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\s=b\A carbon dioxide hypersensitivity theory of panic has
been posited. We hypothesize more broadly that a physio-
logic misinterpretation by a suffocation monitor misfires an

evolved suffocation alarm system. This produces sudden

respiratory distress followed swiftly by a brief hyperventi-
lation, panic, and the urge to flee. Carbon dioxide hyper-
sensitivity is seen as due to the deranged suffocation alarm
monitor. If other indicators of potential suffocation provoke
panic, this theoretical extension is supported. We broadly
pursue this theory by examining Ondine's curse as the

physiologic and pharmacologic converse of panic disorder,
splitting panic in terms of symptomatology and challenge
studies, reevaluating the role of hyperventilation, and rein-

terpreting the contagiousness of sighing and yawning, as

well as mass hysteria. Further, the phenomena of panic
during relaxation and sleep, late luteal phase dysphoric dis-
order, pregnancy, childbirth, pulmonary disease, separation
anxiety, and treatment are used to test and illuminate the
suffocation false alarm theory.

(Arch Gen Psychiatry. 1993;50:306-317)

Biologic causal theories may address ontogenetic "how"

questions or phylogenetic "why" questions.1 Such
theories are supplementary rather than contradictory.
Elsewhere, we have postulated that the how of spontane¬
ous panic often is carbon dioxide hypersensitivity (D.F.K.,
L. Papp, MD, and J. M. Gorman, MD, unpublished data,
1992). Herein we address why carbon dioxide hypersensi¬
tivity elicits panic. We propose that many spontaneous
panics occur when the brain's suffocation monitor errone¬

ously signals a lack of useful air, thereby maladaptively
triggering an evolved suffocation alarm system. The cen¬

tral nervous system significance of even partial suffocation
is shown by the fact that the brain, only 2% of body weight,
uses 24% of total oxygen consumption.2 The central

importance of carbon dioxide as a panic stimulus is due to
the fact that a rising Pco2 suggests suffocation may be im¬
minent. During evolution almost the only experience of

breathing excessive carbon dioxide would be when forced
to rebreathe one's own exhalations, as during a cave-in.
Other confrontations with high carbon dioxide concentra¬
tions are usually asphyxiai3,4 or due to pathologic hypo-
ventilation. Therefore, carbon dioxide hypersensitiv¬
ity would be an aspect of a hypersensitive suffocation
detector.5

Fear of suffocation is an extremely intense, remarkably

common fear reported by many normal subjects,6 indicat¬

ing a common adaptation. Claustrophobia and panic dis¬
order overlap since many claustrophobes also panic in
nonenclosed spaces. In the study of S. J. Rachman, PhD
(written communication, April 18,1991 ), almost half of the

claustrophobic subjects also reported panics in nonen¬

closed places, although these were not classifed as "spon¬
taneous" or "situational."

Reactions to psychosocial indicators of suffocation
broaden our perspective beyond carbon dioxide to other

releasing stimuli. During World War I, "gas hysteria"
caused entire army units to break ranks and run without

objective provocation.7
Modern, cocoonlike full protective gear caused three of

70 to panic immediately after donning the protective
mask.7 They manifested hyperventilation, shaking, confu¬

sion, and fear of dying. Eleven others had marked anxiety
and hyperventilation within the first 10 minutes, which
came under control only after removal of all protective
gear.

These observations are consistent with a hypersensitive
suffocation detector false-alarm model of panic that inte¬

grates all asphyxia-relevant cues, including external ob¬
servations. Over evolutionary time, a no-exit situation or

one where stuffy, stale air implies no exit, where there are

crowded, immobilized people, or someone appears to be

smothering, might all elicit panic if the suffocation alarm
threshold is pathologically lowered or the cues are partic¬
ularly salient.

We present the suffocation false-alarm theory of panic in

many contexts. To aid the reader, we tabulate our argu¬
ment in an outline of the argument regarding suffocation
false alarm:

1. Suffocation fears are common in normal subjects. 2. Suffocation
is extraordinarily aversive. 3. Physiologic mechanisms for detect¬

ing potential suffocation are monitoring increasing Pco2 and
brain lactate values. 4. Carbon dioxide sensitivity has an evolu-

tionarily derived set point that can become dysfunctional. 5. Car¬
bon dioxide hypersensitivity in panic disorder is one aspect of a

more general suffocation hypersensitivity. 6. D- and L-lactate as a

panicogen is not understandable by simple carbon dioxide theo¬

ry but finds an explanation within suffocation alarm theory. 7.
Clinical panic is not a typical emergency fear response, because
of the prominence of dyspnea and the lack of hypothalamic-
pituitary-adrenal (   ) activation. 8. Ondine's curse proves the
existence of a suffocation detector; it is the pharmacologie
converse of panic disorder. 9. Challenge studies indicate hetero¬

geneity of panic disorder. 10. Chronic hyperventilation, common

in panic disorder, predicts lactate-induced panic, which links
such panics to triggering of suffocation detector. 11. Sighs and

yawns, common in "neurosis," are understandable on grounds of
suffocation alarm theory. 12. Panics during both relaxation and

sleep are understandable by suffocation alarm theory. 13. Late
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luteal phase dysphoric disorder (LLPDD) relationship to panic is
understandable by suffocation alarm theory. 14. Reduction of

panic during pregnancy, delivery, and lactation is consistent with
suffocation alarm theory. 15. Mass hysteria is understandable on

grounds of suffocation alarm theory and is related to separation
anxiety. 16. Pulmonary conditions are consonant with suffocation
alarm theory. 17. Clinical differences within panic disorder par¬
allel distinctions between challenge studies.

SUFFOCATION ALARM THEORY AND THE
SUBDIVISION OF PANIC

The specific emergency reaction to suffocation is acute

breathlessness, panic, and the urge to flee. Indeed, dysp¬
nea is a key feature of panic,8 but not of the fearful reac¬

tion to danger.
A review9 of six studies of fearful bodily sensations in

endangered non-patients tabulated each study's seven

most frequent symptoms with remarkable consistency.
Sweating and pounding heart occurred in all studies and
were the leading symptoms in three studies each. Trem¬

bling occurred in five studies, stomach sensations and dry
mouth occurred in four studies, and hot face and urge to

urinate occurred in three studies. Deep or heavy breathing
was noted in only two studies. Even this is ambiguous
since rapid, deep or heavy breathing is not necessarily
dyspnea or breathlessness, the salient features of panic in

panic disorder.
In 1950, Cohen and White10 studied combat-frightened

soldiers to contrast fear with anxiety attacks. Only 28% re¬

ported dyspnea during combat. The primary symptoms
were palpitations and trembling. Therefore, normal fear
and pathologic panic overlap but their leading features
differ. It is incorrect to equate panic with fear, as the cog¬
nitive theory of panic does.8

Barlow,8 Cowley and Roy-Byrne,11 and Nutt12 also
consider panic a false alarm, but they believe it is due
to any nonspecific stimulus that elicits a fearful psycho¬
physiologic vicious circle. However, good engineering
requires specific alarms, eg, burglar, smoke, and radia¬
tion alarms, with quick, built-in, adaptive actions. We
have specific detectors for heat, cold, punctures, and the
like. Since escape, appeal, and avoidance are common

reactions to threat, the specific danger detectors and

adaptations are obscured.
We hypothesize that lactate, bicarbonate, 5% carbon di¬

oxide, and isoproterenol hydrochloride challenges elicit a

suffocation false alarm, a state close to the distinctive

spontaneous panic of panic disorder in diagnostic speci¬
ficity, physiology, and pharmacologie reactivity. In con¬

trast, yohimbine, caffeine, meta-chlorophenylpiperazine
(MCPP) (a serotonin agonist), and N'methyl-B-carboline-
3-carboxamide (FG 7142) (a benzodiazepine-inverse ago¬
nist) produce varying degrees of autonomie surge and
   activation, similar in physiology and pharmacologie
reactivity to those released by fear, stress, or pain,13,14 com¬

mon to both anxiety disorders and normal emergency re¬

actions. That dyspnea is specifically a feature of panic dis¬
order compared with similar anxiety states is shown by a

comparison of panic disorder with generalized anxiety
disorder.15 Dyspnea occurred in most patients with panic
disorder but in none with generalized anxiety disorder. In

contrast, palpitations were reported by almost all patients
with panic, but also by most with generalized anxiety
disorder.

CARBON DIOXIDE HYPERSENSITIVITY THEORY
SUBSUMED IN SUFFOCATION FALSE-ALARM THEORY

The carbon dioxide hypersensitivity theory does not

provide a compelling direct link to panic. Vague meta¬

phors of autonomie storms or ad hoc, unsupported hy¬
potheses of antecedent catastrophizing traits have been
invoked.

Why should panic usually be initiated by marked dys¬
pnea? The belief that hyperventilation causes breathless¬
ness is incorrect. Analysis of 5% carbon dioxide inhalation
in patients with panic disorder indicated that although all

patients experience hyperpnea, only those who went on to

panic complain of breathlessness. Also, during voluntary
room air overbreathing by normal control subjects, com¬

plaints of breathlessness are initially minor and then
decrease despite marked respiratory alkalosis (D.F.K., un¬

published data, 1991).16 Breathlessness is a preliminary
phase of panic, initiating rather than being caused by hy¬
perventilation. That a triggered suffocation alarm would

initially release acute distressing breathlessness, thus in¬

citing urgent efforts to escape to open surroundings, pro¬
vides a meaningful linkbetween disturbed physiology and
affective/behavioral reaction. This model also allows for
the limited symptom attack, since an adaptive alarm could
be released with forcefulness proportional to the cogency
of the input.

EXPERIMENTAL PANICOGENS AND THE
SUFFOCATION FALSE ALARM

We initially guessed that the panicogenic effects of lac¬
tate were due to its metabolism to bicarbonate, which on

hydrolysis to water and carbon dioxide might induce brain

hypercarbia,17 since peripheral metabolic alkalosis accom¬

panied by central respiratory acidosis had been noted. Our
studies of bicarbonate infusion proved this incorrect since

only patients who panicked showed respiratory stimula¬
tion, as indicated by a precursor fall in Pco2. Therefore in¬
creased peripheral bicarbonate could not be a sufficient
cause of brain hypercarbia. Nevertheless, since lactate in¬
duces cerebral vasodilation, it acts like carbon dioxide, one

of the few cerebral vasodilators.
Gorman et al18 showed (to our surprise) that D-lactate,

not normally a bodily constituent, is a panicogen and res¬

piratory stimulant in patients with panic disorder. Pyru-
vate, the sole lactate metabolite, did not approach the lev¬
el produced by racemic lactate infusion, indicating the
absence of D-lactate metabolism. Therefore, lactate metab¬
olism is not a necessary precondition for panic induction
or respiratory stimulation. A simple carbon dioxide hy¬
persensitivity theory is contradicted by this observation.
Can the suffocation alarm theory do any better?

Dager et al19"21 has shown in animal models that D- and
L-lactate cross the blood-brain barrier. On asphyxiation
there is a sharp increase in the brain production of lactate
due to anaerobic glycolysis.22 The cerebral production of
lactate may be another signal to the suffocation alarm

mechanism, and exogenous lactate may mimic this cue.

Pathologic elevations of central nervous system lactate
levels may accompany brain lymphoma, meningitis, and

encephalitis. In these cases, hyperventilation has been
found to correlate roughly with cerebrospinal fluid lactate
levels.23"26

However, exercise is not a panicogen despite peripheral
hyperlactatemia, although pathologic fatigue occurs in
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patients with panic disorder.27 Why is hyperlactatemia in¬

sufficient to release the suffocation alarm during exercise?

