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A b s t r a c t  Physiological (heart rate, blood pressure, elec- 
trodermal activity), biochemical (epinephrine, norepineph- 
rine, cortisol) and subjective parameters (self-rating score) 
of 33 patients with panic disorder (diagnoses according to 
DSM-III-R) before, during and after stress exposure were 
compared with those of healthy controls. As stressors a 
video containing frightening scenes (FS), mental arithmetic 
(MA), a video documenting a patient suffering from a panic 
attack (PA) and an improvised speech (IS) were applied. We 
found significantly higher baseline levels of electrodermaI 
activity (EDA) and norepinephrine (NE) secretion and a 
subsequent further increase during stress exposure in panic 
disorder patients as compared with normal controls. The 
most potent stressors during the trim proved to be mental 
arithmetics and improvised speech, which was evident in 
both groups. The situation panic attack video appeared to be 
a "panic disorder patient-specific" stressor; here we noticed 
the most pronounced reactions in the patient group. Panic 
disorder patients had significantly higher self-rating scores 
of the parameters panicky feelings, anxiety and nervousness 
at the beginning and throughout the investigation. We con- 
clude that panic disorder patients have a higher degree of 
activation compared with norlnal controls, which is evi- 
dent regarding levels of electrodermal activity and norep- 
inephrine secretion. Furthermore, the panic attack video 
appears to be a panic disorder patient-specific stressor. 
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Introduction 

Almost 70 years ago Freud published his classic work on 
anxiety ("Hemmung, Symptom und Angst", 1926). Ever 
since, there have been lots of different approaches to this 
phenomenon. Of particular interest were observations dat- 
ing back to Aristotle, who correlated subjective anxiety 
with various physiological parameters (Foster and 
Humphries 1951). Froberg et al. (1971) postulated the ex- 
istence of a relationship between physiological reactions 
of the sympathetic nervous system and the experienced 
degree of anxiety, whereas the results of other investiga- 
tors concerning this particular aspect appeared inconclu- 
sive (Sarason 1960; Levitt 1967; Pichot 1971; Tyrer and 
Lader 1976). In a study comparing panic disorder patients 
and normal controls, Stein and Asmundson (1994) found 
no differences in their cardiorespiratory or plasma cate- 
cholaminergic responses to testing with postural chal- 
lenge, isometric exercise, cold pressure and Valsalva ma- 
noeuver. This contradicted the widespread hypothesis of 
autonomic dysfunction in panic disorder patients (Bystrit- 
sky et al. 1995). Taking the experimental approach one step 
further, Lacey and Lacey (1958) and Sternbach (1960) be- 
gan to expose healthy subjects to experimental stressors. 
This was further facilitated by the introduction of radioen- 
zymatic quantification of epinephrine and norepinephrine 
in serum and urine (Lake et al. 1976; Weise and Kopin 
1976). Raskin (1975) described a slowed response habitu- 
ation in chronically anxious patients using the skin con- 
ductance response, which confirms earlier findings of 
Lader and Wing (1966). Birket-Smith et al. (1993) also 
found delayed habituation and high spontaneous skin re- 
sistance fluctuations in panic and agoraphobia patients, 
discriminating them from patients with generalized anxi- 
ety disorder. Several publications focused on various 
physiological and biochemical parameters in anxiety pa- 



tients fol lowing pharmacological  challenge procedures. 
Gaffney et al. (1988) found no significant  changes in car- 
diovascular  parameters pre- and post-sodium lactate infu- 
sion compar ing panic attack patients and controls. How- 
ever, emotional complaints within the patient group increas- 
ed sixfold, indicat ing that sodium lactate infusion mim-  
icks the physiology of spontaneous panic attacks. Woods 
et al. (1988) compared panic disorder patients and con- 
trols fol lowing carbon dioxide exposition. They could 
demonstrate dose-related increases in anxiety and somatic 
symptoms in both groups, with significantly higher in- 
creases in the patient  group. Papp et al. (1993) showed a 
specific panicogenic  effect of carbon dioxide in panic dis- 
order patients (compared with patients with social phobia 
and normal  controls), which was not related to simple 
breathlessness.  Measurements  of physiological  or bio- 
chemical  parameters during stress exposure, however,  re- 
mained  scarce (Gasic et al. 1985; Braune et al. 1994). 

In our study we looked at differences in reactions be- 
tween panic disorder patients and control subjects during 

Table 1 Demographic and psychopathological data of patients 
(n = 33). STAI-X1 anxiety scale (Spielberger 1970); HAMA anx- 
iety scale (Hamilton 1976a); HAMD depression scale (Hamilton 
1976b) 

Age 38.1 _+ 7.1 years 

Gender 14 males, 19 females 

Diagnoses Panic disorder 14 
Panic disorder with agoraphobia 19 

Acute duration of illness 4.2 _+ 5.9 years 

Duration of illness 8.1 _+ 6.8 years 

Panic attacks per week 2.12 _+ 3.04 

Pre-treatment None 14 
Psychotherapy 5 
Benzodiazepines I 0 
a-receptor blocker 6 
Antidepressives 2 
Neuroleptics 1 

STAI-X1 52.63 +_ 12.14 

HAMA 18.18 +_ 4.10 

HAMD 12.94 _+ 2.94 
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defined situational arousal and subsequent  rest periods. 
Our aim was to determine if panic disorder patients had 
different baseline levels of physiological,  biochemical  or 
subjective parameters, and if these parameters showed 
different reactions fol lowing stress exposure using a de- 
fined situational arousal as compared with healthy controls. 
Furthermore, we wanted to determine whether certain stres- 
sors were specific for patients with panic disorder. 

Subjects and methods 

Ten healthy subjects (five females and five males) with an average 
age of 37.1 years (_+ 8.1 years) on no current medication and with- 
out a previous history of any psychiatric disorder participated in 
the study after giving informed consent, None of those controls 
consisted of hospital staff nor did any of them have any special 
knowledge of anxiety disorders or stress testing. Anxiety patients 
were recruited by means of a newspaper advertisement; there was 
no payment for this group. All patients were offered treatment in- 
dependent of their study participation; none of them were on any 
medication for a minimum of 3 weeks. For further details of the 33 
patients including earlier medications see Table 1. The investiga- 
tion took place in a quiet and comfortable atmosphere. The sub- 
jects were seated in an armchair providing easy IV access to a cu- 
bital vein (kept open by infusion of normal saline 0.9%), and also 
to facilitate the completion of the self-rating fomas during each rest 
period. After an initial break of 15 min following IV cannulation, 
four different stressors were applied, each of them followed by a 3- 
min recovery phase.The first stressor consisted of a video contain- 
ing frightening scenes (a tape containing the most dramatic scenes 
of several movies like "The Shining", "Halloween", "Psycho" and 
"Rosemary's Baby"), each of them presented with maximum sound 
volume. During mental arithmetic all subjects had to subtract 7 
continuously from 500 until they arrived at the appropriate number 
as close as possible to zero. The maximum time for this task was 3 
rain and with every mistake the subjects had to restart at the be- 
ginning. This was followed by a second video showing a patient 
suffering from a panic attack, which lasted approximately 3 min. 
The last stressor consisted of" two parts, first the preparation of and 
second the delivery of a free speech on one of two topics ("What 
should be taught during an appropriate sexual education for 12- 
year-old pupils?" or "What is the influence of contraception on sex- 
ual behaviour in adults nowadays?"). In order to increase stress in 
this situation the subjects had to speak into a microphone and were 
told that their speech was going to be recorded. 

