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a b s t r a c t

The timing of first period of slow wave sleep (SWS) is often used as a proxy for determining if and when
Disorders of Arousal (DOA) such as sleepwalking are likely to occur or did occur in the past. In criminal
cases employing a “sleepwalking defense” the prosecution may argue that nocturnal violence or sexually
aggressive behavior occurred too early in the sleep period to be associated with SWS. Expert witness
opinion on the expected latency to SWS (LSWS) has varied from minutes after sleep onset to �60 min. A
search of PubMed was conducted for LSWS and for any reports of DOAs occurring from stage N2. A total
of 21 studies reported LSWS in normal controls, clinically diagnosed sleepwalkers, in otherwise normal
sleepers following different types of sleep deprivation and due to the effects of alcohol. Five studies
reported episodes of DOA from N2 sleep. The shortest mean LSWS of 6.4 min was found with a com-
bination of total sleep deprivation and alcohol. In a group of normal research subjects, a LSWS mean of
10.7 min was noted. LSWS in DOA patients occurred as early as a mean of 12.4 min. Two sleep studies
performed on Kenneth Parks, acquitted of the murder of his mother-in-law by a sleepwalking defense,
reported LSWSs of 9.7 and 10 min. Sleep deprivation but not alcohol was found to decrease LSWS
significantly. Expert opinions on LSWS should be based on scientific peer reviewed publications doc-
umenting empirical sleep evidence and can be much shorter than is generally reported.

© 2022 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Disorders of Arousal (DOA) are a subset of NREM parasomnias
that includes sleepwalking, confusional arousal and sleep terrors
[1]. DOAs are most often reported to be associated with the pres-
ence of delta wave EEG that characterizes slow wave sleep (SWS)
also known as N3 sleep [1,2]. DOA behaviors may manifest in a
variety of ways including violence and sexual behavior [3,4].
However, when violent behavior results in the injury of a bed-
partner or others, or sexually aggressive behavior involves a non-
consenting individual, criminal charges may result [5]. Under
these circumstances criminal defendants may invoke a
, Non-Rapid Eye Movement
Wave Sleep.
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“sleepwalking defense”. The basis of this defense is that during
sleepwalking episodes cognition is impaired or absent, and there is
an also an absence of conscious awareness and intention. Executive
functions such as planning are absent due to deactivation of the
prefrontal cortex (PFC) [6,7]. Depending on the jurisdiction, this
defense has the advantage e if accepted by the jury e of avoiding a
criminal conviction and jail.

Forensic sleep evaluations differ in many ways from clinical
evaluations for DOAs [5]. As a first step, a forensic evaluation for or
against a sleepwalking defense often involves evaluating whether
the charged episode of alleged sleep related complex behavior
-violence, sexual assault, etc.- occurred at a time when SWS was
likely to have been present [5]. In forensic settings, complex be-
haviors that are estimated to have occurred earlier than SWS is
expected to occur are not thought to be consistent with a DOA,
undermining a defense of sleepwalking violence or sexual behavior
in sleep.

SWS is based on the presence of delta frequency EEG. The
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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scientific assumption is that the underlying brain state represented
by delta EEG activity measured at the scalp is associated with an
increased propensity and susceptibility for sleepwalking in an in-
dividual who has a genetic predisposition. It is not known how
many delta waves or what delta wave amplitude or duration are
most consistent with the onset of sleepwalking. However, the
presence of SWS and the occurrence of DOAs are often perceived as
so strongly linked that the presence of one suggests the strong
probability of the second. Although the occurrence of a DOA cannot
be predicted, the timing of SWS after sleep onset is often estimated
to fall at a certain point in the first or second sleep cycles. If DOAs
occur primarily during SWS, this would provide a general means of
estimating when a DOA is most likely to occur.

In many criminal cases using a sleepwalking defense, the
timeline of sleep onset to SWS is often a critical element. This was
emphasized in the recent homicide trial of State of Florida v Randy
A Herman -see documentary Dead Asleep [8]) where this element
was described by a juror as themost important piece of prosecution
evidence.

