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Results

There were altogether 579 spindles in the 45-min
periods of the dexmedetomidine recordings, ran-
ging from 1 to 174 per subject. In sleep recordings,
during normal S2 sleep of the first sleep cycle, the
number of spindles totaled 468, ranging from 1 to
122 per subject. The physiological S2 sleep had a
mean duration of 62 min, ranging from 12 to
98 min. Figure 1 shows some examples of sleep
spindles during dexmedetomidine sedation and
physiological S2 sleep.

The MANOVA analysis indicated differences
between the dexmedetomidine group and the nor-
mal sleep group with spindle densities, ampli-
tudes, durations and frequencies as independent
variables (P 5 0.012, Wilk’s l5 0.472). In paired
comparisons, the mean duration of spindles during
dexmedetomidine sedation (1.11 s, ranging from
0.96 to 1.45 s) was longer than in normal S2 sleep
(mean 0.88 s, ranging from 0.66 to 1.14 s),
P 5 0.0014. In all other pair-wise analyses, the
spindles were similar in the two groups: there
were no significant differences in spindle densities,
amplitudes or frequencies between the two groups.
Mean values of spindle amplitudes were 12.72mV
(range 10.10–15.13mV) in the dexmedetomidine,
and 14.37 mV (range 9.75–19.07 mV) in the normal
sleep group (P 5 0.13). Mean spindle frequency
values were 11.46 Hz (range 9.47–12.63 Hz) in the
dexmedetomidine group, and 12.01 Hz (range
11.24–13.15 Hz) in the normal sleep group
(P 5 0.12). Mean spindle densities were 1.17 spin-
dles/min (range 0.02–3.87) in the dexmedetomi-

dine and 1.26 spindles/min (range 0.02–4.67) in the
normal sleep group (P 5 0.88).

Discussion

To our knowledge, there are no previous reports
about dexmedetomidine-induced EEG phenomena
in humans, such as sleep spindles, resembling
physiological S2 sleep, although earlier experimen-
tal evidence has indicated a role for normal
non-REM sleep promoting pathways in dexmede-
tomidine sedation in rats (5). Spindle oscillations
observed during propofol-induced burst-suppres-
sion EEG have been suggested to be similar to
spindles in normal sleep (21), but quantitative
comparisons were not made in that study. The
present quantitative study on EEG spindles during
dexmedetomidine sedation and normal sleep
demonstrates that dexmedetomidine-induced se-
dation is associated with EEG nearly identical to
normal sleep in this respect. This adds to our
earlier quantitative EEG study (with power spec-
tral EEG analyses and Entropy monitor) during
light and deep dexmedetomidine sedation (14), in
which deepening dexmedetomidine sedation
caused changes in state and response entropy
(14, 22) similar to those reported for deepening
spontaneous sleep (23).

The present work focused on sleep spindles.
Spindle density, amplitude and frequency content
did not differ between dexmedetomidine and sleep
EEG recordings. Therefore, the same spindle gen-
erating thalamo-cortical mechanisms seem to be
active during normal physiological S2 sleep and
deep dexmedetomidine sedation. The spindle
duration was longer during dexmedetomidine se-
dation than during normal sleep in the present
work. Given that sleep spindles are considered
sleep-protective events (6–8), a higher spindle den-
sity (not found here) or longer spindle duration
might indicate an enhanced sleep protection.
However, this interpretation presents merely one
possible explanation.

In the present work, we studied one frontopolar–
laterofrontal EEG derivation recorded with the
Entropy monitor that has been introduced for to
monitor the depth of surgical anesthesia (24). The
Entropy monitor provided useful, good-quality
information of EEG spindle activity. As regards
physiological S2 sleep, it is known that central EEG
derivations typically show sleep spindles with
slightly higher mean frequency content (13–14 Hz)
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Fig. 1. Examples of sleep spindles during dexmedetomidine seda-
tion and normal physiological sleep. Electroencephalogram (EEG)
segments of 15 s are seen from two subjects of dexmedetomidine
recordings, the two top traces, and two subjects of sleep recordings,
the lowest two traces. These EEG segments were selected at times
with high spindle density. Visually scored spindles are indicated
with horizontal dashed lines.
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Endogenous sleep circuits as anaesthetic targets 
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Where are the putative anaesthetic targets? 
 - Hypothalamus/Pons 
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Where are the putative anaesthetic targets? 
 - Cortex 
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Can the thalamus gate consciousness? 
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Can the thalamus gate consciousness? 
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excluded (by history or imaging), it should be 
immobilised. Oxygen saturation should be maintained at 
more than 96% with supplemental oxygen. If intracranial 
pressure might be raised, the head of the bed should be 
kept at 30°; the head of the bed should be fl at if posterior 
circulation stroke is a possible cause. These crucial 
therapeutic steps take precedence over obtaining history.

