On the Phenomenon of Sudden Death
in Animals and Man
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O0DOO” DEATH—that is the titleof a
paper published in 1942 by Walier Cannon.!
1t contains many instances of mysterious, sud-
den, apparently psychogenic death, from all
pars of the world, A Brazilian Indian con-
denined and sentenced by a so-called medivine
man, i5 helpless against his own emotionzl
response to this proncuncement—and  dies
within bours. In Africa a y‘nun% Neg,r,o an-
knowingly eats the nviolubly bunped wild
hen. On discovery of his "erime” he tembles,
is overcome by fear, and dics in 24 hours. In
MNew Zealand a Maori woman eats froit that
she only later learns has come from a tabooed
place. Her chief has been profaned. By noon
of the next day she is dead. In Australiv &
wilch doctoe points a bone at 2 man. Believing
that nothing can suve him, the mun rapid.l}'
sinks in spitits and prepares to die. e s
saved only at the last moment when the witch
doctor is Forced to remove the charm. B Her-
bert Basedow in his book The Auvstralian
Abarigtual® wrote in 1525:

The man who discovers thae he is being boned
by an coemy s, indeed, @ pitiahle sighe. He
stands aghast with his eyes staning at the treach-
erous pointer, and with his hands lifled try ward
off the lethal medium, which he imagmes Is
pouring inte his bady. His cheeks blanch, and
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his eyes Lerome plassy, snd the expression of
his face bucomes homibly distorted. Fle artemprs
to shriek bue usnally the sound chokes in his
tienat, and all that one might see is froth at his
mouth, His bady begins 1o memble and his mus-
tles twitch involuntarily. He sways backward
and falls to the ground, and after a short ime
appears to be in a swoon. Il fnally composes
htmself, goes to his hut and there (rets o death,

Cannon made a thoraugh search of Teports
from many prmitive socletes before bie con-
vinced himself of the existencs of woadoo
deaths. He concluded:

. the phenomenon is characterigtivally
noted among aborigines—among human beings
S0 primitive, so superstitions, so ignodane, that
they feel themselves bewildered strangers in a
hossle world. Tnstead of knowledge, they have
fertile and wnrestricted imaginations which
their environment with »ll manner of evil spitits
capalile of wfueting their lives disastrously . . .

Having, after a painstaking gearch of the
literature, convineed himselF of the reality of
this phenomenon, Canpon next addressed
himself to the question "TTow can an ominous
und persistent stale of fcar end the life of
man?” ‘To answer this question he had e
eourse to his experimental obscrvations on
rage and [ear in cas. He believed that while
rage is associated with the instinet to attack
and foer with the fnstinct ro fles, these two
emotions have similar effects ou the hedy,
Thus, when either of these instincts is aroused
the same clemental pars of the nervous sys-
tem and endocring apparatus are brought into
action, the sympathicoadeenal system.

If these powerful emotions prevail, end the
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bodily forces are fully mobilized for action, and
if this state of extreme perturbation continues
in uncontrolled possession of the organism for
any considerable period, without the occurrence
of action, dire results may ensue.

Thus, according to Cannon, death would
result as a consequence of the state of shack
produced by the continuous outpouring of
adrenalin. Voodooed individuals would, there-
fore, be expected to breathe very rapidly, have
a rapid pulse, and show a hemoconcentration
resulting from loss of fluids from the blood to
the tissues. The heart would beat faster and
faster, gradually leading to a state of constant
contraction and, ultimately, to death in systale.

Cannon expressed the hope that anyone
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having the opportunity to observe an indi-
vidual in the throes of voodoo influence would
make observations on respiratory and pulse
rates, concentration of the blood, etc., to test
this theory.

I bring this up here not because I have
had opportunity to examine human victims—
I have not—but because I have observed what
may be a similar phenomenon in rats and
because our studies may throw light on the
underlying mechanisms of sudden unexplained
death in man, not only in voodoo cultures.
We are still actively at work on the problem
and consequently this communication must
be considered simply as a report of work in
progrcss.

Fig. 1. Glass swimming jars, water jets, cold and hot water
faucets, pressure gauge, and pressure regulator.
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As so often happens, this phenomenon was
discovered accidentally, as it were, during the
course of other experiments, The fiust obser-
vation was made with Dr. Gordon Kennedy
in 1953 while studying the sodium metal-
olism of rats on very high salt diets. To deter-
mine the amount of sodium excreted, three
animals on a diet containing 35 per cent NaCl
were kept in metaholism cages over large glass
Funnels. The urine was eollected in 2 cylinder.
To prevent contamination of the urine with
this salt-rich food, the food-cup in each cage
was placed at the vnd of o passageway, as [ar
as possible from the neck of (he funncl; how-
cver, despitc our precautions, Food was sdl]
dragoed over the funnel, apparenily on the
whiskers or hair of the snout. [n a Turther
aempt to Trevent this contamination the
whiskers and hair were trimmed away with
electric clippers. One of the three rats ar once
began to bebave in a very peculiar manner,
incessantly pushing its snout into the corners
of the cuge or inm the fmd-cup with a rork-
screw mption. Although before the clipping
procedure it had seemed entirely normal, cight
heurs abterwards il was dead.

