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Chest Muscle Activity and Panic Anxiety: A Preliminary

Investigation

Patrick LyncH, PHD, DoNALD A. BakaL, PuD,
WirLiam WHITELAW, MD, AND TAK I'ung, PuD

This report represents a pilot invesligation of the role of chest muscle eleclromyographic (EMG)
aclivity in daveloping pranie eplsados, Chosl EMGG nullvily was abtaine] s part of n lnrpor
study examining ventilatory differencos helweo paniesullerers and normal coulrols. Frontalis
EMG, hearl rale, and minule ventilation (breathing rate and tidal volume) were also obtained
during the study. The ventilatory procedure involved exposing the subjecls to three periods of
carbon dioxide gas inhalations (1%, 3%, 5%: balance oxygen), Subjeclive measures of fright-
ening cognitions and body sensations were oblained across the inhalation phases as well. The
panic disorder subjects were divided, on lhe basis of subjective anxiety ralings oblained
throughoul the study, into high anxious (HA) and low anxious (LA) panic disorder groups. The
HA panic disorder palients exhibited significantly higher chest EMG activily than the LA

panic disarder patients and controls across all pl
EMG predicted, belter than the olher physiologi
lions and sensalions reporled by the subjects

tases of the experiment. In addition, the chest

¢ measures, e nuinber of [rightening cogni= =¥ s+
diting the baseline and 5% CO, inhalation

phases. Overall, the resulls were supporlive of the further study of chesl wall EMG aclivily in

the pathogenesis of panic allacks.

INTRODUCTION

The mullifaceted origins of panic dis-
order are recognized to include both cog-
nitive and physiological delerminants,
with hypotheses surrounding contenl bi-
ological panic siles contlinuing to domi-
nate the literature (1). There is growing
appreciation, however, that factors out-
side the central nervous system per se
contribute lo both susceplibility and onset
of panic atlacks. Psychological or cogni-
tive variables are recognized as part of the
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puzzle (2, 3) but purely psychological for-
mulations have difficulty explaining the
powerful physical symploms of panic as
well as accounling for atlacks in the ab-
senee of provacalion,

This study examined chest wall muscle
activity as part of an invesligation dealing
with ventilalory correlates of panic sus-
ceptibility. 'The larger study examined
two chronic hyperventilation hypotheses
based on chemoreceptor sensitivily and
respiratory after-discharge: (4). The venti-
latory hypolheses were tested using dif-
ferent levels of CO, inhalation and guided
by the expectation that panic disorder
patients would evidence greater increases
than controls in minute ventilation in re-
sponse to 1%, 3%, and 5% CO, concenlra-
lions. Chest electromyographic (EMG) ac-
tivily was studied as a possible physio-
logic component of panic reactions to the
experimenlal silualion and manipula-
lions,
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The decision to monitar chest wall mus-
cle activily during the provocation phases
of the experiment was made on the basis
of symptoms commonly reported by panic
sufferers. Dyspnea is the most COMmImaon
respiratory symptom reported Lo precede
and accompany panic episodes (2). How-
ever, the majority of panic sufferers also
describe feelings of pressure, tightness,

heaviness, and other sensations from the"*

chest. Recent: ‘clinical - observations of
panic sufferers atlesl to the pervasive
presence of chest pain as well as chest

pressure and tightness prior to and during

panic episodes (2, 4). The physiological
origins of chest pain in panic disorder
patients are unknown; however, cardio-
vascular disease does nol appear lo be
implicated. Research has shown a high
incidence of the diagnosis of panic disor-
der and normal coronary arteriograms in
chest-pain patients presenting to cardiol-
ogists (5).

Chest wall muscle activity as reflected
in electromyographic activity (EMG) from
the region of the sternum was recorded
across all phases of the experiment for 9
panic disorder patienls and eight normal
controls. Forehead EMG, heart rate, and
minute ventilation were also monitored.
Subjective measures of anxiety, frighten-
ing cognilions, and somatic symptoms
were also obtained across all phases in
order to examine the interplay between
psychological and physiological cnmpn-
nenls ol panic. -

SETTING AND SUBJECTS

The study was conducted al the Pulmonary Lal-
oralory/Clinic of the Foolhills Hespilal, Calgary, Al-
berta, Female psychialric outpalienls making their
initial presentalion for trealmen| were inlerviewod
by a clinical psychologist who, as part of a penaral
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dingnastic interview, applied DSNE-NT (6) eriteria.
Nine subjects with a primary diagnosis of panic
disorder (with or swithout agoraphobia), who re-
ported at least four of the 12 DSAL-IN symploms lo
e moderately severe during episades of anxiely,
and a frequency of panic at least ohce ‘per week,
woere selected for the study. Eight female normal
controls were selected from hospital and university
staff. Questionnaire assessment of panic symptems
was used as a validily check of the diagnosis. Each
stbject’ completed the Body- 59_1@:1[ig_p_;_| Question
nairé (BSQ) (7), the Agoraphobic Cognitions Ques.
lionnaire (ACQ) (7), and the Fear Questionnaire {8).
The ACQ consists of 14 ilems dealing with thoughts
of physical calastraphe due to anxiety symploms
and with thoughts reflecting social or behavioral
disasler from loss of control, The BSQ is a 17-item
scale concerning the degree to which patients fear
somatic symptoms commonly associated with panic.
Total Phobia Score and Agoraphobin Score were
selectud from 1he Fear Questionnaire, The sime
clinical interview and questionnaires were given to’
female control subjects selected from a group of
hospital and universily slaff volunteers. Only fe-
males were used as an altempl lo reduce variability
on the baseline pulmonary funclion measures.