As part of the prosecution's theory of the crime, they argued that
there was insufficient time for SWS to have occurred to allow for a
sleepwalking episode to be triggered, suggesting the violent
behavior could not have been part of a sleepwalking episode.
However, the expert witnesses disagreed on how soon after sleep
onset SWS could occur. The defense expert stated SWS could occur
minutes after sleep onset while the prosecution expert stated that
60e120 min, or more was required, but that LSWS of 30 min had
been reported. Both experts discussed how much time was
required for the onset of SWS as if it were identical to the time
required for an episode of DOA to occur.

Review articles or book chapters on DOAs also provide wide
estimations of latency to SWS; 60e120 min after sleep onset [5],
first third of night [9] or limited to 1e3 h after sleep onset [10].
These appear to be estimations or generalizations often without a
basis in or with reference to peer reviewed empirical sleep science.
Additionally, these estimates appear to be associated with sleep
cycles found in otherwise young normal sleepers with regular
sleep/wake schedules in the absence of alcohol, drugs, sleep
deprivation, sleep fragmentation or any other process that might
advance or delay the occurrence of SWS.

The current analysis of sleep is based on the application of rules
mandated by the AASM (American Academy of Sleep Medicine)
Manual for The Scoring of Sleep and Associated Events required for
use by all accredited sleep disorders centers in the United States
[11]. The “scoring” of sleep stages or wakefulness is determined by
rules for each consecutive 30 s “epoch” of EEG data as wake, one of
three stages of non-REM (NREM) sleep e N1, N2, N3 - or REM sleep
[2,12]. However, the measurement and report of latency to SWS or
N3 is not required or defined by The AASM manual. Following the
pattern of other latency definitions, it is the time from sleep onset
defined as the first epoch of sleep, typically light stage N1, to the
first epoch scored as N3. The current use of SWS is identical to the
AASM defined N3.

As seen in Fig. 1, current rules for SWS require the scorer to
identify all delta EEG waves that are 75 uv. in amplitude peak to
peak with a frequency of 0.5e2.0 Hz in each 30 s epoch.

The duration in seconds of all delta waves meeting this defini-
tion is then totaled up. Any 30 s epoch with �20% or more delta
wave EEG activity is scored as N3 [13]. 20% of a 30 s epoch is 6 s.
Once the threshold of�6 s is met, all other EEG data is discarded for
that epoch and that entire epoch is scored as N3. Thus, epochs
scored as N3may contain 6 s or 16 s or 30 s of delta EEG activity, but
a value of 30 s will be included in the sleep stage summary for that
epoch.

Expert witnesses in Florida v Herman apparently did not rely on
2

published empirically derived sleep data using standard visual
scoring techniques for LSWS and theywere not pressed to provide a
reviewable basis for their definitions or identify published articles.
Nevertheless, citing peer reviewed empirical data would appear to
be a first step in placing the forensic evaluation of a sleepwalking
defendant on valid and reliable scientific grounds. In an attempt to
fill in this gap in forensic sleep science this study first locates
published empirical sleep studies that report LSWS and attempts to
revise the general statements made in the absence of empirical
sleep data. Further, methodological problems with N3 assessment
are reviewed and suggestion make for their revision.

2. Methods

An initial search of PubMed was conducted for the search terms
delta sleep latency, latency to slow wave sleep, deep sleep and N3.
This did not result in a return of any results. This was followed by a
detailed online search of the PubMed medical database for all
empirical studies of Disorders of Arousal, NREM parasomnias,
alcohol and sleep, and partial and total sleep deprivation, sleep
restriction, extended wakefulness in which full polysomnographic
studies were conducted and reported. The abstracts of these studies
were reviewed and the full published reports of 45 studies were
retrieved. Tables of sleep stages results were reviewed, and 26
studies were found to include latency to slowwave sleep or latency
to delta sleep. All but 2 reported the latency from sleep onset to the
first epoch of N3. The remaining 2 were older studies who reported
latency to stage 4 sleep. One study used N2 as the onset for sleep.

A second review was conducted among all retrieved articles for
Disorders of Arousal to determine if they reported how many epi-
sodes of DOA occurred from SWS and N2 sleep. 5 studies reported
the number of DOA related arousals that occurred from N2 sleep.

