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Selective Unilateral
Autonomic Activation:
Implications for Psychiatry

By David S. Shannahoff-Khalsa, BA

ABSTRACT

Research advances have led to three methods
for selectively activating one half of the autonomic
nervous system in humans. The first method is an
ancient yogic technique called unilateral forced
nostril breathing (UFNB) that employs forced
breathing through only one nostril while closing off
the other.The second method works by stimulation
of an autonomic reflex point on the fifth intercos-
tal space near the axilla. The most recent method
employs unilateral vagus nerve stimulation (VNS)
via the mid-inferior cervical branch and requires
surgical implantation of a wire and pacemaker.
UFNB is non-invasive and seems to selectively
activate the ipsilateral branch of the sympathetic
nervous system with a possible compensation
effect leading to contralateral VNS. UFNB and VNS
have been employed to treat psychiatric disorders.
While UFNB has been studied for its potential
effects on the endogenous ultradian rhythms of the
autonomic and central nervous system, and their
tightly coupled correlates, VNS has yet to be stud-
ied in this regard. This article reviews these three

methods and discusses their similarities, putative

FOCUS POINTS

e Selective unilateral autonomic activation occurs by

unilateral forced nostril breathing, stimulation of
the autonomic reflex point on the fifth intercostal
space, and vagus nerve stimulation.

e Selective unilateral autonomic activation has
important effects on the endogenous lateralized
ultradian rhythms of the autonomic and central
nervous systems.

e Selective autonomic activation may play an impor-
tant role in the future for treating a broad range of
psychiatric disorders and other health issues.

mechanisms, their studied effects on the endog-
enous autonomic nervous system and central ner-
vous system rhythms, and their implications for
the treatment of psychiatric disorders.
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INTRODUCTION

The Laterality and Dynamics of the Auto-
nomic Nervous System and Its Role in the
Regulation of Psychophysiological States
The autonomic nervous system (ANS) is
divided into two divisions called the sympathetic
nervous system (SNS) and parasympathetic ner-
vous system (PNS). Most organs, including the

Mr. ShannahoffKhalsa is the director of The Research Group for Mind-Body Dynamics at the Institute for Nonlinear Science at the University of
California-San Diego in La Jolla, California, and president of The Khalsa Foundation for Medical Science in Del Mar, California.

Disclosure: Mr. ShannahoffKhalsa does not have an aoffiliation with or financial interest in any organization that might pose a conflict of interest.

Funding/Support: Mr. Shannahoff-Khalsa receives research/grant support from the Khalsa Foundation for Medical Science.

Acknowledgements: Mr. ShannahoffKhalsa would like to thank the Baumgartel-DeBeer Family Fund for contributions to The Khalsa Foundation to

help support writing this review.

Submitted for publication: November 11, 2006; Accepted for publication: July 17, 2007.

Please direct all correspondence to: David S. ShannahoffKhalsa, Institute for Nonlinear Science (# 0402), University of California, San Diego, 9500
Gilman Drive, La Jolla, CA, 92093-0402; Tel: 858-534-0154, Fax: 858-534-7664; E-mail: dsk@ucsd.edu, Web site: www.theinternetyogi.com.

CNS Spectr 12:8 625 August 2007




cerebral cortex, are innervated by fibers from
both divisions that have opposing effects. The
left and right branches of the SNS and PNS each
independently innervate the two sides of the
body with the vast majority of fibers not cross-
ing over in the cat, rat, and monkey." In addition,
the autonomic innervation of the cerebral cortex
in the rat occurs primarily via four major hypo-
thalamic projections; the tuberal lateral hypotha-
lamic neurons, the posterior lateral hypothalamic
area and supramammillary nucleus, and the
fields of Forel, which all show innervation of only
the ipsilateral hemisphere, while the fourth area,
the tuberomammilary nucleus, innervates both
hemispheres approximately equally.??

