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CARDIAC ARRHYTHMIAS IN EXPERIMENTAL SYNCOPE

Fifty young, apparently healthy aviation cadets in preflight training were evaluate !
with regard to syncope. Thirty percent of these subjects admitted thar cthey had expe-
rienced previous, undisclosed syncope, when they wete not in fear of detection of removul
from the training program, Twenty-one of the cadets experienced experimental synco
during the syncope procedures. Cardiac arthythmia was frequently associsied with the
syncopal episode and cardiac acchythmia was frequently induced by respiratory mancuvers
without syncope. Intravenous administration of atropine apés_aremly prevented recurrence

Si

of cardiac arthythmia induced by respiratory mancuvers.

was also noted in simple orthostatic syncope.

Loss of consciousness presents a serious
problem in modern aviation and in critical
areas of indutrry. Syncope is commonly seen at
the blood ban¥, during inoculations, in the den-
tist’s chair, «ad during moments o. stress. Al-
though it often occurs, little intormation is
available conceming the likelihood of its re-
currence in any individual or its actual rela-
tionship to experimental syncope. It is common
practice to study the problem of syncope with
orthostatic measures utilizing the tilt-table or
eliciting well-known reflexes such as the re-
flex resulting from carotid sinus massage.

Interest in this problem began with the dis-
covery of significant cardiac arrhythmias oc-
curring with simple respiratory maneuvers (1,
2). Some of these were associated witk syn-
cope. The respiratory system must make con:
stant adaptations to changes in the environment
associared with flight and altitude exposure,
This facet of information as related to syncope
seemed worthy of further exploration. Eighty-
two apparently healthy persons who were en-
gaged in flying activity and who had experi-
enced syncope were studied, 55 of these with
special procedures (3}. It was impressive to
note the number of cardiac arrhythmias that
occurced in this series and 1t was equallv
impressive to note the relation of cardiac
arthythmias (o the experimental production of
syncope. Of the group studied by experimental
pruceduses, breathing maneuvers such as breath-

Received for publication on 4 August 1948,

gnificant cardiac arthythmia

halding at the height of inspiration and breath-
holding following hyperventilation were most
rewarding in illustrating the relation of cardiac
arthythmia to syncope. ln the previous study,
all the subjects evalusted had admitted to epi-
sodes of syncope, thereby placing their future
flying careers in jeopardy. It was felc that it
would be informative to study, by a similar
battery of tests, a group of young flying per
sonnel who had previously denied having
experienced syncope. This would also provids
an opportunity to more carefully cvaluate the
role of atropine both in creating and in pre-
venting syncope in such a group. Atropine was
used in only a few instances in the previous
study.

METHODS AND MATERIALS

Fifty healthy cadets in prefligist traming
were brought to the School of Aviation Medicine
for syncope evaluation. They werc volunteers
who were told only that they would serve as
experimental subjecrs fer tests at the School of
Aviation Medicine. The nature and purpose of
tests were not disclosed in advance. As an in-
centive, each subject was guaranteed extra
time off from duty. The cadets represented a
relatively young age group. Their ages ranged
from 19 years to 27 years, the average being
21.1 years.

All of these individuals hal been previously
examined and all had deried previous syncopal
episodes in order to gain admittance to the
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Aviatios Cadet Flying Truining Piogram. They
were subjected to a batte:y of special proce-
dures to test the cardiovascular system. This
included observation of the patient’'s blood
pressure, pulse, symptoms, and signs at rest
and on a tilt-table. The subjects performed
breathing maneuvers which included: (1) breath-
holding at the height of maximum inspiration
without bearing down; (2) proienged breath-
holding; (3) hyperventiiation; and (4) breatk-
holding following  hyperventilation. These
maneuscrs were repeated with the subject in
the standing 2nd in the recumben: positions.
The carotid sinuses weite massaged for 15 sec-
onds and the subject underwent a I5-minute
orthostatic tolerance test on the tilt-table,
Following these procedures, the subject re-
ceived atropine, grain Y%,, and the respiratory
mapeuvers were repeated.

Each subject vas identified by a number
which he had drawn from a hat. He was assured
that no actempt would be made to identify the
number with his name. He was then avked wo
report whether he had truly had any syncopal
episodes in the past and what the circum-
stances surrounding these were. The purpose
of this was to detect, if possible, the number
of individuals entering a flying training pro-
gram who intentionally suppressed information
relative to previous syacopal episodes in order
to be accepted.