All patients and controls received a brief medijcal
examination lo exclude subjects who might have
orgunic respiratory or cardiac disease or hyperthy-
roidism. All subjecls provided informed consent. No
subjecls withdrew during the course of the experi-
ment. g

METHOD

Physiologic Measures

The primary physiologic measures relevant {o this
report are chesl electromyogram (EMG), frontalis

EMG, minnte venlilation, and electrocardiogram

(ERGL Chaost asd forolid MG moastirus wore oich
oblained from sels of three Beckman silver/silver
chloride electrodes. The skin as prepared with
prepping paste and isopropyl alcohol and the elec-
trodes were allached 1.0 cm apart by means of an
electrode adhesive strip, The three chest electrodes
were placed vertically on the slernum, with the
lowest 5 em above the xiphoid process. The EMG
measures were oblained from Cyborg EMG ]33
preamplifiers and a Cyborg dual EMG rms contour
processing syslem (1001000 He passband, lime con-
slunt = 0.3 seconds). In order to minimize artifact
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due to changes in the breathing cyele and the BEKG,
the lowest EMG recorded during the lasl 10 saconds
ol each minule of observalion was used as the re-
corded value. This was an end-expiralory value.
EKG was recorded using a five lead (lefl leg. right
leg. left arm, right arm, chest) configuration, with
the signals rouled through a Hewlell-Packard am-
plilier. Expired air was conlinuously sampled from
the mouthpiece through which the subject breathed.
End tidal CO; was monilored using a Beckman LB-
Il Infra-Red Gas Analvzer, which was calibraled
before dala collection using room air and a calihra-
tion-grade medical gas mixture containing 5.02%
cirhon dioside, LU0 oxygoa. Minule venlilalinn
was delermined on Lhe basis of expired flow, which
was measured by a Fleisch #2 pneumoluchograph
and a Validyne diflferential pressure lransducer al-
tached lo the oulpul side ofan Olis-McKeorrow valve,
with the signal senl to a Fewlelt-Packard Carrier

amplilier. The gas mixtures were administered from -

a rubber reservoir bag connecled lo theinpul side
of the Olis-McKerrow valve. The reservoir was kepl
partially full of gas through a conlinuous flow from
the calibrated gas cylinder. With each change in gas
concentration, the reservoir and connecling tubes
were thoroughly flushed and filled with the nex! gas
concenlration.

Procedure

Prior lo the laboralory session, subjecls were in-
formed that this was a study of respiratory parame-
ters, and that they would be exposed lo a series of
C0L/0; pases. Thoy were informad that nny chanpes
in breathing during the inhalations would be a nor-

mal consequence of the gas inhalations. During the.

laboratory session, subjecls were required lo lie su-
pine and breathe dilferenl mixtures of C0,-0,. In
order to reduce anxiely, palients were informed in
a session une week before the lab session and during
the lab session Lhat this was not a study of panic
allacks, but ol their general physiology, and were
reassured that measures would be taken lo reduce
the possibility that they would panic in the labora-
lory. Palienls and conlrols were informed in advance
thatl inhalation of various mixlures of CO, might
cause some physical symptoms similar (o those as-
socialed wilh physical exercise (e.g.. higher rospira-
lion rale, faligua).

Each session began with the measurement of Lhe
subjectl’s Forced Vilal Capacily [FVC) and Forced
Expiratory Volume in one second (FEV1) while
standing and breathing inlo a spiromsler, Next, the
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suljeul was required to lie on a bed while the EMG
and BKG elrctrodes were altached, The subjos! was
then nmiliarized with the use of the mouthpiece,
following which a noseclip was alfixed so lhat all
breathing would be enlirely lhrough the mouth-
piece. Once everything was in place, the five-minute
baseline period began during which lime subjects
were instrucled merely lo lie quictly and gel used
to the equipment while breathing room air. At the
end of this period, the noseclip and mouthpiece were
removed and the rating scales were completed. The
baseline was followed by lhree successive five-min-
wle CO. pas inhalation poriods with 1%, 3%, and 5%
CO, in oxypen, respectively, The subjective rating
scales were compleled al the end of each inhalation
period. Calibration grade CO, gas mixlures were
used thiroughout the study. The 5% CO; inhalation
was [ollowed by a [ive-minule recovery period.
Immedialely after each of the [(ive phases, the
subject was prompled lo rate her level of anxiety on
a 10-point Likerl scale ranghig from 0" (very relaxed
and sleepy) through 's' (moderalely severe anxiely)
to 10" (full-blown panic allack). Responses lo this
scale were used lo group subjects inlo those who
showed evidence of panic anxiely acruss the manip-
ulations [rom Lhose who did nol. Subjects were also
required lo report on the intensity of a number of
somalic and cognilive symploms as measured by the
BSQ and the ACQ. The instruclional set given lo

subjecls lo complete these instruments was in ref-

erence lo lheir experiences during the immediately
preceding phase. ' !

RESULYS
Pre-Baseline Comparisons

The clinical and control subjects did
not differ on age, weight or height (Table
1). The groups were also similar in terms
of forced vilal capacity and forced expir-
alory volume. The groups were signifi-
cantly different in terms of their scores on
the Agoraphobic Cognitions Question-

naire (ACQ; t = 4.03, df = 15, p < 0.002)

and the Body Sensations Questionnaire
(BSQ; t = 7.19, df = 15, p < 0.001). The
panic disorder subjects also reported sig-
nificantly more phobic avoidance behav-
ior than the controls as measured by the

Psychosomalic Medicine 53:80-09 (1991)
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CHEST ‘MUSCLE ACTIVITY AND PANIC

TABLE 1. Comparison of Panic Disorder Palients
and Conlrols on Pre-Experimental Physical and
Psychological Characleristics®

Panic ool
Disorder RIS
M sD M 5D
Age (years) 36.4 9.7 310 8.3

Weight (kg) 645 16.2 61.6 124
Fleight {cm) 163.6 6.3 161.8 7.3

FEV1 (liters) 3.6 0.5
FVC (liters) 42770 0.6
" Copgnitions 359  11.4
. Sensalions 50.7 10

Total phobia 534 1409
Agoraphobia 20.2 1.9
No. of panics 4,9 3.1

LIV, [oreed eapiralory voluine in | second; TV,
furced vital capacity; Cognitions, total score on ARo-
raphabic Cognitions Questionnaire (ACQ); Sensa-
tions, lofal score on Body Sensations Questionnaire
(BSQ); Total Phobia, subscale scores from the Fear
and Agoraphobia Questionnaire; No. of panics, nuni-
ber of panic atlacks reported during last 7 days.

