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Anxiety Disorders
The Diagnostic and Statistical Manual of Mental Disorders, 4th (DSM-IV; American Psychiatric Association, 1994) classifies 11 different types of psychiatric diagnoses as anxiety disorders.  EEG biofeedback research have reported positive outcomes in the treatment of college students presenting with anxiety but not diagnosed with an anxiety disorder Sittenfield, Budzynski, & Stoyva, 1976; Hardt & Kamiya, 1978; Plotkin & Rice, 1981); patients diagnosed with generalized anxiety disorder (Rice, Blanchard, & Purcell, 1993; Vanathy, Sharma, & Kumar, 1998), students presenting with test anxiety (Garrett & Silver, 1976), adults diagnosed with obsessive-compulsive disorder (Mills & Solyom, 1974; Glueck & Stroebel, 1975), and Vietnam veterans with combat-related posttraumatic stress disorder
(PTSD) (Peniston & Kulkosky, 1991).
Treatment Protocols
EEG biofeedback protocols for the treatment of anxiety disorders have included alpha enhance​ment (e.g., Hardt & Kamiya, 1978), theta enhancement (e.g., Sittenfield et al., 1976), and alpha-theta enhancement (Peniston & Kulkosky, 1991) paradigms. Information regarding location of sensors, frequency bands to be reinforced/inhibited, and type of feedback is provided below. For illustrations of the International 10-20 System of electrode placement please see Figure 5.3 Neumann, Strehl, & Birbaumer, Chapter 5) and Figure 18.2 (Lubar, Chapter 18).
Alpha enhancement protocol
•
Sensor location
•
References

· Reinforced frequencies
· Reinforced EEG pattern
· Feedback modality
· Timing of sessions
Theta enhancement protocol
· Sensor location
· References
· Reinforced frequencies
· Reinforced EEG pattern
· Feedback modality

· Timing of sessions



O1, Oz (most common); C3, C4 (less common). 

Ear and forehead references have both been used. 

8-13 Hz.
Percentage of time patient produces alpha amplitudes above a threshold 

(e.g., 10 microvolts), or patient pro​duction of alpha amplitudes above a set-point 

(e.g., 19-21 microvolts).
Auditory (tones and/or verbal feedback); eyes are typi​cally closed during training. 