Perhaps the proposed integrative suffocation monitor
considers the level of muscular exertion when evaluating
lactate levels. If in keeping, an alarm is not released; how¬

ever, if blood lactate level increases despite lack of exercise,
hypoxia is signaled.28,29 Sudden running may abort panic30
because the exertion provides countervailing information
to the suffocation monitor.

The suffocation monitor, which evolved during expo¬
sure to L-lactate only, may not distinguish optical isomers.

Therefore, the same physiologic message of potential suf¬
focation may derive from both D- and L-lactate, accounting
for D-lactate's panicogenic effects. This hypothesis is open
to direct physiologic test.

If the metabolizable L-lactate was the only active pa¬
nicogenic substance within racemic lactate, a dose re¬

sponse relationship would be expected. However, prelim¬
inary evidence (A. J. Fyer, unpublished data, 1990)
indicates that pure 0.375 mol/L and 0.5 mol/L L-lactate do
not increase the rate or speed of panic production in

patients with panic disorder in excess of that produced by
0.5 mol/L racemic lactate, which contains only 0.25 mol/L
L-lactate.

Those who panic to 5% carbon dioxide inhalation and
bicarbonate infusion are a subset of those who panic to ra¬

cemic lactate. This follows since increasing brain lactate
levels should more powerfully signal potential asphyxia¬
tion than increasing PC02, thus precipitating panic in a

wider range of those with hypersensitive suffocation
detectors.

EMERGENCIES, FALSE ALARMS, FEAR,
AND THE    SYSTEM

Why distinguish the spontaneous panic-suffocation
alarm concept from the emergency emotions of Cannon31
and the General Alarm Syndrome of Selye32 that mobilize
the    axis against Stressors? The simplest answer is that
clinical or lactate-, bicarbonate- or carbon dioxide-induced

panics are not associated with    activation (D.F.K.,
and L. Papp, MD, J. M. Gorman, MD, unpublished data,
1992),5,33"37 which does occur in physical emergencies38 and
some, but not all, specific phobic responses.39 Spontaneous
panic is not fear, although it is often confused with it.

That there is no    activation during the panic itself
does not indicate that panic disorder and its complications
have no relationship to    activation. Studies cited in

Coryell and Noyes40 describe escape from dexamethasone

suppression test (DST) in nondepressed patients with

panic disorder. Baseline urinary free cortisol levels41 were

significantly higher only for patients with panic disorder
and agoraphobia or depression as compared with control

subjects, but not for patients with uncomplicated panic
disorder. After benzodiazepine treatment, urinary free
cortisol levels fell in the patients with complicated disor¬
ders but not in the patients with pure panic disorders.

Further, Coryell et al42 have shown that more patients
with panic disorder were nonsuppressors on at least one

of three DSTs than control subjects. The DST results did not

predict subsequent course, but they were strongly related
to relapse after discontinuation of medical therapy.

Comparing patients with panic disorder with and with¬
out agoraphobia, Westberg et al46 found significantly
higher cortisol levels and abnormal DST results in the ag¬
oraphobics. A marked reduction in anxiety attacks was not

always accompanied by normalization of a pathologic DST
result. Westberg et al suggest that the propensity for an

abnormal DST result might be more connected to the ten¬

dency toward agoraphobia (ie, chronic fear of panic) than
to panics per se.

That DST nonsuppressors40 were not likely to benefit
from placebo, plus the fact that patients with panic disor¬
der who develop DST abnormality were likely to deterio¬
rate whereas in those who normalize their DST improved,
implies that extra-panic    activation indicates further

pathology.44
Garvey et al45 compared patients with panic with

patients with high vs low 3-methoxy-4-hydroxyphen-
ylglycol (MHPG) excretion. Unexpectedly, patients with
low MHPG excretion had more spontaneous panics dur¬

ing the preceding month. Garvey et al suggest two

subtypes of panic disorder. One has reduced MHPG
excretion, normal baseline cortisol level, rapid panic dur¬

ing lactate infusion, and is likely to have both spontaneous
and situational panic attacks. The second subtype has el¬
evated MHPG excretion, increased Hamilton anxiety
symptoms, elevated baseline cortisol level, delayed panic
during lactate infusion, and relatively uncommon sponta¬
neous panics.

We suggest their first subgroup experiences suffocation
false alarms. However, some may shift subtypes since ear¬

ly in panic disorder spontaneous panics predominate,
whereas anticipatory anxiety, situational panics, depres¬
sion, and avoidance come to the fore later. This may
account for the second fearlike subtype of Garvey et al.

Fear must be distinguished from spontaneous panic
marked by abrupt, seemingly causeless, transient crescen¬

dos of somatic symptoms, often respiratory, as well as its
termination and prevention by certain "antidepressants"
even if depression is absent.46 Fear does not respond to an¬

tidepressants; "patients taking effective antipanic medica¬
tions may nonetheless experience normal intense fear in

acutely frightening situations. This finding contradicts the

hypothesis that these medications block a final common

pathway of the panic response".47
The distinction between episodic spontaneous panic and

chronic fearlike anxiety was first made plain by the specif¬
ic ablating effects of imipramine hydrochloride on sponta¬
neous panic, while chronic anxiety and agoraphobic avoid¬
ance persisted. Acute anxiety derives from fear as a

recently evolved anticipation of danger. Chronic anxiety
may be a primitive response to repeated traumatic
sensitization.4851 Panic seems an even more primitive
response to an endogenously detected danger, specifically
suffocation.

ONDINE'S CURSE (CONGENITAL CENTRAL
HYPOVENTILATION SYNDROME) DEMONSTRATES

A SUFFOCATION DETECTOR

Is there a distinct suffocation detector? Hypoxia or hy-
percapnia might distressingly derange many bodily func¬
tions. Is a suffocation detector a reification?

A direct answer is provided by the experiment of nature
called Ondine s curse. In this strange condition (congenital
central hypoventilation syndrome), an infant breathes
while awake, but once asleep, stops breathing, plunges
into hypoxia, and may die. Only recently have ventilatory
support procedures allowed such children to survive. As¬

tonishingly, these children show no distress when severe-
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ly hypoxic or hypercapnic, a striking indication of the loss

of a specific suffocation detector.
Mellins et al52 and Haddad et al53 report three evocative

facts. (1) The limited neuropathologic findings are medul¬

lary. (2) The disorder disproportionately co-occurs with

another rare disorder, Hirschsprung's disease (megaco¬
lon), marked by absence of the serotonergic myenteric
plexus ganglion cells. That both diseases may arise from a

common defective serotonergic stem neuron is suggested
by Mellins et al. (3) Of pharmacologie agents studied

(doxapram hydrochloride, progesterone, aminophylline,
chlorpromazine, physostigmine salicylate, and imi¬

pramine), only doxapram (a respiratory stimulant and pa¬
nicogen),54 which beneficially increased ventilation and

imipramine (antipanic), which counterproductively de¬
creased ventilation, were active. Congenital central hy-
poventilation syndrome seems panic disorder's converse

with an insensitive rather than hypersensitive suffocation
detector and an inverse pharmacologie reactivity.

CHALLENGE STUDIES AND SPLITTING PANIC

Are all panics the same? Laboratory panicogens should
mimic clinical reality. For instance, clinically effective tri¬

cyclic treatment blocks panic induced by lactate,5 isopro-
terenol,55 and carbon dioxide (H.H.A. Lousberg et al, un¬

published data)56 (and probably bicarbonate since it is a

metabolite of lactate), whereas intravenous diazepam only
delays lactate panicogenesis (M. R. Liebowitz, MD, un¬

published data, 1990).
However, the opposite is true for yohimbine,57 whose

panicogenic effects are blocked by diazepam but not by
imipramine. Panic, induced by the benzodiazepine inverse

agonist FG 7142,58is blocked by benzodiazepines. Imi¬

pramine treatment failed to block caffeine's panicogenic
effects (T. W. Uhde, MD, oral communication, 1990). Clin¬
ical and experimental59,60 observations indicate diazepam
is effective against caffeine anxiogenesis. Useful dis¬
tinctions are possible between "panics" now lumped
together.61

Cortisol level increases during acute fear, uncontrollable
stress,62 yohimbine, caffeine,63,64 MCPP,65,66 and the inverse

benzodiazepine agonist FG 7142, as Selye32 would predict.
However, remarkably, clinical panics67 as well as those in¬
duced by lactate,68-69 carbon dioxide,70 and bicarbonate71
show no    activation. Only one normal subject of many
we have studied had a lactate-induced panic, applying
rigorous criteria. No cortisol increment occurred, suggest¬
ing that the    system is not disconnected by repeated
trauma in panic disorder.

Lactate, bicarbonate, 5% carbon dioxide, and isoproter-
enol are rarely panicogenic in normal subjects, nor is lac¬
tate a panicogen in any anxiety disorder not associated
with spontaneous panic. Woods et al72 report paniclike re¬

actions in normal subjects to 7.5% carbon dioxide. Since
this approaches actual asphyxiation, it may simply indi¬
cate a higher threshold in normal subjects than in patients.
Only one study73 reports lactate to be panicogenic in a

substantial proportion of normal subjects, but there was

also a very high panic rate in patients. Since the difference
between lactate and placebo panicogenesis was as usual,
this suggests a low threshold for panic diagnosis in this

study. In contrast, yohimbine, caffeine, and FG 7142 are all

anxiogenic to panicogenic in normal subjects. Yohimbine
and caffeine are more panicogenic in patients with panic
disorder than normal subjects,57,74 but these agents may be

more anxiogenic in all patients with anxiety disorders than
in normal subjects.

Whether different panicogens produce different symp¬
tom patterns has been insufficiently studied. Patients with

panic disorder given MCPP have significant increments in

nausea, hot and cold flashes, lacrimation, faintness, weak¬

ness, tremors, restlessness, vertigo, paresthesias, unreality,
and loss of control.66 However, the cardinal symptoms of
shortness of breath, chest discomfort, palpitation, and

choking feeling did not occur.

Intravenous flumazenil, a benzodiazepine antagonist
with no intrinsic activity, produced dizziness and light-
headedness in normal subjects but provoked a panic in

eight of 10 patients with untreated panic disorder. Nutt et

al75 theorize that flumazenil's panicogenesis indicates that

patients with panic disorder have a changed benzodi¬

azepine receptor set point, so that flumazenil acts as an in¬
verse agonist rather than a simple antagonist. Klein

predicted to Nutt75 that because inverse agonists cause

cortisol release, flumazenil-induced panic should not have

respiratory symptoms. This prediction was borne out in
Nutt's study. Several patients mentioned that flumazenil

panic differed from clinical attacks by absence of respira¬
tory symptoms.

CHRONIC HYPERVENTILATION AS PREDICTOR
OF LACTATE-INDUCED PANIC

Can lactate-induced panic be predicted? Anticipatory
anxiety increased panic likelihood, although neither nec¬

essary nor sufficient. Surprisingly, low baseline venous

phosphate level (a sign of chronic hyperventilation) was a

powerful panic predictor. All patients below a certain

phosphate level panicked.76
Prior to lactate infusion, shortly after intravascular lines

are placed, an increase in ventilation often occurs that cor¬

relates with lactate-induced panic.2 However, low bicar¬
bonate level, a concomitant of chronic rather than acute

hyperventilation, may facilitate stress-induced hyperven¬
tilation and it also predicts lactate panic.

Venous blood is buffered by drained tissues, damping
Pco2, and pH fluctuations. Even though venous and arte¬
rial blood have a linear relationship with regard to aver¬

age Pco2 and pH, transient arterial fluctuations may not be

reflected in venous levels.
Our clearest findings came from arterial blood studies.