The physiological parameters recorded were heart rate (HR), 
blood pressure (BP) and electrodermal activity (EDA). The HR 
and EDA were registered on-line in intervals of 10 s and digital- 
ized using a PCD-2 (Siemens, Erlangen, Germany). Electrodes for 
HR measurements were placed at the medial part of the right clav- 
icle and the Iower left rib cage. The EDA signals were derived 
from two electrodes placed on the thenar and hypothenar of the 

Table 2 Timetable of the in- 
vestigation. VSS visual self- 
rating scales; SSR subjective 
situational ratings; E epineph- 
rine; NE norepinephrine 

Self-rating Blood samples Time (rain) 

Rest period (R 1) 
Video containing frightening scenes (FS) 
Rest period 2 (R 2) 
Mental arithmetics (MA) 
Rest period 3 (R 3) 
Panic attack video (PA) 
Rest period 4 (R 4) 
Improvised speech (IS) 
Rest period 5 (R 5) 
Rest period 6 (R 6) 
End of investigation 

VSS E, ~ ,  cortisol 15 
19 

VSS, SSR E, NE 22 
26 

VSS, SSR E, NE 29 
33 

VSS, SSR E, NE 36 
E, NE 39 

VSS, SSR E, NE, cortisol 46 
E, NE 56 

VSS E, NE, cortisol 61 
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subjects' left hand. Both tonic and phasic components of the EDA 
were recorded. Systolic and diastolic blood pressure was measured 
by the cuff method, and results were recorded once per minute us- 
ing a polygraphic device. 

Biochemical parameters included epinephrine (E), norepineph- 
rine (NE) and cortisol (C); the latter was measured initially, fol- 
lowing the improvised speech and during the final rest period; the 
quantification of cortisol levels was achieved using a radioimmuno 
assay. Samples for catecholamine measurements were taken ini- 
tially, following each stressor, and during rest periods 4, 5 and 6 
(for details of the timetable see Table 2). All blood samples were 
immediately put on ice, glutathion (100 g) added, then centrifuged 
and stored at -60°C. For quantification a high-pressure liquid 
chromatography technique with electrochemical detection was 
used (Ackenheil et al. 1982; Hjemdahl et al. 1979). All subjects 
were asked to complete a visual self-rating scale (100 mm) initially 
and during each recovery period comprising the actual degree of 
panicky feelings, anxiety, nervousness, aggressiveness, muscle 
tension, exhaustion, perspiration and palpitations. In addition, they 
were also asked to rate each stressor on a scale containing the 
following qualities: uncomfortable/comfortable, boring/thrilling, 
threatening/harmless, strenuous/restful, repulsive/attractive and re- 
alistic/artificial. 

Patients as well as controls gave their informed consent prior to 
inclusion in the study. The local ethics committee approved the 
setup of our investigation, which was in accordance with the ethi- 
cal standards laid down in the 1964 Declaration of Helsinki. 

Results 

Physiological parameters 

Biochemical parameters 

Norepinephrine 

Baseline levels of  norepinephrine (NE) secretion were 
significantly higher in panic disorder patients as com- 
pared with the control group (patients: x = 318.31, SD = 
89.82; controls: x = 235.70, SD = 53.04; dF 1,40; F = 
7.04; p < 0.01; see Fig. 2; Table 3). At the end of the trial 
we could no longer demonstrate any significant difference 
between the two groups. This was the result of a continu- 
ous increase of NE secretion, measured during each of the 
recovery phases in the control group (chi-square 10.44, 
dF 3, p < 0.01), whereas the patients maintained their 
higher level throughout the duration of the investigation. 

Epinephrine 

No significant difference between panic disorder patients 
and controls could be shown comparing the initial level of  
epinephrine (E) to the level at the very end (Table 3). In 
terms of this parameter mental arithmetics appeared to be 
an exclusive stressor for the patients, whereas the impro- 
vised speech caused a significant increase in epinephrine 
secretion only in the controls. 

Heart rate~blood pressure Cortisol 

Heart rate and blood pressure did not differ significantly 
between panic disorder patients and controls (see Table 
3). During the situations mental arithmetic (MA) and im- 
provised speech (IS) significant increases in heart rate and 
blood pressure occurred in both groups (HR patients: chi- 
square 28.23, dF 4, p < 0.0001; controls: chi-square 20.96, 
dF 4, p < 0.00t; BP patients: chi-square 36.60, dF 4, p < 
0.0001; controls: chi-square 29.07, dF 4, p < 0.0001). 

Values of  cortisol secretion (Table 3) did not differ signif- 
icantly between panic disorder patients and controls in the 
beginning (R 1 = pre-stress exposition) and in the end (R 
6). A significant reduction in cortisol levels was present in 
both groups over the duration of the trial (patients: chi- 
square 18.73, dF 1, p < 0.01; controls: chi-square 6.4, 
dF 1, p < 0.01). 

Electrodermal activity 

Panic disorder patients showed in the beginning, through- 
out and at the end of the trial higher levels of electroder- 
mal activity as compared with controls (EDA start: dF 
1,40, F = 3.46, p < 0.05; EDA end: dF 1,40, F = 4.31, p < 
0.05; see Fig. 1; Table 1). MA and IS caused significant 
increases of  EDA in both groups (EDA patients: chi- 
square t5.35, dF 4, p < 0.01; controls: chi-square 16.36, 
dF 4, p < 0.01). Patients also reacted with an increase in 
electrodermal activity during the panic attack video, 
whereas the controls had a decrease in their levels of EDA 
(t-test: t = 2.20, dF 11.34, F = 1.75, p < 0.05). 

Subjective ratings 

Visual self-rating scales (VSS) 

Patients had significantly higher levels of panicky feel- 
ings according to the self-rating scale at the beginning of 
the test (ANOVA: dF 1,38; F = 3.81; p < 0.05; see Fig. 3). 
This difference was no longer present at the very end. 
Comparing the initial and final values of panicky feelings 
a significant reduction could be demonstrated over the 
trial, which was due to a lower degree of panic in the panic 
disorder group after the improvised speech (MANOVA: 
dF 4,140, F = 2,61,p < 0.05). 

For details of all subjective parameters see Table 3. 
Regarding the quantity of anxiety feelings, using 

ANOVA, patients had higher levels at the beginning and at 
the end as compared with controls (beginning: dF 1,38, F = 
8.04, p < 0.01; end: dF 1,38, F = 4.01, p < 0.05; see Fig. 4). 

A similar situation was encountered for the subjective 
rating of nervousness: at the initial and at the final rest pe- 
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T a b l e  3 Phys io log ica l ,  b i ochemica l  and sub jec t ive  var iab le  [mean (m) and s tandard dev ia t ion  (SD)] dur ing  all  rest  per iods  and s t ressor  
s i tua t ions  for anx ie ty  pa t ients  and cont ro ls  

R 1 F S  R 2  M A  R 3  P A  R 4  I S  R 5  R 6  

H R  

E D A  tonic  

E D A  phas ic  

BP  sys to l ic  

P ~ i e n t s  m 79.88 86,43 80.57 92.74 79.18 82.05 78.53 92.52 79.98 76.86 

SD 12,03 14.35 10.72 13.32 10.65 12,91 10,85 15.97 9,71 9.01 

Contro l  m 75.65 79.95 77.44 90.92 76.38 85.25 76.78 96.59 77.97 77.53 

SD 8.49 8.95 7,00 11.90 6.99 16.57 7.37 16.21 7.37 7.24 

P a i e n t s  m 14970.6 17052.0 16613.0 18170.8 17955.3 18772,1 18560,5 20832.3 20617 .0  20725.0  

SD 9 87 32 4 2 6 0 7 9 88 
9153.97 9141.2 9485.0  9524.14 10484.7 10796.1 11128.7 12193.6 12262.0 12399,0 

0 5 7 6 7 8 3 85 

Contro ls  m 9572.65 11298.0 10956.0 13659.1 11593.9 10725.4 11249.3 14092.1 11936.1 12001 

SD 5793.43 22 85 5 i 8 5 6 5 89 
6760.6  5545.5 6801.98 5685,20 5940.37 6518.99 6870.06 5702.57 6165.4 
9 3 0 

Pat ients  m 322.56 723.44  266.41 650.59 358.86 447.17 293,12 532.58 494.62 399.56 

SD 276.86 531.94 187.13 412.06 287.20 326.59 190.81 503.63 337,46 246.23 

Cont ro ls  m 131.39 696.32 122,01 1028.42 176.55 130.02 219.60 686.85 390.46 365.29 

SD 168.44 450.08 95.41 717.08 169.48 126.96 234.38 465.85 221,06 428.58 

Pat ients  m t16 .66  124.43 118.75 140.54 121.61 123.34 115.09 t34 .88  116.85 115.58 