The SNS helps prepare for increased levels
of activity and the fight or flight response, which
includes an increase in heart rate, blood pres-
sure, cardiac output, a diversion of blood flow
from the skin and splanchnic vessels to those
supplying skeletal muscle, increased pupil size,
bronchiolar dilation, contraction of sphincters,
and metabolic changes utilizing fat and glyco-
gen.*8 In contrast, the influences of the PNS lead
to rest, conservation, and restoration of energy
and, thus, to a reduction in heart rate (HR), blood
pressure, and a facilitation of digestive processes
and the elimination of waste products.®™

The ANS is viewed as the “housekeeping” ner-
vous system and it is regulated primarily by the
hypothalamus.*?%'3 A unique feature of the ANS,
although usually overlooked, is that of the lateral-
ized ultradian rhythms where one branch of the
SNS dominates one side of the body, and one
branch of the PNS dominates on the opposite side,
and then the two systems switch dominance on
the two sides.’'® For example, if the SNS domi-
nates on the right homolateral half, the PNS will
dominate on the left homolateral half, followed by
a period with PNS dominance on the right and SNS
dominance on the left, thus defining the lateralized
ultradian rhythms of the ANS that exhibit with a
periodicity in the “hourly” range.’*'>""®This natural
hypothalamic-mediated endogenous phenomenon
leads to lateralized rhythms of the ANS and the
respective innervated organs and structures, which
include the cerebral hemispheres.*'*2The nasal
cycle is a unique marker for the lateralized rhythms
of autonomic function throughout the periphery
and it exhibits as an ultradian rhythm with greater
airflow in one turbinate, followed by a reversal in
airflow dominance.’"192125 Studies have shown
that the nasal cycle is tightly coupled to an ultra-
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dian rhythm of alternating cerebral hemispheric
activity that exhibits both during waking (period-
icity ranging from 25-340 minutes with power
dominating in the lower-frequency bands and with
spectral periods observed in five primary windows
at 220-340, 170-215, 115-145, 70-100, and 40-65
minutes)'6192627 and sleep (periodicity ranging
from 25-300 minutes with spectral periods in four
primary windows at 280-300, 75-125, 55-70, and
25-50 minutes bins, with power dominating in the
75-125 minutes bin).'%?%2° Studies have also shown
that this lateralized ultradian ANS-central nervous
system (CNS) rhythm is also tightly coupled to the
ultradian rhythms of the neuroendocrine, cardio-
vascular, and fuel-regulatory hormone (insulin)
systems.?®?” |[n addition, it has been shown that
catecholamine secretion throughout the periphery
alternates in dominance on the two sides of the
body when measured under strict resting condi-
tions with sampling through near equivalent ante-
cubital veins in the two arms, and that this left-right
pattern of secretion is also tightly coupled to the
nasal cycle.’** These multivariate studies have led
to a new view for understanding autonomic and
CNS activities and for defining psychophysiological
states as regulated and integrated by the hypothal-
amus, and how the nasal cycle can be a marker for
psychophysiological states.'®'9262This new view of
psychophysiological states is a more comprehen-
sive view of Kleitman’s Basic Rest-Activity Cycle
(BRAC)*"*® hypothesis proposed in the 1960s that
was based on the observations of how rapid eye
movement and non-rapid eye movement sleep
were coupled to ultradian variations in physi-
ological activity. However, Kleitman’s work, and
that of others,? did not integrate the observations
on the lateralized activities of the ANS and CNS
that now add a spatial dimension to the temporal
BRAC hypothesis. It has also been proposed that
the nasal cycle is a marker for psychophysiological
states, where right-nostril dominance marks the
activity phase of the BRAC and left-nostril domi-
nance marks the rest phase.'#1519.20.26-29

SELECTIVE UNILATERAL ACTIVATION
OF THE LEFT AND RIGHT STELLATE
GANGLION AND VAGUS NERVES:
EFFECTS ON THE HEART

With a dynamic view of autonomic, CNS,
and related ultradian phenomenon, it may be
possible to have a better understanding for the
therapeutic potential of UFNB, vagus nerve stim-
ulation (VNS), and activation of the autonomic
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reflex point on the fifth intercostal space. The
ANS is usually thought of mostly as an effer-
ent fiber system. However, the vagus is a mixed
nerve and ~80% of the fibers are actually afferent
sensory fibers carrying information to the brain
from the head, neck, thorax, and abdomen.®*This
afferent fiber system is what makes VNS a useful
therapeutic tool. The influences of the left and
right vagus nerves are not identical and VNS
studies have empirically led to the selective use
of the left cervical (mid-inferior region) branch
for prolonged and intermittent stimulation.
Studies have shown that stimulation of the right
branch can lead to increased cardiac instability.*®