3. Results

A total of 26 studies were reviewed and subdivided in categories
of DOA from N2, Latency to SWS in patients with DOA, effects of
sleep deprivation on latency to SWS in normal patients and effects
of alcohol on latency to SWS. A single publication reported the
effects of partial and total sleep deprivation combined with alcohol
on latency to DOA.

3.1. DOA from N2

Five articles reporting DOA episodes occurring from N2 sleep
were identified. Two of the 5 also measured the effects of 25 h and
38 h of total sleep deprivation prior to recovery sleep. The per-
centage of total episodes of DOA occurring from N2 ranged from 9
to 25% of all episodes. Total sleep deprivation did not result in a
statistically significant increase in N2 DOA episodes (see Table 1).

Prior wakefulness/Total sleep deprivation/Partial sleep
deprivation or sleep restriction e As noted in Table 2 nine
empirical sleep studies involving some form of sleep deprivation
and in which latency to SWS was reported in healthy subjects.
These included extended periods of prior wakefulness, total sleep
deprivation, partial sleep deprivation, sleep fragmentation and
sleep restriction over several nights. The lowest mean Latency to
SWS on baseline nights was 14.8 ±7 min. Both partial and total
sleep deprivation were found to result in statistically significant
decreases in LSWS minutes. The shortest mean LSWS was noted to
be 12.4 ± 1.8 min (p < 0.01) after 24 h of wakefulness. After partial
sleep deprivation limited to 2 h of sleep per night LSWS was
reduced to 13.1± 1.9 min.

The reverse pattern was present in patients with severe sleep
apnea, later effectively treated with Continuous Positive Airway



Fig. 1. Four 30 s epochs originally published in the Rechtshaffen and Kales manual demonstrating the change from N2 sleep to N3sleep based on % of delta EEG waves [11].
Underlining indicates delta waves that met 75 uv. amplitude and 0.2e2.0 frequency. The top tracing appears in Figure 14 The other tracings appear in Fig. 2. The first 2 tracings have
less than 20% delta EEG and are thus scored as Stage 2. The second 2 tracings have more than 20% delta EEG and are thus scored as stage 3.

Fig. 2. Standard visual scoring of sleep stages compared with slow wave activity (SWA)
acquired at the same time for the same subject e in power in microvolts squared in the
0.5e4.0 hz frequency. Histograms are combined and modified from Figs. 1 and 2, for
subject S6 pages 533-4 in Janusko et al. [51].
Black arrows indicate timing of an episode of sleepwalking or confusional arousal. Red
arrows indicated the start of N3 in the upper tracing and its relationship to SWA at the
same time. SWA occurs prior to the onset of N3.
Subject 6 is a clinically diagnosed with sleepwalking or confusional arousal with a
mean age of 31.2 þ 2.2 years. The subject was free of sleep disorders, kept a regular
sleep/wake schedule, no psychotropic drug. Large arrows indicate SWA level at the
time N3 is first scored.
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Pressure (CPAP). The latency to SWS was delayed to a mean of
80 min by apnea related sleep fragmentation during baseline and
significantly reduced with administration of CPAP. Sleep depriva-
tion that reduces or eliminates SWS may result in SWS rebound
once sleep is permitted to recover. This study suggests that sleep
fragmentation may delay the onset SWS by disrupting the normal
3

progression of sleep stages. CPAP eliminates this disruption
allowing for SWS rebound and shortening of SWS latency.

Alcohol- See Table 3: Administration of alcohol to normal
sleepers resulted in a small but statistically significant change in
latency to SWS in 1 of 8 studies [28]. Data fromRundell et al was not
included as N2 was used as marker for sleep onset. Arnedt et al. is
also the only published study in which alcohol resulted in a sta-
tistically significant increase in total SWS as a % of total sleep time
[29]. Further, a significant reduction LSWS and increase in %SWS
was found only in female subjects. Even in the 3 of 4 studies in
which alcohol is associated with a statistically significant increase
in SWS% only in the first½ of the sleep period, latency to SWS is not
reduced significantly suggesting that alcohol did not increase SWS,
but rather resulted in change in the timing of SWS periods so that
more of the usual share of total SWS occurred earlier in the sleep
period.