This observation was tecalfed a year or owo
later, while we were studving differences in
the response to stress of wild and domesticated
MNorway rars. For these studics we measured
endurance by means of swimming survival
times, wsing specially designed tanks—glass
L‘y]i.ndm’s 30 inches deep, standing inside glass
jars 8 inches in diameter and 30 inches in
depth (Fig. 1. A jet of water of anv desired
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temperature playing into the center of each
eylinder precluded the animals’ doating, while
the collar of the cylinder iwself prevented
escape. The study was started with observa-
tions un our domesticated rats. Figure 2 shows
the relalionship between swimming time
(drowning) and water temperature. The or-
dinates show average (7 rats at each point}
swimming time in homrs, and the abscissas
water temperature n degrees Faheenheit As
can be seen, the avorage survival times were
directly related o the emperature of the
water; thus, the swimming times runged [rom
115 minutes at 63-73° F, w 6o hours ar
95° F., tp 20 minutes at rog”.

The signibicance of this average curve was
greatly veduoced by the marked varietions in
imdividual $wimming times. At all tempera-
tures, a small number of rars died within 510
minutes after immersion, while in some in-
stances others apparently no more healthy,
swam a5 long as 81 hours. 'The eliminarion of
1these h,rge variatipns presented a real 'prob-
lem, which for some time we could nat solve.
Then the solution came From #n unexpected
source—the finding of the phenomenon of
sudden death, which constitutes the main
topic of this commumication. On one occasion
while T was watching rats swim it occurred o
me to investigawe the effeet of trimming the
rat’s whiskers on its performance I water.
Would a rat swimming without whiskers show
the peculiar behavior of the ariginal rat in the
metabolism cage?

Our chservations were started with Lwelve,
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tame, domesticated rats. Using electric clip-
pers, the whiskers and hair of the facial area
were trimmed before the animals were placed
in water at 95° F., a temperature at which
most intact, control rats swim 6o to 8o hours.
The first rat swam around excitedly on the
surface for a very short time, then dove to
the bottom, where it began to swim around
nosing its way along the glass wall. Without
coming to the surface a single time, it died
2 minutes after entering the tank. Two more
of the twelve domesticated rats tested died in
much the same way; however, the remaining 9
swam 40 to 60 hours.

Five of 6 hybrid rats, crosses between wild
and domesticated rats, similarly treated, died
in a very brief time. We then tested 34 clipped
wild rats, all recently trapped. These animals
are characteristically Rerce, aggressive, and
suspicious; they are constantly on the alert for
any avenue of escape and react very strongly
to any form of restraint in captivity. All 34
died in 1-15 minutes after immersion in the
ars.

? From the results we concluded that trim-
ming the rats’ whiskers, destroying possibl

their most important means of contact wit

the outside world, seemed disturbing enough,
especially to wild rats, to cause their deaths.
However, when we began analyzing the vari-
ous steps involved in transferring the fierce,
wild rats from their cages to the water jars
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without the use of any anesthetic, it became
obvious that a number of other factors had
to be taken into account. To evaluate the
relative importance of these factors, it became
necessary to follow the rats from the time they
left their cages until they finally died at the
bottom of the swimming jars.

Figure 3A shows the type of metal cage
used for the wild rats. The bevelled end con-
tains a hinged door, the flat end a sliding door.
Figure 3B shows the black opaque bag used
for catching and holding the rat. The open
end is held over the sliding door at the Hat
end of the cage. When the sliding door is
opened, the rat sees the dark opening—an
avenue of escape—and usually within seconds,
almost “shoots” in. The instant the rat is out
of the cage its retreat is cut off by a rod
pressed down across the mouth of the bag as
shown in Fig. 3C. Figures 3D and E show
how, by means of the rod, the rat is then
pushed into the end of the bag, where it is
firmly but gently prevented from turning. The
head is located by palpation and is held be-
tween the thumb and fngers, with care not
to exert any pressure on the neck, while the
body is held in the palm of the hand. Over
2000 rats have been held in this way, and
none has ever made an attempt to bite through
the bag. The rat is then lifted and the black
cloth is peeled back exposing its head and
body. (See Fig. 3F.) Held in this way the rat

Fig. 3. Various steps involved in transferring wild rat from holding cage to black bag.
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can neither bite nor escape; its whiskers can
be trimmed, it can he injected, or it can be
dropped diroctly into a swimming jar.