RESULTS

One of the most interesting facets of this
study was leaming the true incidence of syn-
cope in such a group. Of the 50 aviation ca-
dets, 15 admitted to previous undisclosed
syacope.

During the experimental procadures, 21 of the
subjects had one or more syncopal episodes,
or near enough to syncope to stop the precipi-
tating cause. Of the group having experimental
syncope, 15 had significant cardiac arrhythmias
associated with the syncopal episode. Two of
the subjects having cardiac arrhythmias asso-
ciated with syncope also had a sigrificant drop
in blood pressure at the onset of the arrhythmia.
In 7 subjects, breath-holding produced syncope
with arrhychmia. One subject had syacope with
arthythmia  secondary to breath-hoiding fol-
lowinig hyperventilation. In § subjezts, carotid
sinus stimulacion produced arrhythmia asso-

ciated with syncope. Five of the 15 subjects
had syncope associated with arrhythmia due to
orthostatic influences. This group represented
all cases of syncope due to orthostatic influ-
ences. The apparent discrepancy in numbers is
due to the fact that a few subjects had syncope
from more than one precipitating factor.

Syncope may occur with breathing maneuvers
in the absence of apparent significant cardiac
arthythmia. There were 11 subjects in all who
had syncope with breath-holding maneuvers and
an additional subject whe had syncope with
breath-holding following hyperveatilation. Often
the syncopal episode occurred during the re-
covery phase after breath-nolding. The true
i» cidence of syncopal episodes which might be
precipitated by such breathing maneuvers is
slightly higher than this, as those individuals
who had strong orthostatic influences wesa
sometimes exempted from the remainder of the
experimental protocoi.. This proceduse was
followed because ‘hese individuals coula not
be properly evaluated concerning their response
to specific stimuli. In 7 of the 21 subjects,
syncope could be induced with carctid sinus
massage (5 associated with cardiac arrhythmia
and 4 without arrhythmia). Svicope commonly
occurred after, rather than during, massage.
In 5 of the subjects syncope could be induced
by orthostatic influences (all 5 were associated
with arrhychmia).

Of the 15 cadets who admitted havii, had
syncopal episodes which they had not previ-
ously disclosed, 7 developed experimental
syncope during the procedure. This, of coutse,
means that 8 other subjects who had previous
clinical syncope had no syncopal episodes
during ihe experimental procedures. Fourteen
subjects who experienced synccpe under ex-
perimentai conditions denied any previous epi-
sode of clin‘cal syncope.

None «f the i:cidints of syncope in this
series were induced by having the subjects
holding the breath at the heighc of inspiration,
All syncopal episodes secoadary to breathing
maneuvers were due to prolonged breath-holding
and/or breath-holding {following a period of
hyperventilation. Breath-holding following hy-
perven:ilation commonly produc~d eifects simi-
lar to those caused by proionged breath-holding.
Therzfore, it is listed in a separate category
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only when it alone, az an additional stress
mechanicm, induced a syncopal episode.

Of the S0 subjects vndergoing the experimen-
tal syncope procedures, 37 demonstrated some
form of cardiac arthythmis. In 22 instances, the
cardiac arrhythmia occurred without subsequent
syncope. More than one form of stress was
capable of producing arrhythmiz in a number of
the individuals. in 26 subjects, cardiac arrhyth-
mia of some type could be induced by breath-
holding and by breath-hoiding following hyper-
ventilation. ln 2 additionai cases, cardiac
archythmia was induced onli by breath-holding
foliowing hyperventilation. Twenty-eight of the
cadets had some form of cardiac arrhychmia
following one of the respiratory maneuvers.
Eight cadets demonstrated cardiac arrhythmias
followiay carotid sinus massage. Five cadets
developed cardiac arrhythmia associated with
orthostatic stress. It is interesting to note that
of the 7 subjects who had a previous clinical
episode of syncope as well as having syncope
during the experimental routine, 6 had syncope
secondary to breath-holding and 1 subject ex-
perienced it because of orthostatic influences.

In 30 instances in which a cardiac arthychmia
was induced by respiratory maneuvers, atropine
was administered. Following adequate atropini-
zation (approximately 6 minutes after intrave-
noue iniection of grain %, of atropine), cardiac
arthythmias were not induced by any of the
respiratory maneuver ..