Alcohol with Sleep Deprivation: Lobo et al. 1997 was the only
study that combined alcohol with partial and total sleep depriva-
tion. Total sleep deprivation plus alcohol resulted in a latency to
SWS of 6.7 ± 3.4 p < 0.01, the shortest latency of all studies
reviewed.
3.2. Disorders of Arousal

See Table 4. The latency to SWS was reported in 3 studies of
DOA. A fourth publication reported detailed results of sleep studies
performed as part of the forensic evaluation of Kenneth Parks,
accused and later acquitted of the murder of his mother-in-law
while in a sleepwalking state [36]. The mean latency to SWS in
the empirical studies ranged from 17.9 to 28 min. Latencies for Mr.
Parks from 2 sleep studies conducted as part of his pre-trial eval-
uation were 9.7 and 10 min. These studies were conducted in the
presence of benzodiazepine medication often prescribed as a
treatment for DOA and known to reduce SWS duration and delta
wave amplitude.



Table 1
DOA episodes from stage N2.

Table 1: DOA Episodes from Stage N2 Baseline Recovery after sleep deprivation

Joncas et al.
[14]

Effects of 38 h of total sleep deprivation on 10 clinically diagnosed
sleepwalkers and 10 matched normal controls. Sleep studies
performed at baseline and on recovery.

% N2 baseline ¼ 18.8% % N2 recovery ¼ 19.6%

Kavey [15] 10 adult sleepwalkers underwent 1e3 diagnostic sleep studies 4 of 41 episodes ¼ 9%
Guilleminault

et al. [16]
Retrospective review of 38 adult sleepwalkers who underwent
diagnostic sleep testing

7 of 37episodes or 18.9%

Zucconi [17] 21 adult sleepwalkers 22 episodes or 14%
Zadra et al.

[18]
30 adult sleepwalkers were studied baseline and after 25 h of total
sleep deprivation

Entire Group: Baseline - 5 of 24 episodes 21%
Subgroup with Periodic Leg Movements in Sleep
and mild sleep-disordered breathing
Baseline e 2 of 8 25%

Recovery e 8 of 69 episodes 12%
Subgroup with Periodic Leg
Movements in Sleep and mild
sleep-disordered breathing
Recovery � 4 of 23 ¼ 17%

Table 2
Effects of sleep deprivation/sleep restriction/sleep fragmentation/first night effect on latency to SWS.

Baseline Sleep Deprivation and/or
Recovery Sleep

Gillberg and
Akerstedt
[19]

8 healthy male subjects mean age of 33.6
Subjects slept on 4 occasions initially for 8 h then 4 h, then 2 h and then 0 h. At 11 a.m. the
next day they were permitted to sleep until the awakened spontaneously.

8 h. TST ¼ 32.2 ± 6.9 4 h. TST ¼ 27.1 ± 4.6 min
2 h. TST ¼ 13.1 ± 1.9 min
11 a.m. recovery sleep after 0 h.
TST ¼ 13.1 ± 1.9 min p < 0.01

Benoit et al.
1983 [20]

33 healthy subjects aged 19e26 yrs short sleepers, after 36 h of sleep deprivation and after
12 h of wakefulness. Also, broken down into habitual short, regular and long sleepers.
Based on S4 latency without standard amplitude rule.

Baseline 18 ±7.7 min
Habitual Sleep
Short ¼ 18.4 ± 15.6
Regular ¼ 14.8 ± 7
Long ¼ 28.8 ± 21.6

36 h TSD 13.7 ± 6.8
12 h waking ¼ 15.7 ±10.7

Borbely et al.
1981 [21]

8 healthy subjected with mean age of 24.4 yrs. 2 baselines night followed by 24 h of TSD,
followed by 2 recovery nights.