Levy and Martin®” reviewed studies on the
autonomic innervation and control of the heart.
They discuss the lateral differences for both the
SNS and PNS. There is considerable right-left
asymmetry in the distribution of the sympathetic
fibers to the heart.*®* In dog studies, Levy and
colleagues® found that stimulation of the right
stellate ganglion can increase HR by 85 beats/
minutes, while the effects of left-sided stimula-
tion produce a much smaller increase, and that
right-sided stimulation can increase left ventricu-
lar systolic pressure by 50 mmHg, while left-sided
stimulation increases left ventricular systolic pres-
sure >50 mmHg. They conclude that right-sided
stellate ganglion stimulation has greater chrono-
tropic effects while the left produces greater ino-
tropic effects; right stellate ganglion stimulation
decreases systolic duration and left-sided stim-
ulation increases mean arterial pressure. Thus,
the right sympathetic trunk has relatively greater
effect on HR and the left has relatively greater
effect on left ventricular function.

The right vagus has a greater cardiac decel-
eratory effect compared to the left vagus,*°
and right vagus transection causes a greater
cardiac acceleration than left transection, sug-
gesting that the right vagus exerts greater
restraint on the sino-atrial node compared to
the left vagus.*' Also the heart period is more
prolonged when a stimulus is given to the right
vagus compared with the left.*° Henry states:
“The left vagus nerve carries most of the para-
sympathetic fibers that less densely innervate
the ventricles, and the right vagus nerve carries
most of the parasympathetic fibers that more
densely innervate the cardiac atria. Therefore,
vagal anatomy favors left (over right) vagus
stimulation to avoid cardiac effects.”*¢ While the
unilateral autonomic stimulation effects on the
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heart are well known, the potential unilateral
autonomic stimulation effects on other organs
and systems are not so thoroughly studied.

SELECTIVE UNILATERAL AUTONOMIC
ACTIVATION BY UFNB

The ancient yogic technique of UFNB has now
been studied in Western laboratories for more
than 25 years.'®4243The CNS rhythm of alternat-
ing cerebral hemispheric activity and its coupled
physiological and psychological correlates are in
part the basis for the use and putative effects of
UFNB."'643Yogis believed that UFNB has effects
not only on the brain but throughout the periph-
ery,'®4243 and that UFNB selectively stimulates the
contralateral cerebral hemisphere and the ipsilat-
eral branch of the sympathetic nervous system.

The first example of using UFNB to selec-
tively stimulate the contralateral hemisphere
was demonstrated using electroencephalogra-
phy (EEG) in young healthy naive subjects.4+46
This study involved a continuous measurement
of EEG activity in the two cerebral hemispheres
using a variety of homologous electrode sites
to compare left and right power. Subjects were
asked to force breathe through the more con-
gested nostril for 11-20 minutes followed by
one, two, or more periods alternating sides with
each phase of the experiment.*® Results showed
that UFNB increased EEG power in the contra-
lateral hemisphere regardless of the phase of
the nasal cycle. The authors concluded “These
results suggest the possibility of a non-invasive
approach in the treatment of states of psycho-
pathology where lateralized cerebral dysfunc-
tion have been shown to occur.”4¢

One study* suggests that EEG activity gener-
ated by nasal (versus oral) breathing is produced
by a neural mechanism in the superior nasal
meatus. This activating effect could also be pro-
duced by air insufflation into the upper nasal cav-
ity without inflating the lung. Local anesthesia
of the nasal mucosal membrane suppressed the
cortical effects of airflow stimulation. The contra-
lateral increase in relatively greater EEG power
as a marker of greater or lesser mental activity
was controversial.**The yogic postulate states that
UFNB activates the contralateral hemisphere and
thus increases cognitive performance in the con-
tralateral hemisphere. One study*® showed under
resting conditions that right-nasal dominance is
coupled to relatively greater verbal performance
(left brain activity), and left nasal dominance was
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coupled to relatively greater spatial skills (right
brain activity). Two later studies***° using 30 min-
utes of UFNB with naive subjects showed that
right-UFNB (R-UFNB) increased left hemispheric
cognitive performance and that left-UFNB (L-
UFNB) increased right hemispheric performance.
A more recent study® compared R-UFNB, L-UFNB,
alternate nostril breathing, and breath awareness
as a control for effects on a letter-cancellation left
hemispheric task in 20 male volunteers for 30 min-
utes. Twenty subjects were tested before and after
all four interventions on four successive days with
variations in the order of the intervention. “The
letter cancellation task scores were significantly
improved (ie, there were fewer errors following
right and alternate nostril breathing).The improved
performance may be related to the enhancement
of contralateral hemisphere function found with
selective nostril breathing.”s! A pilot study®? using
whole-head 148 channel magnetoencephalogra-
phy explored the effects of left and right UFNB at
one breath per minute for 31 minutes and showed
similar patterns of contralateral activation and that
these same contralateral effects were observed
with different frequency bands.'®43