Total Phobia score (t = 7.5, df =15 p <
0.001) and the Agoraphobia scale (1 = 4.9,
df = 15, p < 0.001) of the Fear Question-
naire, ' :

Fach subject was queried about medsi-
calion use during the 24 hours prior to
the laboratory session, One panic disorder
subject reported minor tranquilizer use
and two subjects reported tricyclic anti-
depressant use, None of the pania subjects

‘reported use of monoamine oxidase in-

hibitors or beta-blockers. None of the con-
trols reported use of any medications.

Sub-Grouping of Panic Disorder
Subjects

Although efforls were made to mini-

‘mize the occurrence of anticipatory anx-

iety and panic, the subjects proved ta be
highly variable in their subjeclive reac-
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tions to the laboratory situation, both at
baseline and across the various CO; in-
halation phases. Prior to the analyses, the
subjects were grouped on the basis of how
“anxious” or “panicky” they became dur- -
ing the various phases of the experiment.
The grouping ivas made on the basis of
each subject’s average response across the
five administrations of the 10-point sub-
(9) demonslraled that the average panic
attack occurs at a moderate intensity (5.6
on a 0-10 scale). Subjects with an average
scale score of 5 or greater (n = 6) were
placed in the High Anxious (HA) group
while subjects with an average score less
than 5§ were placed in the Low Anxious
(LA) group (n = 3). None of the control
subjects (n = 8) obtained an average anx-
iety score above 5. All three panic disor-
der subjects reporting medication use
were in the HA group. An additional
analysis using the Marks and Mathews (8)
Fear Questionnaire indicated that the
three groups also differed in phobic sever-
ity outside the experimental situation
(Table 2). HA subjects had significantly
greater Total Phobia scores, F(1,14) = 6.98,
p < 0.02, and significantly greater Agora-
‘phobia scores, F(1,14) = 7.63, p < 0.02,
than the LA group. The LA group also had
significantly higher scores on the Total
Phobia subscale, F(1,14) = 21.35, B
0.001, and the Agoraphobia subscale,

"TABLE 2. Group Means for the total Phobia and
Agoraphobia Subscales of the Fear Questionnaire

Total Agora-

Phobia phobia
M 5D M SD
HA panic disorder 595 132 243 90
LA panic disorder 41.3 11.0 12.0 8.2
Controls 10.9 5.5 1.9 1.6
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F(1,14) = 5.61, p < 0.05, than the Control
group,

Physiologic Responses to Carbon
Dioxide

The physiologic data were grouped and
analyzed across Lhe baseline, CO, inha-
lation, and recovery phases. The dala
were reduced lo one-minute averages for
the time periods delining each phase. The
group means for chesl EMG, forehead
EMG, heart rate and minute ventilation
are presenled in Figure 1. The primary
variable of interest in (his study was chest -
EMG aclivily. However, given lhe polen-
tial interdependence of the physiological
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Fig. 1. Physiologic average scores of hiph anxious
(HA) panic disorder subjects, low anxious
(LA) panic disorder subjecls, and conlrols,
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variables, a three-way repeated measures
MANOVA (Groups, Phases, Time Within
Phase) was carried out using a tolal of six
physiological measures (breathing rate
and tidal volume were included as vari-
ables separate from minute ventilation).

The multivariate effects for Phase, -

F(24,179) = 4,91, p < 0.01, and Time
Within Phase, I'(24,179) = 2.83, p < 0.01,
were significanl. The univariate I''s for
the three ventilatory measures were sig-
nificant for both the Phase and Time ef-
fects (p < 0.01) indicating that the CO,
manipulations were effeclive in altering

breathing. Heart rate also showed a sig-

nificant univariale 7 for Phases, F'= 2,31,

p < 0.001, but not [or Time. Chest and
forehead EMG however were not associ-
aled with significant univariate I’s for

Phases or Time.

The multivariate F for Groups was non-
significant. The a priori hypothesis re-
garding chest EMG was supported with a
significant univariate result, F(2,14) =
6.58, p < 0.01. The Group univariate I's
for the remaining physiological variables
were all nonsignificant. Post-hoc analyses
revealed Lhat the HA panic group had
significantly higher chest EMG than both
the LA panic, F(1,14) = 6.83, p <0.02, and
control groups, F(1,14) = 11.58, p < 0.01.
The LA group did not differ significantly
from the control group on this measure.
In summary, heightened chest muscle ac-
tivily. was observed only in the panic dis-
order subjects who were also showing evi-
dence of anxiety and/or panic. The group
differences were independent of the CO;
manipulations. ' '

As-a further examination of possible
ventilatory differences, a separate one-
way ANOVA was conducted on the final
minule of each of the three CO, inhala-
lion phases. This minute represents the
period of maximal provocalion within