B1 ¼ 31.5 ± 3.7
B2 ¼ 31.1 ± 3.7

Recover after 24 h. TSD
R1 ¼ 12.4 ± 1.8 P < 0.01
R2 ¼ 26.6 ± 3.0

Issa and Sullivan
1986 [22]

12 patients with a dx of moderate to severe obstructive sleep apnea treated with CPAP
Diagnostic PSG vs. CPAP treatment

DPSG 80 ± 17.4 First CPAP Night ¼ 3-±14.2
Third CPAP Night ±45 ± 14.2

Ratnavadivel
et al. [23]

171 patients with OSA, 14 with CSA, and 68 non-OSA patients. OSA patients took
significantly longer to achieve slow wave and REM sleep (p < 0.001) than non-OSA
patients.

Controls 25.6 ± 2.6 min,
p ¼ 0.005)

OSA ¼ 39.3 ± 2.6 P < 0.005

Webb and
Agnew 1974
[24]

15 male subjects were studied for 4 baseline nights and then 1x week for 60 days while
restricting total sleep time to 5.5 h

Mean latency to S4 for 3
baseline nights ¼ 38 min

Latency to S4 reduced to 22 min.
P < 0.01
Overall reduction in S4 latency
over 8 weeks of study was 26%

Akerstedt et al.
2008 [25]

9 healthy males aged 21e38 years underwent 1 baseline night followed by 5 night of
partial sleep deprivation of 5 h. TST followed by 4 recovery nights.

Mean latency to S3
Baseline ¼ 36 min**

Mean latency to S3
Partial Sleep Deprivation
P1 ¼ 20 min P < 0.05
P2 ¼ 19 min
P3 ¼ 18 min
P4 ¼ 17 min
P5 ¼ 19 min
Recovery
R1 ¼ 19 min
R2 ¼ 25 min
R3 ¼ 26 min
R7 ¼ 25 min

Ferrara et al.
2002 [26]

10 male subjects mean age of 23 years. Baseline, 2 nights selective suppression of SWS by
acoustic stimuli and then a recovery night. SWS suppression was effective with only
4.3 min remaining.

Baseline S3 Lat. ¼ 39 ± 6.9 Recovery S3 ¼ 28(3.7) P < 0.02

Carskadon &
Dement [27]
1985

10 older subjects mean age 69.3 years. Baseline night followed by 38 h of total sleep
deprivation followed by 2 recovery nights

Baseline ¼ 20 ± 7 Recovery 1 ¼ 12 ± 8 p < 0.05
Recovery 2 ¼ 34 ± 3
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4. Discussion

A review of published data on the latency to slow wave sleep
based on visual sleep scoring methods finds latencies shorter than
was suggested by the prosecution in Florida v. Herman and longer
than suggested by the defense expert. The latencies are also much
shorter than is often estimated in court cases and academic sleep
review articles with a focus on Disorders of Arousal. Mean LSWSs of
10.6 ±2.4, 11.4 ± 07 and 16.6 min have been reported for baseline or
placebo-based sleep studies [10,30,39]. Even shorter LSWSs were
4

reported in sleep studies performed as part of a successful sleep-
walking defense in the R v Parks, 1985 murder case [36]. Two
diagnostic sleep studies were performed with latencies to SWS of
10.0 and 9.7 min. As he was being treated with a benzodiazepine
medication on both nights that is well documented to decrease
SWS amplitude as well as SWS % it seems reasonable to suggest his
LSWS might be even shorter without medication [40].

The effects of different types of sleep deprivation were espe-
cially effective in reducing LSWS. This is consistent with reports
that as prior wakefulness increases % of SWS also increases



Table 3
Effect of alcohol on latency to SWS.

Citation Alcohol Baseline or Placebo

Van Reen et al.
2006 [29]

7 women aged 23.5 yrs. Alcohol ¼ 11.3 min Placebo ¼ 14.3 min NS

Chan et al. 2013
[30]

24 female health subjects mean aged 19.1 years. Pre sleep ETOH with target of 0.01% BAC and
placebo

Alcohol ¼ 11.3 ± 2.09 Placebo ¼ 11.4 ± 1.07
NS

Stone 1980 [31] 6 healthy male volunteers aged 20e31 years. Baseline vs. 3 alcohol doses Alcohol
0.16 ¼ 16.8 min
0.32 ¼ 13.4
0.64 ¼ 11.8

