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Imipramine and Alprazolam Effects on Stress Test 
Reactivity in Panic Disorder 

Walton T. Roth, Jiirgen Margraf, Anke Ehlers, John M. Haddad, 
Richard J. Maddock, W. Stewart Agras, and C. Barr Taylor 

The reactivity of 40 panic disorder patients on mental arithmetic, cold pressor, and 5% 
COz inhalation stressors was tested before and after 8 weeks of treatment with imipramine, 
alprazolam, or placebo. Mean levels of subjective and physiological stress measures 
were compared during a baseline before any stressors were given, and at anticipation, 
stressor, and recovery periods for each stressor. After treatment, imipramine patients 
differed from the other two treatment groups on the prestressor baseline in showing higher 
systolic blood pressure (mean difference about 10 mm Hg), higher diastolic blood pressure 
(10 mm Hg), higher heart rate (15 bpm), less respiratory sinus arrhythmia, shorter pulse 
transit time, and lower T-wave amplitude. Respiratory measures, electrodermal measures, 
body movement, and self-reported anxiety and excitement did not distinguish the groups. 
Reactivity to the stress tests was unaffected by the medications, but tonic differences 
present in the baseline persisted. 

Introduction 
Two drugs that have little in common chemically or in their side.effect profiles--the 
tricyclic antidepressant, imipramine, and the benzodiazepine, alprazolam--are both ef- 
ficacious in treating panic disorder (Zitrin et al 1983; Sheehan et al 1980; Lydiard and 
Ballenger 1987; Ballenger et al 1988). Certain aspects of the biochemical and neuro- 
physiological mechanisms by which these drugs affect anxiety are understood (Hsiao and 
Potter 1990), and some information is available on their actions at the psychophysiological 
levels in humans. Anxiolytic drugs would be expected to reduce the psychological and 
physiological impact of stressors, and effects of this sort have been demonstrated for 
certain benzodiazepines and certain populations (e.g., Kelly et al 1973; O'Boyle et al 
1986; McLeod et al 1988, McLeod et al 1990). The last study compared imipramine and 
alprazolam in generalized anxiety disorder patients and found that after 6 weeks imipra- 
mine had increased heart rate, blood pressure, and electromyographic activity over base- 
line levels in spite of reducing somatic anxiety symptoms. Alprazolam had reduced systolic 
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blood pressure and somatic symptoms in the same period. Unfortunately, the absence of 
a placebo group made it impossible to separate drug effects from time effects. In other 
experiments, certain benzodiazepines and barbiturates were shown to increase reliably 
the rate of decrease of autonomic arousal in anxious patients sitting quietly in a laboratory 
and to accelerate habituation to moderately intense tone stimuli (Lader and Wing 1966). 

The effect of imipramine on cardiovascular stress response is particularly important 
because of its tendency to alter heart rate and blood pressure (reviewed recently by 
Jefferson 1989; Roose and Glassman 1989; Warrington et al !989). It greatly'elevates 
heart rate in su~ects standing, sitting, lying awake, and asleep (Taylor et al 1990; Roth 
et al 1988). Although most clinicians are aware of imipramine's tendency to produce 
orthostatic hypotension, fewer realize that under certain conditions imipramine can raise 
systolic and diastolic blood pressure (Warrington et 41 1989; Taylor et al 1990; McLeod 
et al 1990). Because panic disorder patients may be at increased risk for cardiovascular 
death (Coryell et al 1982, 1986), blood pressure elevations in this group are particularly 
undesirable. The effects of mental stressors on imipramine's cardiovascular effects in 
panic disorder patients ~s unknown: imipramine might increase blood pressure reactivity 
~o stress~ addiag to its cardiovascular risk, or it might dampen reactivity through its 
anxiolytic or physiological actions. 

The current study compared the effects of imipramine, alprazolam, and placebo on 
the reactivity to three laboratory stressors--mental arithmetic, ice water, and CO2 in- 
halationmin panic disorder patients and matched normal controls. The first two are 
stressors not suspected of having any special panic-inducing properties, while the last 
has been postulated to trigger specific panic mechanisms (Gorman et al 1984). The design 
of the study allowed us to measure baseline levels, reactivity, and recovery of a number 
of cardiovascular and electrodermal variables associated with autonomic activation and 
to compare them with subjective reports of moods and symptoms and with behavior. 
Eysenck (1967) characterized "neurotics" as generally more reactive autonomically than 
nonneurotics. More recently, hyperexcitablity of brainstem loci controlling the autonomic 
nervous system has been postulated as a cause for panic attacks (Gorman et al 1989). 
Therefore, we expected autonomic reactivity to be greater in panic patients than in 
normals, and that this hyperreactivity would be normalized by effective treatment. We 
also assessed ventilatory response to CO2 since that has been reported to differ between 
panic patients and normals (Gorman et al 1988; Lousberg et al 1988; Papp et al 1989). 