We do not recommend routine administration of a coma 
cocktail (combinations of intravenous thiamine, glucose, 
naloxone, fl umazenil, or physostigmine).13 Standard 
practice includes testing for and treating hypoglycaemia. 
We recommend use of naloxone when the clinical 
presentation supports opioid intoxication, but caution that 
its indiscriminate use can precipitate withdrawal 
symptoms in opioid-habituated patients with coma of 
another cause. Flumazenil can precipitate benzodiazepine 
withdrawal, with life-threatening consequences. Routine 
use of physostigmine or other non-specifi c analeptic 
arousal agents in the treatment of toxin-induced coma is 
unnecessary; supportive care alone is superior.

After initial stabilisation, the priority shifts to answering 
the following questions. Is the patient comatose? If so, to 
what degree is the level of consciousness altered? Is there 
a potentially reversible cause?

Initial clinical assessment
The components of the initial assessment are the history, 
physical examination, and laboratory tests (fi gure 3). The 
history and physical examination aim to distinguish a 
structural cause from diff use neuronal dysfunction or 
psychiatric cause.

History
Physicians should try to obtain available information from 
bystanders, friends or family, prehospital personnel, or 
police offi  cers. Such information is indirect and should be 
interpreted cautiously (eg, a patient with alcohol 
intoxication could also have a subdural haematoma). 
Other potential sources of information include previous 
medical records (if the patient has been positively 
identifi ed), medical alert bracelets or cards, medication 
lists, or a pharmacy telephone number in the patient’s 
belongings. Because fragments of information tend to 
become available incrementally, the working diagnoses 
should evolve as new information emerges. At the same 
time as this initial assessment, physicians should measure 

Figure 2: A hypertensive patient who presented with abrupt onset of coma
Delayed CT shows bilateral hypodensities (green arrows) in both paramedian 
thalami resulting from a stroke involving the artery of Percheron, a variant 
branch of the posterior cerebral artery that supplies both sides of the medial 
thalamus (courtesy of Louis R Caplan).
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Figure 3: Algorithm for diagnosis of cause of coma

Edlow et al., 2014 
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Fig. 1. Diagram showing the target zone in the central medial nucleus in the thalamus. For inclusion in 
the study, the entire blue injection site had to be confined to this zone. Abbreviations are as follows: 
AM-anteromedial nucleus; CeM-central medial nucleus; IAD-interanterodorsal nucleus; IAM-in- 
teranteromedial nucleus; PT-paratenial nucleus; PV-paraventricular nucleus; Re-reuniens; Rh- 

rhomboid nucleus. 

Watson (1982). The cannulas were fixed in place with 
acrylic and occluded with wire. The rats were allowed 
to recover and placed in individual cages with food 
and water. 

The next day, catheters were placed in the right 
jugular vein under halothane anesthesia, sutured 
under the skin, flushed with heparin and occluded 
with wire. The next day, the rats were placed in a 
painless restraining device (Harvard Bioscience) for 
2-3 min, while 1 ~1 Hamilton syringes were threaded 
through the guide cannulas for injection of pipe- 
ridine-4-sulfonic acid (Sigma), (-) baclofen (Ciba- 
Geigy), pentobarbital (Sigma) or flurazepam (Sigma), 
dissolved in 0.2 p I of 1% alcian blue normal saline at 
pH 7.4, or control injections of 1% alcian blue saline. 
The needle of this syringe was cut to the appropriate 
length so that the tip would reach the desired target. 
Bicuculline methiodide (Sigma) was dissolved in 
acetic acid, titrated to pH 5.0 and alcian blue added 
to produce a concentration of 1%; control injections 
for these studies also had a pH of 5.0. After an 
incubation time of 10 min for the injections of pipe- 
ridine-4-sulfonic acid or baclofen or 2 min for pento- 
barbital, flurazepam, or bicuculline, the jugular 
catheter was flushed with heparin and connected to 
an infusion pump. A 5 mg/ml solution of PTZ in 
normal saline was infused continuously, at a rate of 
1.44 ml/min and the onset of each type of seizure 
timed. The threshold for myoclonic seizures was 
defined as the dose of PTZ per kg, calculated from the 
time at which the first myoclonic seizure occurred, 
with a correction for the dead space of the catheter. 
Similarly, the threshold for clonic and tonic seizures 
was determined from the time to first occurrence. In 
this report, “clonic seizures” refers to episodes of 
clonic forelimb movement, with writhing trunk move- 
ments, which usually occur shortly after the first 
myoclonic seizure. It does not refer to the clonic 
status epilepticus, with movements of all limbs with 
the animal on its side, which occurs after the tonic 
seizure. 

