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Background: We have previously reported that 35% CO2 challenge induced myocardial ischemia in 81% of coro-
nary artery disease (CAD) patients with comorbid panic disorder (PD) and previous positive nuclear exercise
stress tests. However, it is yet unclear whether this is the case among CAD patients with PD and normal nuclear
exercise stress test results. We hypothesized that a potent mental stressor such as a panic challenge among CAD
patients with PD would also induce ischemia in patients with normal exercise stress tests.
Methods: Forty-one coronary artery disease patients with normal nuclear exercise stress tests (21 patients with
PD and 20without PD)were submitted to awell-established panic challenge test (with 1 vital capacity inhalation
of a gas mixture containing 35% CO2 and 65% O2) and injected with Tc-99m-tetrofosmin (Myoview), upon inha-
lation. Single photon emission computed tomography imaging was used to assess per-panic challenge reversible
myocardial ischemia and HR, BP, and a 12 lead ECG was continuously measured during the procedure.
Results: Fifty-eight percent of panic disorder patients (12/21) had a panic attack during the panic challenge vs

15% (3/20) of controls (p = 0.005). Only 10% of patients in each group displayed myocardial ischemia per
panic challenge.
Conclusions: These findings suggest that panic attacks among panic disorder patients with lower-risk coronary
artery disease may not confer a risk for myocardial ischemia.
© 2013 Elsevier Inc. All rights reserved.
Introduction

Panic disorder (PD) is a common, disabling anxiety disorder that has
a lifetimeprevalence of approximately 5% [1]. In addition, close to 22% of
individuals suffer from panic attacks without meeting the full DSM-IV
diagnostic criteria for PD [1,2]. Six out of the 13 possible symptoms of
DSM-IV panic attacks mimic those of coronary artery disease (CAD)
[2]. One of the greatest fears of individuals with PD is dying from a
heart attack, which often leads to repetitive medical consultations and
significant health care costs [3–5].

PD has been found to be one of the leading diagnoses associated
with non-cardiac chest pain in both the emergency department and
cy Medicine, 143 Wolfe Street,
73.
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outpatient cardiology settings [6–8]. Community-based studies have
found that PD and panic-like anxiety are associated with an increased
risk of incident CAD, myocardial infarction (MI) and cardiovascular
mortality, even after adjusting for traditional risk factors [9,10]. A
high rate of comorbidity (10–30%) between PD and CAD has also been
observed [11,12]. The exact mechanisms linking the two illnesses are
unclear. One hypothesis is that panic attacks, a potent emotional stress-
or, have effects on themyocardiumsimilar to the effects ofmental stress
[13]. In fact, laboratory mental stress challenges induce myocardial
ischemia, i.e. reduced blood flow to the heart (a condition that increases
risk for myocardial infarction and death) in 30 to 70% of patients with
CAD [14–16] and have been shown to confer a three-fold increased
risk of death at 5 years in these patients [17]. Although somewhat de-
batable, laboratory “mental stress tests” are viewed as simulations of
daily life stress andmay not be personally relevant to all patients. How-
ever, panic attacks in patients with PD are arguably highly relevant and
potent stressors that can be safely and reliably reproduced in the
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laboratory [18–21]. This offers the possibility to study their impact on
myocardial ischemia.

We have previously reported that panic attacks induced in the
laboratory through inhalation of a mixture of 35% CO2 and 65% O2 are
associated with myocardial ischemia, as measured using single photon
emission computed tomography (SPECT), in 80% of patients with
established PD and CAD [11]. However, this previous study exclusively
focused on CAD patients with recent exercise-inducible ischemia, who
may be considered “high risk”. As such, the association between panic
attacks and myocardial ischemia in more “low-risk” PD/CAD patients
remains unexplored. The current study sought to determine the associ-
ation between induced panic attacks and myocardial ischemia in pa-
tients with comorbid PD and CAD as well as recent normal exercise
stress tests. Determining the answer to this question is vital for the
provision of accurate prognostic information to patients with comorbid
PD and CAD, particularly in light of recent population-based studies
associating PD with increased risk of MI and mortality [9,10].

It was hypothesized that a greater proportion of CAD patients with
PD would display reversible myocardial perfusion defects in response
to the challenge, compared to CAD patients without PD.

