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Abstract

Epilepsy is a chronic neurological disorder characterized by recurrent seizures, with a multifactorial etiology. This literature review aims to explore
multidisciplinary models for the diagnosis and treatment of epilepsy, with particular focus on the relationship between epilepsy and the respiratory system.
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In November 2024, we systematically searched Google Scholar and PubMed using the following keywords: “epilepsy” or “seizure”, “respiratory system”,
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“hyperventilation”, “treatment”, “multidisciplinary”, “rehabilitation”, and “physiotherapy”. Epileptic seizures have been shown to affect various physiological
systems, including the respiratory system. Specific brain regions involved in seizure activity overlap with areas responsible for respiratory regulation, suggesting
a potential bidirectional relationship between seizures and respiratory dysfunction. Respiratory problems induced by seizures may develop into chronic
complications and pose serious health risks for individuals with epilepsy. Conversely, pre-existing or seizure-induced respiratory dysfunctions may increase
seizure frequency. This review aims to raise awareness of respiratory complications in people with epilepsy and highlights the need for a multidisciplinary
approach, including neurology, pulmonology, rehabilitation, and physiotherapy, in the assessment, treatment, and follow-up of these patients. Further research
should investigate the effectiveness and structure of multidisciplinary team models in epilepsy care.
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INTRODUCTION

Epilepsy is a chronic, non-communicable brain disease that affects approximately 50 million people worldwide.!? 1t is characterized by an
imbalance between excitatory and inhibitory neural activity, resulting in hyperexcitability and recurrent seizures.?

Seizures are triggered by abnormal, synchronous neuronal firing in brain networks, often due to structural, infectious, or metabolic
abnormalities.* Epilepsy affects individuals across all age groups and genders. However, structural-metabolic causes and perinatal trauma
are the most frequent etiologies in the 5-9 age group (46%), whereas brain developmental disorders are predominant in children under 4
years (23%). In patients aged 60 and older, cerebrovascular disease accounts for 44% of cases.’

Seizures cause a range of physiological responses, with autonomic dysfunction being particularly notable. During a seizure, abrupt activity
in central autonomic centers can alter heart rate and respiration. Notably, a decrease in respiratory frequency has been reported, especially
in temporal lobe seizures. No significant difference in respiratory rate® was observed between left- and right-sided seizures.

The respiratory centers in the brainstem, such as the medulla oblongata and the pons, are susceptible to seizure-induced electrical
disturbances. Seizure activity may provoke respiratory changes, particularly in generalized and mesial temporal lobe seizures. These
changes include desaturation, obstructive apnoea, hypoventilation, hypercapnia, acidosis, bradypnoea, and tachypnoea.’

Although evidence links epileptic seizures to hyperventilation (HV), few studies have comprehensively assessed the respiratory system in
patients with epilepsy. Therefore, this review aims to (1) increase awareness of respiratory alterations in epilepsy and (2) emphasize the
importance of a multidisciplinary treatment approach.
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Epileptic Seizures and Respiratory Function

Epileptic seizures can directly and indirectly influence respiratory
function, and conversely, respiratory impairments can exacerbate
seizure susceptibility.

Respiratory Effects During and After Seizures

¢ Respiratory disorders in the ictal period: epileptic seizures have
the potential to cause temporary cessation or disorganization of
breathing. Especially tonic-clonic seizures,” which have a tonic
phase followed by clonic muscle contractions, have the potential
to obstruct the airways during muscle contraction and thus prevent
oxygen intake.®

» Respiratory disorders in the postictal period include alterations
in respiratory rate and depth following a seizure. Some individuals
may experience respiratory pauses, medically termed postictal
apnoea, for a few minutes following the seizure.’

Respiratory Conditions as Seizure Triggers

» Respiratory tract infections may increase seizure risk through
systemic inflammation, fever, hypoxemia, and associated
metabolic disturbances. The development of symptomatic seizures
in patients with respiratory diseases is associated with blood gas
changes, including hypoxemia and respiratory acidosis.!

¢ Reduced oxygen levels (hypoxemia) can impair cerebral function
and result in seizures. The clinical manifestations are analogous to
those observed in idiopathic epilepsy. However, epileptic seizures
associated with acute hypoxia are frequently accompanied by
pathological changes, including neuronal ischaemic necrosis and
foci of partial cortical softening.'!