Psychosomatic Medicine 53:80-89 (1991)
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ISures each gas inhalation phase and (he best Bo_l_l T T T
itk approximalion of steady-state responding | Eanie ‘j;sg;g;{ f[’ﬂ
of six achieved in the study. None of the com- " o Conlrol Y
rate parisons was significant. i 6o .
vari- ' g 5 2
:UUHJ. 8 s ,/’/ N
hase, Psychologic Responses to Carbon o
Time "~ Dioxide - o T 7
IS‘?:; The modified BSQ and ACQ queslion- L 2or
si)- . naires were administered al the end Ol - |
?e egtl N the baseline and immediately after each ™ ~ o
co of the three carbon dioxide inhalation 30 -
e phases. A two way (Groups, Phases)
=g MANOVA performed on the total scores & | 1
| Sle of these questionnaires revealed signifi- & 20} \Wa ™
2:31, cant main effects for Groups (F(4,26) = @ | .
au.d 2.75, p < 0.05) and for Phases (F(6,82) = 8 T P
SRgl- 2.42, p<0.05). Insufficient degrees of free- < R e
S dom ruled out ¢alculation of the interac- i _ ‘”‘:j_g;_’___ |
tion effects. The Group univariate F for 0l T——==epo—— T T
] BSQ scores was significant, F(2,14) = 5.45, BASELINE. % % LN
i’“:: p <0.02, while the Group univariate F for CO, INHALATION
) = ACQ scores was IlGI:lSlgn_lflcant. Post-hoc Fig. 2. Body Sensation Questionnaire (BSQ) and
y F's al,lalyses revealed 51gn1f1cant BSQ scare Agoraphobic  Cognition Queslionnalire
bl differences between the HA Panic Group (ACQ) scores oblained at the end ofbaseline
QLGS and Controls, F(1,13) = 3.39, p <0.01. The and following each of the carbon dioxide
YSEs ' remaining comparisons were nonsignifi- .- inhalation phases: '
had cant. oy
both The Phase univariate F for BSQ scores
]aglld was significant, F(2,32) = 3.35, p < 0.05)
ntly while the Phase_ univaraie E for AC.Q baseline and 5% CO, were examined with
- scores was r_101151gn1flca_nt. As shown in regression analyses. For each phase, a sep-
ac: Figure 2, the three IO .ShOWEd s arate analysis was performed using BSQ
dis- cronse orup ehEngs inthelr BSQ. w2 scores and ACQ scores as the dependent
avi- f}"om basellnfa through to :‘?‘% COz- iniiela- variables, respectively. The independent
o tion. Following 5% CO, inhalation, Lhe vqriables,werechestEMG forehead EMG,
L‘Oij groups showed an increase in their BSQ n;inute ventilation, and i‘l@ElI‘t rate. The
} RORTNE, ' physiologic data used in these analyses
ble were obtained from the last minute of
ne- . . . ; ; baseline and of 5% CO, inhalation. The
nal Physx.o.logm Predlcto.rs of AD_XI,BW' results of these analyses are presented in
3]a- Cognitions, and Bodily Sensations Tables 3 and 4. The combination of chest
the The relalionships between the physio- EMG, forehead EMG, minute ventilation,
hin logic and subjeclive measures during and hearl rale yielded significant R2 for
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TADLE 3. Physiologle Prediclors of DSQ nind

ACQ Suoren Durlng Basollnn
Dependent Variables
Independent
Variables B5Q ACQ
Regression Coefficient
Chest EMG 0.55" 0.76t
Forehead EMG 1.59 0.28
Minule vent 4.96* 2.371*
Fleart rate 0.92* 0.26
* p < 0.05.
tp <0.001.

TABLE 4. Physiologic Predictors of BSQ and
. ..ACQ Scores Foliowing 5% CO2 Inhalalion___

Dependent Variables

Independent
Variables L AR
Regression Coelficient
Chesl EMG 1.26% 0.86¢
Forehead EMG 0.54 —0.36
Minule venl 0.24 1.29
Hearl rale 1.28 0.33
$+p<0.0l.
t p <0.001.

BSQ scores for both phases: baseline,
F(4,9) = 8.20, p < 0.005; 5% CO, inhala-
tion, F(4,9) = 5.53, p < 0.02. A similar
pattern emerged for the ACQ scores wilh
significant R2 emerging for both baseline,
F(4,9) = 18.18, p < 0.001, and 5% CO,
inhalation, F(4,9) = 38.18, p < 0.001. Chest
EMG accounted for significant variance
for BSQ and ACQ scores (p < 0.05) during
both phases. Minule ventilalion ac-
counted for significant variance associ-
ated with the BSQ and ACQ scores during
baseline (p < 0.05) but not during 5% CO,
inhalation. Hearl rate contributed signif-
icantly (p < 0.05) to baseline BSQ scores
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only. Tha contributions of forehead EMG
worn nonslgnificant,

DISCUSSION

Preliminary dala are presented indicat-
ing that heightened chest EMG activity
recorded from the region of the sternum
constitutes a physiologic component of
panic episodes and a slrong predictor of
panic-based somalic and cognitive symp-
toms. By dividing panic disorder subjects
on the basis of anxiety level, it was ob-
served that the heightened chest EMG

~activity was spécificto the panic subjects -

who experienced moderate to severe anx-
iety during the course of the study. The
EMG activily observed in the chest region
was nol matched by similar EMG aclivity
in the forehead. Hearl rate was variable
and not significantly different across the
groups. Minute ventilation group differ-
ences were nonsignificant. These findings
need to be interpreted with considerable
caution as the group sample sizes were
extremely small.

Group differences in chest EMG oc-
curred across all phases of the experi-
ment, including the initial baseline
period. The chest EMG measure was non-
responsive to the experimental proce-
dures as there was no increase from base-
line during the CO; inhalation phases. \We
cannot determine, from the available
data, whether the heightened chest EMG
aclivity was chronic in nature or specific
lo the experimental situalion. Other re-
searchers (10) have noted high anxiety
and physiological arousal in panic disor-
der patients during baseline periods of
provocation paradigms. We suspect that
the pulmonary laboratory setting proved
lo be highly anxiety provoking for the

Psychosomatic Medicine 53:80-89 (1991}
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more severe patienls, despite the use of
anlipanic instructions and reassurances,

The HA and LA panic disorder subjects,
although grouped on the basis of (heir
anxiety levels during the experimental
situation, also differed significantly on a
pre-experimental measure of lolal phobic
behavior and agoraphobic avoidance ac-
tivity. A hallmark clinical feature of ago-
raphobia is fear of situations that prevent
easy escape. Entering the pulmonary lab:
and having the physiologic' transducers
atlached certainly made a rapid or unnot-
iced exit difficult. Thus, the severity of
the condition may have prompled the
panic-related chest EMG aclivity ob-
served during the session.