Panics occurred in patients with low bicarbonate levels.

High Pco2 levels and low pH levels virtually precluded
developing panic.77

That relatively high arterial Pco2 protects against panic
does not fit a simple carbon dioxide hypersensitivity
model. Yet, it fits nicely with the suffocation false alarm

hypothesis, amplified by the clinical observation that pa¬
tients with panic disorder have good and bad periods.
Presumably during bad spells the suffocation alarm

threshold is pathologically depressed. Chronic hyperven¬
tilation avoids dyspnea by adaptively lowering Pco2. Res¬

piratory alkalosis induces renal pH compensation by
bicarbonate excretion, thus returning blood acidity to near

normal. Therefore, concomitant low blood bicarbonate

level, low Pco2, and high blood pH suggest a current

pathologically lowered suffocation threshold. That they
also predict lactate panicogenesis ties these phenomena
together.

den Boer et al78 did not find a relationship between

phosphate level and lactate-induced panic, perhaps due to
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sample variations in chronic hyperventilation. However,
on reanalysis, J. A. den Boer, MD, and H. G. M. Westen¬

berg, PhD (written communication, December 18, 1990)
did find that those who panicked in the first 5 minutes of
lactate infusion had significantly lower baseline phosphate
levels than the combined group of late panicking patients,
nonpanickers, and control subjects, indicating some con¬

cordance of chronic hyperventilation and ease of panic
induction.

An integrated suffocation alarm needs to deal with both
carbon dioxide and oxygen. Even very mild hypoxia syn-
ergistically enhances respiratory stimulation by carbon di¬
oxide as well as sympathetic activity. Those overstimulat-
ed by hypoxia are also overstimulated by hypercarbia.
Further, those with a low baseline venous Pco2 show a

greater ventilatory response to both hypoxia and inspired
carbon dioxide.79"81 Both the synergistic effect and the cor¬

related ventilatory sensitivity to both hypoxia and hyper-
capnia require a suffocation rather than a simple carbon
dioxide detector. For instance, daytime hypercapnia (indi¬
cating a hyposensitive suffocation detector) predicts noc¬

turnal hypoxemia in awake normoxic patients.82 A com¬

plex defensive system against suffocation is shown by the

synergistic effects of hypercarbia and hypoxia.
CHRONIC HYPERVENTILATION

DURING PANIC DISORDER

Chronic hyperventilation causes both low Pco2 and bi¬
carbonate levels. These normalize during panic remis¬

sion,76 suggesting that chronic hyperventilation does not
cause panic, but rather it adaptively compensates for a

lowered suffocation alarm threshold by keeping PC02 be¬
low the triggering range.

Chronic hyperventilation might entail a vicious circle if

hypocapnia produced a deafferentation hypersensitivity,
thus further decreasing the alarm threshold. However,
chronic hyperventilation effects on carbon dioxide sensi¬

tivity are markedly variable, so this remains an interesting
possibility.83

SIGHS AND YAWNS AS COMPENSATORY
ADAPTATIONS

Chronic hyperventilation as an adaptive hypocapnia-
inducing mechanism is consonant with frequent sighing,
a venerable feature of neurosis.84"86 A feeling of respiratory
oppression precedes sighing. The deep inspiration that
initiates a sigh, triple the normal tidal volume, abruptly
lowers Pco2 and relieves respiratory distress. Therefore,
chronic hyperventilation and sighing may adaptively keep
Pco2 below a depressed suffocation alarm threshold. (It is

arresting that frequent extreme yawning inspirations often

accompany increased sighing, indicating a common func¬

tion.84,87) A sigh or yawn may serve as a bioanalytical test
for high ambient carbon dioxide. If, on deep inhalation, the

Pco2 failed to fall sufficiently, an asphyxiai cue would be
detected.

That suffocation serves as a particularly traumatic
unconditional stimulus was made plain by Sanderson et
al88 and Campbell et al.89 These investigators gave alcohol¬
ic volunteers an injection of succinylcholine, producing a

"harrowing" period of 90 to 130 seconds in which they
were unable to move or breathe while remaining con¬

scious. A tone, to which they had previously been habit¬
uated, was played during the apnea.

After the paralysis, many took occasional deep breaths

that led to an immediate suppression of respiration for 12

to 15 seconds. Curiously this re-creation of the traumatic
stimulus was not aversive. This becomes comprehensible
if the sighs served as ambient carbon dioxide bioassays.
Since the sigh-induced apneas diagnosed a safe low carbon
dioxide environment they were safety signals, although
they should be anxiogenic by conditioning theory. The

potency and specificity of the suffocation stimulus is indi¬
cated by the marked resistance to extinction of these sub¬

jects' sighing.88,89
The mysterious contagious effects of yawns and sighs

are well known. Observed acute inspirations may be

interpreted as tests of increased ambient carbon dioxide or

efforts to overcome breathlessness. Thus, observing an¬

other's yawn incites ones' own yawning test without any
relevant cognition, thus resembling an ethologic fixed ac¬

tion pattern.

PANIC DURING RELAXATION AND SLEEP

Panics occur during relaxation8 and deepening non-

rapid eye movement sleep90"92 despite lack of danger cues

or cognitions. However, both states cause sharply increas¬

ing Pco2, especially in those with chronic hyper¬
ventilation.93

If sensitivity to increasing Pco2 incites panics during re¬

laxation and sleep, then those who panic during deepen¬
ing sleep should also be likely to panic during relaxation.
Mellman and Uhde90,91 have shown this.

Ley94 suggests that patients who panic during sleep are

chronic hyperventilators with diminished buffer. There¬

fore, minor nocturnal ventilatory reductions cause hyper-
capnic respiratory acidosis, which incites hyperventila¬
tion, swinging into hypocapnia that triggers panic.

However, even given that nocturnal panickers chroni¬

cally hyperventilate, carbon dioxide increase due to noc¬

turnal ventilatory reduction might lead only to a compen¬
satory tidal volume increase, producing eucapnia rather
than hypocapnia. Ley's model does not account for over¬

shoot. Further, even given overshoot, it does not follow
that acute hypocapnia produces panic since controlled
studies indicate hypocapnic hyperventilation is
insufficient.75,95'97

In our model, hyperpnea, hypocapnia, and alkalosis are

consequences of panic rather than causal antecedents. If
nocturnal carbon dioxide challenges were panicogenic
prior to respiratory alkalosis onset, this would resolve this

disagreement.

CARBON DIOXIDE, THE MENSTRUAL CYCLE,
AND LLPDD

Premenstrual exacerbation of panic disorder is common¬

ly observed,98 except for two99,100 small, prospective stud¬
ies. However, one100 did find that the intensity of full pan¬
ics increased significantly. This might indicate a low
threshold for considering an anxiety increase as a panic, so

that only their "high intensity" panics would be relevant
to the LLPDD panic-exacerbation hypothesis. Clinical ob¬
servations are powerful enough that only larger, pro¬
longed, prospective negative studies could be considered
definitive.

After ovulation, increasing progesterone stimulates
chronic hyperventilation. Approximately 3 days before
menses, progesterone level falls, incurring a substantial
rise in Pco2,101102 just when increasing dysphoria and pan-
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ic occurs. It is commonly, incorrectly, stated that the luteal

phase is persistently hypocapnic.
Halbreich et al103 studied women with and without

chronic premenstrual dysphoria. The most symptomatic
women had the highest progesterone production and the
fastest rate of progesterone decrement just prior to dys¬
phoria onset. Further, the most severe symptoms occurred
while decreasing from peak progesterone levels. There¬
fore, the most dysphoric probably had the sharpest Pco2
increase.

The correlation of premenstrual dysphoria with post-
partum symptomatology suggests sudden progesterone
withdrawal as a common mechanism,103 causing an acute
carbon dioxide increment provocation to the carbon diox¬
ide sensitive. Backstrom104 and Hammarback et al105 report
that women who had cycles with higher luteal concentra¬
tions of estradiol and progesterone had more severe pre¬
menstrual symptoms than women who had cycles with
lower concentration. Also, cyclic mood changes disap¬
peared during anovulatory cycles.106 Similarly, treatments
that block ovulation benefit premenstrual syndromes.107,108

How does this relate to panic? Harrison et al109 reported
panic precipitation by 35% carbon dioxide during all men¬

strual phases in about half of women with marked chronic

premenstrual tension but no effect on normal control sub¬

jects. Sandberg et al110 reported that women with chronic

LLPDD, tested only during their luteal phase, also had a

high rate of lactate-induced panic. If the pathophysiologic
features of LLPDD resemble panic disorder, a chronically
low suffocation threshold may be clinically problematic
only during the premenstrual carbon dioxide increase.

Since panic to lactate and 5% carbon dioxide is highly
specific,111"113 LLPDD pathophysiology may relate to panic
vulnerability. LLPDD is marked by panics more often than

usually noted (S. K. Severino, MD, and M. L. Moline, PhD,
written communication, January 15, 1992). LLPDD dys¬
phoria, tension, irritability, and anxiety may be linked to
a subthreshold stimulation of the suffocation alarm sys¬
tem, leading to limited symptom attacks. Unfortunately,
current LLPDD symptom inventories do not include
breathlessness or limited symptom attacks. That sponta¬
neous panics predominantly occur in women, and rarely
start before puberty114 or after menopause, seems more

than coincidence. Further, women, in their resting state,
have a greater minute ventilation per milliliter of endog¬
enous carbon dioxide production consistent with a relative

sensitivity to asphyxiai cues. They also have greater
hypoxic response in the luteal than follicular menstrual

phases.115 That women have an increased vulnerability to

panic disorder is well known.8
A trial of 300 mg/d of orally administered micronized

progesterone (rather than the usual suppository), given
luteally, benefited women with premenstrual syndrome in
a well-designed placebo-controlled crossover study.116
This is controversial.117 Negative studies are often due to

large placebo effects, probably due to syndromal instabil¬

ity. Our theory does not propose that progesterone defi¬

ciency accounts for progesterone benefit, but rather to the

blunting of sharp progesterone decrements. In a double-
blind randomized placebo-controlled trial of fluoxetine

hydrochloride in LLPDD, nine of 10 subjects receiving flu¬
oxetine responded to treatment, whereas only two of the
10 receiving placebo did,118 suggesting a panic parallel.

Interestingly, estrogen is also a respiratory stimulant
and most women experience well-being during the pre-

ovulatory estradiol surge. Brief troublesome premenstrual
syndrome-like symptoms coincide with the decline in

circulating estradiol level that occurs transiently after
ovulation.119-120

DECREASE OF PANIC DURING PREGNANCY,
DELIVERY, AND LACTATION

R. Swinson, MD (written communication, June 18,1990),
confirming common clinical opinion, states that pregnan¬
cy protects against panics. Further, postpartum panic ex¬

acerbation regularly occurs unless the patient breast feeds;
then there is a postlactational exacerbation (A. Skrobala,
MA, and D. F. K., unpublished data, 1992).

In the late first trimester, before substantial fetal growth,
hyperventilation develops, to remain throughout pregnan¬
cy, due to the respiratory stimulant effect of placental
progesterone, and to a lesser degree, estrogen.121"125 This
facilitates fetal excretion of carbon dioxide waste.

Is there a contradiction here? Patients with panic disor¬
der with the lowest Pco2 and bicarbonate are most likely
to panic during lactate challenge, but now we state that the
low Pco2 of pregnancy protects against panic.