Special care was taken to exclude patients who were surreptitiously taking anxiolytic 
drugs not prescribed to them (Clark et al 1990). Elsewhere (Roth et al 1991) we reported 
pretreatment differences between a larger group of patients and normal subjects, of which 
the sample here is a subset, and the effects of treatment on psychological outcome, plasma 
fipids, ambulatory heart rate, and blood pressure and heart rate during treadmill exercise 
(Taylor et al 1990). 

Methods 

Subjects 
Eighty-six patients with panic disorder were recruited through the media for a study 
comparing the effects of imipramine, alprazolam, and placebo, and participated in the 
testing protocol described below at the week 0 pretreatment laboratory test session. As 
determined by the Structured Clinical Interview of DSM-III Upjohn Version (SCID-UP) 
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Table 1. Subject Characteristics ° 

Patients 
lmipramine b Aiprazolam Placebo Normals 

Number 13 14 13 14 
Male 5 4 4 4 
Age (YO 33.0 (5.8) 36.4 (8.1) 31.4 (10.3) 33.2 (8.6) 
Pills (n) 5.5 (1.6) 4.0 (2.3) 7.3 (1.7) 
Blood levels (ng/ml) 83.3 (47.7) 58.2 (46.2) 0.0 (O0) 

aResults given as mean -+ SD. 
bBlood levels for the imipramine group are the sum of imipramine and desmethylimipramine. 

(Spitzer and Williams 1983), all met, the panic attack criteria of DSM-III Panic Disorder, 
although some qualified for a DSM-III diagnosis of Agoraphobia with Panic Attacks 
because of their extensive avoidance. Additionally, patients had to have had at least one 
attack in each of the 3 weeks before entering the study. Any major depressive episodes 
in the present or past needed to follow and not precede the initial occurrence of panic 
attacks. Patients had to be in good health as determined by medical history, physical 
examination, electrocardiogram (ECG), and blood and urine tests. They were told that 
they must stop taking psychoactive drugs 2 weeks before testing, and blood was drawn 
and assayed for diazepam, desmethyldiazepam, alprazolam, imipramine, and desmethy- 
limipramine at the laboratory session. For several reason~ (for example, ! 7 had detectable 
levels of the compounds mentioned above), the data from 34 were excluded from analysis, 
leaving 52 at week 0 (for further details see Roth et al 1991). 

Patients were randomly assigned to 8 weeks of treatment with imipramine, alprazolam, 
or placebo, and were tested again in the laboratory during the 8th treatment week. Identical 
capsules containing imipramine 30 mg, alprazolam 1 rag, or placebo were administered 
double-blind. Medication dose was increased gradually until patients were free of panic 
attacks or were taking 10 capsules per day. At week 8, a subset of 40 patients of the 52 
patients was selected for statistical analysis. These 40 patients were those who returned 
for week 8 laboratory testing, whose blood drawn at week 8 contained the proper com- 
pounds, and who could be matched to create medication groups that were age and sex- 
matched. Table 1 summarizes characteristics of these patients and 14 matching normals. 
Average daily dose for imipramine was 165 mg and for alprazolam, 4 mg. 

Normals were recruited by newspaper advertisement. They were screened over the 
telephone and in structural interviews. They all described themselves as "nonanxious" 
and did not have a history of psychiatric problems as determined by the SCID-UP and 
a structured interview based on the SADS-L (Spitzer and Endicott 1978). Anyone with 
significant physical health problems was rejected. Normals were tested twice at about the 
same interval as the patients, but were not given medication. 