HYV and Seizure Activity

HV is defined as rapid breathing, whether deep or shallow that
can result in a significant and abnormal decrease in carbon dioxide
(CO,) levels or an increase in blood pH. Although the physiological
purpose of HV is to increase oxygen levels, it can cause a sensation
of breathlessness or dizziness. In severe instances, it can result in
syncope and even loss of consciousness. '

Two have been described to explain why HV may trigger seizures
in patients with epilepsy. The first mechanism involves cerebral
vasoconstriction due to hypocapnia, leading to reduced cerebral
blood flow rather than true hypoxia. The second is decreased CO,
levels in the blood, a condition known as hypocapnia.'* Indeed,
sufficient evidence suggests that such conditions may increase
the incidence of epileptic seizures. However, contrary to popular
assumptions, the occurrence of HV after exercise is associated
with fewer seizures than isolated HV.'* The underlying reason for
this is that the body requires HV as a natural adaptive response to
exercise. In summary, the underlying mechanism is different from
that of isolated HV."?

Respiratory Complications in Epilepsy

The relationship between epilepsy and respiratory function
is characterized by a reciprocal and intricate interplay. It is
reasonable to conclude that the respiratory issues observed in
epilepsy may reflect complex underlying mechanisms. Seizures

can directly affect respiration, leading to alterations in respiratory
patterns, such as apnoea or oxygen desaturation. In particular,
many individuals with epileptic encephalopathy exhibit altered
breathing patterns, including periodic and irregular breathing.'s
Central apnoeas, defined as transient cessation of breathing, can
occur during seizures or independently, and may contribute to
oxygen desaturation and potential respiratory failure.!” Conversely,
respiratory dysfunction, such as chronic hypoventilation, may
influence seizure susceptibility and increase the severity of
seizures.'®

The development of hypoventilation, frequently accompanied by
hypercapnia (elevated CO, levels), can result in chronic respiratory
compromise and exacerbate breathing difficulties."”

Sudden Unexpected Death in Epilepsy (SUDEP)

SUDEP has an incidence ranging from 0.09 to 9 per 1,000
patient-years, with the highest incidence observed in patients with
intractable epilepsy.® Both cardiac and respiratory mechanisms
play arole in SUDEP.”' Seizures are associated with hypoxemia.?>
Previous studies have shown that the incidence of ictal/postictal
hypoxemia is high among patients with localization-related
epilepsy who underwent inpatient video-electroencephalography
telemetry. In partial-onset seizures,* ictal hypoxemia may be
severe and prolonged.

Treatment Approaches in Epilepsy and Their Respiratory
Implications

Antiepileptic drugs have historically been the primary treatment
for epilepsy, aiming to control seizures and reduce their frequency
and severity.!! However, some pharmaceutical agents used
in the management of epilepsy may have adverse effects on
cardiovascular function and respiration.® Several studies have
reported that some antiepileptic drugs exacerbate respiratory
depression or increase sleepiness, which can lead to irregular
breathing patterns.!" However, the prevalence of drug-resistant
epilepsy poses significant challenges for seizure control.?
Therefore, evaluation of different therapeutic options and
approaches is needed.

Today, epilepsy surgery is considered a viable approach for
cases where antiepileptic drugs are inadequate. This procedure
involves the surgical removal of the epileptogenic focus or lesion,
with the objective of achieving seizure freedom, particularly
in cases where the lesion is well-defined.?® Nevertheless, it
is imperative to carefully weigh the potential risks of such a
procedure, including the possibility of neurological deficits,
against the anticipated benefits. It is evident that non-surgical
and non-pharmacological methods that carry a reduced risk of
complications. These include vagal nerve stimulation (VNS),
transcutaneous VNS, deep brain stimulation, trigeminal nerve
stimulation, transcranial direct current stimulation, transcranial
magnetic stimulation, as well as emerging and experimental
approaches such as gene and stem cell therapies.?’ In patients
with epilepsy, it is crucial to closely monitor their breathing
patterns during any surgical procedure performed under
general anesthesia. This is because certain antiepileptic drugs,
particularly benzodiazepines, can interact with anesthetic drugs
and reduce respiratory function.?
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Physiotherapy and Multidisciplinary Management

Sleep and respiratory problems, which are frequently reported in
patients with epilepsy, significantly affect patients’ daily functioning
and quality of life. Therefore, epilepsy treatment should not be
limited to medical interventions alone; patients should be managed
with a multidisciplinary approach. Respiratory rehabilitation is
a therapeutic approach that aims to enhance respiratory muscle
strength, augment musculoskeletal system endurance, and augment
exercise tolerance. It encompasses breathing exercises, strength
and flexibility training, aerobic exercise, airway hygiene practices,
and energy conservation techniques.