Three other groups also studied the effects
of UFNB on cognitive performance or mood.535°
One study®® of UFNB on cognitive performance
showed a mixed pattern of hemispheric activa-
tion with males appearing to have an ipsilateral
increase in performance, but “unilateral breath-
ing influences female performance contralater-
ally, but only on the spatial task.” These results
were obtained after only 5 minutes of UFNB. In
contrast to the results of past studies they state
“These differences within and between sexes
may exist because unilateral nostril breath-
ing differently activates the two hemispheres
and thereby facilitates performance or because
attempts of the brain to control the nasal
cycle unilaterally interfere with performance.”
However, an attempt to replicate that study
exactly found no nostril-to-condition related per-
formance for either males or females with a 5
minutes exercise period using identical psycho-
logical tasks but different subjects.?*

Klein and colleagues*® found similar nostril
dominance and hemisphere (contralateral) rela-
tions for both sexes during rest. It is not likely that
the autonomic circuitry differs between sexes. In
addition, another study found that UFNB through
the dominant nostril also led to greater cognitive
performance in the contralateral hemisphere.®
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However, this study did not investigate the UFNB
effects in the non-dominant congested nostril. In
sum, it may be concluded that the results of these
studies are in part dependent on the true lateral-
ized nature of the cognitive tests employed, the
breathing times and efforts, and keeping the nos-
tril blocked during the final testing period to help
maximize effects.

It appears that nasal airflow may stimulate
sympathetic dominance in the homolateral (ipsi-
lateral) body-brain half. A mechanistic princi-
ple supporting the effects of UFNB is that this
technique produces ipsilateral cortical vaso-
constriction (via increased sympathetic tone)
and thus reduced blood flow and cortical activ-
ity in the ipsilateral brain hemisphere. It has
been suggested that increased parasympathetic
activation occurs simultaneously in the con-
tralateral hemisphere to compensate for this
sympathetic activation, thus helping to main-
tain adequate cerebral perfusion in total brain.*
Two clinical trials®¢” have employed the use of
a specific LUFNB pattern for the treatment of
obsessive-compulsive (OCD) with substantial
and significant clinical reductions in obsessions
and compulsions when measured with the Yale-
Brown Obsessive-Compulsive Scale, along with
significant reductions in other psychological
symptoms using other scales and reductions
and elimination of medications.