Procedure 
Testing took place in a sound-attenuated chamber in which subjects could not see laboratory 
personnel but could communicate with them at any time. Four test paradigms were admin- 
istered: a 15-min baseline, cold pressor (ice water), mental arithmetic, and CO2 inhalation. 
Written instructions for each were read by the subject just prior to the first period of that 
test. Subjects were told they could ask that a test be discontinued at any time, but were 
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encouraged not to do so. The beginning and end of each test period was announced by the 
experimenter through an intercom. The baseline paradigm simply required subjects to sit 
with their eyes open for 15 min. The cold pressor test consisted of a 4-min anticipation 
period, 1 min during which the subject's dominant foot was immersed in ice water (4°C), 
and 7 min of recovery. The mental arithmetic test consisted of a 3-rain 45-sec anticipation 
period, a 5-min 15-sec period of spoken serial subtractions of 17 from 5797, and a 7-min 
recovery period. For the CO2 inhalation test, subjects wore a continuous positive-pressure 
gas mask. For the first 15-rain anticipation period they breathed compressed room air, which 
was switched secretly in an adjacent room to 5.5% CO2 in room air for 20 min. Then the 
gas was switched back to room air for a 15-rain recovery period. Continuous monitoring 
with a capnometer insured that inhaled air during the CO2 period had a CO2 concentration 
above 5%. Although subjects were blind to when CO2 began, they were told when it was 
stopped. The CO2 seemed to have a different smell than room air, so as to increase the 
subjects' uncertainty about when they were receiving CO2, the experimenter switched from 
air to CO2 just long enough for one breath at minutes 4 and 9, and from CO2 to air at minutes 
19, 24, and 29. The baseline paradigm was always first, and the CO2 inhalation, always last 
since we thought that it might cause subjects to terminate the session. The order of cold 
pressor and mental arithmetic was balanced across subjects. 

Physiological Recording 
At the beginning of the session, a pair of Ag/AgCI electrodes 0.8 cm 2 in area was placed on 
the thenar and hypothenar eminences of the nondominant hand for recording skin conduct- 
ance. The skin conductance transducer applied a constant 0.5 V across the electrodes. The 
electrode medium was a mixture of creamy ointment and physiological saline as recom- 
mended by Fowles et al (1981). An ECG was recorded from electrodes over the left 10th 
rib at the anterior axillary line and the right mastoid. A photoreflective skin blood flow 
transducer was put on the nondominant thumb (T23.04, Coulbourn Instruments, Lehigh 
Valley, PA). Impedance registration of changes in blood volume during the cardiac cycle 
was made from electrodes on the dominant forearm, one measurement electrode placed on 
the dorsum of the forearm slightly proximal to the wrist and the other slightly distal to the 
elbow. Two elastic belts were placed over the rib cage and abdomen, respectively, and were 
connected to a device that measures chest movement during ~spiration by changes in self- 
inductance (Respitrace Corporation, Ardsley, NY). This device was calibrated for respi- 
ratory volume by having subjects breathe into a spirometer. Body movements in the chair 
were monitored piezoelectrically with a phonograph cartridge mounted in the seat. 

Systolic and diastolic blood pressure were measured osciUomctrically by an automatic 
device (Accutorr 2, Datascope Corporation, Paramus, N J). The first blood pressure mea- 
surement was 60 sec after the start of each paradigm and then every 4.5 min during the 
baseline, 2 min during the cold pressor test (including a measurement at the end of 
immersion) and mental arithmetic tests, and every 2.5 min during CO2 inhalation. Inflation 
of the cuff, which was placed on the nondominant arm, caused large changes in finger 
blood flow registered by the device described above. 

Psychological Assessment 
Subjects filled out an Anxiety Rating Scale (Ehlers et al 1986) right after each deflation 
of the blood pressure cuff. Subjects rate themselves on "anxiety" and "excitement,:' each 
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on a scale from 0 ("none") to l0 ("extreme"). Additional assessments were given to 
evaluate possible panic attacks, but since only one subject reported a panic attack at week 
8, these assessments are not described fur',her here. 

Clinical self-assessments and physician assessments of the patients were made at weeks 
0 and 8. Details about these assessments and the results for a larger sample that included 
the same patients reported here can be found in Taylor et al (1990) and Clark et al (1990). 
Representative clinical measures analyzed for our subgroup included average daily anxiety 
(0 to 10 scale) for the last week recorded in a diary, Hamilton Rating Scale for Anxiety 
scores, number of panic attacks/week, Symptom Checldist-90 (SCL-90) anxiety scores, 
and patient-rated Global Improvement since beginning medication (1 = very much better, 
4 = no change, 7 = very much worse). 