In a review of the sodium ldctate infu-
sion literature, Margraf et al. (10) com-
mented that baseline differences in
arousal may explain why some subjects
panic to lactate infusion and other sub-
jects do not. The reviewers also suggested
that the baseline differences belween
panickers amd nonpanickoers may rolloc
acule anticipalory anxiely rather than
chronic differences in level, with the lac-
tate pushing inore highly aroused subjects
across a tolerance threshold. We propose,
in a similar fashion, that the HA panic
disorder subjects in Lhe present study
were initially exhibiting high levels of
anticipatory anxiety and panic-related so-
matic and cognilive symptoms. The ac-
companying chest EMG activily, within
this context, was likely a physiological
component of the developing panic at-
tack. Panic subjects who showed no anx-
iety exhibited low levels of chest EMG
activity and were very similar to the con-
trols on this measure.

Group differences in hearl rate wore
nonsignificanl. Other. invesligalors ()]
have observed a lack of relationship be-

Psychosomatic Medicine 53:80-89 (1991)

tween heart rate and subjective reports of
panic. The respiratory measure of minute
ventilation also failed, in the present
study, to slalistically differentiate the
panic groups and controls. Minute venti-
lation was predictive of somatic symp-
loms and cognilions associaled wilh panic
during baseline. However, there was no

evidence  for differences between the
groups ‘ini teriis 6f Tespuiisiven sss T
~ different levels of CO, inhalation. The use

of the 5-minute inhalation period may not
have been sufficient for all subjects to
have reached asymplolic levels of minute
ventilalion. In addition, the small number
of subjecls prevenis reaching a conclusion
thal there are no differences in CO, re-

sponses between panic patients and con- -

trols.

Given the diagnostic procedures used,
we cannot be certain that the present
findings are specific or unique to panic
disorder. The subject selection/diagnostic
procedure did not rule out the possibility
ol olther Axis I condilions. Such a possi-
bility would nol, however, change lhe
basic conclusion thal chest wall EMG ac-
livity is a component of panic anxiety.
The group differences in chesl wall EMG
activity were discernible in spite of the
fact that three of the six high anxious
subjects were receiving medications for
panic. It is possible that these medications
may have attenuated group differences in
the other physiological parameters.

Freeman and Nixon (11) proposed that
overuse and fatigue of the inlercostal
muscles is respansible for the chest symp-
toms experienced by panic sufferers. Sur-
face electrodes placed over the sternum
can pick up activity from pectoral and
paraslernal intercostal muscles. In normal
subjecls, pectoral muscles are used in res-
piration only for vigorous inspiratory ef-
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forts, such as when there is mechanical
impedance lo brealhing. The parasternal
intercostal muscles are used for inspira-
tion in normal quiet breathing, hut are
silonl in expirnlion (12, 13). Tha EMG
reported in this study was the trough of
the tiine-varying signal and corresponded
to end-expiration. The sustained EMG ac-
livity seen in expiration implies an in-
spiratory activity maintained throughout
the whale breathing cycle. That is, lthese
muscles are holding the chest, in a tonic
fashion, at a volume higher than its re-
laxed volume, plus making repealed in-
spiratory efforls to increase volume fur-

ther for each breath.-Such.aclixtit.y.w_m;l‘gl.r

be quite abnormal and serve no physio-

logical purpose and could polentially be

quite tiring.

Diologic models of panic are viewed by
an increasing number of invesligators as
too narrow and in need of expansion to
include both psychological and physiolag-
ical factors. It has been suggested that
biologic challenge tests, such as CO, in-
halation, rather than directly aclivaling
biologic panic sites, operate by eliciting
somatic sensations to which palients re-
spond with fear (2); i.e., carbon dioxide
challenge leading to bodily sensalions
that are perceived by panic sufferers as

frightening. Furthermore, this viewpoint

implies that such challenge tests produce
similar physiological responses in every-
one and it is the hypervigilance for ac-
companying somalic sensations which is
the significani determinant of panic. The

‘present findings indicate that there may

be a musculoskeletal substrate for some
of the sensations. Replication and eluci-
dalion of the chest wall EMG findings,
under conditions of threat and non-threal,
would add to our understanding of this
condition.
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SUMMARY

As a pilol investigation, the level of
EMG activity was measured from the ster-
num of panic disorder patients and con-
(rols who waere parlicipating in o Inrger
ventilatory study. All subjecls were ex-
posed to three concentrations of carbon
dioxide inhalation during a single session.
Chest muscle aclivity was recorded from
surface electrodes throughout the session.
Additional physiological measures re-

corded during the session included fore- -

head EMG, heart rate, and minute venti-
lation. Psychological data were obtained
prior to the laboralory session and across

the experimental-phases within the-ses-.:

sion.

Prior to conducting the main statistical
analyses, the panic disorder patients were
sub-grouped into High Anxious (HA) and
Low Anxious (LA) panic disorder groups
on the basis of their average anxiely
scores reporfed during the session. TIA
panic palients (n = 6) had signilicantly

“higher chest EMG activity than LA panic

palients (n = 3) and controls (n = 8) across
all phases of the study, including baseline.
The groups showed no differences in
terms of frontalis EMG aclivity. Group
differences on the heart rale and minule
ventilation measures were also nonsig-
nificant. A series of regression analyses
revealed that chest EMG aclivily pioved
to be the strongest physiologic prediclor
of somaltic and cognitive symptoms meas-
ured during baseline and in response to
5% CO, provocalion.

