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The Minnesota Multiphasic Personolity Inventory (MMPI} was used to assess personaliry
changes in Vietnam combal veterans with posi-iraumalic siress disorder {PTSD), afier cither
traditional medical treaiment (TC ) or alpha-iheta brainwave neuro-feedback therapy (BWT),
Application of brainwave training for thirty 30-minute sessions resulied in decreasesin MMPL
T-scores on clinical scales labetied hypochondriasis, depression, hysieria. psychopathic
deviate, masculinity-femininity, paransia, psychasthenia, schizophrenia, kypomania, and
social introversion-extroversion. The traditional medical controf group showed decreasesin
T-scores only on the scale labelied schizophrenia. All fourtcen BWT patients initially
receiving psychoiropic medication reduced their dosages afier treciment, but only one of
thirteen TC pattenis reduced dosage. A thirry-month follow-up study showed that sl fouricen
TC patents had relapsed. in conirast 1o only three of fifteen BWT patients. These findings
indicale that application of alpha-theta brainwave iraining is a more ¢fficacious irearment
modaliiy in the tregtment of PTSD and prevention of relapse.
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University of Southern Colorado for assistance with manuscnipt preparation. Reprint requests may be
sent o Eugene G, Penision, Clinical Psycholagisu Psychology Service (116B), V' A Medical Cenuer, Font
Lyon, CO B1038.
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; INTRODUCTION

I

The National Vietnam Veterans Readjustment Study was mandated by Congress in November
1983 under U.S. Public Law 98-160. A four-year study was conducted under a VA contract
by the Research Triangle Institute (RTT) to examine the post-war readjustment problems
among male and female Vietnam Era veterans of all branches of the U.S. military services
on a nationwide basis. The RTI study disclosed: (1) an estimated 479,000 (152%) of some 3.1
million male Vietnam theater veterans currently have Post-Traumatic Stress Disorder
(PTSD); (2) anestimated 610 (8.5%) of 7,000 female Victmam theater veterans currently have
PTSD; (3) 30 percent of some 3.1 million Vietuam theater veterans have had PTSD at some
pointin their lives; (4} likewise, almost half of Vietnam theater veterans have had at leastone
psychiatric disorder; alcohol abuse or dependence accounted for the greatest proportion; (5)
one in 10 Vicinam theater veterans has been homeless or vagrant at some point during their
lives; and (6) those veterans exposed (o high levels of war stress had higher rates than other
Vietnam veterans for divorce, marital problems and problems in parenting their children
(Kulka, Schlenger, Fairbank, Hough, Kulkaph, Jordan, Marmar, & Lueiss, 1988).

Although PTSDisrelatively new as a specific psychiatric diagnosis, reports in professional
literature have described predictable intrusive thoughts, sieep disturbance, and avoidance
behavior following many years of trauma exposure (Kardiner, 1941; Grinker & Spiegel, 1945;
Trimble, 198]; Kolb, Burris, & Griffiths, 1984; Fay, Sipprelle, Rueger, & Carroll, 1984;
Carroil, Rueger, Fay & Donahoe, 1985). In chronic combat-related PTSD, symptoms of
anxiety, disgust, alcohol abuse, suicidal thoughts, hostility, marital distress, depression and
irritability are likely, along with the core PTSD diagnostic symptoms described above
(DSM-1II, 1987). The implication of these clinical studies is that combat can have consistent
and devastating after-effects. Figley (1978) concluded that veterans who had been exposed
to the most extreme stress in combat showed a greater incidence of psychological difficulty.
Maladaptive behavior problems (i.¢., chief complaints) reported by these veterans were
chronic states of anxiety, recurring nightmares, flashbacks, depression, panic attacks, and
vivid reexperiencing of an extremely traumatic combat experience (Williams, 1980). These
symptoms have been subsumed under the diagnosis of PTSD), which assumes the occurrence
of a specific stressful event that resuits in long-continuing stress symptoms (DSM-ITT, 1987).
As yet, only one controlled group study of biofeedback-induced desensitization for combat-
related PTSD treatment has been reported (Peaniston, 1986). However, research on clinical
outcomes has recently been reported in case studies by Schindler (1980) and Keane and
Kaloupek (1982), who cach employed desensitization and/or imaginal flooding techniques,
and hypnotic recall of traumatic events (Leahy & Martin, 1967; Balson & Dempster, 1983)
in the treatment of post-traumatic stress in a Vietnam combat veteran. These recent findings
on the effectiveness of relaxation therapies demonstrate promising techniques, but analyses
were based onminimal samples and lacked comparisondata from control samples. Although
the clinical literature on war-related PTSD is rich in the discussions of diagnosis and
assessment (Atkinson, Spar, Sheff, White & Fitzsimmons, 1984; Goodwin, 1980; Keane,
Malloy, & Fairbank, 1985), common treatment themes (Engedorf, 1975), establishing
therapeutic alliances (Haley, 1978; Williams, 1980), and intervention strategies (Figley, 1978;
Horowitz & Solomon, 1975), systematically controiled treatment outcome data are almost
entirely lacking.