Data Reduction and Statistical Analysis 
Continuously recorded physiological data were digitized and stored on tape for off-line 
analysis. Sampling rates were 200 Hz for the electrocardiographic, plethysmographic, 
and body movement channels and 20 Hz for skin conductance and respiration. Cardio- 
vascular variables included heart rate calculated from R-R intervals, T-wave amplitude, 
finger pulse amplitude calculated as the difference between maximum and minimum 
levels during each cardiac cycle, and pulse transit times calculated from R waves to 
maxima in the forearm impedance channel and in the finger blood flow channel. Non- 
specific skin conductance fluctuations were defined as an increase in skin conductance 
level (SCL) of 0.05 microsiemens occurring within 3.5 sec after a change in SCL slope 
of at least 0.01 millisiemens/sec from a positive or negative value. Respiratory rate, and 
minute volume were calculated from the respiratory volume curves using a computer 
algorithm. Respiratory sinus arrhythmia was quantified by measuring the mean difference 
in R-R interval between inspiratory and expiratory phases of the breathing cycle (Gross- 
man and Wientjes 1986). Body movement was quantified as the integral of the absolute 
values of the transducer output around its mean. 

Statistical analyses were based on mean values of purely cardiovascular variables over 
10-sec epochs, and mean values of other variables over 30-sec epochs. Data were edited 
to exclude sensor and motion artifacts and periods when the blood pressure cuff was 
inflated. Repeated-measures analysis of variance (ANOVA) with statistical significance 
levels adjusted according to the Greenhouse--Geisser correction was a principal statistical 
method. Subanalyses of variance and post hoc comparison of means (using Tukey's 
Studentized Range Test corrected for unequal sample sizes) were applied to localize the 
source of effects significant in more global analyses. 

Data from the baseline paradigm were averaged into three 5-min epochs and analyzed 
in a two-way analysis of variance with Group (imipramine, alprazolam, placebo patients 
or normals, placebo patients) as one factor and Time (epochs I, 2, and 3) as a second, 
repeated-measures, factor. Data from the stress paradigms were averaged into prestressor 
(anticipatory), stressor, and poststressor (recovery)periods for each stressor, and a three- 
way repeated-measures ANOVA was performed. Factors were Stressor (cold pressor, 
arithmetic, CO2), Time (prestressor, stressor, poststressor), and Group (imipramine, al- 
prazolam, placebo patients or normals, placebo patients). Stressor and Time were repeated 
measures. All ANOVAs were done on both week 0 data and on week 8--week 0 differences 
between corresponding data points of each subject. The latter analysis is more sensitive 
to changes produced by drug treatments than an analysis of week 8 data alone. Following 



40 BIOL PSYCHIATRY 
1992;31:35-51 

W.T. Roth et al 

the recommendations of Venables and Christie (1980), SCL was logarithmically trans- 
formed prior to statistical analysis. Degrees of freedom varied in different analyses because 
oi missing data. For example, subjects who refused CO2 at week 8 were not included in 
the stress paradigm ANOVA. Pulse transit time measurements were missing for certain 
subjects. For subjects who stopped CO2, that stress period contained fewer data and was 
biased towards earlier measurements. 

ANOVAs on clinical measures except Global Improvement were also done on week 
0 data and on week 8-week 0 differences. Global Improvement was analyzed for week 
8 data alone, since patients were asked then to rate change since beginning medication. 

Results 

Pretreatment Differences 
Because patients were randomly assigned to drug groups, no pretreatment differences 
among imipramine, alprazolam, and placebo patients at week 0 would be expected. At 
week 0, five imipramine, three alprazolam, and three placebo patients asked to stop CO2 
early; of these three, two, and two, respectively, gave panic attacks as the reason for 
stopping. 

Figures 1 and 2 depict the week 0 means of patients in the three drug groups for the 
baseline and stress paradigms. ANOVAs of the baseline paradigm showed no significant 
main Group effects, but Dy chance, Time x Group interactions were significant for 
respiratory sinus arrhythmia [F(4,74) = 3.46, e = 0.754, p < 0.05] and ~espiratory 
rate [F(4,74) = 3.54, e = 0.854, p < 0.05]. Although not significant, T-wave amplitude 
tended to be higher and heart rate lower in the imipramine group, while the means of 
variables like systolic and diastolic blood pressure and pulse transit time were closely 
matched. ANOVAs of the stress paradigms showed no Group effects or Group inter- 
actions. There were significant Time (prestressor, stressor, poststressor) effects for all 
variables, indicating that the variables selected were sensitiv~ to at least one of the stressors 
employed. In addition, about half of the variables showed Stressor effects or Stressor x 
Time interactions. Essentially identical effects in the larger pool of patients from which 
this sample is drawr, are discussed in Roth et al (1991). That article also compares normals 
and pa~,~nts before treatment. 

