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Epilepsy is one of the commonest and oldest neurological diseases in the history of mankind, the exact 

pathophysiology of the evolution of which still remains elusive. The intimate and intriguing relation between 

epilepsy and sleep has been known for a long time. Rapid eye movement sleep (REMS) is well documented 

to exert potent antiepileptic action in human epilepsies and the underlying mechanism of which is largely 

based on its property to induce widespread electroencephalogram (EEG)-desynchronization. The 

pedunculopontine nucleus (PPN) owing to its property to enhance REMS has recently been under study 

for its potential role in intractable epilepsy (IE) and has been proposed as a novel deep brain stimulation 

target in IE. This brief paper unfolds the existing role of PPN, REMS, and EEG-desynchronization (PRED) 

in the evolution of epilepsy in an axial manner, the realization and comprehension of which is likely to open 

new avenues for further understanding of epileptogenesis, improved treatment of epilepsy and reducing 

the risk of IE. (2021;11:1-5)
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Introduction

Epilepsy is one of the commonest and oldest neurological diseases 

characterized by an enduring predisposition to unprovoked epileptic 

seizures and associated with neurobiological and social components.1 

The prevalence of epilepsy in the general population is approximately 

1%, with an estimate of more than 60 million patients with epilepsy 

worldwide. The common hallmarks of epilepsy are interictal epilepti-

form discharges (IEDs), predominantly in the form of spikes and sharp 

waves that are displayed on an electroencephalogram (EEG), which is 

still considered a mainstay investigation for the detection of IEDs, there-

fore assisting in diagnosing an epilepsy state.2,3

Epileptogenesis has been described as a chronic, progressive and 

evolving process and is under intense investigation.4 With the advent 

of high-density EEG, magnetoencephalography (MEG) and functional 

magnetic resonance imaging (fMRI), epilepsy is now considered to 

be a network disorder involving interactions of large neuronal pop-

ulations distant from one another.5 The heterogeneity of the epilepsy 

condition, the dynamics of molecular changes during epileptogenesis 

and the involvement of complex neural networks make it challenging 

to understand this phenomenon; therefore, the exact pathophysiol-

ogy of epileptogenesis and evolution of epilepsy is still elusive. 

Recently, pedunculopontine nucleus (PPN) has been identified as a 

common denominator in regulating rapid eye movement sleep 

(REMS) on one hand andexerting antiepileptic influence on the 

other.6 In this brief paper, the role of PPN, REMS and EEG-desynchro-

nization (PRED) in the evolution of epilepsy has been explored.

REMS and Epilepsy

The relation between epilepsy and sleep has remained intricate 

and intriguing and both are known to strongly influence each other. 

REMS exerts a strong antiepileptic influence on epileptogenetic proc-

ess due to its property to induce widespread EEG-desynchronization, 

which constitutes its characteristic feature.7,8 Furthermore, increasing 

REMS with carbachol microinjection in the pontine nucleus has been 

shown to decrease the susceptibility to seizures in the electrogenic 

rat seizure model.9 It has even been proposed that REMS is an en-

dogenous antiepileptic protection that humans are born with, akin to 

inherent immune system in the body;10 REMS has been suggested to 

be the most protective stage of sleep that possesses a strong anti-

epileptic effect against focal interictal discharges, focal seizures, and 
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generalized seizures.11

There has been a growing trend in research on epilepsy and sleep 

architecture,especially in REMS, since long ago; the sleep archi-

tecture has been shown to be disrupted in patients with various 

forms of epilepsy.12-14 REMS shows phasic and tonic states and IEDs 

have been found to be strongly suppressed during phasic REMS.15,16 

Phasic REMS has an enhanced suppressive effect on IEDs, corrobo-

rating the role of EEG desynchronization in the suppression of inter-

ictal epileptic activity.15 The inhibitory effect on epileptic activity 

seems to be independent of the type of epileptic syndrome and loca-

tion of epileptic activity and the pathological substrate.15 In a very re-

cent prospective study, Hamdy et al.,17 have concluded from their 

findings that REMS percentage and latency can control seizure at-

tacks in idiopathic generalized epilepsy. A better understanding of 

neuronal processes involved during phasic REMS will help in under-

standing the mechanism of epileptogenesis and epilepsy and might 

assist in developing potential novel therapeutic strategies.