In one group, brass skull screws were placed at the 
time of implanting of cannula. A ground screw was 
placed in the frontal sinus, as well as either two screws 
over each hemisphere or one screw over the anterior 
left hemisphere and another over the posterior right. 
These screws were wired to an amphenol connector 
which was fastened with acrylic. Electroen- 
cephalograph (EEG) recordings were performed on a 
Grass polygraph in the awake unrestrained animals 
after bicuculline or control injections. In some ani- 
mals an intravenous infusion of PTZ was also per- 
formed at the time of the EEG recording. In another 
group, concentric bipolar recording electrodes 
(Rhodes, SNEX-100) were implanted stereotaxically 
in the midline thalamus. The next day recordings 
were performed, before and after injection of 
baclofen. 

In all experiments, the animals were sacrificed with 
175 mg/kg intravenous sodium pentobarbital. The 
brains were removed, frozen, and sectioned at 32 pm 
on a cryostat. Alternate sections were stained 
with neutral red or a variant of the Koelle and 
Friedenwald (1949) acetylcholinesterase stain 
(Hardy, Heimer, Switzer and Watkins, 1976) for 
precise location of the injections. 

RESULTS 

Comparison of GABA, and GABA, agonists 

In these experiments, various concentrations of the 
GABA, agonist piperidine-4-sulfonic acid and the 
GABA, agonist baclofen, were injected in the an- 
terior midline thalamus. The injections were directed 
at a zone centered on the central medial intralaminar 
nucleus (Fig. I), a zone in which injections of musci 
mol had their greatest effects on seizures and behav- 
ior (Miller et al., 1989). Only animals where histo- 
logical examination revealed confinement of the blue 
dye to this zone, and no leakage into the ventricular 
system, were included in the analysis of data. 
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Fig. 2. Effects of injections of piperidine-4-sulfonic acid (a) 
and (-)baclofen (b) in the thalamic zone defined in Figure 
1, on spontaneous behavior and the threshold doses of 
pentylenetetrazol (PTZ) for different types of seizures. Be- 
havioral depression scores were assessed prior to infusion of 
PTZ and defined as follows: 0 = no effect; 1 = mild impair- 
ment of righting; 2 = righted in more than 3 seconds; 3 = lay 
on side without righting; 4 = no spontaneous movements 
other than normal respiration. Points marked * or ** were 
significantly different from controls by the Student- 
Newman-Keuls test (P < 0.05 and P < 0.01, respectively). 
Control values represent the mean of 16 animals, while each 

experimental point is the mean of 5-9 animals. 

Piperidine-4-sulfonic acid had effects on behavior 
and the threshold of seizures identical to those of 
muscimol (Fig. 2a). Smaller doses (3-10 nmol) led to 
a decrease in spontaneous activity and mild impair- 
ment of righting, which progressed at larger doses to 
complete loss of spontaneous movement with the rat 
lying on its side. For thalamic injections of pipe- 
ridine-4-sulfonic acid, as well as other agents, such 
behavioral effects were assessed prior to the adminis- 
tration of PTZ and graded on the scale described in 
the legend of Fig. 2. The behavioral effects of piper- 
idine-4-sulfonic acid invariably reached a maximum 
by 10min; therefore, the infusion of PTZ was per- 
formed at that time. 

Injections of piperidine-4-sulfonic acid resulted in 
a dose-dependent lowering of the threshold dose of 
PTZ for the first myoclonic and clonic seizure 
(Fig. 2a). There was a trend for inhibition of tonic 
seizures. Least’-squares regression of this threshold, as 
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Fig. 3. Examples of recordings of thalamic and EEG activity 
of a normal alert rat (above) and rat after the injection of 
30 nmol of piperidine-4-sulfonic acid (PSA) or (-)baclofen 
(Bf) in the central medial intralaminar nucleus (behavioral 
scores = 4). The thalamic activity was recorded by a concen- 
tric bipolar electrode, placed just caudally to the injection 
site. No infusion of PTZ was performed in these animals. 

a linear function of the log of the dose of piperidine- 
4-sulfonic acid, revealed a slope of +7.44, but this 
was not significantly different from 0. 