The most commonly prescribed respiratory rehabilitation exercises
are breathing exercises, due to their ease of performance, cost-
effectiveness, and suitability for the majority of patients. Instruction
in posture exercises, effective coughing techniques, energy-
conservation techniques, and respiratory-control techniques will
facilitate superior rehabilitation outcomes when combined with
respiratory exercises tailored to the patient’s specific needs.

It is hypothesized that aerobic exercise may reduce respiratory
problems by increasing the vital capacity of the lungs. In a
published review, aerobic exercise was recommended as a safe
form of exercise for individuals with epilepsy.'* The majority of
studies employed an aerobic exercise intensity based on at least
60% of the maximum heart rate, at least 60% of peak VO2max,
or a moderate level on the Graded Perceived Exertion Scale. A
published report analyzed specific activities to determine which
were safe for patients with epilepsy. Athletic activities, including
bowling, judo, wrestling, baseball, basketball, football, volleyball,
skiing, and dancing, as well as racquet sports, were identified as
safe for patients with epilepsy.'*

Yoga represents another potential avenue for intervention in
patients with epilepsy who present with respiratory complications
and other comorbidities. The practice of yoga, which encompasses
a range of mental and physical techniques such as meditation and
relaxation, has been demonstrated to enhance lung function by
fostering increased awareness of breathing.”

One of the most significant comorbidities associated with epilepsy
is sleep apnea. In addition to conventional treatments, other
treatment modalities have been reported in the medical literature.

Table 1. Results regarding epilepsy and respiratory evaluations

Myofunctional therapy (MT) is a therapeutic modality described in
the literature for improving tongue positioning and nasal breathing.
There is a substantial body of evidence demonstrating the efficacy
of MT in the treatment of sleep apnoea. MT comprises isotonic
and isometric exercises for the oral and oropharyngeal structures.*

Another method, orofacial MT (OMT), seeks to enhance muscle
tone, endurance, and movement capacity of the pharyngeal and
peripharyngeal muscles. Recent studies have demonstrated the
efficacy of OMT in reducing the incidence of snoring, apnoea, and
daytime sleepiness and improving the quality of nocturnal sleep.’!

DISCUSSION

In studies evaluating respiratory function in patients with epilepsy,
respiratory function test results are lower than expected. Table 1
lists selected studies from the literature.

Despite significant progress in elucidating various aspects of
epilepsy, the management of the disease still entails substantial
risks and continues to pose numerous clinical challenges. It is
well established that epileptic seizures can lead to a wide range
of secondary complications, some of which are well recognized,
while others remain underexplored. Among these, respiratory
complications are particularly critical, including sleep apnea,
impaired respiratory control, and associated cognitive and
behavioral disturbances.

Given the severity and frequency of respiratory dysfunctions in
individuals with epilepsy, it is imperative to raise awareness among
clinicians and researchers of the importance of a multidisciplinary
approach to the diagnosis and management of epilepsy. In this
context, physiotherapy-based interventions should not only be
seen as supportive but also as preventive components of treatment,
with the potential to complement pharmacological and surgical
approaches.

Integrating physiotherapy into epilepsy care may indirectly
contribute to seizure management by improving respiratory
function, sleep quality, physical conditioning, and overall quality
of life, thereby supporting pharmacological and surgical treatment
approaches. Therefore, future research and clinical practice should
prioritize collaborative care models that include neurologists,

Study Sample size Evaluation and assessment Main results
Gokeek et al. 30 individual aged 18-40 years Demographic data number of seizures per week, dyspnea Respiratory function and physical
(2021)* with generalized epilepsy with modified Medical Research Council, pulmonary activity were affected

function, level of physical activity with international
physical assessment survey

Pavlova et al.
(2013)*

43 adult patients aged 22-62 years
with seizure like non-epileptic
events (SLNE)

Brotherstone et al.
(2020)*

119 participants (65 children and
54 adults) with an age range of
0.66-62.1 years

A total of 32 epileptic patients (23
generalized, 9 partial epilepsy) and
32 healthy volunteers

Berilgen et al.
(2004)*

Pulse oxymetry, electrocardiography and respiratory
inductance plethysmography

Heart rate change and oxygen saturation were analysed
from electroencephalography videotelemetry