Placebo
16.6 min NS

Rundell [32] 10 subjects baseline and ETOH. With sleep latency at N2. to N3 BAC 50e90% 15.4 min 23.7 min
MacLean [33] 10 men aged 23.6 years baseline and 4 levels of BAC Alcohol by Grams per Kg of

Weight
0.25 ¼ 31.3 ± 17.5
0.50 ¼ 20.4 ± 15.2
0.75 ¼ 25.8 ± 22.1
1.00 ¼ 22.8 ± 13.7 all NS

Baseline ¼ 32.5 min

Rouhani et al.
1989 [34]

14 healthy volunteers PSG during 90-min afternoon naps. Baseline vs. 0.25 g 95% ETOH/kg body
weight

ETOH 39.97 ± 21.96 NS Baseline 25.69 ± 10.37

Williams and
MacLean [10]

11 women mean age 19.5 years. Baseline and 2 levels of BAC BAC
0.50 ¼ 10.6 ± 2.4
0.75 ¼ 9.2 ± 3.0 NS

Baseline ¼ 10.6 ± 2.

Arnedt et al.
2011 [28]

93 healthy subjects mean age 24.4 years. Placebo then alcohol with BRAC of 0.11 g% Alcohol
Men ¼ 15.2 ± 11.0
Women¼ 14.7 ± 10.9 p < 0.01

Placebo
Men ¼ 23.15 ± 15.2
Women ¼ 17.0±9.2

Alcohol Plus Sleep Deprivation

Lobo et al. 1997
[35]

Alcohol and
sleep
deprivation

Sleep deprivation plus alcohol. 12 healthy mail subjects mean age of 27.3 years. Baseline
followed by sleep deprivation then placebo or ethanol, Recovery. Randomized, cross over.
Partial SD focused on REM sleep.

Latency to SWS
Baseline ¼ 18.6 ± 14.4
Sleep deprivation e Partial
Sleep deprivation11.6 ± 4.8
Recovery 13.3 ± 18
Ethanol 12.9 ± 4.0
Recover23.4 ± 61.1 all NS

Latency to SWS
Baseline ¼ 15.0 ± 7.3
Sleep deprivation e

Total 9.7 ± 7.3 p < 0.05
Recovery 18.5 ± 8.1
Ethanol
6.7 ± 3.4 P < 0.01
Recover 18.6
¼ 6.9

Table 4
Latency to SWS in DOA.

Citation Baseline Normal Controls

Barros et al. 202 [37] 52 patients with Dx of DOA and 52 Age and sex matched normal controls. 1 DPSG DOA ¼ 17.9 ± 14.9 min Control
25.7 ± 32.5 NS

Perrault et al. 2014
[38]

12 clinically diagnosed sleepwalkers mean age of 27.4 years. One DSPG. 28.6 ± 35.7 min

Broughton et al. 1994
[36]

2 diagnostic studies and 1 follow up for Kenneth Parks as part of his sleepwalking defense for the
murder of his mother-in law

22 January 1988
e10 min*
23 January 1988
e9.7 min*
25 July 1989e24 min**
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[21,24,41e46]. The latency to SWS following 24 h of sleep depri-
vation was reported as short as a mean of 12.4±1.8 min.

The effects of alcohol alone were quite limited although a
combination of total sleep deprivation and alcohol resulted in a
mean LSWS latency of 6.7 ± 3.4 min, the shortest LSWS found in
any of the studies reported here [35]. Only 1 of 5 studies of alcohol
and sleep reporting LSWS found a statistically significant decrease
in LSWS latency [28]. Alcohol has been reported in the past to act as
a trigger for DOAs but a statistically significant increase in the % of
SWS as function of total sleep time has been reported in only 1 of 20
published studies [47]. Three of 4 other studies reported a statis-
tically significant increase in SWS only during variously defined
periods in the first ½ of the sleep period even when SWS was not
increased as a % of total sleep time [47]. Thus, the overwhelming
number of sleep and alcohol studies did not find that alcohol
5

increased SWS as % of TST or decreased SWS latency, severely
undermining the theory that alcohol triggers DOA by increasing
SWS. Unfortunately, the overwhelming majority of reviews of the
effects of alcohol on sleep have failed to report negative findings
regarding increased SWS. In clinically diagnosed sleepwalkers
studied in the sleep laboratory studies mean latency to SWS was as
low as 17.9 ± 14.9 min. These studies did not provide the range of
latency values acquired. However, the high standard deviations
reported suggest some individual subject latencies were shorter
and longer.