When considering the peripheral effects of
UFNB, the earliest Western scientific study to
demonstrate a normal half-sided reaction in
autonomic function was that of the relation-
ship of the nose and lung.%%¢ There is a unilat-
eral nasal-pulmonary reflex mechanism which
is clearly elicited when there is a forced inhala-
tion through one nostril that has been shown to
produce a significant increase in inflation in the
homolateral lung. The lung is one organ where
sympathetic influences lead to vasodilation
rather than vasoconstriction, which then leads
to greater blood flow and inflation. Samzelius-
Lejdstrom®® studied 182 individuals and showed
that the movements of one thoracal half were
much more inflated compared to the contralateral
lung in 94% of subjects. She also reported that in
cases of tuberculosis where there is primarily a
lateralized deficit, there is a simultaneous patho-
logical phenomenon of the homolateral nasal
and thoracal halves. One group® studied rab-
bits under experimental conditions and showed
that if coal dust was inhaled through one nasal
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opening, it was deposited in much larger quanti-
ties in the homolateral lung. Various studies led
by Backon®% have demonstrated the effects of
UFNB on several autonomic-dependent phenom-
ena. Backon® showed how R-UFNB significantly
increased blood glucose levels and how L-UFNB
lowered it, and that R-UFNB reduced involun-
tary eye blink rates and that L-UFNB increased
eye blink rates.®* Backon and colleagues® also
showed how R-UFNB leads to an average and
significant decrease of 23% in intraocular pres-
sure and that LLUFNB increases it by an aver-
age but non-significant value of 4.5%. Others
have also found that R-UFNB reduced intraocu-
lar pressure, but LUFNB failed to increase it sig-
nificantly.5¢¢” A 1951 review shows how some
bilateral structures (eg, kidneys) are regulated
with differential resting and activity patterns.”® A
recent study shows how ultradian rhythms can
exhibit in the differential blood flow patterns of
the two adrenals.® And differential autonomic
effects on singly represented organs, for exam-
ple with the heart, lead to ultradian rhythms of
cardiovascular activity, as expressed in HR?6:6°
and blood pressure.?® Shannahoff-Khalsa and
Kennedy”® conducted three experiments using
impedance cardiography to monitor the beat-
to-beat effects of UFNB on the heart. Two exper-
iments employed a respiratory rate of 6 BPM
and one experiment employed a rapid rate (2-3
breaths/second) of shallow respiration, employ-
ing a yogic technique called “breath of fire” or
“kapalabhatti” These studies all showed that R-
UFNB increases HR compared to LLUFNB, which
lowers HR. They also showed that stroke volume
and end diastolic volume are higher with LLUFNB
at 6 BPM.These stimulation effects parallel those
described above with the stellate ganglion in
dogs, where stimulation of the right stellate gan-
glion leads to a greater increase in HR compared
to stimulation of the left stellate ganglion.3?38
Another study showed that L-UFNB significantly
reduced HR in the subjects that were initially
right nostril dominant, but failed to in those
who were initially left nostril dominant, and also
failed to show any effects of R-UFNB in subjects
who were either initially left or right nostril dom-
inant.”" In yet another study, it was found that R-
UFNB increased and L-UFNB decreased systolic
and diastolic blood pressure, but only in women
with no differential effects found in men.”?

In addition, R-UFNB, L-UFNB, and alternate
nostril breathing (inhaling through the left nos-
tril and exhaling through the right followed by
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inhaling through the right and exhaling through
the left with a continuous alternating sequence)
have been compared for their possible effects
on metabolism as measured by oxygen con-
sumption.”?The effects of having “ 27 respiratory
cycles, repeated four times a day for 1 month”
shows that R-UFNB produced a 37% increase
in baseline oxygen consumption, and LLUFNB
produced a 24% increase, and alternate nostril
breathing increased baseline values by 18%.
These researchers also found that LUFNB led
to an increase in volar galvanic skin resistance,
interpreted as a reduction in sympathetic activ-
ity supplying the sweat glands. In another study,
they found that a one time 45-minute practice of
R-UFNB increased oxygen consumption by 17%,
increased systolic blood pressure by 9.4 mmHg,
and decreased digital pulse volume by 45.7%.7
These results, and the relevant understanding
of the autonomic innervation of the heart, help
to explain the findings of an open clinical trial
using alternate nostril breathing as an effective
therapy for treating angina pectoris.”

STIMULATION OF THE AUTONOMIC
REFLEX POINT ON THE FIFTH
INTERCOSTAL SPACE

Yogis had also learned that lateral recum-
bency induces ipsilateral nasal congestion and
contralateral decongestion, and that by apply-
ing pressure to the fifth intercostal space at
the axilla, it is possible to affect changes in the
nasal cycle and mental states. Novice practitio-
ners were taught to lean on the “yoga danda/”
a crutch-like device for altering the nasal cycle
and cerebral rhythm.The first western reports of
such postural effects on the nasal cycle were in
the original papers on the nasal cycle,'?"?* and
then later in classic papers on sweat reflexes and
body surface pressures where ipsilateral nasal
airflow resistance is produced by application of
pressure to the chest wall,”®7® and with postural
effects of pressure in the shoulder region and
tested specifically in the axilla.”®

While yogis had learned to mimic the lateral
recumbent effects while remaining upright in
either a standing or sitting position, this ability to
induce changes while vertical was not reported
until 1970.7° Rao and Potdar’® studied ancient
yogic texts and became aware of the use of the
“yoga danda.” They were aware that it was used
“for correcting right or left nasal airflow.” They
observed how the pressure in the axilla could
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induce changes that lead to decongestion in the
contralateral nostril. In one set of experiments,

“While the subjects maintained the lateral horizontal posture
of the body, the tissue around the shoulder and arm were freed
of the squeezing effect. To accomplish this, the subjects were
placed in the lateral posture on two tables separated in such a
manner that body weight was borne on their temporal region,
lateral abdomen, and lateral part of thigh and leg. The lower
neck region, shoulder, and hand were free of any weight or pres-
sure. No increase in flow resistance through the down side of
the nose was found after 10 minutes in this position.””