Sympathetic skin response, for evaluating the sympathetic
nervous system, respiratory function tests (RFTs)

Cardiorespiratory dysfunction,
specifically bradypnea apnea, preictal
bradycardia and oxygen saturation is

more frequently seen in SLNE

Indicate that the novel algorithm can
detect clinically significant seizures

No abnormalities were observed on
RFTs in patients with either partial or
generalized epilepsy




physiotherapists, pulmonologists, and other allied health 16. Khan MA, Dev S, Kumari M, et al. Respiratory dysfunction in epileptic
professionals to optimize the overall management of epilepsy. ([egcephal(;]pathies: insights and challenges. Cureus. 2023;15(9):e46216.
rossre

17. Li Y, Ran Y, Chen Q. Abnormal static and dynamic functional network
connectivity of the whole-brain in children with generalized tonic-clonic

. . . seizures. Front Neurosci. 2023;17:1236696. [Crossref]

Authorship Contributions 18. Yu C, Deng XJ, Xu D. Gene mutations in comorbidity of epilepsy and
arrhythmia. J Neurol. 2023;270(3):1229-1248. [Crossref]

19. Domaradzki J, Walkowiak D. Caring for children with Dravet syndrome:
exploring the daily challenges of family caregivers. Children (Basel).
2023;10(8):1410. [Crossref]

Footnotes

Surgical and Medical Practices: O.G., Concept: O.G., B.S., PK., Design:
0.G., B.S,, PK., Data Collection or Processing: 0.G., B.S., PK., Analysis or
Interpretation: O.G., Literature Search: O.G., M.B., PX., Writing: 0.G., M.B.,

B.S.,PK., GK. . . .
20. Tomson T, Nashef L, Ryvlin P. Sudden unexpected death in epilepsy:
Conflict of Interest: No conflict of interest was declared by the authors. current knowledge and future directions. Lancet Neurol. 2008;7(11):1021-
1031. [Crossref]
Financial Disclosure: The authors declared that this study received no 21. Surges R, Taggart P, Sander JW, Walker MC. Too long or too short?
financial support. New insights into abnormal cardiac repolarization in people with chronic
epilepsy and its potential role in Sudden unexpected death. Epilepsia.
REFERENCES 2010;51(5):738-744. [Crossref]

22. Hewertson J, Boyd SG, Samuels MP, Neville BG, Southall DP. Hypoxaemia
and cardiorespiratory changes during epileptic seizures in young children.
Dev Med Child Neurol. 1996;38(6):511-522. [Crossref]

23. Nashef L, So EL, Ryvlin P, Tomson T. Unifying the definitions of sudden
unexpected death in epilepsy. Epilepsia. 2012;53(2):227-233. [Crossref]

24. Bateman LM, Li CS, Seyal M. Ictal hypoxemia in localization-related
epilepsy: analysis of incidence, severity and risk factors. Brain. 2008;131(Pt
12):3239-3245. [Crossref]

25. Maroney M, Markovic M. Anti-epileptic medications. In: Ray SD, editor.

and related brain disorders: multi-parametric monitoring and analysis for Side effects of drugs annual [Internet]. Vol. 43. Amsterdam: Elsevier; 2021.

diagnosis and optimal disease management [Internet]. Cham: Springer p- 99-121.
International Publishing; 2015. p. 11-38. [Crossref] 26. Mohammadzadeh P, Nazarbaghi S. The prevalence of drug-resistant-
epilepsy and its associated factors in patients with epilepsy. Clin Neurol

1. Chen Z, Brodie MJ, Ding D, Kwan P. Editorial: epidemiology of epilepsy
and seizures. Front Epidemiol. 2023;3:1273163. [Crossref]

2. Fiest KM, Sauro KM, Wiebe S, et al. Prevalence and incidence of epilepsy:
a systematic review and meta-analysis of international studies. Neurology.
2017;88(3):296-303. [Crossref] Erratum in: Neurology. 2017;89(6):642.
[Crossref]

3. Giourou E, Stavropoulou-Deli A, Giannakopoulou A, Kostopoulos GK,
Koutroumanidis M. Introduction to epilepsy and related brain disorders.
In: Voros NS, Antonopoulos C, editors. Cyberphysical systems for epilepsy

4. Falco-Walter J. Epilepsy-definition, classification, pathophysiology, and o °
epidemiology. Semin Neurol. 2020;40(6):617-623. [Crossref] Neurosurg. 2022;213:107086. [Crossref] ‘

