tolerated by infants with
genetic epilepsy

Ketogenic diet?

e 3 prospective studies
e KD mimics metabolic effects of fasting

e Laboratory
— T TSH
- 113
— TorlFT4

e No difference enzyme-inducing vs non-
enzyme inducing ASMs



Table 1: Demographic features and ketogenic diet characteristics of patients with and without hypothyroidism.

Features Patients with Patients without  p-Value
hypothyroidism (n=20) hypothyroidism (n=100)
Age (years) [mean £ 5D, median (1QR)] 7.7+4.2, 7.0 [4.0-12.0] 7.0+4.1, 6.5 [5.0-9.0) 0.459
Gender (female) n, (%) 14 (70.0) 43 (43.0) 0.048
KD duration (months) [mean + SD, median (1QR)] 15.7+3.6,13.5[12.0-18.0] 14.5+4.0,13.0[12.0-18.0] 0.878
KD ratio at the beginning(n, 3:1/4:1) 18/2 8812 0.615
Seizure control (= 50 decrease of seizures at 12 months) (n, %) 17 (B5) 84 (84) 0.719
Baseline TSH elevation (n, %) 10 (50) 4 (4) < 0.001

Table 2: Thyroid-stimulating hormone (TSH), free T3 (IT3), and free T4 (fT&) levels of patients with and without hypothyroidism at baseline
and during ketogenic diet treatment [mean £5D, median (1QR)].

Groups Parameters Baseline 1st month 3rd month &th month 12th month p-Value*
Patients with TSH (ulu/ mL) 4.6%2.4 6.4+ 4.7 §.5+2.7 5.3+ 4.2 2.2+1.9 0001
hypothyroidism 4.9 [2.5=6.7] 5.4 [4.3=7.4] &.6[2.6-6.9] 5.1 [0.8-8.4] 1.8 [0.9=3.1]
Tn: 20] T3 (pg mL) J410.6 20503 T1L0.6 3.110.5 3.0L0.6 0.653
3.4 [3.1-3.6] 2.9 [2.6=3.3] 3.0[2.7-3.6] 3.0 [2.9-3.4] 2.9 [2.5=3.3]
T4 (ng/dL) 1.0£0.2 1.0+0.1 1.1+0.2 1.1+£0.2 1.2+0.2 0.253
1.0 [0.8=1.1] 1.0 [0.9-1.1] 1.1 [0.9-1.3] 1.1 [1.0-1.3] 1.2 [1.0=1.4]
Patients without TSH (piu/ mL) 26%1.3 3.1+1.3 2.B+1.5 2.6%21.5 2.3+1.2 0.01¢
hypothyroidism 2.4 [1.6=3.2] 2.9 [2.0=4.1] 2.3[1.7=3.5] 2.3 [1.6=3.3] 2.1[1.5=2.9]
{n: 100) T3 (pg/mL) 3.7%0.7 3.1+0.6 3.2+0.7 3.2+0.6 3.3+0.6 0.001%
3.6 [3.2=4.2] 3.0 [2.7=3.5] 3.2 [2.8=3.7] 3.2 [2.9-3.7] 3.3 [2.8-3.8]
T4 (ng/dL) 1.0£0.1 1.0+0.2 1.1+0.2 1.1+0.2 1.1+0.2 0.112
1.0 [0.9-1.2] 1.0 [0.9-1.2] 1.1[0.9-1.2] 1.1 [1.0=1.3] 1.0 [0.9-1.2]

“Univariate repeated measure ANOVA with Bonferroni correction was used. "At 1 month vs. 12 months (0.001). At 1 month vs. 12 months
(p=0.01). *Baseline vs. other all months (p=0.001).