However, a low Pco2 and bicarbonate level in a patient
with panic disorder indicates adaptive chronic hyperven¬
tilation due to a low suffocation alarm threshold. There¬

fore, lactate may fire the pathologically sensitive alarm. In

contrast, patients with panic disorder with normal pH,
Pco2, and bicarbonate levels must have a phase of suffo¬
cation alarm normality. Such patients would not be

susceptible to lactate or carbon dioxide panicogenesis.
In contrast, during pregnancy, lowered Pco2 and bicar¬

bonate levels are due to progesterone's respiratory stimu¬

lation, not suffocation threshold abnormality. The wid¬
ened gap between Pco2 and the suffocation alarm
threshold makes a false alarm less likely.

Childbirth's marked hyperventilation drives Pco2 to a

minimum.124 The venerable Lamaze birth training pro¬
grams teach maintaining deep hyperventilation during
delivery, suggesting an adaptive role.126 The remarkable
lack of panic during delivery in patients with panic disor¬
der flatly contradicts the belief that hyperventilation, hy¬
pocapnia, and perceived danger are panic triggers (A.
Skrobala, MA, and D. F. K., unpublished data, 1992).

Shortly after parturition there is a marked Pco2 increase

coinciding with the onset of transient postpartum blues,
and, less definitively, panic.127"131 There is a marked symp¬
tomatic resemblance between postpartum blues and LLP¬
DD (J. Endicott, PhD, written communication, February 13,
1992).

Why does lactation protect against panic since proges¬
terone returns to normal post partum? Panksepp132 and
Insel133 point out that an exclusively mammalian neu-

ropeptide, oxytocin, which increases during breast feed¬

ing, is active against separation anxiety in animal models.
This may influence panic as well.

MASS HYSTERIA

The contagious symptomatology of "mass hysteria" is
often precipitated by reports of peculiar odors and the

sight of distressed hyperventilating people. Of 990 wom¬

en exposed to increased humidity and faulty air condi¬

tioning, 250 had development of choking with hyperven¬
tilation, excessive sweating, and dizziness.134 Psychiatric
evaluation diagnosed these as panic attacks. No loss of
consciousness occurred. Although most expressed an ex-
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cessive fear of an impending health threat, they were not

chronically somatically focused. There was no history of

unexplained illnesses, frequent physician visits, or social

dysfunction. Of 16 closely studied subjects, 10 had one to

two previous panic episodes but had never consulted

physicians or taken sick leave. All returned to work the
next day or even during the attack day.

Sparks et al135 studied 200 employees with dizziness,
nausea, headaches, fatigue, shortness of breath, palpita¬
tions, and cognitive impairment following exposure to

phenol-formaldehyde resin, despite no evidence of organ¬
ic damage. Numerous subsequent episodes of dizziness,
palpitations, dyspnea, and faintness on exposure to pun¬
gent odors, as well as clinical syndromes indistinguishable
from typical panic disorder developed. Unfortunately,
there was no clinical psychiatric appraisal of history of

panic. In a workplace epidemic,136 seven of 11 subjects
showed respiratory alkalosis consistent with hyper¬
ventilation.

An unusual all-male, military recruit epidemic occurred
in a setting that included markedly elevated temperatures,
brush fires, and a high pollution index.137 More than 1800
recruits were evacuated. Awareness of odors or smoke and

emergency medical evaluation were strongly associated.
Those who witnessed cardiopulmonary resuscitation or

saw others become ill had a threefold increased risk of be¬

ing a case. However, as with other studies,134 the overall
attack rate was only 18%, indicating a minority predispo¬
sition was necessary for this reaction. The suffocation
false-alarm theory affords a new approach to this complex,
stereotyped group phenomenon.

SEPARATION ANXIETY, MASS HYSTERIA, AND PANIC

Is there a relationship between suffocation alarm theory
and the high incidence of early separation anxiety138,139 and
recent loss as panic disorder antecedents? Might separa¬
tion anxiety lower the suffocation alarm threshold?

Mass hysteria140 occurred in the context of loss of a re¬

spected principal, impending graduation and departure
from school, and a planned camping trip in which many
would sleep away from home for the first time. There were

substantially higher rates of parental divorce and familial
death in the hospitalized symptomatic children (who had

severe, early symptom onset) compared with nonhospi-
talized symptomatic and asymptomatic children, who did
not differ from each other. The authors conclude that ear¬

ly losses predispose children to severe "hysterical" symp¬
toms. This suggests two mechanisms, severe suffocation
false alarms enhanced by a vulnerability to separation
anxiety and milder stress reactions. A similar report
emphasized the importance of early loss and the observa¬
tion of sick friends in mass hysteria.141

Sighs and anxiety disorders are common during acute

grief and threatened loss. Jacobs et al142 found a distinct
increase in panic disorder and generalized anxiety disor¬
der in bereaved spouses. History of panic disorder was the

only significant predictor.
In an epidemiologie study, Tweed et al143 found signif¬

icant associations between maternal death and agorapho¬
bia with panic attacks, as well as parental separation or di¬
vorce and agoraphobia with panic attacks and panic
disorder. However, these disorders developed in only a

small proportion with those life events, and most patients
with panic disorder did not have these antecedents. These

relationships were not found in any other anxiety disorder,

suggesting specific relationships in predisposed people
between separation or loss and the panic diathesis.

That panic disorder may be expressed as limited symp¬
tom attacks may account for reports (based on question¬
naires) that separation anxiety equivalently antecedes oth¬
er anxious states.144 However, in the only controlled, long-
term, direct, blind, clinical interview foilow-up of school-

phobic, separation-anxious children, the only significant
finding was an increased rate of panic disorder (R. G.

Klein, PhD, unpublished data, 1991).
The evolutionary significance of a link between separa¬

tion anxiety and the suffocation alarm is obscure. That en¬

dogenous opioids and exogenous opiates decrease both

respiratory sensitivity145 and separation anxiety suggests a

physiologic commonality.146"148
Withdrawal of opiate therapy is characterized by recur¬

rent yawning. This may indicate a withdrawal-induced
increase in suffocation sensitivity, so that yawning adap¬
tively decreases Pco2 while testing for potential asphyxi¬
ation. Naloxone hydrochloride (which blocks opiate re¬

ceptors) increases ventilatory response to hypercapnic
hypoxia, implying that endorphins diminish suffocation

sensitivity.149 A placebo-controlled trial150 in normal sub¬

jects showed that codeine allowed high levels of carbon
dioxide to be tolerated during breath holding. It also
reduced breathlessness and ventilation during exercise.

However, Eriksson et al151 reported that cerebrospinal
fluid concentrations of ß-endorphinlike immunoreactivity
were higher in patients with panic disorder than matched
control subjects. This seems to contradict our hypothesis.
However, recently E. Eriksson, MD (written communica¬

tion, May 7, 1991) stated the following:
The antibody we used in the radioimmunoassay recognizes not

only ß-endorphin but also some shorter fragments of this mole¬
cule (the biological activity of which are unknown). When we an¬

alyze our samples using HPLC, we got some indications that the
levels of the large ß-endorphin molecule in fact were decreased in

PD patients whereas the levels for these shorter fragments were

markedly elevated. Thus, whether PD patients displayed increased
or decreased endorphinergic function is yet somewhat obscure.

Clearly, however, in our group of PD patients, the endorphiner¬
gic activity was different as compared to that of controls.

Also, level differences may not be directly proportional
to function differences. The finding of Eriksson et al

requires replication, using such advanced techniques.
Other studies152"155 must be considered in this context.

PANICS IN PULMONARY CONDITIONS RELATED
TO SUFFOCATION

Respiratory illnesses may cause panic unless the suffo¬
cation alarm threshold is defensively raised.156 In patients
with chronic obstructive pulmonary disease, some have

development of a decreased sensitivity to increased carbon
dioxide and decreased oxygen, becoming torpid and
obtunded (blue bloaters). Others maintained a low suffo¬
cation threshold. Their distress spurs hyperventilation,
achieving eucapnia and normoxia (pink puffers). Panic
disorder is frequent among patients with pulmonary dis¬
ease. Further, panic disorder is the most prevalent psychi¬
atric disorder in pulmonary disease.157"159 In addition,
"panic-fear" scores were negative predictors of hospital
discharge in asthmatic patients.162"164

Yellowlees and Kalucy159 cite an uncontrolled literature

indicating tricyclics are useful in asthma. A controlled

therapeutic trial of imipramine in asthmatics with panic
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disorder and a diagnostically clarifying lactate challenge is

suggested.
Burns and Howell165 compared patients with respirato¬

ry disease with inappropriate breathlessness with compa¬
rably breathless patients with appropriate pulmonary
impairment. Disproportionate breathlessness was charac¬
terized by acute hyperventilation attacks, breathlessness at

rest, difficulty getting air in, and fear of sudden death in
an attack. This suggests pulmonary disease complicated by
panic disorder. Nocturnal panics in patients with obstruc¬
tive sleep apnea responded to continuous positive airway
pressure.166

Chronic hypoxic dyspnea is symptomatically allevi¬
ated167,168 by ablating the carotid body, a peripheral hy¬
poxia detector. Might antipanic agents be effective anti-

dyspneics in patients with chronic obstructive pulmonary
disease whose suffocation alarm system did not downreg-
ulate, but remained carbon dioxide sensitive? This would

require careful medical monitoring.
That panic regularly accompanies smothering diseases

does not prove that a disorder of the suffocation alarm
causes spontaneous panic. However, if panic did not occur

in such contexts, the theory would be invalidated.

TREATMENTS RELEVANT TO UNDERSTANDING PANIC
SYNDROMES AND ATTACKS: RESPIRATORY TRAINING

Chronic hyperventilators benefit equally from biofeed¬
back or instruction.169 Treatments caused increases in Pco2
that correlated with a moderate fall in complaints. This

casts light on the reported benefits of teaching slow shal¬
low breathing to patients with pure panic disorder.170 Slow,
shallow breathing causes slight Pco2 increments, attenu¬

ating deafferentation hypersensitivity, perhaps at the cost
of initial panic exacerbation. If the primary pathologic
threshold lowering has spontaneously remitted, relief of

secondary carbon dioxide hypersensitivity should make
remission manifest. Franklin,171 in a small, imaginative pi¬
lot trial, found respiratory training particularly effective

against panic attacks as compared with cognitive and
relaxation components that preferentially diminished
avoidance.

CARBON DIOXIDE EXPOSURE

Repeated carbon dioxide exposure progressively de¬
creased the propensity to panic although complete cessa¬

tion did not occur.172 Between sessions, carbon dioxide

sensitivity recurred. This was interpreted as psychological
habituation, but why should repeated trauma be calming?
One could have predicted incremental sensitization.

Short-term carbon dioxide exposure, like shallow

breathing, may be a physiologic treatment. Another possi¬
bility is the common phenomenon of time-limited tachy-
phylaxis. Yet another is a decrease in startle, which may be
mismeasured as panic.

In five hyperventilating patients with low Pco2,93 carbon
dioxide inhalations increased Pco2. Despite this increase,
the Pco2 returned to the hypocapnic set point within 5
minutes of the resumption of air breathing. Therefore,
short-term carbon dioxide inhalation did not reverse the
chronic hypocapnia of these patients.

Haslam173 gave patients with panic who had received
lactate infusions a 6-week course of carbon dioxide inha¬
lation therapy. Surprisingly, in view of later studies, there
was an immediate relief of anxiety. Of the patients with
lactate-induced panic, almost all had a good carbon diox-

ide treatment result, whereas almost none of the nonlactate

responders benefited.