They believed that the effect is likely autonomic
and solely the result of pressure on the surface
near the shoulder in the axillary region, and that
the neural pathways involved were autonomic.

Later, two leading otolaryngologists,®- well
trained in modern methods of measuring nasal
airflow, performed a series of complex experi-
ments to study the effects of lateral recumbency
on nasal airflow in great detail. In a set of experi-
ments they compared 45 seconds versus 12 min-
utes of lateral recumbency; the effect upon nasal
resistance of progressively lengthening the peri-
ods of lateral recumbency; short periods of lateral
recumbency immediately after the reciprocating
phase of the nasal cycle; the magnitude of nasal
resistance changes after rotation of hips or of
whole body; determined if pressure, warmth, or
touch, are effective in inducing ipsilateral nasal
congestion and contralateral decongestion;
and whether these effects could be blocked by
injection of a local anesthetic or by topical nasal
decongestants.®’ They found that in the 45 sec-
onds versus 12 minutes study, that “the resistive
changes reversed within approximately 60 sec-
onds of the termination of lateral recumbency,
but after 12 minutes they persisted for 15 minutes
or more!” They conclude here that “there are two
nasal responses to lateral recumbency, a “tran-
sient” and a “sustained,” and that the difference
is due to temporal summation.”®" When observing
effects of progressive lengthening, they found
“that with progressively longer periods of lat-
eral recumbency the nasal response increased in
magnitude, endured for longer, and a sustained
phase reversal was produced.” Also, when check-
ing short periods of lateral recumbency imme-
diately after the reciprocating phase of the nasal
cycle, they found that ipsilateral nasal conges-
tion is usually adopted, but also that the nasal
cycle continues after long lateral recumbent peri-
ods, often after 2 hours. They found that both the
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transient changes and the sustained reversals are
prevented by local anesthetic blockade of the cer-
vical sympathetic ganglion. They concluded that
the efferent pathway for both responses is via
the sympathetic fibers to the erectile tissue of the
nasal mucosa and that the receptors are located
deep in the subcutaneous tissue but superficial
to thoracic viscera. In addition, they did not find
that warmth alone could elicit changes in nasal
patency, and that pressures to the head, arms
or legs were not effective, nor to the abdomen
or lower dorsum. They concluded that the pres-
sure-sensitive zones are located in the ventral,
dorsal and lateral aspects of the pelvic and pecto-
ral girdles and thoracic wall. They also state that
“This topographical distribution is strikingly simi-
lar to that which induces contralateral sweating in
response to localized pressure: the “hemi-hydrotic
reflex.” Therefore there is a possibility that these
responses share a common afferent pathway.”®
They also mention that deviated septums and
unilateral fixed nasal obstruction in some patients
may well have pathological significance in sleep.

SELECTIVE UNILATERAL
AUTONOMIC ACTIVATION
BY VAGAL NERVE STIMULATION

The dynamic view of ANS-CNS interactions
may help us to better understand the therapeutic
potential of VNS and its potential risks. VNS has
been shown to be an important therapeutic tool
for the treatment of pharmacoresistent epilepsy
and it has shown to yield an average decline in
seizure frequency of 25% to 30% when patients
(N=313) are treated with a high stimulation rate
(30 Hz, 30 seconds on/5 minutes off; 500 ysecond
pulse width) compared with a low stimulation
rate (1 Hz, 30 seconds on/90-180 minutes off; 130
pusecond pulse width), which yields only a 6%
to 15% reduction in seizure frequency.?*% VNS
is well tolerated, however, it is not a substitute
for antiepileptic medication.®” Long-term VNS
therapy for epilepsy patients resulted in a 35%
reduction in seizure frequency at 1 year, 44.3% at
2 years, and 44.1% at 3 years. The proportion of
patients with sustained seizure frequency reduc-
tions of >50% was 23% at 3 months, 36.8% at 1
year, 43.2% at 2 years, and 42.7% at 3 years. It
seems that the acute 3-month response increases
up to the second year of treatment, after which
response rates tend to plateau.t4888 Also, the
positive response during acute treatment sug-
gests that this can be maintained for longer peri-
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ods.® It is claimed that long-term treatment was
well tolerated, with continuation rates of 96.7% at
1 year, 84.7% at 2 years, and 72.1% at 3 years.?
VNS is also claimed to be effective in children
3-18 years of age with median reductions in sei-
zure frequency at 3, 6, 12, and 18 months of 23%,
31%, 34%, and 42%, respectively.®