Ranges from daily to weekly.
Oz or C4.
Ear and forehead references have both been used. 3.5-7.5 Hz; inhibiting 8-12 Hz.
Maintaining 3.5- to 7.5-Hz activity above a preset mi​crovolt threshold, while suppressing 8- to 12-Hz pro​duction below a specified microvolt threshold. Primarily auditory with eyes closed; visual feedback has been provided in instances where surface electromyo​graphic (EMG) feedback is also provided. Daily to weekly.
In those studies that use alpha-theta enhancement, occipital sites (O1, Oz) have been monitored, and feedback is contingent on the patient's achieving a combined voltage greater than a preset microvolt threshold.
Clinical Outcome Studies
Among the studies reported to date, only the research reported by Garrett and Silver (1976), Rice et al. (1993), Vanathy et al. (1998), and Peniston and Kulkosky (1991) are controlled experiments involving patients diagnosed with an anxiety disorder.  Because guidelines for efficacy research require control for nonspecific factors, only these studies are reviewed here.
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The Garrett and Silver (1976) paper reports the results of a randomized, controlled study of students with test anxiety. Fifty participants were assigned to one of the following five groups: alpha enhancement, EMG voltage reduction, alpha enhancement plus EMG voltage reduction ("combined" treatment), relaxation training, or no treatment. Treatment was con​ducted for 10 weekly sessions. Both the alpha enhancement and combined treatment groups increased alpha. The EMG and combined treatment groups demonstrated decrease in muscle tension. The relaxation training group showed mild increase in alpha and significant reduction in muscle tension. No changes were noted in the untreated group. Only participants in  the three feedback groups reported significant reduction in test anxiety, suggesting that im​provements were not due to the passage of time or nonspecific factors.
Two controlled studies have examined the effects of EEG biofeedback in the treatment of patients with generalized anxiety disorder. Initially, Rice et al. (1993) used a randomized design in which 45 patients were assigned to one of the following conditions: waiting-list control, pseudomeditation, EMG biofeedback, alpha enhancement biofeedback, or alpha suppression biofeedback. Treatment was conducted twice weekly for 4 weeks, and each session consisted of 5 minutes of baseline, 3 minutes of self-control, and 20 minutes of biofeedback. Outcome measures revealed significant improvement on the State-Trait Anxiety In​ventory and the Psychosomatic Symptom Checklist in all of the treatment groups compared to the waiting-list control. In addition, the EMG and alpha enhancement groups showed improvements on the Welsh Anxiety Scale. Clinical improvements persisted 6 weeks post-treatment. However, the absence of a significant increase in alpha production in the alpha enhancement group precluded interpretation of results as due to change in alpha.
The Vanathy et al. (1998) study used random assignment to either a waiting list, an alpha enhancement/beta suppression protocol, or a theta enhancement/beta suppression pro​tocol in order to assess the effects of EEG biofeedback on 18 patients diagnosed with generalized anxiety disorder. A total of 15 sessions were provided. Outcome measures (State-Trait Anxiety Inventory, Hamilton Anxiety Rating Scale) showed improvements in patient self-report of anxiety in both treatment groups relative to the untreated control group. However, similar to the Rice et al. (1993) study, pre- and posttreatment EEG spectral analysis did not show significant change in alpha or theta production.
EEG biofeedback treatment of PTSD was examined in a randomized, controlled study] conducted by Peniston and Kulkosky (1991). In their study, 29 Vietnam veterans diagnosed with PTSD were assigned to either an alpha/theta enhancement protocol (n = 15) or traditional medical treatment (n = 14). Patients in both groups also received medications for PTSD; symptoms. Participants assigned to the EEG biofeedback group initially received 8 sessions] of temperature biofeedback, followed by 30 alpha/theta enhancement sessions (30 minutes per session, 5 sessions per week). Patients in the biofeedback group demonstrated significant improvements on all 10 of the clinical Minnesota Multiphasic Personality Inventory (MMPI) scales (compared to improvement on only 1 scale in the control group), were able to reduce medication dosage (compared to only 1 of the members in the control group), and at follow up (30 months) showed significantly less recidivism (relapse rates: EEG biofeedback, 20%; control, 100%).
Analysis of Efficacy
Based on the criteria presented by Chambless and Hollon (1998), the application of EEG biofeedback in the treatment of certain anxiety disorders (specific phobia, generalized anxiety disorder, PTSD) is considered to be "possibly efficacious" in the treatment of specific phobia (test anxiety) and PTSD, and "probably efficacious" in the treatment of generalized anxiety disorder. These ratings are based on the presence of only one controlled group study demonstrating efficacy in the treatment of specific phobia and PTSD, and the absence of anticipated changes in electrophysiological measures in the two studies of generalized anxiety disorder.
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Examination of the clinical application of EEG biofeedback in the treatment of anxi​ety disorders reveals the presence of well-defined treatment protocols and the availability of self-report scales to monitor patient progress. Outcome studies have repeatedly indicated clinical improvement on these measures in response to EEG biofeedback. However, no consistent pattern of electrophysiological change has been observed on the few EEG indi​cators examined in these studies. Clinical improvement has been noted in patients where there has been no increase in alpha voltage, as well as in patients who exhibited decline in alpha voltage.
As emphasized by Thatcher (1998), it seems essential to identify those quantitative EEG (QEEG) measures that reliably differentiate patients with an anxiety disorder from unaf​fected individuals. It is the identification of such "neurometric" markers that has guided successful clinical applications in the treatment of seizure disorders (Sterman, 2000), ADHD (Nash, 2000), and mood disorders (Rosenfeld, 2000), and that appears needed in this area. Although the absence of reliable electrophysiological indicators of anxiety disorders hin​ders our ability to define specific EEG protocols that could optimize the treatment process, the lack of an EEG-based dependent measure cannot be presumed to indicate that the ef​fects of biofeedback are due to placebo effects alone. Controlled studies assessing the clini​cal effects of EEG biofeedback have revealed improvement in clinical symptoms on other dependent measures. EEG researchers now need to identify those electrophysiological ab​normalities that are evident in patients with anxiety disorders, and to develop protocols that target those symptoms.
Consequently, in order for EEG biofeedback to be considered "efficacious and specific" for the treatment of anxiety disorders, randomized, controlled group studies that compare EEG biofeedback protocols with previously demonstrated efficacious treatments (e.g., selective serotonin reuptake inhibitors [SSRIs] such as Paxil) are needed. Although studies involv​ing "sham" treatments or placebo controls have been advocated (Barkley, 1992) as necessary to identify efficacious treatments, these procedures are not considered essential by the APA (see APA Task Force references) and appear to be ethically unacceptable in the conduct of biomedical research with humans, since the use of such deceptive procedures would pre​vent individuals in the control group from receiving the "best proven diagnostic and thera​peutic methods" (World Medical Association Declaration of Helsinki, 1997, p. 926). In ad​dition (as will be asserted throughout this chapter), in order to be accepted as a viable treatment option, any EEG biofeedback application will need to demonstrate efficacy at least equal to existing medical treatments, or show that the biofeedback treatment results in sustained clinical improvement when medications are reduced or eliminated.
