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Case Blog
As we begin this journey to tackle the evolution of sleep 

medicine in neurology and examine the changes, it would 
behoove us to remind ourselves where it all started with the 
introduction of a man who is affectionately referred to as 
the “father” of sleep medicine. Born in 1928 in Wenatchee, 
Washington, William Dement is a pioneer of sleep medicine and 
founder of the Sleep Research Center at Stanford University. He 
is considered a leading authority on subjects such as sleep, sleep 
deprivation, and the diagnosis and treatment of sleep disorders 
such as sleep apnea and narcolepsy. He was eager to pursue 
sleeping subjects due to his interest in psychiatry and dreams. 
Studying some of the first recordings of electroencephalogram 
(EEG), he was able to discover and name 5 stages of sleep.

Hence, we will dissect the various stages of sleep in the 
following pages summed up by purpose, rate, and differences in 
patterns as aging and life cycles occur. In mammals and birds, 
sleep is divided into two broad types: rapid eye movement 
(REM sleep) and non-rapid eye movement (NREM or non-
REM sleep). Each type has a distinct set of physiological and 
neurological features associated with it. REM sleep is associated 
with dreaming, faster brain waves, loss of muscle tone, and 
suspension of homeostasis. REM and non-REM sleep are so 
contrasted that many physiologists classify them as distinctly 
separate behavioral states. To this degree, REM, non-REM, and 
waking represent the three major modes of consciousness, 
neural activity, and physiological regulation.

During non-REM sleep, the brain uses significantly less 
energy than during wakefulness. In areas with diminished 
activity, the brain restores its supply of adenosine triphosphate 
(ATP), which is the molecule used for short-term storage and 
transport of energy. During slow-wave sleep, humans secrete  

 
growth hormone. The secretion of prolactin is relevant to all 
sleep stages even while during the day.

The American Academy of Sleep Medicine (AASM) divides 
NREM into three stages: N1, N2, and N3, the last of which is 
also called delta sleep or slow-wave sleep. [1] The whole period 
normally proceeds in the order: N1 → N2 → N3 → N2 → REM. 
In other animals the subdivision between phases of non-REM 
sleep is not typically used, although animal non-REM sleep 
can be described as lighter or deeper. NREM Stage 1 (N1- light 
sleep, somnolence, drowsy sleep-5-10% of total sleep in adults): 
This is a stage of sleep that usually occurs between sleep and 
wakefulness, and sometimes occurs between periods of deeper 
sleep and periods of REM. The muscles are active, and the 
eyes roll slowly, opening and closing moderately. The brain 
transitions from alpha waves having a frequency of 8-13 Hz 
(common in the awake state) to theta waves having a frequency 
of 4-7 Hz. Sudden twitches and hypnic jerks, also known as 
positive myoclonus, may be associated with the onset of sleep 
during N1. NREM Stage 2 (N2- 45-55% of total sleep in adults): 
[2] In this stage, theta activity is observed and sleepers become 
gradually harder to awaken; the alpha waves of the previous 
stage are interrupted by abrupt activity called sleep spindles 
(or thalamocortical spindles) and K-complexes. Sleep spindles 
range from 11 to 16 Hz (most commonly 12-14 Hz).

NREM Stage 3 (N3- deep sleep, slow-wave sleep-15-25% 
of total sleep in adults): Formerly divided into stages 3 and 4, 
this stage is called slow-wave sleep (SWS) or deep sleep. SWS 
is initiated in the preoptic area and consists of delta activity, 
high amplitude waves at less than 3.5 Hz. The sleeper is less 
responsive to the environment; many environmental stimuli no 
longer produce any reactions. Slow-wave sleep is thought to be 
the most restful form of sleep. [3]
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This stage is characterized by the presence of a minimum 
of 20% delta waves ranging from 0.5-2 Hz and having a peak-
to-peak amplitude >75µV. (EEG standards define delta waves to 
be from 0 to 4 Hz, but sleep standards in both the original R&K, 
as well as the new 2007 AASM guidelines have a range of 0.5-2 
Hz.) This is the stage where parasomnias such as night terrors, 
nocturnal Human sleep oscillates in 90 minute intervals, which 
include increasing nuresis, sleepwalking, and somniloquy occur. 
Many illustrations and descriptions still show a stage N3 with 
20-50% delta waves and a stage N4 with greater than 50% delta 
waves; these have been combined as stage N3 [2]. REM Stage 
(REM Sleep-20-25% of total sleep in adults) Known as rapid eye 
movement (REM) sleep where most muscles are paralyzed, and 
heart rate, breathing and body temperature become unregulated, 
the sleeper may dream.

REM sleep is initiated through acetylcholine secretion 
and inhibited by neurons that secrete monoamines including 
serotonin. During this stage, vital signs indicate arousal and 
oxygen consumption by the brain is higher than during wake. 
An adult reaches REM approximately every 90 minutes. The 
exact function of REM sleep is still a bit of a mystery; however, 
it appears that a lack of it impairs the ability to learn complex 
tasks. Paralysis from muscular atonia in REM may be necessary 
to protect organisms from damaging themselves through 
physical activity.

Now that we’ve dissected the various stages of sleep, we will 
study purposes, distributions, and patterns. Generally speaking, 
the longer an organism is awake, the more it feels the need 
to sleep. The balance between sleeping and waking is called 
homeostasis. This leads us to Circadian Rhythm. Proportions of 

paradoxical (REM) sleep as they repeat. This rhythm is called 
the ultradian sleep cycle. Early in 2015, after a two-year study, 
[4] the National Sleep Foundation in the US announced newly 
revised recommendations as shown in the (Table 1) below.

Table 1 :

Age and Condition Sleep Needs

Newborns (0-3 months) 14 to 17 hours

Infants (4-11 months) 12 to 15 hours

Toddlers (1-2 years) 11 to 14 hours

Preschoolers (3-4 years) 10 to 13 hours

School-age children (5-12 years) 9 to 11 hours

Teenagers (13-17 years) 8 to 10 hours

Adults (18-64 years) 7 to 9 hours

Older Adults (65 years and over) 7 to 8 hours
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