SD 11.93 10.96 12.02 16.72 15.63 13.15 10.73 12.68 11.76 10.42 

Cont ro ls  m 112.50 118.89 110.00 130.83 113.6I  116.94 112.78 142.22 113.33 113.89 

SD 13.17 16.72 10.89 

BP d ias to l ic  Pat ients  m 80.45 83. l 0  80.29 

SD 12.00 8,60 9.20 

Cont ro ls  m 74.50 77,78 77.78 

SD 11.16 10.85 10.18 

Norep inephr ine  Pat ients  m 318,31 333.02 - 

SD 89.82 105.94 - 

Cont ro ls  m 235.70 234.60 - 

SD 53.04 60.19 - 

Ep inephr ine  Pat ients  m 56.63 63.15 - 

SD 24.87 41.41 - 

Cont ro ls  m 59,70 53.10 - 

SD 28.87 22,12 - 

Cor t i so l  Pat ients  m 18.73 - - 

SD 6.75 - - 

Contro ls  m 16.59 - - 

SD 6.00 - - 

VSS pan i cky  Pat ients  m 26.96 27.25 - 

f ee l ings  SD 25.28 25.62 - 

Cont ro ls  m 9.30 6.60 - 

SD 11.30 4,55 - 

VSS anx ie ty  Pat ients  m 34.97 39.25 - 

SD 24.78 30.92 - 

Cont ro ls  m 10.67 7.30 - 

SD 11.30 7.05 - 

VSS ne rvousness  Pat ients  m 44.82 47.38 - 

SD 22.27 19.19 - 

20.31 11.66 

85.88 82.14 

11,70 8.97 

83.33 77.22 

17.41 10.11 

332,42 - 

198.23 - 

256.70 - 

62.46 - 

75,05 - 

29,24 - 

68.70 - 

23.79 - 

_ m 

34.18 - 

29.33 - 

14.20 - 

18.77 - 

35.24 - 

28.50 - 

12.00 - 

14.58 - 

53.64 - 

28.35 - 

14.61 9.79 17.65 12.11 12.56 

82.32 80.98 86.42 82.13 81.73 

8.94 9.34 11,68 8.76 8.59 

78.06 77.50 88.89 76.11 77.50 

11.02 8.19 12.69 8.57 8.00 

331.34 322.03 345.59 343.84 333.34 

89.64 87.50 89.13 123,55 99.79 

256.50 272.50 323.50 288,10 274.60 

75.80 

56,84 

28.25 

52.50 

27.17 

30.84 

26.95 

5.30 

5,22 

38.87 

29.40 

4.90 

3.21 

45.09 

29.67 

76.26 108.43 103,86 57.05 

61.00 61.89 54.31 50.94 

41.67 23.95 22.33 20.43 

57.00 72.40 64.30 61.50 

42.52 48.54 52,84 35.99 

- 15.94 - 14.83 

- 6.52 - 5.40 

- 13.61 - 13.05 

- 5 .14 - 5.52 

- 25.62 - 13.30 

- 22.41 - 18.78 

- 7,20 - 5.22 

- 10,00 - 5.44 

- 29.94 - 18 . t3  

- 25.93 - 19.95 

- 7.90 - 4.78 

- 10.50 - 4.35 

- 46.42 - 32.50 

- 29.20 - 24.77 
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T a b l e  3 ( c o n t i n u e d )  