T~'~e 2 gives the clinical measures at week 0. None of these differed significantly 
between drug groups. 

Treaanent Effects 
At week 8 refusals and requests to stop the stressors were limited largely to patients on 
placebo or imipramine during CO2 (six patients on placebo, four on imipramine, two on 
alprazolam, and one normal). Of these, two patients on placebo, two on imipramine, 
one on alprazolam, and one normal refused CO2 altogether. However, the differences 
between the four groups during CO2 did not reach significance (X 2 = 6.87; p = 0.08). 
Differences among the three patient groups were also nonsignificant (X 2 = 3.27; p = 
0.20). Only one subject, a patient on placebo, gave panic attack as a reason for stopping 
CO2. The only other stress test not completed was cold presser, which was refused by 
a normal. 

Figures 3 and 4 show the mean week 8-week 0 changes of patients in the three drug 
groups for the baseline and stress paradigms. Table 3 gives the ANOVA significance 
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Figure 1. Week 0 means for imipramine, alprazolarn, and placebo patients. The baseline is divided 
into three 5-min time periods (1,2, and 3) and each of the stress paradigms i~ 0Jvided into prestressor 
t~ticipation), stressor, and poststressor (recovery) periods (1, 2, and 3). 
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levels for the baseline paradigm. Group effects were significant for heart rate, systolic 
and diastolic blood pressure, respiratory sinus arrhythmia, pulse transit time, and T-wave 
amplitude. The only other significant effect was that of Time for respiratory rate, which 
apparently reflects a tendency for the difference in week 8 and week 0 rates to increase 
over time. Table 4 gives the group contrasts for variables with significant main Group 
effects in Table 3. Imipramine differed significantly from placebo in all six cases, and 
from alprazolam in four cases. For the imipramine group, intercorrelations were calculated 
between age and week 8-week 0 changes in subjective anxiety, heart rate, systolic and 
diastolic blood pressure, respiratory sinus arrhythmia, pulse transit time, T-wave ampli- 
tude, and serum blood drug concentrations of imipramine plus desmethylimipramine. The 
change scores were based on variable means over all three time periods of the baseline 
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Table 2. Clinical Outcome Measures a 

Week 0 Week 8-Week 0 
Mean daily anxiety 

lmipramine 4. I (I .9) - 2.3 (i .4) 
Alprazolam 3.7 (I .8) - 1.7 (I.7) 
Placebo 4.0 (2. I) - 1.3 (2.1) 

Hamilton anxiety 
lmipramine 13.0 (5.4) - 7 . 4  (5.4) 
AIprazolam 19.9 (9.7) - 14.1 (10.4) 
Placebo 16.4 (6. I) - 9.0 (5.5) 

Panic attacks 
Imipramine 6.6 (6.1) - 6.4 (5.9) 
Alprazolam 5.9 (4.6) - 5 . 4  (4.7) 
Placebo 6.7 (4.2) - 5 . 7  (4.7) 

SCL-90 anxiety 
Imipramine 10.3 (5.5) - 7 . 3  (5.8) 
Alprazolam 1 6 . 2 ~  - 10.3 (10.6) 
Placebo 14."0 (5.8) - 5.7 (5.3) 

Global improvement 
Imipramine - -  1.5 (0.66) 
Alprazolam - -  1.8 (0.93) 
Placebo - -  3. I (1.2) 

"Results given as mean _ SD. 

paradigm. The only significant correlations (df - 11) were between systolic and diastolic 
blood pressure change (r = +0.59, p < 0.05). Correlations of blood pressure change 
with age (r - -0.12) or serum levels (r - -0 .11)  were far from significant. 