A very brief summary of the findings in the
individcal cases is presented in table 1.

DISCUSSION

The incidence of syncope in this giono of
cadets beginning :lying training sugp2sts that
the reported low incidence of syncope in ca-
dets is entirely fictitious and represents a
suppression of information by the cadet appli-
cants in order to be admitted to - .e program. If
a similarly high incidence of -:yncof: should
exist in all ¢ the individuals accepted for pre-
flight traizin,_ it mey be assumed that between
18 and 42 percent of all pilots beginning flying
training kave alrealy experienced some form of
clinical syncope.' Nesdless to say, a large

3The observed proportion of 32 percent is a sample estimere
of the tree proportion in the total popalation of pilois beginning
flying traising. As surh, it is subjert 7o sampling variation,
Usiag « confideace interval of 2, 1t can be expected that thete
is oaly | cheace in 20 that the wwe pecportion haviag sa epi-
scde of syacape lies below 18 21 above 42 percent.

5%-16

pescentage of these individuals complete their
flving naining and carry out to completion a
useful tiying career.

The relatively high incideace of syncope in
a normal aviation cadet preflight group is a
strong argument against the concept that syn-
cope itself presents an  uaderlying disease
state. It is difficult to assume that 30 percent
of our highly selected, apparently healthy
young men have an underlying disease process
or disease complex which might prove ha.ard-
ous tc a career in flying o1 in crucial industry.

In this series, it was impressive to note the
high iucidence of cardiac arrhythmias asso-
ciated with »ynccpal episodes, Cardiac arrhyth-
mias appeared to be important even in the
presence of experimental orthostatic syncope.
While it had been previously noted that cardiac
arthythmias were important in syncope induced
by respiratory maneuvers (2), this finding in
orthostatic syncope suggests their imporance
in other forms of syncope as well (figs. 1 and
2). Subjects 5, 17, 31, 35, and 47 demonstrated
significant cardiac arrhythmia in association
with their syncopal episodes.

in cases Hf syncope induced by carotid sinus
massage, both cardiac arrhythmias and vaso-
depressor response were commonly presented
(fig. 3).

The respiratory maneuvers presented the
largest number and the largest variety of car-
diac arrhythimias. Passive rhythms, including
atrial rhy'hm, A-V dissociztion with nodal
thychm, and lower nodal rhythm were commonly
noted (figs. 4 and 5). One episode of nodal
techycardia was slso observed (fig. 6).

In some incinces cardiac arrhythinas were
distinctly obvious as the majo: facior precipi-
rating a syncopal episode. In the preseace of
cardiac >rrest with no cardire beat, no alter-
native explanation seems fvasible. In hose
cardiac arthythmias which resuhied in marked
depression of the cardiac raw, it might be as-
sumed that the accompanying cardiac arthyth-
mia in the presence of other ractors was
sufficient to create syncope. In the event that
any de:ree of vasodepressor syncope is present
with peripheral arteriolar dilutation, progressive
depression of the cardiac rate further compro-
mises cerdiac output. This, in turn, ~»a be
expected to lead to cerebral ischemia and in-
duce a syncopal episone. As inldicated in
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Clinical study of 50 aviation cadets

Age
(ye:n)

Clinics! history

Experimental findings

e A bt e

20

ty
+

23

23

20
0

20

Noae.

Syncope following
tilateral carotid
occlusion and syn-
cope 3 hours fol-
lowing immunization.

None.

None.

At age 13 he fainted
after breaking his
finger.

Noae.

None.

None.

Syncope at age 12
indu -ed by chest
squueze duiizg
beeath-holding fol-
lowing a period of
bypetvendlation.

Breath-holding caused a shift of the pacemaker to an atrial focus.
Subsequent to atropinization,® breath-holding failed to produce a
shift in cardisc pacemake..

Breath-holding csused a shift in the pacemaker to an arrial focus.
Once precipitated, other tespiratory maneuvers could produce s
shift in the pacemaker. Two atrial premature contractions were
noted. Following atropinization, ro arthythmia was noted.