R1 FS R2  M A  R3 P A  R4  IS R5 R6  

C o n t r o l s  m 2 4 . 1 1  1 2 . 5 0  - 

S D  2 0 . 6 9  1 4 . 1 4  - 

V S S  a g g r e s -  P a t i e n t s  m 1 3 . 0 9  2 1 . 3 1  - 

s i v e n e s s  S D  1 8 . 2 0  2 3 . 5 5  - 

C o n t r o l s  m 6 . 7 8  9 . 1 0  - 

S D  6 . 4 7  9 . 7 9  - 

V S S  m u s c l e  P a t i e n t s  m 2 7 . 2 4  3 2 . 2 5  - 

t e n s i o n  S D  2 2 . 6 6  2 7 . 6 1  - 

C o n t r o l s  m 1 1 . 2 2  1 3 . 8 0  - 

S D  1 0 , 3 8  1 4 . 5 2  - 

V S S  e x h a u s t i o n  P a t i e n t s  m 2 3 . 2 1  2 3 . 5 6  - 

S D  2 1 , 6 0  1 8 . 2 2  - 

C o n t r o l s  m 5 . 5 6  6 . 3 0  - 

S D  4 . 4 9  3 . 6 2  - 

V S S  s w e a t i n g  P a t i e n t s  m 2 5 . 6 9  2 6 . 1 9  - 

S D  2 3 . 5 3  1 9 . 6 1  - 

C o n t r o l s  m 2 9 . 1 1  1 9 . 4 0  - 

S D  2 5 . 9 3  1 5 , 1 6  - 

2 5 . 1 0  - 1 5 . 1 0  - 1 7 . 2 4  - 8 . 0 0  

2 0 . 4 2  - 1 4 . 2 7  - 1 3 . 9 9  - 7 . 9 5  

1 9 . 7 6  - 1 2 . I 5  - 1 4 . 2 7  - 1 1 . 1 7  

2 3 . 8 0  - 1 4 . 1 9  - 1 7 . 0 6  - 1 8 . 6 2  

9 . 4 0  - 5 . 4 0  - 5 . 8 0  - 4 , 3 3  

1 0 . 1 3  - 4 . 9 2  - 5 . 6 5  - 5 . 0 0  

3 3 . 3 6  - 3 2 . 9 1  - 3 0 . 9 7  - 2 5 . 8 0  

2 6 . 2 5  - 2 6 . 5 1  - 2 5 . 5 5  - 2 5 . 1 1  

2 0 . 0 0  - 1 3 . 8 0  - 1 4 . 1 0  - 9 . 1 1  

1 8 . 5 3  - 1 3 , 5 5  - 1 4 . 4 6  - 8 . 6 9  

3 7 . 6 0  - 2 8 . 5 8  - 3 5 . 4 6  - 3 3 . 8 3  

2 7 . 1 2  - 2 4 . 1 6  - 2 7 . 3 0  - 2 5 . 0 4  

1 0 . 9 0  - 4 . 6 0  - 7 . 0 0  - 4 . 4 4  

1 0 . 5 1  - 3 . 9 2  - 6 . 6 0  - 3 . 3 9  

2 9 . 5 8  - 2 8 . 8 5  - 3 1 , 4 0  - 2 0 , 7 7  

2 5 . 4 3  - 2 5 . 0 0  - 2 5 . 9 7  - 2 1 . 6 2  

2 1 . 0 0  - 1 5 . 0 0  - 1 7 , 5 0  - 1 5 , 8 9  

1 6 , 2 0  - 1 3 , 4 7  - 1 2 , 5 3  - 1 3 . 6 8  

3 1 . 1 5  - 3 2 . 6 7  - 2 8 . 3 0  - 1 9 . 6 0  

2 4 . 1 6  - 2 4 . 4 2  - 2 4 . 5 6  - 1 9 . 5 3  

2 1 . 0 0  - 1 7 . 9 0  - 1 5 , 9 0  - 9 . 6 7  

1 7 . 0 4  - 1 4 . 0 1  - 1 3 , 6 5  - 1 0 . 7 8  

2 9 . 8 8  - 2 5 . 6 4  - 2 7 . 3 9  - - 

2 1 . 8 2  - 1 7 . 6 7  - 2 0 . 8 4  - - 

3 6 . 2 5  - 3 9 , 5 0  - 4 8 . 2 0  - - 

2 2 . 7 5  - 2 2 . 6 9  - 2 9 . 4 5  - - 

6 3 . 7 0  - 4 0 . 8 2  - 5 3 . 6 7  - - 

3 0 . 8 7  - 2 5 . 9 3  - 3 0 . I 0  - - 

8 5 . 1 3  - 7 0 . 2 0  - 6 8 . 0 0  - - 

1 0 . 4 9  - 2 4 . 4 6  - 2 3 . 1 7  - - 

3 0 . 0 0  - 3 7 , 0 2  - 2 5 . 1 2  - - 

2 0 . 2 1  - 2 1 . 1 9  - 1 7 . 3 1  - - 

2 6 . 5 0  - 4 2 . 1 0  - 3 5 . 6 0  - - 

2 3 . 0 6  - 1 9 . 7 7  - 2 1 . 7 2  - - 

5 7 . 3 3  - 4 7 . 6 7  - 5 3 , 3 6  - - 

2 4 . 8 7  - 2 1 . 3 1  - 2 3 . 0 1  - - 

5 9 . 3 8  - 4 4 . 6 0  - 6 7 . 4 0  - - 

2 1 . 2 2  - 2 2 . 9 8  - 1 2 . 9 7  - - 

4 5 . 4 5  - 3 7 , 1 8  - 5 2 . 6 7  - - 

2 0 , 6 7  - 1 5 . 5 3  - 1 5 . 4 0  - - 

5 2 . 7 5  - 4 1 . 0 0  - 5 6 . 3 0  - - 

1 9 . 5 9  - 1 2 , 0 6  - 1 9 , 1 4  - - 

3 8 , 0 6  - 2 5 , 1 5  - 2 9 , 4 2  - - 

2 5 . 4 5  - 2 2 . 8 1  - 2 1 . 7 3  - - 

4 0 , 6 3  - 3 0 . 0 0  - 4 1 . 2 0  - - 

2 4 . 3 3  - 3 1 . 5 3  - 2 6 , 4 1  - - 

V S S  p a l p i t a t i o n s  P a t i e n t s  m 2 5 . 5 2  3 4 . 8 1  - 

S D 2 0 . 5 1  2 5 . 9 5  - 

C o n t r o l s  m 1 6 . 1 1  2 1 . 3 0  - 

S D  1 5 . 6 5  1 5 . 6 0  - 

S S R  u n c o m -  P a t i e n t s  m - 2 3 . 1 3  - 

f o r t a b l e /  S D  - 2 1 . 1 6  - 

c o m f o r t a b l e  
C o n t r o l s  m - 2 5 , 3 0  - 

S D  - 1 8 . 0 0  - 

S S R  t h r e a t e n i n g /  P a t i e n t s  m - 3 5 . 2 2  - 

h a r m l e s s  S D  - 2 6 . 0 5  - 

C o n t r o l s  m - 5 4 . 9 0  - 

S D  - 3 3 . 9 5  - 

S S R  s t r e n o u s /  P a t i e n t s  m - 3 0 . 5 9  - 

r e s t f u l  S D  - 1 8 . 1 2  - 

C o n t r o l s  m - 3 2 . 7 0  - 

S D  - 1 4 . 4 6  - 

S S R  b o r i n g /  P a t i e n t s  m - 4 8 , 4 4  - 

t h r i l l i n g  S D  - 2 7 . 6 4  - 

C o n t r o l s  m - 4 2 . 7 0  - 

S D  - 2 8 , 2 5  - 

S S R  r e p u l s i v e /  P a t i e n t s  m - 1 6 . 2 2  - 

a t t r a c t i v e  S D  - 1 9 . 4 3  - 

C o n t r o l s  m - 2 3 . 0 0  - 

S D  - 2 1 . 5 6  - 

S S R  r e a l i s t i c /  P a t i e n t s  m - 7 6 . 8 1  - 

a r t i f i c a l  S D  - 2 6 . 9 9  - 

C o n t r o l s  m - 8 2 . 1 0  - 

S D  - 1 8 , 6 6  - 
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Fig. I Electrodermal activity (in pS/cm2) in 32 patients with panic 
disorder (triangles) and 9 controls (squares) during rest and defined 
stress exposure. R rest; FS frightening scenes; MA mental arithme- 
tic; PA panic attack video; IS improvised speech. (For details see 
text) 
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Fig. 2 Norepinephrine levels (in pg/ml) in 32 patients with panic 
disorder (triangles) and 10 controls (squares) during rest and de- 
fined stress exposure. (For details see text) 

riod levels were significantly higher in panic disorder pa- 
tients than in controls (R 1: dF 1,38, F = 5.32, p < 0.05; R 
6: dF 1,38, F = 8.88, p < 0.01; see Fig. 5). 

The degree o f  muscle tension as well as that o f  ex- 
haustion was higher in the patient group according to their 
self-rating scores (muscle tension, R 1: dF 1,38, F = 4.36, 
p < 0.05; R 6: dF 1,38, F = 3.96, p < 0.05; exhaustion, 
R 1: dF 1,38, F = 6.03, p < 0.05; R 6: dF 1,38, F = 11.66, 
p < 0.01). 

Subjective situational ratings (SSR) 

The video containing frightening scenes was rated as the 
most  uncomfortable,  threatening and repulsive situation 
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Fig. 3 Self-rated panicky feelings in 30 patients with panic disor- 
ders (grey) and 10 controls (black) during rest and defined stress 
exposure. (For details see text) 
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Fig. 4 Self-rated anxiety feelings in 30 patients with panic disor- 
ders (grey) and 10 controls (black) during rest and defined stress 
exposure. (For details see text) 

by patients and controls. The most  strenuous situation for 
controls was mental  arithmetic, and for patients, impro- 
vised speech. Using ANOVA,  panic disorder patients 
rated the panic attack video and the improvised speech as 
significantly more uncomfortable as compared  with con- 
trols (PA: dF 1,39, F = 4.68, p < 0.05; IS: dF  1,39, F = 
7.55, p < 0.01). Patients perceived the panic attack video 
and mental  arithmetic as significantly more threatening 
(PA: dF 1,39, F = 8.22, p < 0.0t ;  MA:  dF 1,39, F = 4.02, 
p < 0.05). The improvised speech was rated as signifi- 
cantly more strenuous by the patients (IS: dF 1,39, F = 
4.05, p < 0.05). 
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Fig. 5 Self-rated nervousness in 32 patients with panic disorders 
(grey) and 10 controls (black) during rest and defined stress expo- 
sure. (For details see text) 

Discussion 

Initial values 

Heart rate did not reveal a significant difference between 
panic disorder patients and controls, which conesponds to 
the results of most authors (Braune et al. 1994; Charney et 
al. 1984; Cowley et al. 1987; Freedman et al. 1985; Gasic 
et al. 1985; Gaffney et al. 1988; Mathews et al. 1982; Vil- 
lacres et al. 1987; Yeragani et al. 1987; Woods et al. 1987; 
Stein et al. 1992; Stein and Asmundson 1994; Bystritsky 
et al. 1995). Perception of heal~ rate appears to be differ- 
ent as Ehlers et al. (1992) reported in their findings, i.e. 
panic disorder patients showed an increased awareness of 
their heart beats compared with other anxiety patients. 
Recently, an altered heart rate variability in panic disorder 
patients was described (Rechlin et al. 1994; Klein et al. 
1995; Middleton and Ashby 1995). Other investigators 
found a higher heart rate in those patients (Altschule 
1953; Bond et al. 1974; Wing 1964; Hart 1974). The main 
reason for this discrepancy is supposed to be a difference 
in study design and in the duration of the drng-free inter- 
val. In our study we accomplished a 3-week interval with- 
out medication, Fagerstr6m (1985) used a wash-out pe- 
riod of 1 week, and King et al. (1987) permitted self-med- 
ication using benzodiazepines during an otherwise drug- 
free period of 3 weeks. 

Values for systolic and diastolic blood pressures did 
not differ in the two groups, which demonstrates that there 
is no baseline activation of the cardiovascular system in 
panic disorder patients. In contrast to these findings, dias- 
tolic blood pressure has been suggested to be a discrimi- 
natory factor between panic patients and controls (Bystrit- 
sky et al. 1995). 

The baseline levels of the electrodermal activity were 
significantly higher in the patient group, which is compat- 
ible with the findings of other investigators (Albus et al. 
1987; Bond et al. 1984; Cowley et al. 1987; Freedman and 

Glass 1984; Lader and Wing 1966; Roth et al. 1986; Roth 
et al. 1990; Birket-Smith et al. 1993; Braune et al. 1994). 
No such differences could be confirmed according to sev- 
eral other publications (Freedman et al. 1984; Gasic et al. 
1985; Mathew et al. 1982; Villacres et al. 1987; Woods et 
al. 1987; Yeragani et al. 1987). It has to be considered that 
in most studies (Lader and Wing t966; Bond et al. 1974; 
Roth et al. 1986) measurements were taken in a single 
session. If one accepts the electrodermal activity as an in- 
dicator of reactions of orientation (Fahrenberg 1979), one 
would have to expect that the unfamiliarity of the experi- 
mental design leads to an increase in the electrodermal ac- 
tivity system. 