Table 5 gives the significance levels for the stress paradigms. Main Group effects 
without interactions were significant for the same variables that showed Group effects 
for the baseline paradigm, and additionally, for movement. Table 6 gives the g~oup 
contrasts for stress paradigm variables with significant main Group effects, lmipramine 
differed from both alprazolam and placebo for heart rate and systolic and diastolic blood 
pressure, respiratory sinus arrhythmia, and T-wave amplitude differed only between 
imipramine and placebo, and pulse transit time differed only between imipramine and 
alprazolam. The main Time effects and the Stressor × Time effect were apparently due 
to a tendency for stressors to produce smaller effects at week 8 than at week 0. Note that 
changes in either reactivity or recovery between week 0 and week 8 could give rise to 
Time effects in week 8-week 0 difference scores; the V-shaped patterns in Figure 3 
during stress paradigms seen, for example, in systolic and diastolic blood pressure and 
respiration rate, indicate decreased reactivity. Reactivity or recovery differences between 
drug groups would have resulted in Time × Group or Time × Group × Stressor effects, 
but only skin conductance fluctuations showed such effects. Although this variable showed 
a significant Time × Group interaction, no significant Group effects appeared in sub- 
analyses for prestressor, stressor, and poststressor periods. Thus drug treatment had little 
or no effect on reactivity or recovery. 

As shown in Table 2, all clinical measures showed improvement between week 0 and 
week 8. This improvement over time was statistically significant for all measures with 
all drug treatments except mean daily anxiety with placebo. However, only Global Im- 
provement was differentially affected by the drugs [F(2,35) = 9.23, p < 0.006]. Post 
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Figure 3. Week 8-week 0 mean changes for imipramine, alprazolam, and placebo patients. The 
baseline is divided into three 5-min time periods (1, 2, and 3) and each of the stress paradigms is 
divided into preslressor, stressor, and poststressor periods (1, 2, and 3). 
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Figure 4. See Figure 3 
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hoc comparisons showed that both imipramine and alprazolam were superior to placebo 
(lower scores on this measure indicate more improvement), but were not different from 
each other. There was a trend for alprazolam to lower Hamilton anxiety more than the 
other drugs [the overall F(2,36) = 2.85,/7 < 0.07]. 

Comparison of Normals and Placebo Patients at Week 8 
ANOVAs of the baseline and stress paradigms for normals and placebo patients at Week 
8 gave a gauge of whether patients not treated with an active medication but remaining 
in the study for 8 weeks differed from normal controls at that point in time (differences 
between normals and patients at week 0 are reported in Roth et al 1991). ANOVAs of 
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Table 3. Significance Levels for Baseline Change (Week 8-Week 0): Imipramine, Alprazolam, 
and Placebo Patient~¢ ~'b'c 

Variable  TOme)  G ( r o u p )  T G  

Self-report 
Anxiety 
Excitement 

Cardiovascular 
Heart rate 
Systolic B P  
Diastolic B P  
RSA 

FPA 
T W A  

Electroderm~d 
S C L  
N S F  

Respiratory 
Resp rate 
Minute volt 

Movement 

m 

m 

w 

m 

m 

B 

F ( 2 ,74 )  = 3 .93*  

m 

m 

F ( 2 , 3 7 )  = 3 7 . 2 * * *  
F ( 2 , 3 7 )  = 1 4 . 3 " * *  m 
F ( 2 , 3 7 )  = 1 5 . 0 " * *  
F ( 2 , 3 7 )  = 3 .94*  
F ( 2 , 2 5 )  = 1 5 . 3 " * *  

F ( 2 , 3 7 )  = 6 . 7 5 * *  

m 

m 

m 

m 

I 

m 

i 

m 

"Probability levels haw.' been corrected according to Greenhouse and Geisser. 
bBP -- blood pressure, RSA = respiratory sinus arrhythmia, PTT -- pulse transit time, FPA = finger pulse amplitude, 

TWA = T-wave amplitude, SCL -- skin conductance level, NSF -- nons~cific skin conductance fluctuations, vol -- volume. 
~Significan~'e: --not significant; *p < 0.05; **p < 0.01; ***p < 0.001. 

the baseline paradigm showed patients to have more subjective anxiety than normals 
[F(1,25) = 6.39, p < 0.051, less respiratory minute volume [F(I,25) = 7.05, p < 
0.051, and a greater increase in heart rate over 15 min [Time x Group: F(2,50) = 10.3, 
e = 0.777, p < 0.001 ], accompanied by a greater decrease in respiratory sinus arrhythmia 
ITime x Group: F(2,50) = 4.34, e = 0.852, p < 0.051. 