Baclofen had effects on behavior and the threshold 
for myoclonic and clonic seizures, identical to those 
of piperidine-4-sulfonic acid, but with approximately 
10 times the potency (Fig. 2b). In addition, however, 
there was a dose-dependent, significant decrease in 
the threshold for tonic seizures (slope = - 7.11, sig- 
nificantly different from 0 with P > 0.02, threshold as 
a function of the log of the dose of baclofen). 

In order to determine what changes in thalamic 
electrical activity led to these effects on seizures and 
behavior, regional thalamic electrophysiological ac- 
tivity was recorded before and after the injection of 
baclofen and piperidine-4-sulfonic acid in the central 
medial intralaminar nucleus. Before injection, a 
rhythmic 5-7 Hz cortical EEG rhythm was seen when 
these animals were alert and exploring the cage 
(Fig. 3). The thalamic electrode also revealed such 
activity, although it was not necessarily synchronous 
with the cortical EEG. After injection of piperidine-C 
sulfonic acid or baclofen, the cortical activity was 
much slower, an effect similar to what has been 
observed previously with muscimol (Miller et al., 
1989). Spindles or other rhythmic activity was not 
seen. Thalamic recording revealed similar slowing, 
also without rhythmic activity. 

Efects of pentobarbital and jlurazepam 

These agents, which act on GABA, receptors, to 
modify the effects of endogenous GABA, were much 
less potent than the directly acting agents. Injections 
of either pentobarbital or flurazepam in the anterior 
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Piperidine-4-sulfonic acid had effects on behavior 
and the threshold of seizures identical to those of 
muscimol (Fig. 2a). Smaller doses (3-10 nmol) led to 
a decrease in spontaneous activity and mild impair- 
ment of righting, which progressed at larger doses to 
complete loss of spontaneous movement with the rat 
lying on its side. For thalamic injections of pipe- 
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behavioral effects were assessed prior to the adminis- 
tration of PTZ and graded on the scale described in 
the legend of Fig. 2. The behavioral effects of piper- 
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formed at that time. 

Injections of piperidine-4-sulfonic acid resulted in 
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a linear function of the log of the dose of piperidine- 
4-sulfonic acid, revealed a slope of +7.44, but this 
was not significantly different from 0. 

Baclofen had effects on behavior and the threshold 
for myoclonic and clonic seizures, identical to those 
of piperidine-4-sulfonic acid, but with approximately 
10 times the potency (Fig. 2b). In addition, however, 
there was a dose-dependent, significant decrease in 
the threshold for tonic seizures (slope = - 7.11, sig- 
nificantly different from 0 with P > 0.02, threshold as 
a function of the log of the dose of baclofen). 

In order to determine what changes in thalamic 
electrical activity led to these effects on seizures and 
behavior, regional thalamic electrophysiological ac- 
tivity was recorded before and after the injection of 
baclofen and piperidine-4-sulfonic acid in the central 
medial intralaminar nucleus. Before injection, a 
rhythmic 5-7 Hz cortical EEG rhythm was seen when 
these animals were alert and exploring the cage 
(Fig. 3). The thalamic electrode also revealed such 
activity, although it was not necessarily synchronous 
with the cortical EEG. After injection of piperidine-C 
sulfonic acid or baclofen, the cortical activity was 
much slower, an effect similar to what has been 
observed previously with muscimol (Miller et al., 
1989). Spindles or other rhythmic activity was not 
seen. Thalamic recording revealed similar slowing, 
also without rhythmic activity. 

Efects of pentobarbital and jlurazepam 

These agents, which act on GABA, receptors, to 
modify the effects of endogenous GABA, were much 
less potent than the directly acting agents. Injections 
of either pentobarbital or flurazepam in the anterior 
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Multisite LFP Recording 
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ECoG Transitions from Wake to NREM 
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Alterations in frequency and power occur first in 
CMT during Wake-to-NREM transitions 
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Alterations in frequency and power occur first in 
CMT during Propofol LORR 
 

Baker, Gent et al., 2014 
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Phase changes during dexmedetomidine LORR 
occur in higher order but not primary TC circuits  
 

Baker, Gent et al., 2014 
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Discussion 

• Break down in cortical connectivity occurs during 
sleep (Massimini et al, 2005)  

• Long range cortical connectivity dependant on 
modulation by thalamus (Steriade et al., 1995)   

 
• Change of cortical connectivity associated with LOC 

is thalamically mediated 

Baker, Gent et al., 2014 
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Discussion 

• Reduction in oscillation frequency the phase of the 
thalamus wrt cortex is retarded (Slézia et al, 2011)  

•  Information coding depends on the phase of neuron 
firing (Fries et al., 2007)   

 
• Abrupt change in phase will drastically alter 

information transmission 

• This may result in LOC 
Baker, Gent et al., 2014 
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