Breath-holding resulred in sinus beadycardia. Carotid sinus mas-
sage caused marked slowing to 38 beats per minute associated
with a near syncopal episode. Two niinutes following carotid
sinus massage, the thythm changedy nodal thychm, then to
nomma: <inus thythm, then to A-V dissociation. Hyperventilation
followed by breath-holding induced atrial rhychm. Following
atropinization no changes in pacemaker or cardiac thythm could
be induced.

No findings.

During bascline studies, when first placed on a cile-table the sub-
ject expenenced 3 seconds of asystole followed by escape, fol-
lowed by another 6-seccad period of asystole and escape. After
tecurrent episodes of asystle, the patient developed nodal
thythm, and syncope occurred.

Immediately following left carotid sinus massage, the patient felt
weak and faint. Two minutes later he developed a period of
asystole followed by syncope. Asystole was terminaced by ven-
tricvlar escape beac, a short pericd of atrial flucter, and, finally,
resumption of norinal sinus thythm. Following beeath-holding, A-V
dissociation wit: nodal thythm occurred. Following atmpinization
20 arthythmia could be elicited by breathing maneuvers.

No findings.

Followiag prolong=d bresth-holding, there was a change in the PR
interval to 0.08 second with uptight T-waves in all [eads. Fol-
lowing atrepinization breath-holding produced no changes from
normal sinus thyehm.

Prolonged breath-holding caused change to an atrial focus. At the
height of inspiration with breath-holding, there was a period of
second-degree A-V block. Prolonged breath-holding was followed
by episodes of second-degree A-V block and syncope. Following
stropini xation beesth-holdirg produced no changes kom normal
siaus rhythm.

i e T o T S b




TABLE 1 (Contd.)

Cligical history

Experimeatal findings

&. ject

No, (y:l‘:t)
10 20
11 20
12 22
13 21
14 20
i3 22

16 21

17 19

At age 18 he had
syncope during a
chest squeeze in
full inspiratson fol-
lowing hyperven-
tilation.

None.

None.

Age 16. He had been
sitting with his
feet up on the stove;
ke got up, yawne.!,
and passed out,
None,

At age 0, k¢ had
syncop ~<wocisted

with oy,  ~tatic
hyperten w.
None.
None.

Breath-holding caused a shift to an atrial focus and atrial thythm.
Breawn-holding following hyperventilation induced one ventricular
premature contraction. Following adequate atropinization, no
arthythmias could be induced by breathing maneuvers.

Folinwing breath-holding, atrial thythm appeared. Following atro-
pinization no arthythmia could be induced,

Following beeath-holding there was a shift in the pacemaker to an
atrisl focus followed b bradycariia which persisted for 2% min-
utes, then A- dissociation, nodal rthythm, and syncope. Following
atropinization no arrhythmia cold be induced by beeariung
maneuvers.

Breach-tnlding cuused a shift in the pacem. :er w0 a secondary awial
focus.

Righe carotid sinu.: massage cased a change in the pacemaker to a
secondary site. Tr:o minutes fcllowing massage, the patient had a
near syncopal episode. Breath-holding cvused a shift in the pace-
maker tc a secondary atrial focus. Following atropinization no
arrhythmia could be induced by breathing maneavers.

Or release of breath following prolonged breath-holding, one ventric- .

ular premature contraction was noted. During hyperventilation, one
veatricular prematurity was noted and after tilt to the horizonza!
position, one atrial premature contrection cccurred. Folléwing e~
quate atropinization zo arrthythmias were notcd.

Right carotid sinus r .:sage caused a change in the pacer :ter o a
secondary atriui focus. Following }weath-ho! ling, acrial thythm and
srial fusion beat: were nored. Breath-holding after hyperventilation
pr xduced an aeriaf thythm with second-degree A-V block, sad A-V
«issociation with syncope. Breath-holding with the patient in the
recumbent position also pro.iuced acrial thyehm. Following atropini-
zation, breath-holding nroduced no changes from normal sinus thythm.