Methods

The internal ethics and review board of the Montreal Heart Institute
approved this project. Informed consent was obtained from all patients
and their cardiologists.

Recruitment procedure

Consecutive patients aged 18 to 70 years who were referred
for exercise SPECT imaging were recruited to complete an initial
sociodemographic andmedical history interview on the day of their ex-
ercise stress test. This was followed by a brief psychiatric screening in-
terview (Primary Care Evaluation of Mental Disorders, PRIME-MD)
[22] for probable PD and the Anxiety Sensitivity Index (ASI) [23,24]
and the Beck Depression Inventory-II (BDI-II) [25,26]. CAD was defined
as having a documented history of either MI, Percutaneous Coronary
Intervention (PCI), Coronary Artery Bypass Graft surgery (CABG), or a
past angiogram indicating at least a 50% stenosis in 1 or more major
coronary arteries. To be eligible for further participation, patients had
to have demonstrated an absence of reversiblemyocardial perfusion de-
fects on their exercise SPECT. Patients who had recently (b2 months)
had an MI or major cardiac event/procedure (e.g., CABG, PCI) or who
had a diagnosis of congestive heart failure, unstable angina, serious
arrhythmias, acute or chronic pulmonary disease, history of stroke,
history of substance abuse disorder, or cognitive/neurological deficits,
were excluded from further participation.

All potentially eligible patients were then contacted by a graduate
student in clinical psychology who conducted the Anxiety Disorders
Interview Schedule for DSM-IV (ADIS-IV) [27,28] to confirm eligibility
for the control or the panic group. Graduate students received one day
training in the ADIS-IV administration. Interviews were supervised
and every potential study subject's evaluation was reviewed by senior
clinical psychologists (RF and KL). Patients meeting criteria for primary
PD and those with no current or lifetime history for any psychiatric dis-
order (including panic attacks), with no current or recent (b1 month)
daily use of psychotropic medications, were invited to take part in the
panic challenge procedure. Consenting patients were scheduled for a
laboratory panic challenge within 1 month of their exercise SPECT
investigation.

Over a 12-month period, a total of 1897 patients were referred
for exercise stress SPECT imaging, of which 1675 (88%) consented to
participate in the screening interview. Patients with probable PD and
those patients without a current or lifetime history of a psychiatric
disorder whomet all other eligibility criteria (n = 172)were contacted
by phone to undergo the structured psychiatric interview to verify
psychiatric status (i.e., PD diagnosis or no diagnosis). A total of 154
(90%) patients consented to undergo this interview. Eligible patients
(n = 50) meeting diagnostic criteria for the primary PD (PD group) or
with no current or lifetime history of a psychiatric disorder (control
group) were invited to undergo the panic challenge procedure, and 41
(82%) accepted (21 with PD and 20 controls).
Nuclear medicine investigations

Patients underwent 3 SPECT imaging studies: 1) at rest; 2) at maxi-
mumexercise performanceduring a treadmill exercise test using a stan-
dard Ramp protocol (BRUCE) [29]; and 3) during a laboratory panic
challenge. Patients were maintained on their usual cardiac medications
for all 3 studies. A quantity of 0.42 mCi/kg of Tc-99m-tetrofosmin
(Myoview, Amersham Health, Princeton, NJ) was used as a marker of
myocardial perfusion, and SPECT acquisition was performed 1 to 2 h
after injection according to a standard protocol [30,31].
CO2 inhalation procedure

Within 1 month of their exercise stress tests, patients presented to
the Nuclear Medicine Department of the Montreal Heart Institute and
met with the research assistant who administered the baseline Panic
Symptom Scale (PSS) in an interview format [32]. The PSS asks subjects
to rate the intensity (absent, mild, moderate, severe, extremely severe)
of 13 panic symptoms derived from the DSM-IV-TR and 5 nonspecific
symptoms to control for patients' over endorsement of somatic symp-
toms in general. All patients responded to the PSS before and after the
CO2 challenge. Following the baseline PSS, patients were instrumented
with a 12-lead ECG and an automated sphygmomanometer, and a cath-
eter was inserted in the non-dominant arm for the injection of the
radioactive tracer. Patients rested for 15 min in a supine position
while their heart rate (HR) and systolic and diastolic blood pressure
(SBP, DBP)were recorded every 60 s. The average of the 3 lastmeasures
was used as a baseline value.