5. Dahl-Hansen E, Koht J, Syvertsen M. Epilepsy at different ages-etiologies 27. Shfznoy N, 'Sr'u'nvasan Sﬁ Menon G, Kurupath R. 'Surg1c'al treatment of
in a Norwegian population. Epilepsia Open. 2018;4(1):176-181. [Crossref] ?pllepsy - initial cxperence from a comprehensive epilepsy program

6. Akyiiz E, Uner AK, Koklii B, Arulsamy A, Shaikh MF. Cardiorespiratory in coastal South India. J Neurosci Rural Pract. 2023;14(3):488-494.
findings in epilepsy: a recent review on outcomes and pathophysiology. J [Crf)ssrcf] . . )
Neurosci Res. 2021;99(9):2059-2073. [Crossref] 28. Haridas B, Kossoff EH. Dietary treatments for epilepsy. Neurol Clin.

7. Blum AS. Respiratory physiology of seizures. J Clin Neurophysiol. 2022;4_0(4):785_797' | Crossref] i . .
2009;26(5):309-315. [Crossref] 29. Capovilla G, Kaufman KR, Perucca E, Moshé SL, Arida RM. Epilepsy,

’ seizures, physical exercise, and sports: a report from the ILAE task force
on sports and epilepsy. Epilepsia. 2016;57(1):6-12. [Crossref]

30. Camacho M, Certal V, Abdullatif J, et al. Myofunctional therapy to treat

9. Lin S, Schwartz TH, Pitt GS. Sudden unexpected death in epilepsy: ggslt;'flgc;l(\ge.gée;e%%pneca: aﬂsyfstematlc review and meta-analysis. Sleep.
respiratory vs. cardiac contributions. Cardiovasc Res. 2025;120(18):2385- > ): R [ r'ossrc I . )
2394. [Crossref] 31. Koka V, De Vito A, Roisman G, et al. Orofacial myofunctional therapy
10. Akyiiz E, Kokli B, Ozenen C, Arulsamy A, Shaikh MF. Elucidating in obstructive sleep apnea syndrome: a pathophysiological perspective.

the potential side effects of current anti-seizure drugs for epilepsy. Curr A/[fdlcma“(KaL‘t'nas) ’ 2921;57(4):%23' |Crossrgf| .
Neuropharmacol. 2021;19(11):1865-1883. [Crossref] 32. Gokgek O, Hizmeli I, Hallaceli H, Melek I, Okuyucu EE. Evaluation

of respiratory function in patients with epileptic seizures. Epilepsy.
2021;27:171-176. [Crossref]

33. Pavlova M, Abdennadher M, Singh K, et al. Advantages of respiratory
monitoring during video-EEG evaluation to differentiate epileptic seizures
from other events. Epilepsy Behav. 2014;32:142-144. [Crossref]

34. Brotherstone R, McLellan A, Graham C, Fisher K. A clinical evaluation

Sakamoto AC. Hyperventilation revisited: physiological effects and of a novel algorithm in the reliable detection of epileptic seizures. Seizure.

. .. . . 2020;82:109-117. [Crossref]

efficacy on focal seizure activation in the era of video-EEG monitoring. . . .

Epilepsia. 2005;46(1):69-75. [Crossref] 35. Berllgen' MS, Sari T, Bulut S, Mungen B. . Effects of ‘epllepsy on

autonomic nervous system and respiratory function tests. Epilepsy Behav.

2004;5(4):513-516. [Crossref]

8. Kodankandath TV, Theodore D, Samanta D. Generalized tonic-clonic
seizure [Internet]. Treasure Island (FL): StatPearls Publishing; 2020.
[Crossref]

11. Xu Y, Fan Q. Relationship between chronic hypoxia and seizure
susceptibility. CNS Neurosci Ther. 2022;28(11):1689-1705. [Crossref]

12. Chakravarty A. Hyperventilation syndrome. In: MIMICS of epileptic
seizures. New Delhi: Jaypee Brothers Medical Publishers; 2020; p. 309.
[Crossref]

13. Guaranha MS, Garzon E, Buchpiguel CA, Tazima S, Yacubian EM,

14. Pimentel J, Tojal R, Morgado J. Epilepsy and physical exercise. Seizure.
2015;25:87-94. [Crossref]

15. Rana M, Steenari M, Shrey D. Hyperventilation and seizures: not a new
sense: a literature review. Neuropediatrics. 2023;54(6):359-364. [Crossref]