Wich the parient first placed on the rile-table ro obtain baseline blood
pressutes mnd studies, A-V dissociation with nodal rhythm ociurred
snd was sssocisted with syncope.
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TABLE I (Contd.)
&xa (’:"'.) Clinical hiseory Expertimencal findings
18 21 Syncope at age 18. Breath-holding following hyperventilation caused a drop in blood
He bad influenz:. peessure with progressive slowing of the cardiac rate and
and bad been syncupe.
marching in the ’
sun.
19 20 Syncope at 8 years Following prolonged breath-holding ther= was A-V dissocistion and
of age following nodal thytm (rate 40/min.), followed by syacope. Following
an injection, stropinization, beesth-holding produced no changes from normal
sinus thyths..
20 23 None, Breath-holding caused s shift in the pacemaker to a secondary atrial
’ focus. Folle. '~ 3 atropinization, breath-holding produced no
changes from ~orms! sinus rhythm. :

21 21 None. Breath-holding produced aa immediate slowing of the pacemaker and :

a changs to an atrial thythm, This was successively repested with
| breath-holding. Foilowing atrop.nization, breath-holding produced
no changes from nurmal sinus thythm.

22 2 Nose. Occasional ventricular premature contractions throughout study.

3 21 Noae, Breath-holding resulted in a shift in the pacemaker to a secondary .
serial focus. Following awopinization, breath-holding produced no !
changes from normal sinus thythm.

, U 21 None. No findings.

25 20 None. Bresth-hoiding caused a shift in the pacemaker to 2 secondary site.

Following atropinization, breath-holding produced no changes from
. niurmal sinus rhythm.

% 20 Noae, Lefe carotid sinus massage was followed by sinus arrest with nodal
escape beat, Breach-holding caused sinus bradycardis with A-V
block and nodal escape associated with a drop in blood pressure
and syncope. Thereafter every breath-holding episode could cause
8 change in the pacemaker 2o an atrial focus. Following atropin-
ization, dissociation and changes in the pacemaker were noted.
After sdequate time for complete atropinization, the patient
entered a normal sinus chythm which persisted despice bresthing
mageuvers.

27 22 None. Breath-holding resulted in a shift in the pacemaker to & secondary
strial focus. Following awopinizstion, breath-holding produced no
chaages from normal sinus rhydhm.

28 21 None. During breath-holding the patient developed A-V dissociation, fele
wesk, but recovered. Following atropinization, breath-holding
produced no changes from normal sinus chychm.

6
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TABLE I (Contd.)

h.:.“ (’Ae‘.:‘) Clinical history Experimental findiags

29 21 None. No findings.

30 26 Noae. Breath-holding resulted in a shift in the pacemaker to & secondary
site in the acria. Following atropinization, shifts in the pace-
maker could not be induced.

None. Breath-holding was associated with cardiac slowing and in the
recovery period, A-V dissocistion and nodal thythm occurred, the
cardiac rate dropping © 44 beats per minute, Syncope resulted.
The patient rested in the recumbent position and was then tilted
to the vertical position. This resulted in progressive cardiac
slowing, & short period of asystole followed by nodal escape and
syncope. Awopinizacion was not followed sufficiently long for
evaluation of atropine effect.

None. No findings.

None.

At 16 and 17
years the pati nt
bad episodes of

syncope following
long periods of

reading ot watching
television.

None,

None.

None.

Breath-holding resulted in cardiac slowing, A-V dissociation, nodal
thythm. Breath-holding following hypetventilation resulted in lower i
nodai thythm, A-V dissocistion. Following atropinization, breath-
holding produced no changes from normal sinus thythm.

Breath-holding after hyperventilation resulted in a shift in the pace-
maker to secondary atrial focus. This was also noted with breach-
holding without hyperventilation. Following atrepinization, breath- i
holding produced no changes from normal sinu« thy thm. ;

.

At che onset of tne baseline studies with the patient first assuming
the position on the tilt-table, there was a shift in the pacemaker to
nodal thythm followed by a 5-second period of asystole and syncope
After the recovery period, breath-holding would produce A-V dis-
sociation and nodal rhythm. Near syncope occurred during the re-
covery period following breath-holding. After atropinization,
normal sinus rhycthm developed and no further arthythmias or
syncope could be induced.

W W 0 W

One minute following right carotid sinus massage there was a sinus
brady cardia followgd by a shife in the pacemaker to an atrial, then
nodal, focus, associated with a near syncopal episode. Following
recovery, heeath-holding alone was associated with marked cardiac
slowing and near syncope. Following atropinization, breath-
holding preduced no changes from nomal sinus rhythm.

No findings.
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TABLE 1 (Contd.)

TR TIETY

A e—— - e

s‘:’;" (y:f: o) Clinical history Experimental findings
38 23 Noae. Following right carotid sinus massage, there was a marked drecrease
in blood pressure with sinus bradycardia (rate 47/min.) and
syncope.