Response was not well defined. Nevertheless, if a lactate

panic response indicates current carbon dioxide hyper¬
sensitivity, then carbon dioxide treatment might raise the

threshold, specifically benefiting lactate panickers. In the
lactate nonpanickers, carbon dioxide would have nothing
to treat. These findings require replication, with controls
for spontaneous remission.

TRICYCLIC ANTIDEPRESSANT AND
ALPRAZOLAM TREATMENT

Imipraminelike antipanic agents may normalize the de¬

ranged suffocation alarm threshold. Severe "hyperventi¬
lation syndromes" refractory to intensive respiratory
management techniques benefited markedly from clomi¬

pramine hydrochloride.174
The suffocation false-alarm theory received unexpected

support from A. C. Briggs (written communication, July 18,
1990) who compared alprazolam, imipramine, and place¬
bo. A cluster analysis of panic symptoms indicated two

groups. When panics were distinctively marked by respi¬
ratory distress, imipramine was superior to alprazolam.
Without respiratory distress, alprazolam was superior to

imipramine.
Serotonin system activation decreases carbon dioxide-

stimulated respiration175 in a fashion similar to inferences
about endorphin effects on respiration.149 This may be a

clue to the antipanic benefits of some antidepressant med¬
ications as well as the ineffectiveness of the non-serotonin-
active antidepressants, buproprion hydrochloride and

maprotiline hydrochloride. It may also explain the respi¬
ratory depressant effect of imipramine in Ondine's curse.

DIFFERENTIATION AMONG CLINICAL PANICS

Therapeutic distinctions with regard to respiratory pan¬
ic complaints parallel the two groups of panicogens; those

specifically blocked by imipramine and those blocked by
benzodiazepines but not imipramine. More traumatic

spontaneous panics may stem primarily from a fluctuating
suffocation alarm disturbance, lack acute    activation,
regularly incite marked phobic avoidance, and are partic¬
ularly benefited by serotonin reuptake blocking anti¬

depressants. Patients who panic during carbon dioxide in¬
halations also have more frequent naturally occurring
panics,72 implying enduring, marked, pathologic suffoca¬
tion sensitivity. Such panics are limited to patients with

panic disorder and are distinct from fear.
Other surges of anxiety reflect or perhaps discharge

through a hypersensitive    /autonomie system causing
sweating, trembling, and heart pounding. High-potency
benzodiazepines are particularly effective. Such fearlike
attacks cut across nosologie boundaries. Both acute distur¬
bances can coexist and interact sequentially and synergis-
tically and are not mutually exclusive.45 For many patients
with panic, the initial severe respiratory panics eventually
cause secondary fearful    -related surges.

Norton et al176 found that 34.4% of normal young adults
had one or more panics in the past year (by self-ratings).
The most severe, frequent panic symptoms were heart

pounding, trembling, and sweating rather than difficulty
in breathing. Therefore, in infrequent nonclinical panick¬
ers, the most common paniclike symptomatology is fear¬
like.

In an ordinal multidimensional scaling analysis of 12
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panic symptoms from epidemiologie data,177 two dimen¬
sions were isolated. One consisted of breathing difficulty,
heart pounding, tightness or pain in the chest, smothering
sensation, and fear of dying. The other lesser dimension
was marked by a sense of unreality, fingers and feet

tingling, trembling and shaking, and fear of dying or of

acting crazy.
In a second interview wave, 383 patients with newly de¬

veloped nonphobic (ie, spontaneous) panics were com¬

pared with 766 control subjects. The development of

spontaneous panics was strongly associated with a histo¬

ry of cardiac symptoms, shortness of breath, depression or

a major grief episode, drug abuse or dependence, alcohol
abuse or dependence, and seizures. Respiratory distress as

both an antecedent and a distinctive feature of panic is

thereby documented. The antecedent relationships of de¬

pression, grief, and substance abuse to panic are evocative.
That these relationships were detected by the Diagnostic
Interview Schedule (an oral questionnaire) suggest that, in

reality, the relationships are even stronger.

PANIC AND PHOBIC DEVELOPMENT

Which patients with panic disorder develop phobic
avoidance and which do not? Severity, number of attacks,
and high anticipatory anxiety178 have been associated with

phobic development.
Gorman et al71 compared bicarbonate and lactate infu¬

sions in panic induction. Only patients with panic disorder
and agoraphobia, as opposed to those with pure panic
disorder, were sensitive to bicarbonate infusion. Perhaps
bicarbonate requires a markedly decreased suffocation
threshold to be an effective panicogen. Frequent traumatic
suffocation panics incite agoraphobia.

Noyes et al179 report that patients with agoraphobia have
a more severe panic disorder. Compared with pure panic
disorder, they had an earlier age of onset, a longer dura¬
tion of illness, more severe symptoms, greater illness-
related disability, and were more likely to have axis I or II

comorbidity.
The many contradictions concerning the relationship of

panic to avoidance may be due to méthodologie difficul¬
ties in defining degrees of avoidance. Turner et al180 found
even those clinically diagnosed as having simple panic
rated themselves with substantial agoraphobia. Many pa¬
tients diagnosed as having agoraphobia with panic rated
themselves lower on an agoraphobia scale than supposed¬
ly pure panic disorders.

Enduring, moderately sensitive suffocation thresholds
should cause fluctuating breathlessness and limited symp¬
tom attacks. This should incite anticipatory anxiety, in¬

creasing phobic avoidance. Therefore, degree of avoidance
should and does predict the subsequent frequency and se¬

verity of panics and chronic anxiety.181
Contrasting anxiety disorders in 407 patients with anx¬

iety, the one significant discriminant function had two

major loadings: "Fears" and "Respiratory."182 It loaded
most highly on panic disorder with agoraphobia followed

by panic disorder and, at some distance, social phobia and

generalized anxiety. This indicates an intimate relation¬

ship among respiratory distress, panic, and phobic devel¬

opment. Anticipatory anxiety is usually considered in a

conditioning or cognitive psychological framework. Al¬

though a sensitivity to nonspecific endogenous stimuli by
patients with panic disorder has often been postulated,

anticipatory anxiety may be maintained and amplified by
specific respiratory abnormality.

Katerndahl183 contrasted spontaneous panic with panics
in simple phobies. He concluded loss of control was more

characteristic of simple phobic panic, while dyspnea and
dizziness were more prevalent in spontaneous panic.
Three panic stages are reported. Early symptoms are dys¬
pnea, palpitations, chest pain, and hot or cold flashes fol¬
lowed by shaking, choking, feelings of unreality, sweats,
faintness and dizziness, and finally fear and paresthesia.

Using a modified path analysis, Katerndahl and associ¬
ates184,185 studied the transition from panic disorder to ag¬
oraphobia. They concluded that patients having panic at¬
tacks with chest pain, trembling, dyspnea, and fear may be
at greater risk for agoraphobia.

CONCLUSION

The suffocation false-alarm theory of panic disorder in¬

tegrates much apparently unrelated clinical, physiologic,
pathologic, and pharmacologie data within a concrete

evolutionary model. Other abnormalities, including a hy¬
persensitive    axis,186 may play a role in fear, chronic

anxiety, and anxious surges, which need to be differenti¬
ated from the spontaneous panics distinctive to panic dis¬
order. The physiologic distinctions between the two

groups of laboratory panicogens, those with and without
   activation, respectively parallel fearlike clinical anx¬

iety and spontaneous panic.
The history of medicine amply demonstrates the value

of the splitting diagnostic approach187 as well as the dan¬

gers of hardening of the categories. An active experimen¬
tal, therapeutic, and physiologic challenge approach to

psychopathology may move us from symptoms to a grasp
of deranged circuitry.Although genetic derangement may
be necessary for many spontaneous panics, this does not
mean that life events may not modify the suffocation alarm
threshold. We speculate that separation anxiety, loss, and

grief may lower this threshold in some, causing chronic
anxious symptomatology as well as heightening panic
vulnerability. These speculations need confirmation.

Inferring failure of a particular evolved adaptive system
from stereotyped psychophysiologic, behavioral, and af¬
fective abnormalities has great heuristic potential. The
suffocation alarm hypothesis stimulates investigations
concerning the antecedents, correlates, exacerbators, and
rectifiers of both suffocation and spontaneous panic under
normal and pathologic circumstances.

Prospective psychobiologic studies of separation, di¬

vorce, grief, bereavement, abortion, birth, and adoption, in
the context of challenge studies, family history, and ther¬

apeutic experimentation offer pointed investigatory op¬
portunities.188 Falsification and amplification of this hy¬
pothesis are possible.

This investigation was supported in part by the following: Public
Health Service grants MH-30906, MHCRC-New York State Psychiat¬
ric Institute; MH-33422, Pharmacology and Physiology of Panic Dis¬
order; MH-37592, Psychobiology, Genetics and Treatment of Anxiety
Disorders; and MH-41778, Carbon Dioxide Challenge of Panic
Disorder.

The following persons gave collégial aid: Thomas Cooper, MA;
Donald Dillon, PhD; Jean Endicott, PhD; Abby Fyer, MD; Raymond
Goetz, PhD; Jack Gorman, MD; Wilma Harrison, MD; Eric Holland¬
er, MD; Salvatore Mannuzza, PhD; Patrick McGrath, MD; Laszlo
Papp, MD; Frederic Quitkin, MD; Judith Rabkin, MD; Arthur Rifkin,
MD; and lonathan Stewart, MD. Rachel G. Klein, PhD, and Michael

Downloaded From: http://archpsyc.jamanetwork.com/ by a Michigan State University User  on 06/13/2015



Liebowitz, MD, provided detailed substantive and editorial critiques.
David Lane, MLS; Daisy Delgado, AAS; and Anne West, MA,
performed library research and editorial services.

References
1. Mayr E. Toward a New Philosophy of Biology. Cambridge, Mass: Har-

vard University Press; 1988:2-3.
2. Kety SS, Schmidt CF. The effects of altered arterial tensions of carbon

dioxide and oxygen on cerebral blood flow and cerebral oxygen consump-
tion on normal young men. J Clin Invest. 1948;27:484-492.

3. Williams HI. Carbon dioxide poisoning: report of eight cases, with two

deaths. BMJ. 1958;4:1012-1014.
4. McNally WD. Toxicology. Chicago, III: Industrial Medicine Publishing

Co; 1937.
5. Liebowitz MR, Gorman JM, Fyer AJ, Levitt M, Dillon D, Levy G, Apple-

by IL, Anderson S, Palij M, Davies SO, Klein DF. Lactate provocation of pan-
ic attacks, II: biochemical and physiological findings. Arch Gen Psychiatry.
1985;42:709-719.

6. Rachman SJ. Fear and Courage. 2nd ed. New York, NY: WH Freeman
& Co; 1990:87-102.

7. Brooks FR, Ebner DG. Psychological reactions during chemical warfare
training. Mil Med. 1983;148:232-235.

8. Barlow DH. Anxiety and Its Disorders: The Nature and Treatment of

Anxiety and Panic. New York, NY: Guilford Press; 1988.
9. McMillan TM, Rachman SJ. Fearlessness and courage in paratroopers

undergoing training. Person Indiv Diff. 1988;9:373-378.
10. Cohen ME, White PD. Life situations, emotions and neurocirculatory

asthenia (anxiety neurosis, neurasthenia, effort syndrome). Proceedings ofthe
Association of Research in Nervous and Mental Disease. 1951;13:335-357.

11. Cowley DS, Roy-Byrne PP. Hyperventilation and panic disorder. Am

J Med. 1987;83:929-936.
12. Nutt DJ. The pharmacology of human anxiety. Pharmacol Ther.