ANOVAs of the stress paradigms showed Time effects for the same variables as the 
ANOVA for the three drug groups, that is, the same sensitivity to the stressors was 
present. Main Group effects or Group interactions were significant for subjective excite- 
ment, heart rate, systolic blood and diastolic blood pressure, nonspeeific skin conductance 
fluctuations, respiratory minute volume, and body movement (ps < 0.05 or less). Sub- 
analyses of variance and comparisons of means showed that for patients compared to 
normals, heart rate, and systolic blood pressure ?,ere significantly higher during the entire 

T a b l e  4 .  Group Contrasts for Baseline C h a n g e  ' ' b  

Var iab le  lmip /Alpraz  Alp raz /P lacebo  Imip /P l acebo  

Heart rate ** - -  ** 
Systolic B P  ** - -  ** 
Diastolic B P  ** - -  ** 
R S A  - -  - -  * 
P T T  * *  ~ * *  

T W A  - -  - -  ** 

°Abbreviations a:~ in Table 3. 
bSignificance: --~lot significant" *p < 0.05; **p < 0.01. 
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Table 5. Significance Levels for Stress Test Change (Week 8-Week 0): Imipramine, 
Alprazolam, and Placebo Patients °.b." 

V a r i a b l e  T ( i m e )  G(roup) S(tressor)T T G  

Self-report 
Anxiety  m - -  
E x ~ i t e m e n t  - -  m 

Cardiovascular 
H e a r t  ra te  F ( 2 , 6 0 )  = 3 . 5 6 *  F ( 2 , 3 0 )  = 4 8 . 1 " * *  
S y ~ o l i c  B P  F ( 2 , 5 2 )  = 5 . 2 6 *  F ( 2 , 2 6 )  --  ! i . 1 " * *  
Diastolic B P  F ( 2 , 5 2 )  = 4 . 6 9 *  F ( 2 , 2 6 )  - 21.  ! * * *  
R S A  - -  F ( 2 , 2 9 )  = 9 . 2 8 * * *  
P T T  F ( 2 , 2 2 )  = 4 . 1 9 "  F ( 2 , 1 1 )  = 9 . 0 5 * *  
F P A  - -  - -  
T W A  m F ( 2 , 2 9 )  = 7 . 0 2 * *  

Electrodermal 
S C L  F ( 2 , 6 0 )  = 4 . 0 0 *  - -  
N S F  F ( 2 , 6 0 )  = 1 8 . 5 " * *  

Respir,'*~tory 
Resp Rate F(2 ,60)  = 12.1"* 
M i n u t e  Vo l  F ( 2 , 6 0 )  - 4 . 8 7 *  

Movement  ~ F ( 2 , 2 9 )  = 3 . 4 6 *  

B 

u 

n 

m 

E 

m 

m 

m 

m 

F ( 4 , 1 2 0 )  = 7 . 4 6 * *  

F ( 4 , 6 0 )  = 5 . 2 0 * *  

No S, GS,  or TGS effects were significant. 
°Probability levels have been corrected according to Greenhouse and Geisser. 
bAbbreviations as in Table 3. 
~Significance: --not significant; */7 < 0.05; **p < 0.01; ***p < 0.001. 

CO2 paradigm (not just while CO2 was being given); during immersion of the foot in ice 
water, body movement was less. There was no evidence for greater patient reactivity to 
stressors per se. (The details of the analysis are available from the author on request.) 

Discussion 
One rationale for this study was to determine if therapeutically effective antipanic med- 
ication would normalize autonomic hyperreactivity to stressors in panic patients. However, 
the assumption that our untreated panic patients would be hyperreactive compared with 
normals unexpectedly proved to be false, as we have reported elsewhere (Roth et al 
1991). This was the case for both nonspecific stressors like cold pressor and mental 

Table 6. Group C'ontrasts for Stress Test Change °'b 
Var i ab l e  I m i p / A l p r a z  A i p r a z / P l a c e b o  l m i p / P l a c e b o  

Heart rate ** - -  ** 
Systolic B P  ** - -  * 
Diastolic B P  ** - -  ** 
R S A  . . . .  ** 
P T T  * *  ~ 

T W A  m m ** 

Movement  m - -  - -  

aAbbreviations as in Table 3. 
bSignificance: --not significant; *p < 0.05; **p < 0.01. 
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arithmetic and for panic-specific CO 2. Consistent with this, placebo patients did not show 
greater reactivity than normals at week 8. Our failure to observe autonomic hyperreactivity 
may be an indication that panic disorder arises solely from the occurrence of internal 
triggering events without any heightened sensitivity to external stressors. Because panic 
disorder was not characterized by autonomic hyperreactivity, it is less surprising that 
neither imipramine nor alprazolam affected physiological or psychological reactivity to 
our laboratory stressors, as indicated by the absence of Time × Group (except for skin 
conductance fluctuations)or Time × Group × Stressor interactions. 