Behavioral treatments such as systematic desensitization, imaginal flooding techniques
and relaxation training were developed as effective means of reducing stress-related anxicty
reactions and eiiminating nightmares (Budzynski & Stoyva, 1969, 1973; Marshail & Segal,
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alpha-theta neuro-fecdback training is a biofecdbuck technique used (o leam conuol of
particular brainwaves in the veaiment of a varicty of disorders (Peniston & Kulkosky, 1989;
Ayers, 1981, 1983; Lubar & Lubar, 1984; Lubar, Shabsin, Nawlson, Holden, Whisew, Pamplin
and Krulidowski, 1661 Green & Green, 1977 Wason & Herder, 1978; Passini, Watson,
Dchner, Herder, & Watkins, 1977). There is promising evidence that EEG alpha-ihewa
brainwave neuro-feedback wtraining is an effective treaiment for stress disorders (Green &
Green, 1977) and alcoholism (Peniston & Kulkosky, 1989). We hypothesized that Vietnam
theater velerans with combat-related PTSD provided prolonged EEG alpha-thela brainwave
neuro-feedback training will show significant reductions in thelr posi-travmatic sUress
symploms (fcars, anxicty, stress, elc.), psychotropic medicauons, and nightmares and flash-
backs. To test thosc hypotheses, an EEG alpha-theta brainwave neure-feedback program
was used as a2 wealment technigue {or Vietnam thealer velerans with combal-relaled
PTSD.

The purpose of this iniual study was three-fold: (1) 1o test the cffectiveness of EEG alpha-
theiz brainwave neuro-feedback therapy in the trearment of recurring combat-related night-
marcs/[lashbacks of Lraumatic aversive siwrations; (2) 1o detcrmine Lthe effeciivencss of EEG
alpha-theta brainwave neuro-{eedback therapy in the reducuon of psychouopic medications
for PTSD; and (3) 10 use MMP! profiles as evalualive measures of personaiity changes in
PTSD patients aller undergoing cither an experimental 26-day EEG alpha-theia brainwave
training program that has been described carlier (Peniston & Kulkosky, 1989 1990), or a
control treatment of traditonal medical therapy.

METHOD

Subjects

The subjects in this iniual study consisied of 29 Vietnam thealer velerans with a twelve 1o
{ifiecen year history of chronic combat-reiaied post-traumalic stress disorder (PTSD). All
subjects volunteered and gave their informed consent w participate in this study. The subjects
were randomiy selectled from a populauon of Vietnam theaier combat veterans evaluated for
ucatmentof chronic combat-related PTSDal Fort Lyon VA Medical Center, and were selected
based on the following crileria: {a) diagnosis of combat-relaled PTSD as defined by DSM-I11
manual; (b) no evidence of psychotic symptoms (i.¢., hallucinations or delusions); (¢) no
known organic dysfuncuon; and {d} frcquent recurring combai-retaled nighunares/flashbacks
that were anxicty-cvoking events. The subjects were randomly assigned 1o either the EEG
alpha-theta brainwave neuro-feedback training (BWT) group (N=15) givenamodificd version
of EEG alpha-theta brainwave training (Penision & Kulkosky, 1989), ora Tradivonat Medical
Control (TC) group (N=14} given psychotropic medications and combined individual and
group therapy to teat combat-related PTSD.