1990;47:233-266.
13. Uhde TW, Siever LJ. Relationship of plasma free MHPG to anxiety and

psychophysical pain in normal volunteers. Psychopharmacol Bull. 1982;18:
129-132.

14. Ward MM, Mefford IN, Parker SD, Chesney MA, Barr Taylor C, Kee-

gan DL, Barchas JD. Epinephrine and norepinephrine responses in continu-

ously collected human plasma to a series of stressors. Psychosom Med.
1983;45:471-486.

15. Anderson DJ, Noyes R, Crowe RR. A comparison of panic disorder and
generalized anxiety disorder. Am J Psychiatry. 1984;141:572-575.

16. Van den Hout M, de Jong P, Zandbergen J, Merckelbach H. Waning
of panic sensations during prolonged hyperventilation. Behav Res Ther.
1990;28:445-448.

17. Dejours P. Chemoreflexes in breathing. Psychol Rev. 1962;42:335\x=req-\
358.

18. Gorman JM, Goetz RR, Dillon D, Liebowitz MR, Fyer AJ, Davies S,
Klein DF. Sodium D-lactate infusion of panic disorder patients. Neuropsy-
chopharmacology. 1990;3:181-189.

19. Dager SR, Reiney JM, Kenny MA, Bowden DM. D-,L-lactate infusion
in non-human primates: central and peripheral effects. Biol Psychiatry.
1989;25:152A. Abstract.

20. Dager SR, Reiney JM, Kenny MA, Artru AA, Metzger GD, Bowden DM.
Central nervous system effects of lactate infusion primates. Biol Psychiatry.
1990;27:193-204.

21. Dager SR, Marro KI, Richards TL, Metzger G D. MRS detection of whole
brain lactate rise during on M sodium lactate infusion in rats. Biol Psychia-
try. In press.

22. Siesjo BK, Johannsson H, Ljunggren B, Norberg K. Brain dysfunction
in cerebral hypoxia and ischemia. In: Plum F, ed. Brain Dysfunction in Met-
abolic Disorders. New York, NY: Raven Press; 1974:75-112.

23. Krendel DA, Pilch JF, Stahl RL. Central hyperventilation in primary
CNS lymphoma: evidence implicating CSF lactic acid. Neurology. 1991;41:
1156-1157.

24. Pauzner R, Mouallem M, SadehM, Tadmor R, Farfel Z. High incidence
of primary cerebral lymphoma in tumor-induced central neurogenic hyper-
ventilation. Arch Neurol. 1989;46:510-512.

25. Hensen EL, Kristensen HS, Broderson P, Paulson OB, Mullertz S, Jes-
sen O. Acid-base pattern of cerebrospinal fluid and arterial blood in bacte-
rial meningitis and in encephalitis. Acta Med Scand. 1974;196:431-437.

26. Rodriguez M, Baele PL, Marsh HM, Okazaki H. Central neurogenic
hyperventilation in an awake patient with brainstem astrocytoma. Ann Neu-
rol. 1982;11:625-628.

27. Stein JM, Papp LA, Klein DF, Cohen S, Simon J, Ross D, Martinez J,
Gorman JM. Exercise tolerance in panic disorder patients. Biol Psychiatry. In

press.
28. Jones NL, Robertson DG, Kane JW, Hart RA. Effect of hypoxia on free

fatty acid metabolism during exercise. J Appl Physiol. 1972;33:733-738.
29. Sutton JR. The effect of acute hypoxia on the hormonal response to

exercise. J Appl Physiol. 1977;42:587-592.
30. Orwin A. The running treatment: a preliminary communication on a

new use for an old therapy (physical activity) in the agoraphobic syndrome.
Br J Psychiatry. 1973;122:175-179.

31. Cannon WB. Bodily Changes in Pain, Fear, Hunger and Rage. New
York, NY: Appleton & Co; 1920.

32. Selye H. The Stress of Life. New York, NY: McGraw-Hill International
Book Co; 1956.

33. Levi L. Emotions, Their Parameters and Measurement. New York, NY:
Raven Press; 1975.

34. Kathol RG, Noyes RJr, Lopez AL, Reich JH. Relationship of urinary free
cortisol levels in patients with panic disorder to symptoms of depression and

agoraphobia. Psychiatry Res. 1988;24:211-221.
35. Uhde TW, Joffe RT, Jimerson DC, Post RM. Normal urinary free cor-

tisol and plasma MHPG in panic disorder: clinical and theoretical implica-
tions. Biol Psychiatry. 1988;23:575-585.

36. Kathol RG, Anton R, Noyes R, Gehris T. Direct comparison of urinary
free cortisol excretion in patients with depression and panic disorder. Biol

Psychiatry. 1989;25:873-878.
37. Kathol RG, Noyes R, Lopez A. Similarities in hypothalamic-pituitary-

adrenal axis activity between patients with panic disorder and those experi-
encing external stress. Psychiatr Clin North Am. 1988;11:335-348.

38. Axelrod J, Reisine TD. Stress hormones: their interaction and regula-
tion. Science. 1984;224:452-459.

39. Nesse RM, Curtis GC, Thyer BA, McCann DS, Huber-Smith MJ, Knofp
RF. Endocrine and cardiovascular responses during phobic anxiety. Psycho-
som Med. 1985;47:320-332.

40. Coryell W, Noyes R. HPA axis disturbance and treatment outcome in

panic disorder. Biol Psychiatry. 1988;24:762-766.
41. Lopez AG, Kathol RG, Noyes R. Reduction in urinary free cortisol

during benzodiazepine treatment of panic disorder. Psychoneuroendocri-
nology. 1990;15:23-28.

42. Coryell W, Noyes R, Schlechte J. The significance of HPA axis distur-
bance in panic disorder. Biol Psychiatry. 1989;25:989-1002.

43. Westberg P, Modigh K, Lisjo P, Eriksson E. Higher post-dexamethasone
serum cortisol levels in agoraphobic than in non-agoraphobic panic disorder
patients. Biol Psychiatry. 1991:30:247-256.

44. Coryell W, Noyes R, Clancey J, Crowe R, Chaudhry D. Abnormal es-

cape from dexamethasone suppression in agoraphobia with panic attacks.

Psychiatry Res. 1985;15:301-311.
45. Garvey M, Noyes R, Cook B. Comparison of panic disordered patients

with high versus low MHPG. J Affect Disord. 1990;20:7-12.
46. Liebowitz MR. Antidepressants in panic disorder. Br J Psychiatry.

1989;155(suppl 6):46-52.
47. Nesse RM, Cameron OG, Curtis GC, Lee M. How antipanic drugs

might work. Am J Psychiatry. 1986;143:945.
48. Klein DF, Klein HM. The definition and psychopharmacology of

spontaneous panic and phobia: a critical review I. In: Tyrer PJ, ed. Psycho-
pharmacology of Anxiety. New York, NY: Oxford University Press; 1989:
135-162.

49. Klein DF, Klein HM. The nosology, genetics and theory of spontane-
ous panic and phobia: a critical review II. In Tyrer PJ, ed. Psychopharmacol-
ogy of Anxiety. New York, NY: Oxford University Press; 1989:163-195.

50. Klein DF. The pharmacological validation of psychiatric diagnosis. In:
Robbins LN, Barrett J, eds. Validity of Psychiatric Diagnosis. New York, NY:
Raven Press; 1989:203-216.

51. Klein DF. Anxiety reconceptualized. In: Klein DF, Rabkin JG, eds.
Anxiety: New Research and Changing Concepts. New York, NY:Raven Press;
1981:235-262.

52. Mellins RB, Balfour HH, Turino GM, Winters RW. Failure of automat-

ic control of ventilation (Ondine's curse). Medicine. 1970;49:487-504.
53. Haddad GG, Mazza NM, Defendini R, Blanc WA, Driscoll JM, Epstein

MAF, Epstein RA, Mellins RB. Congenital failure of automatic control of ven-

tilation, gastrointestinal motility and heart rate. Medicine. 1978;57:517-526.
54. Lee YJ, Curtis GC, Weg JG, Abelson JL, Modell JG. Doxapram: a nov-

el panicogenic probe. Presented at the 144th Annual Meeting of the Amer-
ican Psychiatric Association; May 4, 1991; New Orleans, La.

55. Pohl R, Yeragani VK, Balon R. The effect of isoproterenol on panic
disorder patients after antidepressant treatment. Biol Psychiatry. 1990;28:
203-214.

56. Woods SW, Charney DS, Delgado PL, Heninger GR. The effect of

long-term imipramine treatment on carbon dioxide-induced anxiety in pan-
ic disorder patients. J Clin Psychiatry. 1990;51:505-507.

57. Charney DS, Woods SW, Price LH, Goodman WK, Glazer WH,
Heninger GR. Noradrenergic dysregulation in panic disorder. In: Ballenger
JC, ed. Neurobiology of Panic Disorder. New York, NY: Alan R Liss Inc;
1990:91-106.

58. Dorow R, Horowski R, Paschelke G, Amin M, Braestrup C. Severe

anxiety induced by FG 7142, 2a B-carboline ligand for benzodiazepine re-

ceptors. Lancet. 1983;2:98-99.
59. Roache JD, Griffiths RR. Interactions of diazepam and caffeine:

behavioral and subjective dose effects in humans. Pharmacol Biochem Be-
hav. 1987;26:801-812.

60. Matilla M, Sepalla T, Matilla J. Anxiogenic effect of yohimbine in

healthy subjects: comparison with caffeine and antagonism by clonidine and
diazepam. Int Clin Psychopharmacol. 1988;3:215-229.

61. Klein DF, Klein HM. The substantive effect of variations in panic mea-

surement and agoraphobia definition. J Anxiety Disord. 1989;3:45-56.
62. Breier A, Albus M, Pickar D, Zahn TP, Wolkowitz OM, Paul SM. Con-

Downloaded From: http://archpsyc.jamanetwork.com/ by a Michigan State University User  on 06/13/2015



trollable and uncontrollable stress in humans: alterations in mood and neu-

roendocrine and psychophysiological function. Am J Psychiatry. 1987;144:
1419-1425.

63. Charney D, Heninger G, Jatlow P. Increased anxiogenic effects of caf-
feine in panic disorders. Arch Gen Psychiatry. 1985;42:223-243.

64. Uhde TW, Boulenger JP, Jimerson DC, Post RM. Caffeine: relationship
to human anxiety, plasma MHPG, and cortisol. Psychopharmacol Bull.
1984;20:426-430.

65. Kahn RS, Asnis GM, Wetzler S, van Praag HM. Neuroendocrine ev-

idence for serotonin receptor hypersensitivity in panic disorder. Psychophar-
macology. 1988;96:360-364.

66. Charney DS, Woods SW, Goodman WK, Heninger GR. Serotonin
function in anxiety, II: effects of the serotonin agonist MCPP in panic disor-
der patients and healthy subjects. Psychopharmacology. 1987;92:14-24.

67. Woods SW, Charney DS. Biologic responses to panic anxiety elicited

by nonpharmacologic means. In: Ballenger JC, ed. Neurobiology of Panic
Disorder. New York, NY: Alan R Liss Inc; 1990:205-217.

68. Hollander E, Liebowitz MR, Gorman JM, Cohen B, Fyer A, Klein DF.
Cortisol and sodium lactate-induced panic. Arch Gen Psychiatry. 1989;46:
135-140.

69. Levin AP, Doran AR, Liebowitz MR, Fyer AJ, Gorman JM, Klein DF,
Paul SM. Pituitary adrenocortical unresponsiveness in lactate-induced pan-
ic. Psychiatry Res. 1987;21:23-32.