The findings, although very prelimi-
nary, were interpreled as support for
chest EMG activily as a physiologic com-
ponenl of the panic episode. The activity
is believed to be partially independent of
the respiratory cycle and may have par-
aintercostal and pectoralis muscle origins.

Psychosomatic Medicine 53:80-89 (1991)
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A randomized controlled trial of early amniotomy

WILLIAM D. FRASER, REG SAUVE,

I. JOHN PARBOOSINGH,

TAK FUNG, ROBERT SOKOL, DAVID PERSAUD

Abstract

Objecrive—To determine if a policy of early amniotomy resulted in a reduction
in mean labour duration when compared to a policy of conservation of the

membranes.

Design—A single-centre randomized controlled trial.
Setting—A tertiary care teaching hospital in Alberta, Canada.
Subjects—Ninety-seven term nulliparae in spontancous labour, baby in cephalic

presentation.
Intervention

Early amniotomy versus intent to keep membranes intact.

Muin outcome measures—Interval from randomization to delivery, rate of
abnormualities of fetal heart rate tracings, cord artery blood pH, Apgar scores.
Results—"The mean interval from randomization to delivery was 390-9 (SE 29-1)
min in the amniotomy group and 442-9 (SE 34-1) min in the control group
(£ =0-251). There were no differences between groups in the occurrence of
fetal heart rate tracing abnormalities, nor was there a difference in the propor-
tion of babics with abnormal Apgar scores, or abnormal cord pH (< 7-20).

Conclusion—The results of the study [ail to support the long held belief that

early amniolomy is an effective method for reducing labour duration.

Amniotomy was introduced to obstetric practice
by Kreis (1928) who, on the basis of data from
case series, arpued that it was an effective
method to prevent prolonged labour. Amnio-
tomy has recently been promoted as a compo-
nent of the active management of labour,
protocol designed to reduce both the duration of
labour and the occurrence of dystocia (O’Dris-
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coller af. 1984). The effects of amniotomy on the
duration of labour have not been adequately
assessed. The primary objective of this random-
ized trial of labour management was to deter-
mine the effectiveness of early amniotomy in
reducing the duration of labour. The cffeets of
the policy of membrane management on indi-
cators of fetal and nconatal status were also
assessed,

Subjects and methods

Subjeets were eligible il they met the following
criteria: nulliparous, spontancous labour, single
fetus in cephalic presentation, term pregnancy
(= 38 weeks), intact membranes, and a normal
fetal heart monitor (racing at admission. Exclu-
zion criteria were a history of genital herpes, the
presence ol proteinuria or hypertension, or a
cervicul dilatation of =5cm ot admission.
Demopgraphic information on eligible non-par-
ticipants was obtained from the hospital’s com-
puterized data base.

The study was approved by the University



Medical Ethics Committice and consent was
obtuined at the time of admission. A non-strat-
ificd randomization technique was employed
using the bluck method of Zelen (1974). A series
ol numbered, sculed, opague envelopes was pre-
pared containing allocation. Allocation was
luter verified against the master list. Women
with cervical dilatation of < 3 em were random-
ized when the fetal head was fixed in the pelvis
and the cervix had undergone a change in dilata-
tion after admission. Women with a cervical dila-
tation of 2 3 cm were randomized when the fetal
head was fixed in the pelvis.

Women in the amniotomy group underwent
the procedure as soon as possible while those in
the control group hied membranes conserved
unlessintervention was dictated by the judgment
of the treating physician. Amniotomy during
labour wus permissible in the control group if
there was a fetal heart rate abnormality, if there
had been un arrest of cervical dilatation for
Z2h, or when full dilatation was achiceved,
Physiciuns were requested not to augment
labour with oxytocin unless there had been an
arrest of cervical dilatation for =2 h. The fre-
quency and duration of post-randomization
electronic fetal monitoring was left to the treat-
ing physician. The time from randomization to
delivery was the outcome of interest,

Fetal heart rate tracings were later analyzed
by two trained observers who worked indepen-
dently and who were blinded to allocation, The
following definitions were used as guidelines in
the interpretation of the tracings. Bradycardia:
< HObpny; tuchyeardiu: = 160 bpm; deercased
variability: <35 bpm about baseline. Decelera-
tions were classified as (1) early= 10 bpm below
the baseline rate, onset within 20 s of the onset of
contraction, recovery to baseline rate within 20 s
of the end of the contraction; (2) late: repeated
decreases in fetal heart rate, onset > 205 after
onsct of contructions, recovery 1o baseline rute
>20s after end of contraction; (3) variable:
sharp decrease in rate from baseline and u vari-
able rclation to contractions. These were sub-
classified as (i) severe variable—one of the
following criteria had to be met: = 60 s duration;
= 60 bmp below baseline; u rate of < 60 bmp at
its lowest point; (ii) mild variable: = 15 bpm
below the baseline and 2 15 s duration but fail-
ing to meet the criteria for severe variable decel -
erations.  Variable-type decelerations  which
were <155  duration were disregarded.
Repeated variable decelerations were counted

RCT of eurly amniotomy 85

as separate events only if the fetal heart rate
returned to the baseline between decelerations.
A dichotomous (normal  versus
abnormal) was assigned to cach hour during
which atleast 10 min ol interpretable tracing was
obtained. The scgment of tracing was con-
sidered “abnormal’ if any of the following feu-
tures were noted: decrcased variability, severe
variable or late decelerations, baseline tachycar-
dia or bradyeardia. The proportion of
‘ubnormal’ hours was determined for both the
pre-randomization and  post-randomization
periods. For each hour of tracing, the two
observers were considered to agree on inter-
pretation if the difference between observers in
the total number of decelerations counted Tor
that hour was no more than one, and if there was
complete  agreement on the normality or
abnormality of the baseline fetal heart rate and
of its variability. There was agreement between
the obscrvers for 87-5% of the hours assessed.
When there were disagreements, the tracings
were reviewed by the two observers together
and a consensus on the interpretation of the trac-
ings was achicved for all hours.