VNS has also been studied with treatment
resistant depression patients. To date, two tri-
als have been published. The first®®2 was an
uncontrolled pilot study (N=60) looking at the
acute effects in 10 weeks (N=60), and the sec-
ond® was a larger, double-masked, sham-con-
trolled, 10-week trial (N=235). Fifty-nine of the
60 patients in the pilot completed the study, and
18 (30.5%) were considered responders (>50%
reduction in baseline 28-item Hamilton Rating
Scale for Depression [HAM-Dgl), and 9 (15.3%)
remitted (HAM-D,g total score <10). Improvement
was gradual, with a mean of 48.1 days until the
response was significant. None of the patients
withdrew due to adverse events. The larger study
compared VNS with sham treatment with either
unipolar depression patients or bipolar patients
in the depressed-phase. There were 112 patients
in the treatment group (high/stronger stimulation
rates) and 110 in the sham group (low/weaker
stimulation rates).®* The device was activated
(single-blinded) after a 2-week post-implantation
recovery period and stimulation parameters were
adjusted during the first 3 weeks post-activation
and fixed for the remaining 8 weeks of the trial.
While the device was well tolerated, there was
no short-term demonstration of efficacy in the
response rates (=50% reduction in baseline HAM-
D,g), with the active group showing 15.2% and
the sham group a 10.0% improvement. However,
when long-term rates of efficacy were calculated
with the 59 patients who completed the short-
term pilot study,®®2 and met response criteria as
early responders (3 months) or as late responders
(1 year) and followed for 2 years,®® the 3-month
response rates of 30.5% increased to 44.1% at
1 year and were 42.4% at 2 years.* Also, when
maintenance of response was considered, 55.6%
of early responders and 78.6% of late responders
continued as responders at the 2-year mark.%
When rates of remission were considered in a
subset of 30 patients (remission is defined as <10
on the HAM-D,g), there was a significant increase
from 17% at 3 months (five of 30 patients) to 29%
at 1 year (eight of 28 patients).®” Similar sustained
results in the larger study® were observed with
the follow up of 205 patients where the treatment
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group showed a response rate for remission of
27.2% and the sham group showed 15.8%. One
might conclude that VNS therapy holds some
promise for treatment refractory depression.
However, the mechanisms of the effects are not
completely understood.

Since VNS causes brain effects in regions
also believed to regulate anxiety, and there were
major reductions in anxiety in the first depres-
sion study, a multi-site open trial in treatment-
resistant anxiety disorder patients was launched
involving 30 anxiety disorder patients with a
primary diagnosis of either OCD, posttraumatic
stress disorder, or panic disorder.®® No results
are reported to date for this trial, however, others
have also discussed the potential utility of VNS
for OCD.%®9° VNS has also been suggested as a
therapy for treating obesity, pain, Alzheimer’s
disease, and other neuropsychiatic disorders.

However, VNS requires general anesthesia
that may also include other surgical procedures
after initial placement. Therefore, recent atten-
tion has been directed towards potential peri-
operative complications post-implantation, and
other anesthetic considerations during initial
placement and anesthetic management issues
for patients with a pre-existing VNS device.®’

The stimulation parameters of VNS (high/
stronger stimulation rates vs low/weaker stimu-
lation rates) are important factors and they are
discussed in depth in the efficacious treatment
of epilepsy and depression.3¢%%%10" The concepts
of pulsatility and structured stimulation patterns
are also important parameters with some of the
more advanced UFNB techniques. Examples of
the possible complexity of UFNB patterns that
requires altering rates of pulsatile stimulation
are described in detail.™16:4243