70. Woods SW, Charney DS, Goodman WK, Heninger GR. Carbon
dioxide-induced anxiety: behavioral, physiologic, and biochemical effects of
carbon dioxide in patients with panic disorders and healthy subjects. Arch
Gen Psychiatry. 1988;45:43-52.

71. Gorman JM, Battista D, Goetz RR, Dillon DJ, Liebowitz MR, Fyer AJ,
Kahn JP, Sandberg D, Klein DF. A comparison of sodium bicarbonate and
sodium lactate infusion in the induction of panic attacks. Arch Gen Psychi-
atry. 1989;46:145-150.

72. Woods SW, Charney DS, Goodman WK, Heninger GR. Carbon
dioxide-induced anxiety; behavioral, physiologic, and biochemical effects of
carbon dioxide in patients with panic disorders and healthy subjects. Arch
Gen Psychiatry. 1988;45:43-52.

73. Rainey J, Pohl R, Williams M, Knitter E, Freedman R, Ettedgui E. A

comparison of lactate and isoproterenol anxiety states. Psychopathology.
1984;17(suppl 1):66-73.

74. Uhde TW. Caffeine provocation of panic: a focus on biological
mechanisms. In: Ballenger JC, ed. Neurobiology of Panic Disorder. New
York, NY: Alan R Liss Inc; 1990:219-244.

75. Nutt DJ, Glue P, Lawson C, Wilson S. Flumazenil provocation of pan-
ic attacks: evidence for altered benzodiazepine receptor sensitivity in panic
disorder. Arch Gen Psychiatry. 1990;47:917-925.

76. Gorman JM, Papp LA. Respiratory physiology of panic. In: Ballenger
JC, ed. Neurobiology of Panic Disorder. New York, NY: Alan R Liss Inc;
1990:187-203.

77. Papp LA, Martinez JM, Klein DF, Ross D, Liebowitz MR, Fyer AJ, Hol-
lander E, Gorman JM. Arterial blood gas changes in panic disorder and
lactate-induced panic. Psychiatry Res. 1989;28:171-180.

78. Den Boer JA, Westenberg GM, Klompmakers AA, van Lint LEM. Be-
havioral, biochemical and neuroendocrine concomiants of lactate-induced
panic anxiety. Biol Psychiatry. 1989;26:612-622.

79. Erbland ML, Ebert RV, Snow SL. Interaction of hypoxia and hypercap-
nia on respiratory drive in patients with COPD. Chest. 1990;97:1289-1294.

80. Rebuck AS, Kangalee M, Pengelly LD, Campbell EJM. Correlation of
ventilatory responses to hypoxia and hypercapnia. J Appl Physiol. 1973;35:
173-177.

81. Somers VK, Mark AL, Zavala DC, Abboud FM. Contrasting effects of
hypoxia and hypercapnia on ventilation and sympathetic activity in humans.
J Appl Physiol. 1989;67:2101-2106.

82. Bradley TD, Mateika J, Li D, Avendano M, Goldstein RS. Daytime hy-
percapnia in the development of nocturnal hypoxemia in COPD. Chest.
1990;97:308-312.

83. Saltzman HA, Heyman A, Sieker HO. Correlation of clinical and
physiologic manifestations of sustained hyperventilation. N Engl J Med.
1963;268:1431-1436.

84. Baker DM. Sighing respiration as a symptom. Lancet. 1934;1:174-177.
85. Christie RV. Some types of respiration in the neuroses. Q J Med.

1935;4:427-432.
86. Finesinger JE. The spirogram in certain psychiatric disorders. Am J

Psychiatry. 1943;100:159-169.
87. Christophers B. The hyperventilation syndrome. Med J Aust. 1961;48:

81-86.
88. Sanderson RE, Campbell D, Laverty SG. Traumatically conditioned

responses acquired during respiratory paralysis. Nature. 1962;196:1235\x=req-\
1236.

89. Campbell D, Sanderson RE, Laverty SG. Characteristics of a condi-
tioned response in human subjects during extinction trials following a single
traumatic conditioning trial. J Abnorm Soc Psychol. 1964;68:627-639.

90. Mellman TA, Uhde TW. Sleep in panic and generalized anxiety dis-
orders. In: Ballenger JC, ed. Neurobiology ofPanic Disorders. New York, NY:
Alan R Liss Inc; 1990;365-376.

91. Mellman TA, Uhde TW. Electroencephalographic sleep in panic dis-
order: a focus on sleep related panic attacks. Arch Gen Psychiatry. 1989;46:

178-184.
92. Hauri PJ, Friedman M, Ravaris CL. Sleep in patients with spontaneous

panic attacks. Sleep. 1989;12:323-337.
93. Gardner WN, Meah MS, Bass C. Controlled study of respiratory

responses during prolonged measurement in patients with chronic hyper-
ventilation. Lancet. 1986;2:826-830.

94. Ley R. Panic attacks during sleep: the hyperventilation-probability
model. J Behav Ther Exp Psychiatry. 1988;19:181-192.

95. Griez E, Zandbergen J, Lousberg H, van den Hout M. Effects of low

pulmonary CO2 on panic anxiety. Compr Psychiatry. 1988;29:490-497.
96. Zandbergen J, Lousberg HA, Pols H, de Loof C, Griez EJL. Hypercar-

bia vs. hypocarbia in panic disorder. J Affect Disord. 1990;18:75-81.
97. Gorman JM, Askenazi J, Liebowitz MR, Fyer AJ, Stein J, Kinney J, Klein

DF. Response to hyperventilation in a group of patients with panic disorder.
Am J Psychiatry. 1984;41:857-861.

98. Breier A, Charney DS, Henninger GR. Agoraphobia with panic attacks:

development, diagnostic stability and course of illness. Arch Gen Psychiatry.
1986;43:1029-1036.

99. Stein MB, Schmidt PJ, Rubinow DR, Uhde TW. Panic disorder and the
menstrual cycle: panic disorder patients, healthy control subjects, and
patients with premenstrual syndrome. Am J Psychiatry. 1989;146:1299\x=req-\
1303.

100. Cameron OG, Kuttesch D, McPhee K, Curtis GC. Menstrual fluctu-
ation in the symptoms of panic anxiety. J Affect Disord. 1988;15:169-174.

101. Damas-Mora J, Davies L, Taylor W, Jenner FA. Menstrual respiratory
changes and symptoms. Br J Psychiatry. 1980;136:492-497.

102. England SJ, Farhi LE. Fluctuations in alveolar CO2 and in base excess

during the menstrual cycle. Respir Physiol. 1976;26:157-161.
103. Halbreich U, Endicott J, Goldstein S, Nee J. Premenstrual changes

and changes in gonadal hormones. Acta Psychiatr Scand. 1986;74:576-586.
104. Backstrom T. Gonadal hormones, ovulation and symptom formation.

Clinical Neuropharmacology. 1990;13(suppl 2):520-521.
105. Hammarback S, Damber J, Backstrom T. Relationship between

symptom severity and hormone changes in women with premenstrual syn-
drome. J Clin Endocrinol Metab. 1989;68:125-130.

106. Backstrom T, Hammarback S. Johansson U, Bixo M. The pathogen-
esis of premenstrual postpartum and menopausal mood disorders. In: Dem-
ers LM, McGuire JL, Philips A, Rubinow DR, eds. Premenstrual, Postpartum,
and Menopausal Mood Disorders. Baltimore, Md: Urban & Schwarzenberg;
1989.

107. Casper RF, Hearn MT. The effect of hysterectomy and bilateral
oophorectomy in women with severe premenstrual syndrome. Am J Obstet
and Gynecol. 1990;162:105-109.

108. Hammarback S, Backstom T. Induced anovulation as treatment of

premenstrual tension syndrome. Acta Obstet Gynecol Scand. 1988;67:159\x=req-\
166.

109. Harrison WM, Sandberg D, Gorman JM, Fyer M, Nee J, Uy J, Endi-
cott J. Provocation of panic with carbon dioxide inhalation in patients with
premenstrual dysphoria. Psychiatry Res. 1989;27:183-192.

110. Sandberg D, Endicott J, Harrison W, Nee J, Gorman J. Sodium lac-
tate infusion in late luteal phase dysphoric disorder. Psych Res. In press.

111. Gorman JM, Liebowitz MR, Fyer AJ, Dillon D, Davies SO, Stein J,
Klein DF. Lactate infusions in obsessive compulsive disorder. Am J Psychi-
atry. 1985;142:864-866.

112. Liebowitz MR, Fyer AJ, Gorman JM, Dillon D, Davies S, Stein JM,
Cohen BS, Klein DF. Specificity of lactate infusions in social phobia versus

panic disorders. Am J Psychiatry. 1985;142:947-950.
113. McGrath PJ, Stewart JW, Markowitz J, Liebowitz MR, Gorman JM,

Quitkin FM, Klein DF. Lactate provocation of panic attacks in depressed out-

patients. Psychiatry Res. 1988;25:41-47.
114. Klein DF, Mannuzza S, Chapman T, Fyer AJ. Child panic revisited.

J Am Acad Child Adolesc Psychiaty. 1992;31:112-116.
115. White DP, Douglas NJ, Pickett CK, Weil JV, Zwillich CW. Sexual in-

fluence on the control of breathing. J Appl Physiol Respir Environ Exerc

Physiol. 1983;54:874-879.
116. Dennerstein L, Spencer-Gardner C, Gotts G, Brown JB, Smith MA,

Burrows GD. Progesterone and the premenstrual syndrome; a double-blind
crossover trial. Br Med J Clin Res. 1985;290:1617-1621.

117. Osofsky HJ. Efficacious treatments of PMS: a need for further
research. JAMA. 1990;264:387.

118. Stone AB, Pearlstein TB, Brown WA. Fluoxetine in the treatment of
late luteal phase dysphoric disorder. J Clin Psychiatry. 1991;52:290-293.

119. Backstrom, T, Baird, DT, Bancroft, J, Bixo, M, Hammarback, S,
Sanders, D, Smith, S, Zetterlund, B. Endocrinological aspects of cyclical
mood changes during the menstrual cycle or the premenstrual syndrome. J
Psychosomatic Obstet Gynaecol. 1983;2:8-20.

120. Reid RL. Endogenous opioid activity in premenstrual syndrome.
Lancet. 1983;2:786.

121. Clapp JF, Seaward BL, Sleamaker RH, Hiser J. Maternal physiologic
adaptations to early human pregnancy. Am J Obstet Gynecol. 1988;159:
1456-1460.

122. Fadel HE, Northrop G, Misenhimer HR, Harp RJ. Normal pregnan-
cy: a model of sustained respiratory alkalosis. J Perinat Med. 1979;7:195-201.

123. Liberatore SM, Pistelli R, Patalano F, Moneta E, Incalzi RA, Ciappi G.
Respiratory function during pregnancy. Respiration. 1984;46:145-150.

Downloaded From: http://archpsyc.jamanetwork.com/ by a Michigan State University User  on 06/13/2015



124. Lopatin VA. Some mechanisms of changes in external respiration
during the menstrual cycle and pregnancy. Hum Physiol. 1979;5:134-143.

125. Lucius H, Gahlenbeck H, Kleine H-O, Fabel H, Bartels H. Respira-
tory functions, buffer system, and electrolyte concentrations of blood during
human pregnancy. Respir Physiol. 1970;9:311-317.