Just prior to the CO2 inhalation, patients were fitted with a mask
connected to a respirometer, and their vital capacity was measured by
asking them to empty their lungs and then inhale the maximal amount
of air possible (measured in liters) in 1 inhalation. Patients then took 1
vital capacity inhalation of a gas containing 35% CO2 and 65% O2 deliv-
ered through the mask. If the patient inhaled at least 80% of his previ-
ously assessed vital capacity, the radioactive tracer was injected. All
patients who completed the procedure were able to do this on their
first attempt. Patients were asked to signal the beginning and end of
panic attacks by raising their hand. These times were noted with a
stop watch, and the difference in seconds was taken as the duration of
the attack. When patients did signal/report symptoms, the PSS was
administered immediately after symptom cessation; otherwise, the PSS
was re-administered 2 min after inhalation. Patients were classified as
having had a panic attack if their symptoms met DSM-IV-TR criteria.
SBP, DBP, and HRwere continuously recorded throughout the procedure.
SPECT image analyses

SPECT images were interpreted independently by 2 nuclear cardiol-
ogy specialists who were blind to patient group and response to panic
challenge. The myocardium was divided into 20 regions, and perfusion
defects were rated from 0 (no perfusion defect) to 4 (absence of perfu-
sion, i.e., no blood flow). Reversible perfusion defect scores, measuring
overall ischemia in the exercise and panic conditions, were calculated
by subtracting the total resting perfusion defect score from the total
exercise and total panic challenge scores. All cases were discussed, and
discordances were resolved by consensus.



Table 2
Psychological responses to the panic challenge.

PD patients
(n = 21)

Controls
(n = 20)

Parameter Mean SD Mean SD F or X2 p

Panic attack (%) 57.1 – 15.0 – 7.842, 1 df 0.005
Number of panic symptoms 6.6 4.1 3.0 2.1 11.849 0.001
Duration of symptoms in seconds 77.9 42.9 63.9 49.4 0.941 0.338
Anxiety severity
(scale from 0 to 10)

5.6 3.1 2.1 2.3 16.213 b0.001
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Data analysis

Analyses were carried out with SPSS for Windows (version 12.0).
Differences between the PD and control group patients on continuous
background variables and reversible perfusion defect scores were
compared using analyses of variance (ANOVA). These analyses were
repeated with the following covariates: age, sex, risk factors for CAD
(diabetes, hypertension, hypercholesterolemia, smoking status, family
history of CAD), as well as anti-ischemic medication. Comparisons for
categorical variables were conducted using chi-squared tests or Fisher's
exact tests for comparisons involving cells with small expected frequen-
cies. All testswere 2-sided, and a p-value of b0.05was considered statis-
tically significant.

Results

Sample characteristics

The study included 31men and 10 women ranging in age from 36 to 69 years, with a
mean age of 59.6 (±8.2) years. All patients were Caucasian. Although PDwas the primary
diagnosis in the PD group, 19 of the 21 subjects (91%) alsomet the criteria for at least one
other Axis I disorder. Themost commonwere Specific Phobia (n = 11; 52%), Agoraphobia
(n = 10; 48%), Generalized Anxiety Disorder (n = 9; 43%), Social Phobia (n = 6; 29%),
and Major Depressive Disorder (n = 5; 24%). Due to study exclusion criteria, none of
the patients in the control group met current or lifetime criteria for any DSM-IV-TR Axis
I disorder. Additional baseline characteristics are presented in Table 1, alongwith compar-
isons between the PD and control groups. Patients were comparable in terms of demo-
graphics. Unsurprisingly, the PD group had higher scores on the ASI and BDI-II. While
there were no other differences between groups in cardiac risk factors, history of previous
MI, or previous revascularization, the PD grouppatientsweremore likely to report atypical
chest pain (for the purpose of this report it was defined as NOT being: retrosternal,
pressure type and similar to the patient's usual angina — the case being). Finally, during
exercise stress testing, PD patients and controls did not differ with respect to percent
of maximal predicted heart rate HR, maximal SBP or DBP, or rate-pressure product. As
required for study inclusion, nopatient exhibited a clinically significant reversiblemyocar-
dial perfusion defect according to SPECT during stress testing.