Kose et al. J.Ped. Endocrinol. Metab. 2017




Polytherapy and intractable epilepsy

e Five studies

e 4 studies investigated CBZ + VPA
-> all showed significant lFT4
e Cross-sectional study (Shih et al.)
- L FT4in 17,4%
— Independent risk factors for low FT4:
e Older age (p = 0,004)
e Female sex (p=0,014)
e Longer duration of epilepsy (p = 0,001)
e Intractable epilepsy (p = 0,009)
e Three or more ASMs (p = 0,08)
e CBZ (p =0,002)



Hypothyroxinemia in patients on ASMs

e Often slightly {FT4, =/T TSH
e 1/3 patients on ASMs have JFT4

e Highest prevalence: VPA (25%), CBZ (10-25%), OXC
(9%), LTG (9%), KD (17%)

e Higher incidence: older & female patients, intractable
epilepsy, >= 3 ASMs




Why is TSH not rising?

1. New HPT setpoint -> decreased hormone levels
are satisfactory / increased TH sensitivity

2. HPT axis is affected ~ mild central hypothyroidism
-> beneficial for seizure control but harmful long-

term effects on other organ systems




Importance of mild hypothyroidism?

e Subclinical hypothyroidism (nl FT4, TTSH): 3-15% of
adults -> risk overt hypothyroidism 2-6%/year

e Children: only 1,7%
e Symptoms:

— Asymptomatic < fatigue, muscle weakness, weight gain,
cold intolerance, constipation

e Concern:

— Metabolic syndrome (insulin resistance, serum lipids)
— Bone density



RECOMMENDATIONS FOR MONITORING
AND TREATMENT



Monitor TSH and FT4

Baseline & every
12 months

After 3 months

Every 6 months

Start of ASM (all ASMs)
Newer ASMs (LTG, LEV, TPM)

Switch or add-on of ASM
Clinical manifestations suggestive of
hypothyroidism

Older ASMs (PB, PHT, CBZ, OXC, VPA)

High risk for hypothyroidism

*Combined therapy (especially VPA & CBZ)

*High serum levels of ASMs

*Coexisting hepatic or thyroid abnormality
*Pregnant women

*Adverse metabolic profile (metabolic syndrome)
*Depression

*Cognitive impairment

Rochtus et al. Epilepsia 2022



hil
Children and Patients <70 yrs Patients >80-85 yrs
adolescents

Low FT4/FT3
Normal TSH <5 mIU/L

5<TSH <10 mlIU/L

TSH > 10 mIU/L

Check thyroid function after 1 month

Consult endocrinologist in case of
*Symptoms suggestive for hypothyroidism or
*Biochemical progression

Consider trial with levothyroxine in case of
symptoms suggestive for hypothyroidism or
low FT4; consult with endocrinologist

Treatment with levothyroxine is
recommended; follow-up together with
endocrinologist

Rochtus et al. Epilepsia 2022

Consider observation
unless symptoms
suggestive for
hypothyroidism or
low FT4

Consider treatment
with levothyroxine in
case of symptoms
suggestive for
hypothyroidism, low
FT4, or high CV risk
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Thyroid hormones: role in CNS

e Essential role in CNS development and function
— CNS development: myelination, synaptogenesis, neurogenesis
— Mitochondrial biogenesis and function
— Neurorepair mechanisms <-> oxidative capacity
— Influence GABAergic + glutaminergic neurotransmission

Cretinism
Lack of thyroxin from/before birth
Severe/irreparable mental defects
Stunted growth
Reduced growth & function of many
organs

Cretinism



Thyroid hormones influence mitochondrial function and biogenesis
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Thyroid hormones influence GABAergic neurons
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Thyroid hormones: role in epilepsy

e Hypo- and hyperthyroidism influence cortical excitability
e Seizures occur in a small % of thyrotoxicosis
e ACTH for infantile spasms

— Patients with good response have lower FT4 levels

-> Broader neuroendocrine response,

possible crosstalk with the corticotropic axis



Summary and conclusions

Epilepsy, anti-seizure medications & hormones:
-> numerous & complex interactions

“ monitor thyroid function
refractory epilepsy/polytherapy

practical guidance

@ cortical excitability

;[}. LEUVEN anne.rochtus@uzleuven.be m
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