A lack of drug influence on reactivity could also be attributed to the active drugs and 
placebo having equal anxiolytic actions. The equality is consistent with the clinical effects 
of these drugs at 8 weeks. Patient-reported daily anxiety from diaries, anxiety ratings 
from the Symptom Checklist-90, and number of panic attacks decreased significantly but 
equally for imipramine, alprazolam, and placebo from week 0 to week 8. Because the 
doses of the active drugs were adequate, the lack of differential treatment effects may at 
least in part be attributed to substantial improvement in placebo patients who remained 
in the study for 8 weeks. Only Global Inlprovement indicated a superiority of the active 
medications. 

Rather than altering reactivity, imipramine tonically raised systolic and diastolic blood 
pressure, and heart rate, and reduced respiratory sinus arrhythmia, pulse transit time, and 
T-wave amplitude during baseline aad stress paradigms. Paradoxically, this pattern is 
like the one induced by stressors, although it was not accompanied by increased anxiety. 
Although it could be argued that the approximately 5 beats/min lower heart rate in the 
imipramine group at week 0 left more room for increase by some Law of Initial Values, 
a difference of this magnitude could hardly explain tthe 30 beats/min difference at week 
8. That tonic drug effects were present during stress paradigms was demonstrated by 
main Group effects in the absence of interactions. Contrast statistics proved that these 
effects were generally due to imipramine differing from both alprazolam and placebo. 
The pattern of physiological change induced by imipramine was consistent with sym- 
pathetic activation (pulse transit time and T-wave ampllitude decrease) and vagal inhibition 
(respiratory sinus arrhythmia decrease). Respiratory z~inus arrhythmia decrease was also 
observed by Jakobsen et al (1984) and McLeod et al (1990), while Middleton et al (1988) 
reported no change in this variable. The magnitude of ~he effect on systolic blood pressure 
was about l0 mm Hg, which in the case of nondrug-induced hypertension in women 
would increase coronary risk more than smoking a pack of cigarettes daily, adding 35 
mg/dl to one's serum cholesterol level, or being 2.8 years older (Truett et ai 1967). This 
assumes, of course, that a higher blood pressure produced by imipramine has the same 
consequence as one due to other causes. 

A number of important questions about the clink:al effects of imipramine on blood 
pressure were not answered by our data. First, we do not know if blood pressure is 
elevated during daily activities less stressful than bein:g in a scientific laboratory. Twenty- 
four heart rate measurements show that imipramine:-induced rises persist even during 
sleep (Taylor et al 1990), but ambulatory blood pressure monitoring will be needed to 
establish whether the imipramine effect on blood pre~sure is sustained in a like manner. 
Second, the effects of posture need to be taken into account: The measurements presented 
here were made in sitting subjects, but blood pressure can vary with postural position, 
particularly in patients taking imipramine. Systolic and diastolic blood pressures of our 
imipramine patients immediately prior to 8-week treadmill testing (at a different laboratory 
session) were 8 mm higher than at week 0 when lying supine, but only 2 mm higher 
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when standing (Taylor et al 1990); alprazolam and placebo patients, on the other hand, 
tended to have decreased supine blood pressures on repeat testing. Third, we do not know 
how far our results generalize beyond panic disorder, as panic disorder patients may have 
specific alterations in neurotransmitter regulation (Brown et al 1988). There is evidence, 
however, that other groups react with blood pressure elevations when treated with imi- 
pramine, namely, patients with gener¢lized anxiety disorder (McLeod et al 1990), hy- 
peractive children (Greenberg and Yellin 1975), depressed children (Preskorn et al 1983), 
and enuretic boys (Lake et al 1979). Fourth, the relationship between imipramine dose 
and blood pressure needs to be elucidated. There is some indication that blood pressure 
elevations occur primarily ~,Ath lower doses of imipramine (reviewed in Warrington et 
al 1989). 

One obvious implication of our results is that blood pressure elevation should be added 
to other reasons why imipramine is less safe than other kinds of anxiolytics in panic 
disorder patients at risk for cardiovascular disease. This, however, can never be the sole 
consideration in selecting a treatment for panic patients. For example, imipramine has 
the advantage over benzodiazepines, especially short-acting ones, of being easy to taper 
and dis:ontinue without immediate recurrence of anxiety (reviewed by King et al 1990). 
Furthermore, the effectiveness of imipramine as an antidepressant commends it for panic 
patients who are significantly depressed. 
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