The published sleep data also reported in 5 empirical studies
that 9e25% of episodes of sleepwalking or confusional arousals
noted to occurred in stage N2. Thus, N3 was not required for the
occurrence of a DOA. However, these studies do not specify if the
episodes of DOA during N2 occurred in association with the 5 s of
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delta EEG permitted by AASM rules or whether the N2 occurred
prior to the first period of N3 that would also shorten the time from
sleep onset to the time when sleepwalking episodes become
possible. In any event, these data indicate DOAs may occur in the
absence of AASM defined N3 or SWS.

In forensic settings the use of general statements by the prose-
cution that complex violent or sexual aggressive behavior attributed
to the defendant occurred too early in the sleep period to be
consistent with the presence of SWS should be carefully examined.
Statements that DOAs cannot occur until 60min or longer after sleep
onset or any other specific time period cannot be supported. Pub-
lished peer reviewed empirical sleep laboratory data should be relied
upon. General statements about DOA and SWS should always state
that episodes have been reported to occur from N2 as well as N3
sleep.

An initial problem in cases other than Florida v Herman in
determining latency to SWS is in first determining the starting
point or timing of sleep onset. Although this is easily done in the
sleep laboratory, it may not be possible to determine exactly when
consciousness was lost especially when the episode in question
may have occurredmonths or even years in the past. It is essentially
an anecdotal report without benefit of polysomnography or CCTV
in the defendant's home setting or other circumstances that are
considerably different from the published studies of latency to
SWS. The defendant's estimation is typically based on the
approximate time he/she entered their bed if known or the last
memory before losing consciousness if a time can be recalled.
Sometimes defendant and victims will estimate time by howmuch
of a movie or TV show they were watching they can remember. The
victim can contribute by reporting that the defendant was asleep at
a certain time, based on changes in breathing or the presence of
snoring and sometimes other family members snoring, but not the
exact moment. Often there is a range of possible times of sleep
onset, greatly affecting when slow wave sleep onset could have
occurred [48].

Estimating the latency to N3 sleep by AASM rules is at best a
general and inexact method for determining if the neurophysio-
logical substrate for sleepwalking correlated disorders might have
been present at the time a complex sleep related behavior was
reported to have occurred. However, it may overestimate the la-
tency, a problem that can be serious in forensic cases. LSWS is
measured to the first epoch scored as N3, not to the first delta wave
or waves noted irregardless of amplitude and frequency re-
quirements. There is no empirical data linking the onset of DOAs to
the first 6 s of delta EEG wave activity or to delta waves of a
particular amplitude.

The R&K manual and the current AASM manual do not provide
an explanation for the 20% of epoch rule or the 75 uv. amplitude
rule. In the absence of an empirical based rationale for these cut-
offs or for any other cut-off, no reason for a change could be
agreed upon. However, it is noted that these rules have been
applied in thousands of published sleep related publications and for
purposes of continuity maintaining the R&K cut-offs rules was
thought to be of value [12,13]. A more recent publication has also
determined that the method for scoring N3 is unreliable and differs
significantly between interlaboratory sleep labs scoring the same
sleep studies [48].

“Manual scoring of non-rapid eye movement sleep stages is
highly unreliable among highly trained, experienced
technologists.”

The current AASM scoring rules with regard to SWS do not allow
for deviation. However, the predecessor of this manual e the
Rechtshaffen and Kales Manual e allowed for some variance under
6

other conditions. The R&K committee acknowledged that “alter-
native measures of slow wave activity might have a usefulness and
empirical significance not enjoyed by themeasure chosen” and that
“this should not deter investigators from using measures of slow
wave activity other than the one suggested here.” (Page 8).