Thus, in evaluating the possible causes of
the prompe death of the wild ras in this ex-
periment, account st be taken of the fol:
lewing fuctors:

1. Beaction of the rat w confinement in

the holding bag.

2. Reaction to being leld in the cxperi-
menter'’s band, while being prevented
from hiting or escaping.

5. DPeripheral and cerebral vascular reac-
tons to being held in an uprighe posi-
tion. ('I'lie upighr postyre is reported
to be latal to wild rabbits, )%

4. Peripheral and cevebralvasenlar reactions
to passible unavoidable pressure on the
carodicl sinus, carotid body, or larmx
cxerted by the tips of the forchnger and
thumb in helding the rat. (Pralonged
pressure on the carotid sinus cen pro-
duce syncope angl even death in man a5
well as animals through s effect on
vascular and respirawney mechanisms. )t
Bicaction to the process of being clipped.
Reaction 0 confinement in swimming
jar, with no avenue of escape.

7- Reaction of the clipped rats to a new
siwation, determined hy the loss of
stimulation from whiskers.

8. Despiratwy reaction tp jrvmersion in
water. (Diving produces marked slow-
ing i heart vate.)’

a. Peripheral and cerebral vasenlar reactions
to immersion i water at a tempéeraluce
of g3° F. (lmmersion in water of this
temperature codld produce 8 marked
dmp in pressure, Iesu]ting in cerehal
fnemia. )

1o, Vascular reaction to neardy upright
Swjmrni‘ng posture. (Similar to, but pre-
sumably more narked than in Na. 3.3

Ar present it appeats that of all these [ac-
tors, two are the most important: [the restrain
invelved in holding the wild rsats, thus sud-
denly and hnally abolishing all hope of escape;
and the confmement in the glass jar, Farther
eliminating all chance of escape and ar the
same time threatening them with immnediate

fakdd
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d.rob\min@Scrme of the wild rats died simply
while being held in the hand; some even died
whent pul inte the water ditectly From their
living cages, without ever being held. The com-
bination of both maneuvers killed 3 far higher
percentage. When in addition the whis
were tiimmed, all normal wild rats tested so
Far have died. Tha'd:t'rimmjng of the whiskers
thus proved to playa contributory, rather than
ah essental, rolefﬂ?

Whar kills these rats? [Why do all of the
ferce, apgressive, wild Tats die promptly on
immersion after clipping, and only a small
number of the similarly treated tame domesti-
cated ra!s_?7 .

QOn the hasis ol Cannon's conclusions and
under the influence of the curment thinking
about the importance of the paet played by
the adeenals and the sympathetic nervons sys-
tem in cmodonal seates, and especially under
stress, we nalurally looked Erst of all lor Sgns
of sympathetic siimolation, especially for
tachycardia and death in systole. Accordingly
we were frst interested in measuring the
heart rate.

Electrocardiographic records were taken by
means of electrodes consisting of shove pieces
of sharpened copper wire, each with a very
fine insulated wire soldered to the blunt end.
The pointed copper wires were dipped into
electrode jelly and inserted under the skin of
the two hind legs and one foreleg. They were
inserted up the legs and the counecting wircs
were hent back up wver the lr:gs. A piece of
plastic adhesive tape wrapped around the leg
held 1he clevtrode and wire in place, inswing
that a lorce exerted on the connecting wire
would pull the electrode Fucther under the
skin rather than disledge it. The connecting
WIS Wore brm_lght mge:thec over the gnimal's
back. In this way the tat cauld swim wichows
getting itsell entangled. Surprisingly, records
taken under water were indistinguishable from
those taken in air.

Conirary to our expectatiom, the EKG
records indicaled that the rats succumbing
prompily died with a slowing of the heart
zate racher than with an aceeleration. Figure 4
shows portions of the underwater EKG rererd
typical of a rat dying Pmmptly after immer-
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Fig. 4. Part of electeoeardiogram on wild rat raken a Few minutes alter the
rat's impnersion in the water jar

ston. Terminally, slowing of respiration and
lowering of body temperature were also ob-
served. Ulltimately the heart stoppeil in dias-
tole aficr having shown a steady gradual
dececase in rate. s expected, autnpsy revealed
a large heart distended with blood. These find-
ings indicute that the tats may lave died &
socalled vagus death, which is the result of
overstimulution of the parasympatheric rather
than of the symparhicaadrenal systen.