39 21 Syncope occusred Breath-holding resulted in cardiac slewing with shift in the pacemaker
while donating t a secondary atrial site. During prolonged breath-holding, there
blood. was a 2-second period of asystole associated with matked decrease

in blood pressure and nesr syncope. Following atropinization,
beeath-holding produced no changes from normal sinus rhythm.

40 Y. Syncope occurred Breath-holding resulted in two atrial premature contractions. Breath-
following injection holding following hyperventilation resulted in A-V dissociation,
of novocain, nodal rhychn, and occasional acrial premacure contractions. Fol-

lowing atropinization, breath-holding produced no changes from
normal sinus thythm.

41 7 Syncope induced by | Breath-holding resulted in A-V dissociation with nodal rhythm.
blowing against his | Breath-holding following hyperventilation again resulted in A-V
chumb following a dissociation with nodal thychm. Upon expiration, nodal cachycar
period of hyper- dia ensued associaced with a near syncopal episode. Following
ventilation. arropinization, breath-holding produced no changes from normal

sinus rhythm.

42 22 None. Breath-holding resulted in a shift in the pacemaker to a secondary

acrial focus. Following acropinization, breadh-holding produced
) no changes from normal sinus thythm.

43 20 None. Breath-holding resulted in A-V dissociation and ni.dal rhythm.
Following atropini zation, breath-holding produced no changes
from normal sinus rhythm.

4“4 2 None. Left carotid sinus massage resulted in cardiac slowing with a
shift in the pacemaker to a secondary focus, atrial thythn, nodal
beat, and asystole followed by syncope. Thereafter repeated
episodes cf breath-holding resulted in shift of the pacemaker to
a secondary arrial focus with acrial thythm, A-V dissociation,
und nodal thythm. Following atropini zation, breath-holding
produced no changes from no.mal sinus rhythm.

45 21 None. Two minutes following right carotid sinus massage, first-degree

A-V block occurred followed by second-degree A-V block, with
an 8-second period of no ventricular response followed by -
syncope.

46 2 "*Qelf-initinted”’ On every occasion immsediarely after release of breath, the patient
syncope. developed A-V dissociation with block. This did not recur fol-

lowing administration of atropine.
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TABLE I (Comd.)
g [
(yeess) Cliaical history Expetimental findings

47 19 Syncope at age 14 At the onset of baseline studies when the patient first assumed the

while iaceration position on a tile-table, A-V dissociation with nodal thythm oc-
was being sutured curred followed by syncope. Forty-one seconds following right
and, on snodher carotid sinus massage, there was a period of asyswle followed
occasion, following] by syncope. Breath-hoiding was not done in this instance.
venipuncture.

48 21 Noane. Breath-holding resulted in s shift of the pacemaker to secondary
atrial focus. Thirty seconds after left cwotid sinus massage, ther~
was marked cardiac slowing with nodal thythm aad syncope. There-
after beemth-holding produced nodal shythe with syncope. Fol-
lowing atropinization, breath-holding produced no changes from
somal zious rthythm.

49 21 Nome. No findings.

50 19 Syacope at the No findings.

13, mile mark
while running &
2-mile race.

*Frequent wrbythming (c.4., A-V disseciation) were asted inmediaely aler he injectios nf stapine, due © the isidal stropise effect
All aaseuvers & test full sreopini zation were performed ot § misutes of more aftes intravesons administration in order o awid confusing early

wansitery effects of awepise with she syscape proceduses.

a previous paper (3), the respiratory reflexes
which origiaste from stretch receptors within
the luags stimulate che same effereat reflex
pathways cthat are stimulated by the carotid
sisus affereat nerves. Thus, one should expect
both wasodepressor aad cardizc arrhythmia
responses whea the respiratory stretch reflex
is stimulated. In this series, the cardiac ar
thythmias seem to be a major factor.

Another interesting finding was that cardiac
acthythmias were mot induced in aay case by
respiratory meaeuvers following the adminis-
tration of atropine. This strongly suggests that
adequate atropinization provides a protective
mochaniim against the development of cardiac
artiiythmias by mress procedures. It follows
that previous experimentation which has wuti-
lized orthomatic tests with the concomitant
administration of atropine has protected the
experimental subject from demonstrating cardiac
arhythmias (4, 5). It seems that not only may
sropine act to procduce syacope by cre~ing
visceral pooling, but it may also prevent sya-
cope by abolishing vagal reflexes which cause
cardiac inhibition #nd result ir. cardiac srrhyth-

aia. The intravenous administration of atropine
warded off impending syacopal episodes oa
several occasions in subjects of this series.