CONCLUSION

In addition to the effects of selective unilat-
eral autonomic activation by UFNB on the brain,
heart, and other organs and systems innervated
by the ANS, and in the treatment of OCD,55:57
the more modern method of VNS has shown a
benefit in the treatment of pharmacoresistent
epilepsy,’® major depression®-'% and may even-
tually show potential with OCD and other anxi-
ety disorders.®® “It is concluded that although
the precise mechanism of action of VNS is still
unknown, the search for the mechanism has the
potential to lend new insight into the neuropa-
thology of depression.” ™4
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One might conclude that the effects of VNS may
also be mediated by similar mechanisms to those
of UFNB—a generalized differential activation of
one half of the ANS. In fact, yogis refer to the vagus
as the “mind nerve” (Yogi Bhajan, personal com-
munication, November 1978). It may be that VNS
has a relatively simple unilateral influence that may
be useful for a variety of psychological and physi-
ological disorders. Two researchers comment on
VNS “the latency of response in patients with epi-
lepsy or treatment-resistant depression suggests
that VNS therapy may trigger a process of neural
adaptation rather than directly targeting the specific
pathophysiological deficits of the disorder." %

When considering additional applications for
UFNB and VNS, it should be noted that the nasal
cycle, handedness, and eye dominance have
recently been compared in 37 children with autism
and 20 controls. Twenty-seven boys with autism
(mean age: 9.04 years) and 10 girls (mean age: 9.6
years) 5-20 years of age, were compared with a
control group, 14 boys (mean age: 8.84 years) and
6 girls (mean age: 9.2 years), 5-20 years of age.
With the autism subjects, in writing, 56.8% were
left-handers, 10.8% were right-handers and 32.4%
were ambiguous. In throwing, 48.65% were left-
handers, 16.22% were right-handers, and 35.13%
were ambiguous. Ten percent of controls were
left-handers by writing and throwing and 90%
were right-handers. For patients, 83.7% had left-
eye preference and 16.3% had the right-eye pref-
erence, and 70% of the controls were right-eye
dominant, and 30% were left-eye dominant. Nasal
dominance was assessed 24 times between 8 Am
and 8 pm at 30-minute intervals. Summarizing
nasal cycle measures they state:

Seven children with autism had the left nasal dominance for all
measurements. Two patients for only one time in 24 measure-
ments and 2 patients only 2 times had the right nasal dominance.
Four patients had the right nasal dominance for 12 or more times
in 24 measurements. In summary, a majority of patients with
autism had the left nasal dominance for major portion of the day-
time. However, in controls the rates of right and left nasal domi-
nance were about equal. The mean use number of left nostril in
24 assessments in autistic children (19.59+4.32) was more than
controls (11.75+1.97) (t=7.67, P=.00)."%

They conclude “Autism and early language
impairment may be associated with left hand-
edness, eyedness and nasal dominance....
These results show that the patients with
autism had no normal nasal cycle; probably
they had almost continuous left.”

Review Article

In sum, one might conclude that selective
unilateral autonomic activation is a simple but
useful mechanism that exploits the unique inde-
pendent and lateral nature of the autonomic
innervation to the organs, tissues, and brain.
Henry®® further comments

“Anatomical pathways provide the left cervical vagus afferent
and efferent fibers with access to parasympathetic control
of the heart and multiple other visceral organs; pharyngeal
muscles of vocalization; a limited somatosensory representa-
tion of the head and neck; and a widespread array of auto-
nomic, reticular, and limbic structures of the brainstem and
both hemispheres. Therapeutic VNS appears to have remark-
ably little affect on the vagal parasympathetic visceroeffec-
tors. The common reversible adverse effects of VNS mainly
involve vocalization and somatic sensation. Experimental and
human studies most strongly support altered activities of the
reticular activating system, the central autonomic network, the
limbic system, and the diffuse noradrenergic projection system
as modalities of seizure antagonism.”

However, it may also be important to explore
potential VNS effects on the endogenous ultra-
dian rhythms. It is likely that such effects exist
and that they may play a central role in the regu-
lation of a range of disorders where imbalances
occur. The ANS-CNS rhythm manifests like an
internal pendulum of lateral activities, and it may
be a shift in this rhythm that plays a useful thera-
peutic role."™ It is known that UFNB can indeed
affect the balance of various ANS-CNS functions
and yogis had viewed this pendulum as a bal-
ance of “yin and yang” activities that are cen-
tral to health that can now be viewed with an
extended BRAC concept.’>'%4 CNS
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