In line with previous stress exposure studies (Albus et 
al. 1987), the panic disorder patients showed significantly 
higher resting levels of norepinephrine. This confirms the 
findings of several other studies (Ballenger et al. t984; 
Mathew et al. 1981; Nesse et al. 1984; Braune et al. 1994). 
In contrast, Gasic et al. (1985), Kralik et al. (1982), Vil- 
lacres et al. (1987) and Stein et al. (1992) did not find sig- 
nificant differences comparing the NE secretion of anxi- 
ety patients and normal controls. Although the above- 
mentioned studies are comparable concerning the timing 
of blood sampling and laboratory tests, important differ- 
ences exist in terms of the composition of the patient groups 
according to the diagnosis and the modalities of  blood 
specimen sampling (arterial vs venous sampling), which 
might well explain different results. The latter item was 
dealt with in an investigation by Hjemdahl et al. (1984) 
who found significant differences between arterial and ve- 
nous blood sampling in the forearm, where approximately 
45% of the venous norepinephrine derived from the fore- 
arm tissue. Looking at those results modifications of the 
experimental design can influence the outcome; on the 
other hand, the question arises as to whether the "periph- 
eral" parameter norepinephrine has any diagnostic value 
quantifying central, psychic phenomena in panic disorder 
patients. 

The baseline ievels of epinephrine secretion did not 
show significant differences between panic disorder pa- 
tients and controls. Similar results were published by Ga- 
sic et al. (1985), Kralik et al. (1982), Mathew et al. (1982) 
and Braune et al. (1994). Also Cameron et al. (1987) 
found no increases in serum epinephrine levels in panic 
disorder patients monitored over a duration of 24 h. This 
seems to confirm that there is no disturbance of the 
medullary component of the adrenergic system in panic 
disorder patients. 

Also for the secretion of  cortisol no significant differ- 
ences between patients and controls were found. This is in 
accordance with the findings of Charney and Heninger 
(1985) and Woods et al. (1987, t988). There seems to be 
no alteration of function regarding the axis hypothala- 
mus-hypophysis-adrenal marrow in panic disorder pa- 
tients. 

In terms of the visual self-rating scales (VSS) of pan- 
icky feelings, anxiety, nervousness, muscle tension and 
exhaustion we could demonstrate significantly higher lev- 
els in panic disorder patients as compared with controls. 
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This is primarily due to an increased anticipatory anxiety, 
which by itself can be an important contributory factor in 
panic provocation (Roth et al. t992). Furthermore, most 
of the above-mentioned criteria belong to the diagnostic 
criteria of anxiety disorders and would therefore be ex- 
pected to be higher anyway when compared with healthy 
controls. A variety of other investigators have published 
similar findings (Braune et al. 1994; Charney and 
Heninger 1985; Charney et al. 1984, 1987; Ehlers et al. 
1986; Freedman et al. 1984; Griez et al. 1987; Gorman et 
aL 1988; Nesse et ai. 1984; Rainey et al. 1984; Woods et 
al. 1988). Since this difference is present already prior to 
the stress exposure, panic disorder patients appear to have 
a higher degree of anticipatory anxiety as compared with 
normal controls. 

Situational effects 

During the video containing frightening scenes, where a 
passive tolerance of auditive as well as visual stressors is 
required, no significant differences in terms of  the physi- 
ological and biochemical parameters comparing the two 
groups could be found. The statistically nonsignificant in- 
crease in heart rate, blood pressure and electrodermal ac- 
tivity was in line with the finding of Spinks and Siddle 
(1985), Lawler (1980) and Erdmann et al. (1984). 

The two stressors mental arithmetic and improvised 
speech led to pronounced reactions regarding most para- 
meters in both groups, with the most striking increases 
taking place during the improvised speech. During the lat- 
ter situation we found the peak values of heart rate, blood 
pressure and electrodermal activity in the panic disorder 
patients as well as in the controls. In addition, the most 
pronounced increases in epinephrine and norepinephrine 
secretion were shown for the control group during IS. These 
results are in line with the findings of other investigators 
(Erdmann et al. 1984; Schmidt et al. 1994; Baltissen and 
Boucsein 1987; Houtman and Bakker 1987). Whereas 
Taggart et al. (1973) tbund isolated and significant in- 
creases in norepinephrine secretion in healthy controls 
during an improvised speech, Dimsdale and Moss (1980) 
report during the same set-up an isolated increase in epi- 
nephrine secretion at the beginning of the speech, which 
was no longer present at the very end of it. Referring to 
those results the timing of catecholamine sampling during 
the course of any stressor seems important in relation to 
the resulting value. According to those findings epineph- 
rine appears to be the quicker and more sensitive parame- 
ter regarding stress exposition. Marked increases in epi- 
nephrine secretion [or both groups were documented dur- 
ing mental arithmetic, which corresponds to the findings 
of Bonelli et al. (1979), Forsman and Lindblad (1983), A1- 
bus (1984) and Albus et al. (1982, 1986). In our study 
norepinephrine increased only nonsignificantly in the 
control group, and no changes were seen in the patient 
group (see Fig. 2). 

It is interesting to note that the increase in electroder- 
mal activity during the improvised speech took place dur- 

ing the preparation period, whereas the increase in the 
cardiovascular parameters followed during the speech it- 
self. This sequence of events was observed for patients as 
well as for controls. A possible explanation would be the 
theory that the anticipation of a potential stressor leads ex- 
clusively to an increase in electrodermal activity, whereas 
the actual confrontation with a stressor provokes an acti- 
vation of the cardiovascular system. This is in line with 
the theories of Lacey (1967), who postulates a nonspecific 
activation during situations of anticipation and a specific 
cardiovascular activation just prior to the actual reaction 
itself. 

During the previously described situations the parame- 
ters of patients and controls did both change accordingly, 
i.e. either increased or decreased. During the panic attack 
video no significant changes could be demonstrated for 
either cardiovascular or biochemical parameters. The con- 
trol group did show lower levels of electrodermal activity, 
whereas patients had a significant increase in that parame- 
ter as compared with the previous rest period. The panic 
attack video appears to be an "anxiety-specific" stressor; 
certainly, the knowledge of self-experienced and poten- 
tially future panic attacks led to a more potent stressor ef- 
fect in panic disorder patients. The latter group, especially 
after having experienced panic attacks themselves, did 
show a significant increase in epinephrine secretion, EDA 
and subjective parameters, particularly in situations which 
cause associations with panic attacks (Markgraf et al. 
1986). 

Regarding the parameters heart rate and blood pressure 
during the final rest period (R 6) no significant differences 
could be found comparing patients and controls, but the 
former had significantly higher levels of electrodermal ac- 
tivity at the very end of the trial. During the course of our 
experiment both groups showed continuously increasing 
values of EDA, more so in the patient group. Apparently, 
rest periods of 4-min duration, which proved sufficiently 
long in similar stress investigations in healthy controls 
(Fahrenberg et at. 1979), were too short for the group of 
panic disorder patients to return to their baseline levels of 
electrodermal activity. We therefore have to assume that 
panic disorder patients not only have higher levels of 
EDA, but also a delayed habituation following stimula- 
tion, which leads to a postponed return to baseline levels 
after stress exposure. This is in line with the findings of 
Raskin et al. (1975) and Horvath and Meares (1979) who 
confirmed a delayed return to normal levels following 
stress exposure in anxiety patients. 

The norepinephrine secretion of the controls did con- 
tinuously increase over the duration of the trial. During 
the final rest period no significant difference between the 
two groups could be shown any longer. The reason for 
this can be seen in high initial levels of secretion in the pa- 
tient group. Apparently, a "ceiling effect" is reached in the 
patient group, which renders a further activation of  the 
noradrenergic system impossible (Wilder 193 t). 