One might ask what role shifts in electrolytes
might have played ia the cardiac arthythmias
precipitated by respirstory mancuvers. It is
pertinent to poiat ouc that cardiac arthythmias
were induced in subjects by prolonged breath-
holding and also by breath-holding at the height
of inspirstion following hyperventilation. In the
former instance with prolonged breath-holding,
catbon dioxide retention should result in a
tendency toward respiratory acidosis. In the
latter instance, hyperventilation should tend
toward respiratory alkalosis. Regardless of
these two extremes in the assumed change ia
electrolyte pattern, cardiac arrhytnmia was
induced.

A point of some interest in this series was
the absence of syncope occurring immediately
with breath-kolding at the height of inspiration.
Two subjects in the previously reported series
of syncope patients (3) did presen: this finding.

The subjects of the current study are not
entirely comparable to those previously studied
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FIGURE 2

The top strip demonstrates baseline lead I

ining tracing

the recumber:t position. The rema
g tilted to upright (90°) position. §

n

Subject 35

inus arrest with nodal
m is demonstrated. This occurred at the onset of baseline studies to begin the

m

inuous lead Il within 3 minutes after bei

escape and slow nodal rhvih

is a cont

.

procedures.
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FIGURE 3

A. Subject 6: Continuous lead Il demonstrates period of cardiac arrest terminated by escape beats and
iranstory atrial flutter. This episode occurred 2 minutes after carotid stnus massage with the patient
standing on the tilt-table (90°).

) B. Subject 6: Continuous lead Il after tilting to the horizontal position demonstrates atrial thythm. The
second strip shows atrial thythm with A-V dissociation. Note inverted P-wave just emerging before the
last ORS event.
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FIGURF 4

A. Subject 9: A-V block occurs just at the height of inspiration and onset of breath-holding

B. Subject 9: More persistent second degree A-V block during prolonged breath-holding.
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T

C. Subject 10: Continuous lead 1l demornstrates a change in the pacemaker occurring with breath-bolding,

D. Subject 3: Lead lll demonstrates atrial thythm and A-V block precipitated by breath-holding following
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Continuous lead Il demonstrates onset

of nodal rhythm with breath-holding.
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FIGURE 6

Subject 41: Lead 1l demonstrates nodal rhythm and burst of nodal tachycardia induced by breath-holding after

byperventilation.

as they obviously represent a somewhat younger
age group. It is well known that differences
in vagotonia occur with different age groups.
Marked sinus arrhythmia is more prone to occur
in the younger individual. Whether this is a
significant difference in the two groups studied
to date is not known.

It is apparent from the study of this small
group of aviation cadets that the incidence of
clinical syncope in cadet applicants is consid-
erably higher than has been previously sup-
posed. Much needs to be done before any
statement can be made concerning selection
technics to predict the future occurrence of
syncope in any individual. It is highly signif-
icant that 14 individuals who presented exper-
imamtal syncope by currently used procedures
had app+r 1ily never experienced syncope on
any other occasion. On the other hand, subjects
who had previously experienced svacope could
not be identified by usc of these experimental
procedures. Arn individual may be temporarily

syncope-prone (e.g., as a result of recent ex-
cessive rapid weight loss) and not be syncope-
prone subsequently.

CONCLUSION

Fifty young, apparently healthy aviation
cadets in preflight training were evaluated with
regard to syncope. Thirty percent of these sub-
jects admitted that they had experienced previ-
ous, undisclosed syncope, when they were not
in fear of detection or removal from the training
program. Twenty-<ne of the cadets expericnced
expcrimental syncope during the syncope proce-
dures. Cardiac arrhythimia was frequently asso-
ciated ‘with the syncopai episode and cardiac
arthythmia was frequently induced by respira-
tory mancuvers without syncope. Intravenous
administration of at.opine apparently preventea
recurrence  of cardiac arrhythmia 1nduced by
respiratory  mancuvers.  Significant  cardiac
arthythmia was also noted in sumple orthostatic
syncope.
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