LSWS is generally not computed or reported for clinical diag-
nostic purposes. The quantity of SWS also has limited diagnostic
significance especially in that there are no generally accepted
norms for %SWS. In the absence of normative data, the determi-
nation of abnormality is not possible. Nevertheless, based on gen-
eral knowledge, reductions in SWS as a % of total sleep time may be
a result of sleep fragmentation by sleep disorders such as sleep
apnea and periodic leg movements. SWS is also reduced in patients
with DOAs a result of frequent arousals. However, this appears to be
a normal feature of DOA sleep of unknown origin [49]. Medications,
especially CNS depressants or sedatives such as benzodiazepines
-are known to reduce delta EEG amplitudes and % of SWS [40,50].
Delta amplitude is also reported to decrease with age. An early
study reported the LSWS on the first night in the sleep laboratory
was also delayed [51]. In a clinical evaluations, higher than ex-
pected %SWS most often takes the form of rebound sleep following
the end of sleep deprivation or sleep fragmentation due to effective
treatment of sleep disorders such as sleep apnea. The change in %
SWS may suggest to the sleep clinician that the sleep study was
preceded by sleep deprivation or indicate the presence of medi-
cation. However, this type of finding is not in and of itself diagnostic
and cannot be used to rule -out or confirm a diagnosis.

SWS defined by the presence of delta wave of amplitudes less
than 75 uv. would occur earlier than the LSWS based on an epoch of
currently defined N3. Both N2 and delta EEG may occur before the
minimum requirements for N3 are met especially if the 75 uv
amplitude rule is applied as required. This may indicate a change is
needed for the definition of LSWS in forensic cases. Delta EEG activity
measured via spectral analysis occurs earlier than the LSWS as
determined by visual analysis (see Fig. 2). However, there is no
specific level of Slow Wave Activity (SWA) or power in microvolts
squared for the frequency band of 0.5e4.0 Hz analyzed that has been
shown to be associated DOAs or are predictive of DOAs. However,
initial increases in SWA have been noted to start within minutes of
sleep onset although episodes of DOA occur later as the intensity
increases. However, this level varies widely in the reported data [52].

Further, in forensic settings it cannot be assumed that N3 la-
tency will be identical to that reported for normal controls or in
untreated sleepwalkers who maintain a regular sleep/wake
schedule with total sleep time in the normal range. The effects of
the sleep laboratory, quantity of total sleep time for several days
before the sleep study and withdrawal from alcohol and drugs all
need to be taken into account. The circumstances of the charged
episode cannot be duplicated in the sleep laboratory. Thus, the use
of the LSWS in otherwise normal sleepers to individuals who are
sleep deprived, living on disordered sleep/wake schedule, etc. may
not be a fair comparison.

5. Conclusion

It is clear that the visual rules for scoring N3 were not devised,
intended or are compatible with forensic applications such as in the
Herman case. Nevertheless, even under current rules, published
sleep laboratory studies have demonstrated mean LSWSs that are
considerably shorter than 60e120 min and indeed may be l0 mi-
nutes or less even for subjects who are not sleep deprived. DOAs
have been reported to occur during sleep stage N2 in the absence of
delta EEG or SWS. Thus, SWS may not always be required for the
occurrence of DOAs. Several different types of sleep deprivation
have been shown to reduce LSWS while alcohol has only a limited
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effect.
The 75 uv amplitude requirement for determination of indi-

vidual delta waves was formulated without considering how it
might affect LSWS or forensic applications. The use of poly-
somnography for forensic use was not even considered in 1968
when R&K was first published. Indeed, there is no empirical evi-
dence that a lower delta wave amplitude would not be just as
effective as a priming factor for DOAs.

A review of the available empirical data and methodology sug-
gests SWS as scored by R&K or current AASM rules may occur
earlier than is often indicated and that the current AASM rules for
determination of SWS may not reflect underlying delta wave EEG
activity that could be related to DOA susceptibility or propensity.
Reliance on sleep data from young normal controls is unlikely to be
a proper point of reference in forensic cases. Thus, the latency to
slow wave sleep cannot and should not be considered as the pro-
verbial “smoking gun” type of evidence in criminal cases.
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