In both groups decreasing levels of cortisol secretion 
were noticed during the course of the entire experiment, 
which confirms the findings of Herbert and Watts (1986). 



272 

They found peak levels of cortisol secretion just prior to 
the start of mental stressors, and thereafter, declining val- 
ues. It has to be kept in mind that our investigation took 
place during the late morning, when cortisol secretion is 
decreasing anyway due to the circadian rhythm. In order 
to comment on the effect of specific stressors upon the 
level of cortisol secretion, a modified experimental design 
relating to the number of measurements and their timing 
would be required. 

Subjective ratings 

Panicky feelings were significantly higher in the patient 
group at the beginning and during the course of the inves- 
tigation. Only at the very end, following the improvised 
speech, did they approach the level of the control group, 
no longer showing any significant difference. A similar 
picture was recorded for the subjective anxiety feelings. 
Significantly higher levels in the patient group were doc- 
umented until the final rest period. Patients also had per- 
sistently higher ratings for the parameter nervousness. 
Both groups became gradually less nervous during the 
course of the investigation. Higher ratings in the anxiety 
patient group for the above criteria were also found by 
Woods et al. (1988) who compared patients with panic at- 
tacks to healthy controls. 

Comparing the different stressors the video containing 
frightening scenes proved to be the most uncomfortable, 
threatening and repulsive situation for panic disorder pa- 
tients and controls. According to the hypothesis of Lader 
(1982) this is to be expected. This author postulated a 
strong anxiogenic potency in situations where probands 
have to passively tolerate aversive, external stimuli. 

Despite the fact that the improvised speech was the 
most strenuous situation for the patient group, the level of 
norepinephrine secretion increased during the latter only 
minimally, whereas that of epinephrine decreased. Ini- 
tially high values of catecholamine secretion due to a high 
level of  anticipatory anxiety seemed to make a further ac- 
tivation of the adrenergic and noradrenergic system im- 
possible, which again is described as a kind of "ceiling ef- 
fect" (Wilder 1931; Fahrenberg 1979). In contrast, Ward 
et al. (1983) and Dimsdale and Moss (1980) found in- 
creases in epinephrine secretion during the application of 
mental stressors in healthy controls, whereas physical ex- 
ercise induced mainly increased levels of norepinephrine 
secretion. This is confirmed by the hypothesis of Franken- 
haeuser (1975), according to which situations of novelty, 
anticipation and unforeseenness cause increases in epi- 
nephrine secretion, whereas physical exercise leads pre- 
dominantly to higher levels of  norepinephrine. 

The panic attack video was rated to be fairly thrilling 
by the controls, panic disorder patients perceiving this sit- 
uation as much more threatening and strenuous. The rea- 
son for this seems to be previous experience of panic at- 
tacks. This very situation appears to be a "panic disorder 
patient-specific stressor". 

Conclusion 

Panic disorder patients had higher levels of electrodermal 
activity and of norepinephrine secretion at the beginning, 
during exposure to various different stressors and at the 
end of our stress experiments when compared with 
healthy controls. The other physiological and biochemical 
parameters were not statistically different between the 
two groups. The most efficient stressors during the trial 
proved to be mental arithmetic and improvised speech, 
which produced similar reactions in both groups. This 
was quite different from the effects of showing the panic 
attack video, where we noticed most pronounced reac- 
tions in the panic disorder patient group (EDA, subjective 
ratings). This stress exposure design was shown to pro- 
voke reactions specifically in panic disorder patients. 

Subjective-verbal parameters were quite markedly in- 
creased in panic disorder patients, most strikingly so with 
regard to anxiety, panicky feelings and nervousness. Dur- 
ing exposure to stress the kind of  stressor applied had ap- 
parently only a minor effect upon the subjective ratings. 

Panic disorder patients were shown to have higher lev- 
els of norepinephrine, electrodermal activity and subjec- 
tive ratings already prior exposure to stress. We conclude 
that this represents the somatic correlate of an increased 
anticipatory anxiety in panic disorder patients. 

References 

Ackenheil M, Frthler M, Goldig G, Rall C, Welter D (1982) Kate- 
cholaminbestimmung in Blut und Liquor mit Hochdmcks- 
fliissigkeitschromatographie und elektrochemischem Detektor, 
Arzneimittelforschung. Drug Res 32 (II) 8:893 

Ackenheil M, Albus M, Engel R, Hippius H (1984) Stress und In- 
dividuum. Ein Beitrag zur Psychobiologie in Belastungssitua- 
tionen. Zivilschutzforschung 16 

Albus M, Ackenheil M, Engel R, Mtiller F (1982) Situational re- 
activity of autonomic functions in schizophrenic patients. Psy- 
chol Res 6:361-370 

Albus M (1984) Medikament6se Beeinflussung autonomer Reak- 
tionsmuster in angsfinduzierenden Streflsituationen. Disserta- 
tion zur Erlangung des akademischen Grades eines Doktors der 
Sozialwissenschaften, Tfibingen 

Albus M, Stahl S, M~]ller-Spahn F, Engel RR (t986) Psychophys- 
iological differentiation of two types of anxiety and its phar- 
macological modification by minor tranquilizer and beta-recep- 
tor-blocker. Biol Psychol 23:39-51 

Albus M (1987) Psychiatric patients and their response to experi- 
mental stress. Stress Med 3:233-238 

Altschule MD (1953) Bodily physiology in mental and emotional 
disorder. Grune and Stratton, New York 

Ball SG, Buchwald AM, Waddell MT et al. (1995) Depression and 
generalized anxiety symptoms in panic disorder, implications 
for comorbidity. J Nerv Ment Dis 183 (5): 304-308 

Ballenger JC, Peterson GA, Laraia M (1984) A study of plasma 
catecholamines in agoraphobia and the relationship of serum 
tricyclic levels to treatment response. In: Ballenger JC (ed) Bi- 
ology of agoraphobia. American Psychaitric Press, Washing- 
ton, DC 

Baltissen R, Boucsein W (1987) Comparative studies on state scal- 
ing and change scaling in psychophysiological experiments 
evaluating subjective effects of stress. Z Different Diagn Psy- 
chol 8 (1) : 1-23 



273 

Battaglia M, Bertella S, Politi E et al. (1995) Age at onset of panic 
disorder: influence of familial liability to the disease and of 
childhood separation anxiety disorder. Am J Psychiatry 152 
(9): 1362-1364 

Belfer PL, Munoz LS, Schachter Je t  al. (1995) Cognitive-behav- 
ioral group psychotherapy for agoraphobia and panic disorder. 
Int J Group Psychother 45 (2): 185-206 

Birket-Smith M, Hasle N, Jensen HH (1993) Electrodermal activ- 
ity in anxiety disorders. Acta Psychiatr Scand 88 (5): 350-355 

Bond AJ, James DC, Lader MH (1974) Physiological and psycho- 
logical measures in anxious patients, Psychol Med 4:364-373 

Bonelli Jet  al. (1979) Effect of calculation stress on hemodynamics 
and plasma catecholamines before and after [3-blockade with 
propranolol and mepindoloI sulfate. Eur J Clin Pharmacot 15 : 
1-8 

Braune S, Albus M, Frohler M, Hohn T, Scheibe G (1994) Psy- 
chophysiological and biochemical changes in patients with 
panic attacks in a defined situational arousal. Eur Arch Psychi- 
atry Clin Neurosci 244 (2): 86-92 

Bystritsky A, Craske M, Maidenberg E et at. (1995) Ambulatory 
monitoring of panic patients during regular activity: a prelimi- 
nary report. Biol Psychiatry 38:684-689 

Cameron OG, Lee MA, Curtis GC, McCann DS (1987), Endocrine 
and physiological changes during "spontaneous" panic attacks. 
Psychoneuroendocrinology 12 (5): 321-331 

Charney DS, Heninger GR (1985) Noradrenergic function and the 
mechanism of action of antianxiety treatment. Arch Gen Psy- 
chiatry 42:458-467 

Charney lOS, Heninger GR, Breier A (1984) Noradrenergic func- 
tion in panic anxiety. Arch Gen Psychiatry 41:751-763 