The BWT group had a mean chronological age (CA) of 36.12 years (standard deviaton (SD),
2.62). a mean number of prior hospializations (pnor/H) of 5.40 (SD, 1.42): a mean Shipley
Insbiute Scale Inteliigence Quotient {S1831Q of 105.4 (SD, 6.45). The TC group had 2 mean
CA 0 37.25 years {SD, 2.82); a mean number of prior/H of 540 (5D, 1.42} amean SIS 1Q of
106,42 (SD, 9.34).
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An experimental group of 20 male Vietnam combar veterans with a diagnosis of Post
Traumatic Stress Disorder (PTSD) and alcohol abuse were treated with alpha-theta Brainwave
Neuro-feedback Therapy (BWNT). A four channel EEG, video screen and printer were used
to determine the efficacy of BWNT in developing synchronization and altering amplitudes of
intrasubject brainwaves. Each patient was measured electrophysiologically before the start
of treatment and immediately following the last BWNT session in which anxiety-provoking
abreactive imagery was reported. Alpha-theta brainwave therapy produced significant
increases in the percentage of synchrony in brain channel pairs in the frontal and parieto
occipital lobes of the cerebral cortex in these patients. Also, the mean percentage of theta
waves above preset amplitude threshold increased gradually across the 20 trials of the last
abreactive session, while the mean percentage of alpha waves decreased. These changes in
alpha and theta waves during the abreactive scssion resulted in a “cross-over” pattern as
indicared by a significant interaction of wave rype and trials. Further, it was found that the
mean amplitudes of the alpha and theta brainwaves across the 20 trials of the abreactive
imagery BWNT session displayed a corresponding cross-over pattern. This pattern identifies
a state of consciousness referred to as the "EEG window of opportunity of the reverie state”
which is believed to optimize the surfacing of hypnogogic and/or abreactive imageries.

INTRODUCTION

There is evidence to suggest that the war in Vietnam is not over for all of the veterans. Many
Vietnam veterans suffer from the delayed after-effects of the war. This condition has been
labeled by Keltner, Doggett, and Johnson (1983) as the "Vietnam Post-Traumatic Stress
Disorder" (PTSD) or the "Post-Vietnam Syndrome." Included in the delayed after-effects are
nightmares, flashbacks to previously experienced combat, and severe stress, among others.
Keltner et al. (1983), estimated the aumber of veterans suffering from the effects of PTSD
at 1.5 million.

There are numerous other events, in addition to war-time trauma, which elicit similar
symptoms. Natural disasters, head injuries, severe burns, rape, concentration camp
internment, and others can also result in similar symptomatology. This disorder, PTSD), has
been recognized by the American Psychiatric Association and has been included in the
Diagnostic and Statistical Manual (APA, 1987) under Anxiety Disorders (classification
309.89).

Reactions to stressful events have been thought to be biolegically based as early as 1941 by
A. Kardiner, who proposed that the PTSD-type symptomatology was a "physioneurosis.*
Everly (1989) postulated that the structures which mediate PTSD symptomatology reside in
the hippocampal region of the brain, and effective treatment of PTSD must include a
combination of psychotherapeutic and physiotherapeutic technologies. EEG alpha-theta
brainwave neuro-feedback therapy is designed to train patients to change their brain function,
and from this perspective, it appears to be a promising biobehavioral modality for intervention
into PTSD (Peniston and Kulkosky, 1989, 1990, 1991},
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Levine, Herbert, Haynes, and Strobel (1978) found that meditators are able to produce high
amplitude, synchronous beta, alpha, and theta frecuencies. The literature has indicated that
during deep meditation, alpha and theta frequencies become synchronous. Synchrony in this
stady is defined as phase and frequency synchrony between the deminant frequency
components from two channels, in a one second epoch. The in-phase criterion is that the
phase angles of the dominant frequency components lie in the same quadrant. The various
types of electroencephalographic (EEG) biofeedback are sensorimotor rhythm (Lubar and
Lubar, 1984), alpha (Kamiya, 1961), alpha-theta (Green, Green, and Walters, 1980; Peniston
and Kuikosky, 1989, 1990, 1991). Hypnogogic (i.e., dreamlike) images have been found to
occur during the theta and/or "reverie" state (Foulkes and Vogel, 1965; Budzynski and
Stoyva, 1969; Green, Green, and Walters, 1970). The combination of sensory and cognitive
perceptions compnse the experiences of hypnogogic imagery. Green, Green, and Walters,
(1974), associated this type imagery with creativity and integrative experiences and recently,
Peniston and Kulkosky (1991) associated it with abreactive (i.c., traumatic anxiety-provoking)
experiences. 1o order to experience vivid imaging, the subject should be in an alpha-theta
meode for a sustained period of time. These images, or the memories, can then be retrieved
while in a normal beta-alpha state or conscious mode. Fehmi (1978; Fehmi and Selzer 1980)
found that training of brainwave synchrony tended to relieve stress-related symptoms, reduce
sepsations of chronic pain, and enhance selective attention with middle-management
executives.