EEG-Desynchronization and Epilepsy

The mechanism of antiepileptic action of REMS is due to its ability 

to induce widespread EEG-desynchronization in the brain.7,18 

Cortical desynchronization is an important and inherent character-

istic feature of REMS, which strongly suppresses and may even abol-

ish IEDs in the EEG.19 The importance of EEG-desynchronization can 

be understood from observations in patients with REMS behavior dis-

order (RBD), where EEG-desynchronization is impaired or dissociated 

and there is slowing of frequencies of EEG waves during REMS.20 

Patients with RBD have been reported to exhibit a higher incidence of 

both epilepsy and IEDs;21,22 this increase in incidence of epilepsy and 

IEDs is apparently due to the loss of the protective influence of 

EEG-desynchronization. In both the above studies,21,22 there was a 

history of long standing RBD that had been either overlooked or mis-

diagnosed; the possibility of being overlooked or misdiagnosed has 

been found to occur commonly and has been highlighted in a study 

by Daly and Compton.23

In the study, Manni et al.,21 argue that the long-standing RBD 

might have facilitated the occurrence of seizures as seizure facili-

tation has been documented in animal models of epilepsy with ex-

perimentally induced patterns of dissociated REM sleep with 

synchronized EEG;24 whereas, in the second study, none of the study 

group patients had a neurodegenerative disease and the authors 

Manni and Terzaghi,22 hypothesize that epilepsy could be a result of 

reduction of seizure threshold due to REM sleep disruption. In yet an-

other study,25 REM sleep without EEG desynchrony induced by pon-

tine dissociationtechniques has been shown to result in the occur-

rence of epileptic phenomena in animal (cat) models of both general-

ized (penicillin) and focal epilepsy (kindling).

As mentioned earlier, impaired cortical activation/desynchroniza-

tion has been hypothesized to occur during REM in RBD in an EEG 

spectral analysis study.20 The slowing of EEG background can raise 

the possibility of neurodegenerative changes in the study patients, 

but none of the study group patients had a neurodegenerative dis-

ease and the authors Manni and Terzaghi,22 hypothesize that epi-

lepsy could be a result of reduction of seizure threshold due to REM 

sleep disruption and slowing of EEG background could be due to im-

paired cortical activation/desynchronization in RBD;20 thus, the au-

thors Fantini et al.,20 have suggested that chronically altered REM 

sleep, as seen in RBD, increases the likelihood of seizures in humans. 

It has also been proposed that EEG-desynchronization and strategic 

loss of connectivity during REMS reduces the likelihood of spatial and 

temporal summation of aberrant depolarizations, which accounts for 

its unique antiepileptic influence on seizures.11

REMS and EEG-desynchronization have also shown a noticeable 

association with intractable epilepsy (IE). A significant reduction in 

REMS has been reported in patients with drug-resistant epilepsy (IE) 

as compared to controls.26 Furthermore, the success and efficacy of 

adjunctive therapeutic procedures deployed in IE like temporal lobe 

resective surgery, vagal nerve stimulation and ketogenic diet have 

been found to be associated with increased REMS in responders with 

seizure control in comparison to non-responders.27-29 In view of its 

significant association with IE, EEG-desynchronization has also been 

advocated as a prospective biomarker of intractability in epilepsy.30

In earlier studies also, alertness and high frequency anterior thala-

mus stimulation have been reported to be associated with EEG-de-

synchronization and subsequent antiepileptic influence;31,32 on sim-

ilar grounds, one study has demonstrated that 30-Hz (high fre-

quency) vagal nerve stimulation suppresses IEDs apparently via 

EEG-desynchronization while 5-Hz (low frequency) stimulation in-

creases appearance of IEDs.33

PPN and Epilepsy

Deep brain stimulation (DBS) therapy is an acceptable and effec-

tive treatment strategy for patients with IE. Anterior thalamic nucleus 

(ATN) and centro-median nucleus (CMN) are the most commonly tar-
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geted sites for DBS in IE; ATN is functionally connected to limbic cir-