Charney DS, Heninger GR, Jatlow PI (1985a) Increased anxio- 
genic effects of caffeine in panic disorder. Arch Gen Psychia- 
try 135:233-243 

Charney DS, Woods SW, Goodman WK, Heninger GR (1987) 
Neurobiological mechanisms of panic anxiety: biochemical 
and behavioral correlates of yohimbine-induced panic attacks. 
Am J Psychiatry 144:1030-1036 

Cowley DS, Hyde TS, Dager SR, Dunner DL (1987) Lactate infu- 
sions: the role of baseline anxiety. Psychiatr Res 21:169-179 

Cowley DS, Roy-Byrne PP, Greenblatt DJ et al. (1993) Personal- 
ity and benzodiazepine sensitivity in anxious patients and con- 
trol subjects. Psychiatr Res 47 (2): 151-162 

Cox BJ, Swinson RP, Norton GR et al. (1991) Anticipatory anxi- 
ety and avoidance in panic disorder with agoraphobia. Behav 
Res Ther 29 (4): 363-365 

Cox B J, Endler NS, Swinson RP (1995) Anxiety sensitivity and 
panic attack symptomatology. Behav Res Ther 33 (7): 833-836 

Dimsdale JE (1984) Generalizing from laboratory studies to field 
studies of human stress physiology. Psychosom Med, 46 (5): 
463-469 

Dimsdale JE, Moss JM (1980) Short-term catecholamine response 
to psychological stress. Psychosom Med 42 (5): 493-497 

Ehlers A, Margraf J, Roth W (1986) Interaction of expectancy and 
physiological stressors in a laboratory model of panic. In: Hell- 
hammer D, Florin I (eds) Neuronal control of bodily function: 
basic and clinical aspects. Martinus-Nijhoff, Boston 

Erdmann G, Janke W, Bisping R (1984) Wirkungen und Vergleich 
der Wirkungen von vier experimentellen Betastungssituatio- 
nen. Z Exp Angew Psychol XXXI:521-543 

Fagerstr/Sm KO, HugdahI K, Lundstr6m N (t985) Effect of beta- 
receptor blockade on anxiety with reference to the three-sys- 
tems model of phobic behavior. Neuropsychobiology 13: 187- 
193 

Fahrenberg J, Walschburger P, Foerster F, Myrtek M, Mtiller W 
(1979) Psychophysiologische Aktivierungsforschung, ein Bei- 
trag zu den Grundlagen der multivariaten Emotions- und 
Stress-Theorie. Minerva, Mtinchen 

Forsman L, Lindblad LE (1983) Effect of mental stress on barore- 
ceptor-mediated changes in blood pressure and heart rate and 
on plasma catecholamines and subjective responses in healthy 
men and women. Psychosom Med 45 : 435-445 

Foster K, Humphries S (1951) Translation of Aristotle's De Ani- 
ma. Yale University Press, New Haven 

Frankenhaeuser M (1975) Experimental approach to the study of 
catecholamines and emotion. In: Levi L (ed) Emotions: their 
parameters and measurement. Raven, New" York 

Freedman DX, Glass AM (1984) Psychiatry. J Am Med Assoc 
252:2223-2228 

Freedman RB, Ianni P, Ettedgui E (1985) Ambulatory monitoring 
of panic disorder. Arch Gen Psychiatry 42:244-248 

Freud S (1926) Hemmung, Symptom und Angst. Internationaler 
Psychoanalytischer Verlag, Leipzig 

Froberg J, Karlsson C, Levi L, Lindberg L (1971) Physiological 
and biochemical stress reactions induced through psychosocial 
stimuli. In: Levi L (ed) Society, stress and disease, vol 1. Ox- 
ford University Press, New York, pp 280-299 

Gaffney FA, Fenton BJ et al. (1988) Hemodynamic, ventilatory 
and biochemical responses of panic patients and normal con- 
trols with sodium lactate infusions and spontaneous panic at- 
tacks. Arch Gen Psychiatry 45:53-60 

Gasic S, Grtinberger J, Kom A, Oberhummer I, Zapotoczky HG 
(1985) Biochemical, physical and psychological findings in pa- 
tients suffering from cardiac neurosis. Neuropsychobiology 13: 
I2-16 

Goisman RM, Warshaw MG, Peterson LG et al. (1994) Panic, ago- 
raphobia, and panic disorder with agoraphobia. Data from a 
multicenter anxiety disorders study. J Nerv Ment Dis 182 (2): 
72-79 

Gorman JM, Fyer MR, Goetz R, Askanazi J, Liebowitz MR, Fyer 
AJ, Kinney J, Klein DF (1988) Ventilatory physiology of pa- 
tients with panic disorder. Arch Gen Psychiatry 45:31-39 

Griez EJL, Lousberg H, van den Hout MA, van der Molen GM 
(1987) CO2-vulnerability in panic disorder. Psychiatr Res 20: 
87-95 

Hamilton M (1959) The assessment of anxiety states by rating. Br 
J Med Psychol 32:50-55 

Hamilton M (1969) Diagnosis and rating of anxiety. In: MH Lader 
(ed) Studies of anxiety. Br J Psychiatry Spec Publ 3:76-79 

Hamilton M (1976a) Hamilton anxiety scale. In: Guy W (ed) 
ECDEU assessment manual for psychopharmacology, revised. 
Rockvilte, Maryland, pp 193-198 

Hmnilton M (1976b) Hamilton depression scale. In: Guy W (ed) 
ECDEU assessment manual for psychopharmacology, revised. 
Rockville, Mea'yland, pp t79-192 

Hart JD (1974) Physiological responses of anxious and normal 
subjects to simple signal and non-signal auditory stimuli. Psy- 
chophysiology 11 : 443-451 

Herbert J, Moore GF, de la Riva C, Watts FN (1986) Endocrine re- 
sponses and examination anxiety. Biol Psychol 22:215-226 

Hjemdahl P, Daleskog M, Kahan T (1979) Determination of 
plasma catecholamines by high performance liquid chromatog- 
raphy with electrochemical detection: comparison with a ra- 
dioenzymatic method. Life Sci 25:131-138 

Hjemdahl P, Freyschuss U, Juhlin-Dannfelt A, Linde B (1984) 
Differentiated sympathetic activation during mental stress 
evoked by the Stroop test. Acta Physiol Scand Suppl 527: 25- 
29 

Hoffart A, Thomes K, tledley LM et al. (1994) DSM-III-R axis I 
and II disorders in agoraphobic patients with and without panic 
disorder. Acta Psychiatr Scand 89 (3): 186-191 

Horvath T, Meares R (1979) The sensory filter in schizophrenia: a 
study of habituation, arousal and the dopamine hypothesis. Br J 
Psychiatry 134:39-45 

Houtman ILD, Bakker FC (1987) St, ess in student teachers during 
real and simulated standardized lectures. J Hum Stress 13 : 180- 
187 

Kimmel HD, Gardner KA (1986) Giving c6ntext emotional signif- 
icance by administration of aversive pictures. Int J Psycho- 
physiol 3:227-234 

King DJ, Denaney NM, Gilbert JK (1987) A double-blind placebo 
controlled trial of a selective ~2-adrenoceptor antagonist (ICI 
118551) in chronic anxiety. Int Clin Psychopharmacol 2: 191- 
20O 



274 

Klein E, Cnaani E, Harel T et al. (1995) Altered heart rate vari- 
ability in panic disorder patients. Biol Psychiatry 37 (1): 18-24 

Kralik PM, Ho BT, Mathew RJ, Taylor DL, Weinman ML (1982) 
Effects of adrenalin administration on platelet MAO of anxious 
and normal subjects. Neuropsychobiology 8:205-209 

Lacey J (1967) Somatic patterning and stress. In: M Appley, R 
Trumbull, (eds) Psychological stress issue in resemch. Apple- 
ton-Century-Crofts, New York 

Lader M (1982) Biological differentiation of anxiety, arousal and 
stress. In: Mathew RJ (ed) The biology of anxiety. Brunner/ 
Maze1, New York, pp 11-22 

Lader MH, Wing L (1966) Physiological measures, sedative drugs 
and morbid anxiety. Maudsley Monogr 14. Oxford University 
Press, London 