Umbilical artery blood was collected in a
heparinized syringe by the delivery physician
and was analyzed on a Corning Blood Gas Ana-
lyzer within 30 min of delivery. The Apgar score
was assigned by the delivery room nurse or by a
member of the pacdiatric stafl, if one was pres-
ent at delivery.

The comparisons of group means were per-
formed using Student's i-test. The * test was
used for comparison o proportions, except
where the expected value for a cell was less than
5. In this case Fisher’s exact test was used. The
multiple lincar regression analyses used Minitab
(Ryan 1985). BMDP-2L (Hoplans 1985) was
used to apply Cox’s proportional hazards model
to the survival data. The power analysis was per-
formed using the statistical package Power
(1985).

oulcome

Results

The study was conducted at Foothills Hlospital, a
tertiary care teaching centre associated with the
University of Calgary, between Sept 11, 1987
and Sept 11, 988, O the 1503 nulliparous
women delivered during the study period, 278
(18%) were cligible to participate. The reasons
for ineligibility and their frequencics are shown
in Table 1. Of the 278 women eligible to partici-
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Talle 1. Reasons Tor exelusions in 1503 nulliparous
wamen delivered during the study period

N (%)
Total no. of women delivered 1503 (1on)
Total no, excluded
Reasons for exclusion: 1225 (81:5)
Spontaneous rupture of
membranes 373 (24-8)
Induction of labour 335 (22:3)
Cervical dilation = 5em
al admission 113 (7-5)
Mualpresentation 67 (4-5)
< 266 days gestation 157 (10-4)
Suspected fetal distress 52 (3-5)
Other (including med.
complication) 128 (8-5)
Total no. eligible 278 (18-5)

pate 97 (35%) entered the study. The reasons for
non-participation  of  cligible  women  were
patient refusal (44%), doctor refusal (5%} and
failure to offer participation by the nursing stalf
(16%). The mean gestational age at deiivery was
39.95 (SD 0-1) weeks [or non-participants and
40-0 (SD 0-1) weeks for participants. The mean
maternal age was 27-5 (SD 0-3) years for non-
participants and 26-7 (SD 0-6) years for partici-
pants. Oxytocin use for labour augmentation
was similar in the two groups (non-participants
27:6% ., participants 30-9%), as was the fre-
queney distribution ol the methods of delivery
(data for non-participants not shawn). A total of
1) women were randomized, 49 to the amnio-
tomy group and 31 to the control group. Eligible
patients did not change treatment groups after
randomization, regardless of the evolution of
their membrane status. Three women who did
not meet the eligibility criteria were randomized
in crror (1 breech, 2 inductions of labour), Of
(he 97 eligible women who wercirandomized, 47

were allocated to the amniatomy group and 50 to
the control group (conservation of the mem-
branes). As seen in Table 2, the mean prepreg-
nancy weight, the mean admission weight and
the mean birthweight were somewhat greater in
the amniotomy group than in the control group.
The groups were similar with respect to maternal
height education, and gestational age. The mean
cervical dilatation at admission was somewhat
less in the amniotomy group than in the control
group (Table 2). A similar proportion of women
in the two groups smoked during pregnancy,
altended prenatal classes, was accompaniced by a
significant other (usually the husband), and
claimed English as their mother tongue (data not
shown).

Ol the 47 women in the amniotomy group two
had a spontaneous rupture of the membrane
belore amniotomy. Of the 50 women in the con-
trol group 19 had an amniotomy before full dila-
tation. The indications for amniatomy in the
control group were labour augmentation (11),
and suspected fetal distress (8). The mean inter-
val fram labour onsel to rupture of the mem-
branes was 431 (SE 36) min in the amnioctomy
group and 592 (SE 37) min in the control group
(tysq = 3-13, P = 0:002). Figure | is an histogram
of the distribution of cervical dilatations at the
time of membrane rupture for the two groups.
Of the women in the control group 60%
achicved = 8 em cervical dilatation before mem-
branc rupture compared with only 2% in the
amniotomy group,

Filteen women in cach group had labour aug-
mented  with  oxytocin.  There were  cight
cacsarean scctions in the amniotomy group and
fourin the control group. Similar proportions of
women in cach group were delivered by low
[orceps or vacuum extractor (amniotomy 23%,
control 28%), and by mid-forceps (8% in each
group).

The mean interval from ndomization lo

Table 2. Maternal demographic data for study patients: amniolomy and control groups

Amniotomy (i = 47)

Control (1 = 50)

Mean (SE) Mean (SE)
Years ol education 13:3 (0-3) 14-3 (0-4)
Prepregnancy weight (ki) 6l-1 (1-75) 57:3 (7-1)
Admission weight (kg) 76-3 (1-7} 71-8 (1-0)
Height {em) 1648 ({19} 165-3 (UR))]
Birthweight (g) 34931 (73-01) 332241 (h4-0)
Gestational age (days) 2511 ((-R) 279.5 (1)
Cervical dilatation first exam (cm) 2-4 (0-02) 2:8 (0-02)
Ohmget of Tabour to randomization (min) 3u-n (310 3310 (28-0)
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delivery was 390-9 (SE 29-1) min in the amnio-
tomy group and 442-9 (SE 34-1) min in the con-
trol proup (t,, = 1-15, P=0251). A further
analysis of lubour duration was based on a sub-
group ol women who had vaginal deliveries, The
mean duration of labour and the sub-intervals of
labour for these women are displayed by treat-
ment group in Table 3. The interval from ran-
domization to full dilatation did not differ
significantly between the two groups.