cuit and has been found to be more successful in controlling complex 

partial seizures as compared to generalized tonic clonic seizures;34 

whereas, CMN-DBS appears to act via the reticular activating system 

and is more successful in intractable forms of generalized tonic-clonic 

seizures and Lennox-Gastaut syndrome, but has little or no influence 

on CPS.35,36

Recently, the PPN in brainstem has been under study and explora-

tion for its potential role in epilepsy owing to its property of generat-

ing and enhancing REMS.37 Based on this property, it has even been 

proposed that PPN can be explored as a novel DBS target in IE.38,39 

The antiepileptic action of PPN stimulation is supposedly via increas-

ing REMS, which is suggested to be a natural inherent antiepileptic 

mechanism and can potentially prevent partial as well as generalized 

epilepsies, therefore, it could be superior to the conventional ATN 

and CMN sites for DBS in IE.6 The PPN is a part of REMS regulating 

networks; therefore, it is expected that the dysfunction of PPN may 

result in a decrease in REMS and subsequently increased suscepti-

bility to seizures. Indeed, this has been reported in a recent vox-

el-based morphometry study40 in which atrophy of PPN was demon-

strated in patients with sleep dominant seizures and PPN volume 

measured was significantly lower (95.2±20.4 μL) in the patients 

with epilepsy in comparison to those in the healthy controls 

(108.2±15.4 μL).

Several other recent studies have also demonstrated the anti-

epileptic potential of PPN. In a rat model of temporal lobe epilepsy, 

PPN has been shown to be strongly affected by kindling associated 

functional reorganization of neurocircuitry in the brain;41 whereas, in 

another study on rats, optogenetic stimulation of PPN during focal 

limbic seizures led to an increase in cortical gamma activity and a de-

crease in delta activity.42 Thus, although a few studies have sug-

gested potential role of PPNS in animal models of epilepsy, no direct 

effect has yet been demonstrated in humans. However, in patients 

with temporal lobe epilepsy, functional connectivity disturbances 

have been reported in several structures including the PPN that re-

covered after successful epilepsy surgery.43

The Novel Concept: The PRED Axis

From the above discussion it is apparent that enhancement/ 

increase in REMS is associated with an increase in resistance to seiz-

ures; conversely, lack/decrease in REMS is associated with an in-

crease in proneness to seizures. Moreover, dissociation of EEG-de-

synchronization during REMS predisposes the patients to epilepsyas 

occurring in patients with RBD.21,22 Thus, from the above-cited stud-

ies and evidences, the PRED appear to play a significant role in the 

evolution of epilepsy in humans in an axial manner, which Jaseja con-

ceives as PRED axis (comprising of PRED), something similar to the 

hypothalamo-pituitary-adrenal (HPA) axis hormonal regulatory sys-

tem in humans. Disruption at any point in the PRED axis is therefore 

highly likely to increase proneness/susceptibility to epileptogenesis 

and cause epilepsy.

With the current pace of advances in technology for electrical and 

functional imaging of brain, studying the network abnormalities for 

epilepsy workup may not be very far in distant. It will not be irra-

tional, therefore, to study and evaluate PRED axis in patients with ep-

ilepsy and consider therapeutic amendments if a disruption in the ax-

is is suspected or observed to ensure optimal, effective and early con-

trol over seizure occurrence. This will serve as a novel approach to-

wards effective management of epilepsy and even reduce the risk of 

development of intractability, keeping in view the large incidence of 

IE, which amounts to as many as 30% of newly diagnosed patients 

with epilepsy.

The concept of PRED axis though presents a simplistic view of 

complex network interaction involved in epileptogenesis and epi-

lepsy; nevertheless, it does lend an insight to the understanding of 

epileptogenesis in humans and can potentially stimulate further in-

depth and experimental studies to validate the significance of the ax-

is in the evolution of epilepsy. The existence of PRED axis is basically 

and essentially hypothetical; it has been presented as a seminal pos-

tulation to stimulate further exploration and investigations and well 

designed studies are strongly recommended. The roles of PRED have 

been hypothesized to potentially operate in an axial manner akin to 

HPA axis in endocrinal system in humans, the realization of which 

can aid in early identification of an epilepsy state and may eventually 

assist in decreasing the incidence of IE.
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