Lake C, Ziegler M, Kopin I (1976) Use of norepinephrine for eval- 
uation of sympathetic neuronal function in man. Life Sci 18: 
1315-1326 

Lawler KA (1980) Cardiovascular and electrodm~nal response pat- 
terns in heart rate reactive individuals during psychological 
stress. Psychophysiology 17 (5): 464-469 

Levitt EE (1967) The psychology of anxiety. Indianapolis, Bobbs- 
Merrill Company 

Liebowitz MR, Coplan JD, Martinez J, Fyer AJ, Dillon D J, 
Campeas RB, Davies SO, Gorman JM, Klein DF (1995) Ef- 
fects of intravenous diazepam pretreatment on lactate-induced 
panic. Psychiatry Res 58 (2): 127-138 

Margraf J, Ehters A, Roth W (1986) Biological models of panic 
disorders and agoraphobia. Behav Res Ther 24 : 553-568 

Mathew" RJ, Ho BT, Kralik P e t  at. (1981) Anxiety and platelet 
MAO levels after relaxation training. Am J Psychiatry 138: 
371-373 

Mathews AM (1982) Anxiety and its management. In: Gaind R, 
Hudson B (eds) Current themes in psychiatry, vol 3. Spectrum, 
New York 

Middleton HC, Ashby M (1995) Clinical recovery from panic dis- 
order is associated with evidence of changes in cardiovascular 
regulation. Acta Psychiatr Scand 91 (2): 108-113 

Moss A, Wynar B (1970) Tachycardia in house officers presenting 
at great rounds. Ann Intern Med 72:255-256 

Mtiller T, Hofschuster E, Kuss JJ, Welter D (1979) A highly sen- 
sitive and precise radioenzymatic assay for plasma epinephrine 
and norepinephrine. J Neural Transm 45:219-225 

Nesse RM, Cameron OG, Curtis GC et at. (1984) Adrenergic func- 
tion in patients with panic anxiety. Arch Gen Psychiatry 41: 
771-776 

Norusis MJ (1988) Manual SPSS/PC+. SPSS Inc., Chicago 
Papp LA, Klein DF et al. (1993) Diagnostic and substance speci- 

ficity of carbon-dioxide-induced panic. Am J Psychiatry 150 
(2): 250-257 

Pichot P (197 I) Quantification of psychological stress responses. 
In: Levi L (ed) Society, stress and disease, vol 1. Oxford Uni- 
versity Press, New York, pp 49-53 

Rainey JM, Frohman CE, Freedman RR (1984) Specificity of lac- 
tate infusion as a model of anxiety. Psychopharmacol Bull 20 
(1): 45-49 

Raskin M (1975) Decreased skin conductance response habitua- 
tion in chronically anxious patients. Biol Psychol 2:309-319 

Rechlin T, Weis M, Spitzer A et at. (1994) Are affective disorders 
associated with alterations of heart rate variability? J Affect 
Disord 32 (4): 271-275 

Roth WT, Telch MJ, Taylor CB, Sachitano JA, Gallen CC, Kopell 
ML, McClenahan KL, Agras WS, Pfefferbaum A (1986) Auto- 
nomic characteristics of agoraphobics with panic attacks, Biol 
Psychiatry 21:1133-1154 

Roth WT, Ehters A, Taylor CB, Margraf J, Agras WS (1990) Skin 
conductance habituation in panic disorder patients. Biol Psy- 
chiatry 27 (11): 1231-1243 

Roth WT, Margraf J, Ehlers A, Taylor CB, Maddock RJ, Davies S, 
Agras WS (1992) Stress test reactivity in panic disorder. Arch 
Gen Psychiatry 49 (4): 30t-310 

Sarason IG (1960) Empirical findings and theoretical problems in 
the use of anxiety scales. Psychol Rep 57 (5): 403-415 

Scheibe G, Albus M, Walther AU et al. (1993) Group psychother- 
apy in patients with panic disorder and agoraphobia. Psy- 
chother Psychosom Med Psychol 43 (7): 238-244 

Schmidt NB, Jacquin K, Telch MJ (1994) The overprediction of 
fear and panic in panic disorder. Behav Res Ther 32 (7): 701- 
707 

Spielberger CD, Gorsuch RL, Lushene RE (1970) The State-Trait 
Anxiety Inventory (test manual). Consulting Psychologists 
Press, Palo Alto, Calif. 

Spinks JA, Siddle DAT (1985) The effect of anticipated informa- 
tion on skin conductance and cardiac activity. Biol Psychol 20: 
39-50 

Starcevic V, Fallon S, Uhlenhuth EH et al. (1994) Comorbidity 
rates do not support distinction between panic disorder and 
generalized anxiety disorder. Psychopathology 27 (6): 269-272 

Stein MB, Asmundson GJ (1994) Autonomic function in panic 
disorder: cardiorespiratory and plasma catecholamine respon- 
sivity to multiple challenges of the autonomic nervous system. 
Biol Psychiatry 36 (8): 548-558 

Stein MB, Tancer ME, Uhde TW (1992) Heart rate and plasma 
norepinephrine responsivity to orthostatic challenge in anxiety 
disorders. Comparison of patients with panic disorder and so- 
cial phobia and normal control subjects. Arch Gen Psychiatry 
49 (4): 311-317 

Sternbach RA (1960) Some relationships among various 'dimen- 
sions' of autonomic activity. Psychosom Med 22: 430-434 

Taggart P, Carruthers M, Somerville W (1973) Electrocardio- 
grams, plasma catecholamines and lipids, and their modifica- 
tion by oxprenolot when speaking before an audience. Lancet 
18 : 341-346 

Targum SD (1992) Cortisol response during different anxiogenic 
challenges in panic disorder patients. Psychoneuroendocrinol- 
ogy 17 (5): 453-458 

Tyrer PJ (1976) Role of bodily feeling in anxiety. Maudsley 
Monogr 23. Oxfords University Press, London 

Tyrer PJ, Lader MH (1976) Central and peripheral correlates of 
anxiety: a comparative study. J Nerv Ment Dis 162:99-104 

Verburg K, Griez E, Meijer Jet ai. (1995) Respiratory disorders as 
a possible predisposing factor for panic disorder. J Affect Dis- 
ord 33 (2): 129-134 

Villacres EC, Hollifield M, Katon WJ, Wilkinson CW, Veith RC 
(1987) Sympathetic nervous system activity in panic disorder. 
Psychiatr Res 24 : 313-321 

Ward MM, Mefford IN, Parker SD et al. (1983) Epinephrine and 
norepinephrine responses in continuously collected human 
plasma to a series of stressors. Psychosom Med 45:471-485 

Weise V, Kopin I (1976) Assay of catecholamines in human 
plasma: studies of a single isotope radioenzymatic procedure. 
Life Sci 19:1673-1686 

Wilder J (1931) Das "Ausgangswert-Gesetz", ein unbeachtetes bio- 
logisches Gesetz und seine Bedeutung ftir Forschung und 
Praxis. Z Neurol 137:317-338 

Wing L (1964) Physiological effects of performing a difficult task 
in patients with anxiety states. J Psychosom Res 7:283-294 

Wittchen HU, Essau CA (1993) Epidemiology of panic disorder: 
progress and unresoIved issues. J Psychiatr Res 27 (Suppl) 1: 
47-68 

Woods SW, Chamey DS, McPherson CA (1987) Situational panic 
attacks. Arch Gen Psychiatry 44:365-375 

Woods SW, Charney DS, Goodman WK et aL (1988) Carbon 
dioxide-induced anxiety, behavioral, physiologic and biochem- 
ical effects of carbon dioxide in patients with panic disorder 
and healthy subjects. Arch Gen Psychiatry 45:43-51 

Yehuda R, Boisoneau D, Mason JW et al. (1993) Glucocorticoid 
receptor number and cortisol excretion in mood, anxiety, and 
psychotic disorders. Biol Psychiatry 34 (1-2): 18-25 

Yeragani VK, Pohl R, Rainey JM, Balon R, Ortiz A, Lycaki H, 
Gershon S (1987) Pre-infusion heart rates and laboratory-in- 
duced panic anxiety. Acta Psychiatr Scand 75:51-54 