The greuter meun values for maternal weight
at admission and birthweight and the lower
mean cervical dilitation at admission in the
amniotomy group could have biased toward
longer labours in that group. The relations
between these variables and the interval from
randomization to delivery in the women
delivered vaginally were investigated by
multiple linear regression (Tuble 4). The regres-
sion coefficients that are expressed for each vari-
able were obtained by entering that variable as
the last one in the regression equation. The
treatment policy of membrane management was
not a statistically significant predictor of the
duration of the interval.

To better deseribe the behaviour of the two
treatment groups with respect to the interval
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from randomization to delivery, survival curves
were created. For the purposes of this analysis,
the eritical event was defined as vaginal delivery.
Wonmen delivered by cuesarean section were
considered as censored following the procedure,
Cox's proportional hazards model was applied
to the data to control for differences in co-vari-
ates that could influence labour duration. The
variables included in the model along with their

- regression coefficients are shown in Table 5. A

positive coefficient indicates an increase in the
hazard lunetion and an inverse relation with sur-
vival (continuation in labour). "The graphic rep-
resentations of the adjusted estimates of the
survival functions are shown in Fig 2. Trial status
(amniotomy versus conservation of the mem-
branes) was not a statistically significant pre-
dictor of survival function, adjusting for
birthweight, cervical dilutation at admission and
maternal admission weight, .

With respect to maternal post-partum mor-
bidity, no women required blood transfusion.
One woman in the amniotomy group developed
a wound cellulitis after caesarean section and
was treated with oral antibiotics. No woman met
the study criteria for febrile morbidity (two epi-
sodes of fever > 38° C on two occasions, exclud-
ing the first 24 h after delivery).

Fifty five women in the amniotomy group and
47 women in the control group had post-ran-
domization fetal heart tracings. The mean dura-
tion of clectronic fetal monitoring was similar in
the two treatment groups (amniotomy: 7-73
SE 0-47 h; cantrol: 8:57, SE 0-48 h). Concerning
the dichotomous fetal heart rate tracing out-
come, the mean proportion of hours during
which the tracings were ‘abnormal’ was similar
in the two groups (post-rundomization: amnio-
tomy: mean (41, SE 0-05; control mean (.44,
SE 0.04; ¢ = 0-5(), P = (-620).

The two treatment groups were similar with
respect to the frequency of early, mild variable,
severe variable and late decelaration during the
pre-randomizution period. The mean hourly

Table 3. Duration of labour (minutes) in women delivered vaginally in the amniotomy and cantrol groups

Amniotomy (n = 39)

Control (n = 406)

Mean (SE) Mean (SE) t df P
Ounscl-delivery (min) 776 (52) 763 (48) 0-21 83 {-842
Onset-admission (min) 2 (26) 192 (an (321 83 0-842
Adinission tinndusation Cnany [u2 {2uy 119 N 1:37 ki SR s
Rundumization o full dilutation (min) 311 (2u) 36 (310 0)-82 83 0-422
Second stage (min) 72 (9 75 (6) ():24 83 0-807
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Table 4. Multiple lincar regression examining several variables for effect on interval from randomization to

delivery in the women delivered vaginally

Repression

Variahle cocllivient -ritlin I
Constant 2047
X1

Birthweight 014 2-88 0-005"
x2

Cervical dilatation at admission —39.10 —-1.71 0-091
X3

Maternal admission weight —2-64 -(-98 (-332
X4

Trial status (0 = control,

| = amniotomy) —80-10 -1-67 (099

Interval (randomization to delivery) = 2647 + U-14(X1) — 39-1 (X2) — 2-64 (X3) — 8O- 10 (X4)

*Significant at the alpha = 0:01 level

rates of the four types of deceleration during the
post-randomization periud are shown in Table 6.
There were no statistically significant differences
between the two groups in the rates of deceler-
ation after randomization.

The results of the variables which are indi-
catars Tor condition at birth are summarized in
Table 7. The proportions of babies with a [-min
Apgar score of <6 and a 5-min Apgar score of
< 8 did not differ significantly between the two
groups. Umbilical artery blood pH was
measured in 42 of the 47 babies born in the
amniotomy group and in 47 of the 30 babies born
in the control group. No statistically sipnificant
difference was found between the two groups in
the proportion of infunts with pH < 7-20. The
mean cord artery pH was 7-234 (SE 0:07) in the
amniotomy group and 7-256 (SE(-08) in the
control group. Six infants in cach group were
provided with assisted ventilation at bieth. Neo-
natal cephalohacmatoma was considered pres-
ent i the diagnosis was recorded in the bahy’s
chart by the treating physician. This occurred in
one infant in the control group who was born by

mid-forceps after a prolonged second stage.
There was no abnormality noted on skull x-raw.
This infant was cared for in the normal nursery
and was discharged from  hospital  without
further complications. All babies left hospital
alive and in good condition.

Discussion

Several controlled studies which assess the effect
of amniotomy on labour duration have been
reported. Schwarcz & Caldeyro-Barcia (1982)
reported a multi-centre study of 1124 nullipa-
rous and multiparous women. The mean dura-
tion of the active phase of labour (5 cm to full
dilatation) was 165 min in women who had an
amniotomy compared with 213 min in a control
group (P < 0-001, effect size = 0:77). Thisstudy
suffers  from methodological problems  as
recently reviewed by Keirse (1989). A smaller
randomized trial by Stewart er af. (1982) found
mean labour duration (admission ta full dilata-
tion) to be 4-9 h in the experimental group and
7-0h in the control group (P <002, cllect

Table 5. Analysis using Cox's praportional hazards model o assess the effects of variables on survival function

Variahle Coellicient Coelficient/SI3 P
Xl

Birthweight =0-001 —-2-476 0-013*
X2

Cervical dilatation at admission 0118 1-158 (-2468
X3

Maternal admission weight 0-012 1-005 0-3188
X4

Trial status (0 = control, (3-231 (-960 0-337

* Signilicant at the alpha = 0-05 level.
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