The purpose of this initial study was to: (1) examine the effects of a four channel EEG
alpha-theta brainwave neuro-feedback training on EEG synchronization and wave form
abundance and amplitude; (2} to bring forth the abreactive imagery that provides the
opportunity for patients to deal with the causes associated with PTSD; and (3) to evaluate
those clinical changes (i.e., flashbacks and nightmares) in PTSD patients after undergoing
BWNT that has been described earlier.

METHOD

Subjects: The subjects in this study were 20 Vietnam theater veterans with twelve to fifteen
year histories of chronic combat-related PTSD and coexisting alcohol abuse. Peniston and
Kulkosky's (1989, 1990, 1991) earlier studies included alcoholics with PTSD syndrome. The
present study will focus primarily on chaages in dominant EEG rhythms (synchrony) and
abreactive imageries in chronic combat-related PTSD patients. All subjects volunteered and
gave their informed consent to participate in this study. The rationale for the subjects'
participation in the experiment included statements on the informed consent form that the
purpose of the study is to determine whether electrophysiological variables are factors that
contribute significantly to the personality changes of veterans with combat-related PTSD
(Peniston and Kulkosky, 1989, 1990, 1991). The subjects were randomly selected from a
population of Vietnam veterans evaluated for treatment of chronic combat-related PTSD at Ft.
Lyon V.A. Medical Center. They were selected based on the following criteria: (a) diagnosis
of combat-related PTSD as defined by the DSM-III-R (APA, 1987); (b) no evidence of
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skills. The audio-feedback unit of the instrument conained an individually controlied tone
generator, and different tones provided audio-feedback for alpha, beta, or theta frequencies.
If the frequency of alpba or theta remained above the threshold, a tone was presented, while
the beta tone during training is turned off, although, beta frequency data continues fo be
collected, For computational purposes, each session was divided into twenty trials of 90
seconds each. A summary of the percentage of synchrony and the alpha/theta amplitudes was
calculated for each trail and the mean calculation for the session was printed out at the
completion of the training session.

Mean Amplitudes: The CapScan Prism Five® is calibrated with single frequency integral
value sine waves. (CapScan returns the peak to peak amplitudes in microvolts. Spectral
analysis on mixed frequency signals is performed by the FFT with spectral lines | Hz apart
at integral frequencies and using a Hamming time window,

Apparatus: The CapScan Prism Five® (American Biotec Corp., Ossining, NY) is a 4
channel electroencephalograph (EEG) system that is fully computerized to provide a brain
mapping visual display system as well as a conventional EEG recording system. The system
is a low noise, 4 channel, balanced differential system with two active commons, including
a one channel, electrically isolated AC amplifier and differential input. The CapScan Prism
Five® was used to provide audio-feedback, and to measure the subjects': (1) percentage of
synchrony by quadrant pair for each 90-second trial across the 30-minute session; (2)
frequency and amplitude per 1 second epoch; and (3) percentage of time above threshold by
band width. An adjustabie artifact inhibit detection circuity, stops all feedback tones when
the artifact (i.e., EMG from eye movement or other muscle signals) exceeds the selected
artifact inhibit amplitude threshold. The audio-feedback threshold for each frequency band
(alpha, beta, and theta} was displayed as a color coded horizontal line and was adjusted before
each training session. Only alpha and theta band widths were fed back simultaneously to the
subject using distinctly different notes which make up a musical chord.