Panic and anxiety responses to the challenge

Comparisons between the PD and control groups on panic and anxiety responses to
the panic challenge are summarized in Table 2. A significantly greater proportion of PD
Table 1
Background characteristics and exercise stress test results.

Characteristic (%) PD
(n = 21)

Age (years) mean (SD) 57.7 ± 8.9
Sex, male (%) 68
BDI-II (mean ± SD) 14.0 ± 10.2
ASI (mean ± SD) 30.3 ± 9.8
Hypertension (%) 50
Hypercholesterolemia (%) 86
Family history of CAD (%) 70
Current smokers (%) 10
Diabetes (%) 5
Previous MI (%) 48
Previous PCI (%) 52
Previous CABG (%) 29
Current calcium channel blocker (%) 33
Current beta-blocker (%) 50
Current ACE inhibitor (%) 33
Chest pain (total) (%) 68
Typical chest pain (%) 5
Atypical chest pain (%) 62

Exercise stress test results
Percent of maximal predicted heart rate (mean ± SD) 85 ± 9.5
End HR (mean ± SD) 138 ± 16
End SBP (mean ± SD) 174 ± 29
End DBP (mean ± SD) 81 ± 10
Rate-pressure product (mean ± SD) 23,827 ± 4817

BDI-II = Beck Depression Inventory-II; ASI = Anxiety Sensitivity Index; ACE = angiotensin co
DBP = diastolic blood pressure; ECG = electrocardiogram; HR = heart rate; MI = myocardial i
blood pressure.

a Fisher's exact test.
patients (57%, n = 12) than controls (15%, n = 3) met DSM-IV-TR criteria for a panic
attack during the challenge (p b 0.005). PD patients reported significantly more panic
symptoms relative to controls (p = 0.001). They also judged the challenge to be more
anxiogenic than did controls (p b 0.001).
Cardiovascular responses to the CO2 challenge

Cardiovascular responses to the challenge are presented in Table 3. The PD patients
and controls did not differ in HR, SBP, DBP or rate-pressure product baseline-challenge
change scores in response to CO2 inhalation. Additionally, there was no difference in the
proportion of patients with clinically significant reversible perfusion defects and defect
scores. Only 2 patients in each group were found to have a significant reversible perfusion
defect during the challenge: neither of the 2 from the control group had a panic attack, and
only one of the two PD patients had a panic attack. Accordingly, the group effect on the
reversible perfusion defect score was not significant, even when we controlled for demo-
graphics and factors related to CAD severity.
Discussion

To our knowledge, this is only the second study to explore the rela-
tionship between CO2 panic challenge and myocardial ischemia among
patients with established CAD. As expected, the panic challenge involv-
ing inhalation of CO2 induced panic attacks preferentially in patients
with confirmed PD compared with controls. However, in contrast to
our previous report on CAD patients with positive nuclear exercise
Controls
(n = 20)

F or X2 p

61.60 ± 7.1 2.424 0.128
85 –a 0.277
3.65 ± 2.9 19.000 b0.0001
7.65 ± 4.28 90.747 b0.0001
48 0.023 1 df 0.879
80 –a 0.697
53 1.242, 1df 0.265
5 –a 0.519
20 –a 0.136
45 0.028, 1 df 0.867
50 0.023, 1 df 0.879
25 0.067, 1 df 0.796
30.0 0.053, 1 df 0.819
48 0.028, 1 df 0.867
25 0.344, 1 df 0.558
30 5.512 0.019
5 –a 0.744
25 5.667 0.017

88.3 ± 9.5 1.219 0.276
139 ± 16 0.140 0.710
180 ± 23 0.627 0.433
83 ± 11 0.748 0.392
25,160 ± 4936 0.743 0.394

nverting enzyme; CABG = coronary artery bypass graft; CAD = coronary artery disease;
nfarction; PD = panic disorder; PCI = percutaneous coronary intervention; SBP = systolic



Table 3
Hemodynamic responses to the panic challenge.