126. Bing E. Six Lessons for an Easier Childbirth. New York, NY: Bantam
Books; 1982.

127. Metz A, Sichel DA, Goff DC. Postpartum panic disorder. J Clin Psy-
chiatry. 1988;49:278-279.

128. Kraus RP. Postpartum anxiety disorder. J Clin Psychiatry. 1989;50:268.
129. Bybee P. Postpartum anxiety disorder. J Clin Psychiatry. 1989;50:268.
130. Fisch RZ. Postpartum anxiety disorder. J Clin Psychiatry. 1989;50:

268-269.
131. Metz A, Goff DC, Sichel DA. Reply: postpartum anxiety disorder. J

Clin Psychiatry. 1989;50:269.
132. Panksepp J. Posterior pituitary hormones and separation distress in

chicks. Neurosci Abstracts. 1988;14:287.
133. Insel TR. Oxytocin: a neuropeptide for affiliation: evidence from be-

havioral, receptor autoradiographic, and comparative studies. Psycho-
neuroendocrinology. 1992;17:3-35.

134. Boulougouris JC, Rabavilas AD, Stefanis CN, Vaidakis N, Tabouratzis
DG. Epidemic faintness: a psychophysiological investigation. Psychiatr Clin.
1981;14:215-225.

135. Sparks PJ, Simon GE, Katon WJ, Altman LC, Ayars GH, Johnson RL.
An outbreak of illness among aerospace workers. West J Med. 1990;153:28\x=req-\
33.

136. Boxer PA, Singal M, Hartle RW. An epidemic of psychogenic illness
in an electronics plant. J Occup Medicine. 1984;26:381-385.

137. Struewing JP, Gray GC. An epidemic of respiratory complaints exac-

erbated by mass psychogenic illness in a military recruit population. Am J
Epidemiol. 1990;132:1120-1129.

138. Gittelman-Klein R, Klein DF. The relationship between separation
anxiety and panic and agoraphobic disorders. Psychopathology. 1984;17:
56-65.

139. Ayuso JL, Alfonso S, Rivera A. Childhood separation anxiety and
panic disorder: a comparative study. Prog Neuropsychopharmacol Biol Psy-
chiatry. 1989;13:665-671.

140. Small GW, Nicholi AM. Mass hysteria among schoolchildren. Arch
Gen Psychiatry. 1982;39:721-724.

141. Small GW, Propper MW, Randolph ET, Eth S. Mass hysteria among
student performers: social relationship as a symptom predictor. Am J Psychi-
atry. 1991;9:1200-1205.

142. Jacobs S, Hansen F, Kasl S, Ostfeld A, Berkman L, Kim K. Anxiety
disorders during acute bereavement: risk and risk factors. J Clin Psychiatry.
1990;51:269-274.

143. Tweed JL, Schoenbach VJ, George LK, Blazer DG. The effects of
childhood parental death and divorce on 6-month history of anxiety disor-
ders. Br J Psychiatry. 1989;154:823-828.

144. Van der Molen GM, van den Hout MA, van Dieren AC, Griez E.
Childhood separation anxiety and adult onset panic disorders. J Anxiety Dis-
ord. 1989;3:97-106.

145. Eldridge FL, Millhorn DE. Central regulation of respiration by endog-
enous neurotransmitters and neuromodulators. Ann Rev Physiol. 1981;43:
121-135.

146. Klein DF. Panic, separation anxiety, and endorphines. Behav Brain
Sci. 1982;3:436-437.

147. Panksepp J, Siviy SM, Normansell LA. Brain opioids and social emo-

tions. In: Reite M, Fields T, eds. The Psychobiology of Attachment and Sep-
aration. Orlando, Fla; Academic Press Inc; 1985:3-50.

148. Panksepp J, Bean NJ, Bishop P, Vilberg T, Sahley TL. Opioid blockade
and social comfort in chicks. Pharmacol Biochem Behav. 1980;13:673-683.

149. Akiyama Y, Nishimura M, Suzuki A, Yamamoto M, Kishi F, Kawaka-
mi Y. Naloxone increases ventilatory response to hypercapnic hypoxia in

healthy adult humans. Am Rev Respir Dis. 1990;142:301-305.
150. Stark RD, Sharman MP, Percival PG, Lewis JA. Effects of codeine on

the respiratory responses to exercise in healthy subjects. Br J Clin Pharmacol.
1983;15:355-359.

151. Ericksson E, Westberg P, Thuresson K, Modigh K, Ekman R, Wider-
lov E. Increased cerebrospinal fluid levels of endorphin immunoreactivity in
panic disorder. Neuropsychopharmacology. 1989;12:225-228.

152. Post RM, Pickar D, Ballenger JC, Naber D, Rubinow DR. Endogenous
opiates in cerebrospinal fluid: relationship to mood and anxiety. In: Post RM,
Ballenger JC, eds. Neurobiology ofMood Disorders. Baltimore, Md: Williams
& Wilkins; 1984:356-368.

153. George DT, Adinoff B, Ravitz B, Nutt DJ, DeJone J, Berrettini W,
Mefford, Costa E, Linnoila M. A cerebrospinal fluid study of the pathophys-
iology of panic disorder associated with alcoholism. Acta Psychiatr Scand.
1990;82:1-7.

154. Eriksson E, Westberg P, Alling C, Thuresson K, Modigh K. Cere-
brospinal fluid levels of monoamine metabolites in panic disorder. Psychi-
atry Res. 1991;36:243-251.

155. Lepola U, Jolkkonen J, Pitkanen A, Riekkinen P, Rimon R. Cere-
brospinal fluid monoamine metabolites and neuropeptides in patients with
panic disorder. Ann Med. 1990;22:237-239.

156. Matthews AW. The relationship between central carbon dioxide

sensitivity and clinical features in patients with chronic airways obstruction.
Q J Med. 1977;182:179-195.

157. Yellowlees PM, Haynes S, Potts N, Ruffin RE. Psychiatric morbidity
in patients with life-threatening asthma: initial report of a controlled study.
Med J Aust. 1988;149:246-249.

158. Yellowlees PM, Alpers JH, Bowden JJ, Bryant GD, Ruffin RE. Psychi-
atric morbidity in patients with chronic airflow obstruction. Med J Aust.
1987;146:305-307.

159. Yellowlees PM, Kalucy RS. Psychobiological aspects of asthma and
the consequent research implications. Chest. 1990;97:628-634.

160. Yellowlees PM, Ruffin RE. Psychological defenses and coping styles
in patients following a life threatening attack of asthma. Chest. 1989;95:
1298-1303.

161. Karajgi B, Rifkin A, Doddi S, Kolli R. The prevalence of anxiety dis-
orders in patients with chronic obstructive pulmonary disease. Am J Psychi-
atry. 1990;147:200-201.

162. Baron C, Lamarre A, Veilleux P, Ducharme G, Spier S, Lapierre JG.
Psychomaintenance of childhood asthma: a study of 34 children. J Asthma.
1986;23:69-79.

163. Brooks CM, Richards JM, Bailey WC, Martin B, Windsor RA, Soong
SJ. Subjective symptomatology of asthma in an outpatient population. Psy-
chosom Medicine. 1989;51:102-108.

164. Jurenic GC. Identification of subgroups of childhood asthmatics: a

review. J Asthma. 1988;925:15-25.
165. Burns BH, Howell JBL. Disproportionately severe breathlessness in

chronic bronchitis. Q J Med. 1969;38:277-294.
166. Edlund MJ, McNamara ME, Millman RP. Sleep apnea and panic at-

tacks. Compr Psychiatry. 1991;32:130-132.
167. Patterson JL Jr. Carotid bodies, breath-holding and dyspnea. N Engl

J Med. 1974;290:853-854.
168. Stulbarg MS, Winn WR. Bilateral carotid body resection for the relief

of dyspnea in severe chronic obstructive pulmonary disease. Chest. 1989;
95:1123-1128.

169. Van Doorn P, Folgering H, Colla P. Control of the end-tidal PCO2 in
the hyperventilation syndrome: effects of biofeedback and breathing instruc-
tions compared. Bull Eur Physiopathol Respir. 1982;18:829-836.

170. Clark DM, Salkovskis PM. Respiratory control as a treatment for panic
attacks. J Behav Ther Exp Psychiatry. 1985;16:23-32.

171. Franklin JA. A 6-year followup of the effectiveness of respiratory re-

training, in-situ isometric relaxation, and cognitive modification in the treat-
ment of agoraphobia. Behav Modif. 1989;13:139-167.

172. Van den Hout MA, van der Molen GM, Griez E, Lousberg H, Nans-
en A. Reduction of CO2-induced anxiety in patients with panic attacks after
repeated CO2 exposure. Am J Psychiatry. 1987;144:788-791.

173. Haslam MT. The relationship between the effect of lactate infusion
on anxiety states, and their emelioration by carbon dioxide inhalation. Br J
Psychiatry. 1974;125:88-90.

174. Hoes MJ, Colla P, Folgering H. Clomipramine treatment of hyper-
ventilation syndrome. Pharmakopsychiatrie Neuro-Psychopharmakologie.
1980;13:25-28..

175. Eriksson E, Humble M. Serotonin in psychiatric pathophysiology: a

review of data from experimental and clinical research. In: Pohl R, Gershon
S, eds. The Biological Basis of Psychiatric Treatment: Progress in Basic and
Clinical Pharmacology. Basel, Switzerland: Karger; 1990;3:66-119.

176. Norton GR, Harrison B, Hauch J, Rhodes L. Characteristics of peo-
ple with infrequent panic attacks. J Abnorm Psychol. 1985;94:216-221.

177. Keyl PM, Eaton WW. Risk factors for the onset of panic disorder and
other panic attacks in a prospective, population-based study. Am J Epidemi-
ol. 1990;131:301-311.

178. Buller R, Maier W, Benkert O. Clinical subtypes of panic disorder:
their descriptive and prospective validity. J Affect Disord. 1986;11:105-114.

179. Noyes R, Reich J, Christiansen J, Suelzer M, Pfohl B, Coryell WA.
Outcome of panic disorder. Arch Gen Psychiatry. 1990;47:809-818.

180. Turner SM, Williams SL, Beidel DC, Mezzich JE. Panic disorder and

agoraphobia with panic attacks: covariation along the dimensions of panic
and agoraphobic fear. J Abnorm Psychol. 1986;95:384-388.

181. Maier W, Buller R. One-year follow-up of panic disorder. Eur Arch
Psychiatry Neurol Sci. 1988;238:105-109.

182. Gross PR. Generalized anxiety symptoms in phobic disorders and
anxiety states: a test of the worry hypothesis. J Anxiety Disord. 1989;3:159\x=req-\
169.

183. Katerndahl DA. The sequence of panic symptoms. J Fam Pract.
1988;26:49-52.

184. Katerndahl DA. Factors in the panic-agoraphobia transition. J Am
Board Fam Pract. 1989;2:10-16.

185. Katerndahl DA, Gabel LL, Monk JS. Comparative symptomatology of
phobic and nonphobic panic attacks. Fam Pract Res J. 1986;6:106-113.

186. Gold PW, Pigott TA, Kling MA, Brandt HA, Kalogeras K, Demitrack
MA, Geracioti TD. Hypothalamic-pituitary-adrenal axis in panic disorder. In:

Ballenger JC, ed. Neurobiology ofPanic Disorder. New York, NY: Alan R Liss
Inc; 1990:313-320.

187. Weissman MM. Panic and generalized anxiety: are they separate
disorders? J Psychiatr Res. 1990;24(suppl2):157-162.

188. Klein DF. The prospective study of bereavement. Arch Found Tha-
natol. 1969;1:13.

Downloaded From: http://archpsyc.jamanetwork.com/ by a Michigan State University User  on 06/13/2015