Brainwave Training Procedure: FEach subject was given a brief introduction to EEG
brainwave biofeedback and was told how to interpret the audio-feedback monitor (i.e., alpha,
beta, and theta) sounds in accord with Brainwave Neuro-feedback Therapy. During this initial
session, and subsequently, the following procedures were implemented: the temporal regions
{F;, FJ. a one (1) inch square on the forehead area, and an area approximately one (1) inch
square on the two occipital positions, (0,, Oy), were cleaned with alcohol prior to attaching
the electrodes. Omni Prep® was used as a conduction medium to fill the electrode cups and
in preparation of the electrode scalp sites. The surface electrodes were applied, employing
the international 10-20 system for electrode placement (Jasper, 1958). Both frontal (F,, Fy)
electrodes were attached to the left and right temporal areas and one (1) ground electrode was
attached to the forehead. Both occipital (0,, O,) electrodes were attached approximately 1 cm
above and 1 cm left/right of the inion and held in place by a veicro head band arcund the
head. Two ear clip electrodes were attached and the active electrode was referenced to the
left earlobe (A,), with the ground on the right earlobe (A;). Before recording commenced,
electrode impedance was checked by connecting the electrode cable to an impedance meter.
When all of the readings were low enough (< 10,000 ohms), the electrode assembly was
connected to the appropriate input on the back of the CapScan unit.
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Electrophysiological measures were obtained during a 30-minute pretest session and a 30-
minute posttest abreactive anxiety-provoking imagery BWNT session. Pretest electro-
physiological measures were obtained prior to brainwave therapy, and consisted of: (1)
percentage of synchrony per quadrant pair; and (2) mean alpha, beta, and theta amplitudes by
band-width for twenty trials of 90 seconds each. Posttest electrophysiological measures were
obtained during the last abreactive anxiety-provoking imagery BWNT session.

All subjects received five or six 30-minute session of pretraining in temperature
biofeedback-assisted autogenic training and thirty 30-minpute BWNT sessions (Peniston and
Kulkosky, 1989, 1990, 1991). During the pretraining sessions, the medical psychotherapist
{MP) attached a temperature thermistor to the tip of the middle finger of the subject's hand
with micropore tape. The BWNT subjects were tnstructed to sit in a comfortable reclining
chair, close their eyes, and relax. Then the MP introduced the subjects to autogenic training
exercises and rhythmic breathing techniques (Green and Greea, 1978) in an effort to induce
relaxation of the body and quieting of the mind. In the following next five or six sessions the
subjects practiced temperature biofeedback until the hand could be warmed to more than 94°F
and held at that point for one entire session. It is believed that temperature training stimulates
the production of the "theta state” (Hall, 1977). Following the temperature biofeedback pre-
training session, the experimental subjects completed a total of thirty 30-minute BWNT
sessions. Subjects were seen five times a week (5 days); twice daily for a total of twenty-one
days. During BWNT, subjects received the following instructions from the MP: "close your
eyes and construct a visualized abstinence/alcohol rejection scene... Now, teli your
subconscious to go back o Vietnam where these traumatic combat events (nightmares and
flashbacks) occurred and resolve these conflicts.” Then the subjects were instructed to
visualize imageries of increased alpha rhythm amplitude and scenes of the normalization of
their personalities. Further, the MP instructed the subjects to "sink down" into a theta
{reverie) state keeping the mind quiet and alert (but not active), and the body calm.

Finally, the subjects were instructed to initiate the session with a quiet command, "do it."”
Prior to the MP's exit from the room, the beta audio-feedback volume control was turned off
while alpha and theta audio-feedback volume control bands were adjusted for a comfortable
listening level for each subject and the overhead light was turned off. The MP returned to
the room 30 minutes later and pressed the program termination key which printed out EEG
data analyses, and gently returned the subjects to a state of awareness. At the end of each
BWNT session the MP conducted a clinical interview reviewing the subject's verbal report
on any visual or auditory images that were experienced during the BWNT session. The above
mentioned procedures were employed throughout each of the 30-minute BWNT sessions.

Data collection for this initial study was terminated at the completion of the last post-test
abreactive brainwave therapy session. These data (pre and post percentages of synchrony per
quadrant pair (phase} across session trials and mean amplitudes) were analyzed with repeated
measures analyses of variance followed by Duncan's Multiple Range Test, at an alpha
significance level of p<0.05.