PD patients
(n = 21)

Controls
(n = 20)

Parameter Mean SD Mean SD F or X2 p

Change HR 7.0 10.2 8.0 5.8 0.133 0.717
Change SBPa 16.3 8.4 21.9 12.4 2.792 0.103
Change DBPa 9.2 7.5 12.3 6.3 2.008 0.165
Change in rate pressure producta 2045.0 1922.3 2680.9 1594.1 2.400 0.124
Clinical impression of perfusion defect (%) 9.5 – 10.0 – –b 1.00
Reversible perfusion defect score 0.4 0.8 0.6 0.9 0.776 0.384

DBP = diastolic blood pressure; HR = heart rate; PD = panic disorder; SBP = systolic blood pressure.
a Data missing for one patients in the panic group, n = 40.
b Fisher's exact test.
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stress tests, the challenge failed to induce myocardial perfusion defects
in the vast majority of PD patients [13].

Why did the CO2 challenge fail to induce ischemia in a greater pro-
portion of PD patients? Patients with exercise-induced ischemia likely
consist of a group of CAD patients with more severe disease than
those with normal exercise tests. Mental stress and panic challenges
induce ischemia at lower myocardial oxygen demand levels (low HR,
BP and rate pressure products) than does exercise [13–16]. It is possible
that the physiological stress induced by the challenge on the myocardi-
um was not sufficient to induce ischemia in patients with normal
exercise stress tests. In fact, a few recent reports have shown that only
between 11 and 29% of CAD patients with normal nuclear exercise
stress tests havemental stress-induced ischemia [15,33,34]. In addition,
animal work suggests that normal coronary arteries tend to dilate dur-
ing mental stress, whereas diseased portions of arteries constrict [35].
This leaves open the question ofwhether it is at all possible to document
psychological-stress induced ischemia in patientswith normal coronary
arteries.

The potency and clinical relevance of the mental stress challenge is
crucial to the design of this type of study. The CO2 challenge is well
established and has been used for decades in laboratory studies
of panic attacks [20,21]. It has been shown to reliably induce panic
attacks and symptoms in 45 to 89% of patients with PD, as well as in a
significant proportion (15%) of non-PD controls [19,36]. Cortisol and
ACTH levels are increased following the challenge, suggesting hypotha-
lamic–pituitary–adrenal axis activation, which supports it as a stressful
challenge [37]. Thus, the CO2 challenge is unquestionably a relevant
stressor, particularly for patients with PD.

Follow-up studies are required to compare the prognosis of patients
with comorbid PD-CAD who have positive versus negative panic–
ischemia challenge tests. However, our findings may be somewhat
reassuring to patients with CAD and normal exercise stress tests. It is
well established that patients with normal nuclear exercise and mental
stress tests tend to have a good cardiovascular prognosis [16,36].
Although we have not assessed the relationship between panic attacks
and myocardial ischemia in patients without any evidence of CAD, the
results of the present study suggest that panic-induced ischemia
would be unlikely.

This study needs to be interpreted in light of some limitations. First,
like most mental stress studies, we had a relatively small sample. How-
ever, there were no differences between groups in terms of induced
myocardial ischemia. While unlikely, we cannot exclude the possibility
of a type II error. Second, CO2-induced panic attacks, although similar to,
may still not be a true reflection of naturally occurring panic attacks.
Patients typically rate the challenge as slightly less stressful than
naturally occurring attacks [38]. Currently, there is no widely available
technology sensitive enough to detect myocardial ischemia during
natural attacks, and the vast majority of patients with mental-stress
induced ischemia do not display ECG changes [14].

Although this study has some limitations, it also has a number of
strengths. We recruited patients with objectively confirmed CAD, and
all PD diagnoses were verified by conducting a reliable and valid
structured psychiatric interview, the ADIS-IV and graduate students
were supervised by senior psychologist [28]. Panic attackswere induced
using a well-validated panic challenge procedure (CO2 challenge), and
we used SPECT technology to assess reversible perfusion defects, which
were assessed and quantitatively scored by 2 independent nuclear
cardiologists.

Conclusion

The CO2 challenge, a potent mental stressor in PD patients, was not
associated with myocardial ischemia in the vast majority (90%) of
patients with CAD and normal exercise stress tests. Although future
studies on PD patients without CAD are required, and mental stress in-
duced myocardial ischemia in this group is unlikely. To our knowledge,
this is the first study to assess this association, and the results provide
important clinical data that support a reassuring prognosis in low-risk
(i.e., no recent exercise-induced ischemia) CAD patients with comorbid
PD.
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