Follow-up Study: All twenty BWNT Vietnam theater veterans and their informers (wives,
family members) were contacted by telephone at monthly intervals for 26 months after
completion of BWNT. To determine the long-term etfects of EEG alpha-theta brainwave
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amplitude in conjunction with the decreases in the alpha amplitude during the abreactive
session seem to be correlated with the strong affective experiences of childhood and/or
adulthood—particularly, past traumatic anxiety-evoking events (i.e., abreactive imageries).
These memories tend to surface during this BWNT session and this experience is targeted as
a goal of brainwave neuro-feedback therapy. Alpha-theta brainwave neuro-feedback therapy
gradually trains the patient to remain partly conscious as his EEG displays the pattern referred
to as the "window of opportunity,” wherein he can once again access these highly emotional
(traumatic anxiety-provoking) images. This may reflect a newly learned state of consciousness
which is close enough to a waking alpha state to facilitate transfer of these images.

In conclusion, it is bypothesized that the more the synchronicity and amplitude of theta
waves increase the deeper the patient is able to descend into the reverie (theta) state which
activates anxiety-evoking imageries. It is further postulated that during this state of
consciousness, the limbic system and both hemisphercs are more synchronized and the
increased theta and beta rhythms reflect a brain process which enables the patient to remember
and/or relive the traumatic anxiety-provoking event (Horowitz, 1970). Greater hemispheric
synchrony appears to occur during the reverie state of the abreactive BWNT session (Surwillo,
1971; Busk and Galbraith, 1975). The aforementioned synchronpization resuits seem to be
consistent with Banquet's (1973) Levin, et al.'s (1978), and Venneman's (1991) findings.
Winson (1972), 1990} thought that dreams (including nightmares/flashbacks) may reflect a
memory-processing mechanism inherited from earlier species, in which information important
for survival is reprocessed during the theta rhythm state. It is believed that dream content
reflects the person's unconscious processes and is strongly correlated with the manner in
which the subject is coping with crises in the real world (Cartwright, 1983; Trenholme,
Cartwright, and Greenberg, 1984, Cartwright, Lloyd, Knight, and Trenholme, 1984).
Following each traumatic imagery BWNT session, a clinical review was conducted, and each
patient reported their abreactive imageries, which were recalled and then interpreted by the
patients themselves without questions that might influence their interpretation. [t was as
though the patient was capable of integrating past traumatic experiences by coping with
previously unresolved conflicts represented in the essentially anxiety-free imageries and
memories generated during the theta state of consciousness.

Freud (1953), Kardiner and Spiegel (1947), and Kolb and Multalipassi (1982} postulated
that traumatic anxiety-provoking imageries may be due to longstanding amnesias, shorter-term
defenses against remembering, or the patient's inability to convey his internal experience. We
theorize that whenever a person is blocking the memory of a traumatic anxiety-provoking
event (i.e., he does not have any and/or very little conscious knowledge of the event) the
frontal and parieto occipital areas of the brain are out of synchrony. When the person
remembers/relives a traumatic anxiety-provoking event, the aforementioned areas of the brain
are synchronous. The aforementioned contention is further supported by Hodgson and
Rachman (1974) and Green, Romney, and Leboeuf (1989) who suggested that high arousal
subjects will manifest a greater degree of synchrony between the physiological (skin
conductance) and cognitive {subjective units of discomfort) measures of anxiety than will low
arousal subjects, It is further postulated that the healing process (self-awareness) is manifested
in high amplitude beta and theta waves in conjunction with the aforementioned cross-over
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pattern of alpha and theta waves. This seems to enhance the patient's "flow-state” (i.e., all
of the person’s thought processes become focused) enabling the patient to understand his
abreactive anxiety-provoking imageries. Only four of the twenty BWNT treated Victnam
Veterans reported a few (1-to-3) instances of recurrence of the nightmares/flashbacks, as
essentially anxiety-free episodes after a 26-month follow-up period. Of these four, all elected
to undergo seven booster BWNT sessions. These results provided supportive evidence that
the BWNT patients' response to EEG BWNT resulted in moderately tong-term prevention of
PTSD relapse.

Present results encourage further study of the mechanism of the electrophysiological effects
of alpha-theta brainwave neuro-feedback therapy and its underlying neurochemistry, as well
as the contribution of placebo or Hawthorne effects.
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