Tt should be pointed our that the frst re-
sponse 10 stress, whether that of vestraine in
the hand or confinement in the water jars,
was often an accelerated heart rate; only sul
sequently, with prolongation of the steess sic-
uation, wis this ollowed by slowing. In some
rats the latter vesponse developed - very
promptly, in othees not for a few minutes,

The lollowing sddirfmal facts are in agree-
ment with such a preliminary foanulation:
(12 pretreatment with atroping prevented dhe
prompt death of 3 out of 25 clipped wild rats,
By increasing the dose or by varving the
interval between the jnjections and the test
it might have been possible lo achieve a
higher survival rate; (2) domesticated rams
injected with definitely sublethal amounts of
cholinergic drugs (morphine, physostigmine,
mecholy[), ie, of parasympatielic stimulants,
died within a few minutes alter being put
in the swimming jars. Thus, one-tenth of the
LD 50 of morphine sufficed to bring out the
sudden death vesponse in these raws, in effect

climinating rhis distinclion between domesti-
caled and wild raes; (37 so Lar a1l the adrenal-
eckomized wild ras reseed still showed sudden-
death wsponse, indicating that the deaths were
not due 1o an overwhelming supply of adren-
alin. Thyreideetomy likewise did not pre-
vent the appearance of the sudden-death
phenmacron.

@'he situaticn of these rats scan:e]y seems
one demanding Flght ar ﬂ.ig]:lt—it is vather ane
of hopelessness; whether they are restrained
in the hand or comfined in the swimming Jar,
the rats are in a situation against which they
have no defense. This reaction of hopelessness
is shown by some wild rats very soon after
heing erasped in the hand and prevented from
moving; they seem litceally to "give up.”

Support lor the assumption that the sudden-
death phenomencn depends largely on emo-
tional reactions to restraint or immersion cumes
from the observation that after elimination of
the hopelessness the rats de not die. This js
achicyed by TEpL:ate;dly holding ihe rats brieﬂ}.'
and then freeing thes, and by immersing
them in waler For a few minutes on several
aecasions, In this way the rats quickly learn
that the sitvation is not actually hopeless;
thereafter they again become upgressive, try to
escape. and show no signs of giving up. Wild
rats so conditioned swim just as long as domes-
tic rats or longer.

Anather ohservation worthy of record con-
cerns the remarksble spred of recovery of
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which these animals are capable. Once freed
from restraint in the hand or confinement in
the glass jers, a rat that quite surely would
have died in apother minute or two becomes
rmrma“}r active am] aggressive in 01]]}-‘ a few
minutes. Thus, in order to measure the maxi-
mum swWilmming bme, we now try to [ree the
tas of all emotivnal reactions o restraint or
confinement by successively exposing them to
tlse situations and Frecing them several times
beforchand., In this way we have succeeded
in eliminating most of the individual varia-
tions apd are now chraining quite constant,
teproducible, endurance records for Loth
domesticated and wild rats.

It is intercsting that a Few wild rats have
alsn been protected by pretreatment with
ehlorpromazine, without other “conditioning.”

That the wild rats as compared to the
domesticated Tats scem much more susceptible
ta this type of death wonld suggest that []1E_y
have a higher vagus tone. In agreement with
this thought are the well-known observations
that wagus tone i higher in healthy, vigomous
individuals than in weaker ones; also that
vagus tone is higher in wild than in domesti-
cated animals in gencral ®

Other wild animals—rabbits, shvews, and
pigeons—as well as some domesticated animals
—ewes—are known w show a sudden-death
response; whether of the same kind as we have
described here js not known at present.

How can these results be applied toward
the understanding of the voodne-death re-
sponse in man? Apparently the “boned”
victim, like the wild rat, is not set For fight or
fight, but similarly seems resigned Lo his fate
—his situation seems to him quitc hopeless.
For this reason we believe that the humm
victims—like our rats—may well die a para-
sympathetic tather than a sympathicoadrenal
death, as Cannon postulated.

Like the wild rat, primitive man, when
freed from voodoa, is said to reeever almest
instantancously, even though he had recently
seemed more dead than alive. These abserva-
tions suggest that the sudden-death phename-
non may be a one-time occurrence both in rats
and man—in any parficular circumstances,

VOL. XI¥, NO. 3, 1957
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ending either in death or in immunity from
this particular kind of deach.iin human beings
as well as in rats we see the possibility that
hopelessness and death may result from the
effects of a combinalion of reactions, all of
which may operate in the same direction, and
increase the \'ugul tone.

There is the further suggestion that the
incidente of this tesponsc varics inversely as
the degree of civilization, or domestication, of
the individual, since it ocours more frequently
in wild chan in domesticared rats ancl so Fac
(:e‘rtain]y has been described c]:liell}-‘ in primi-
tive man, that is to say, in ereatures living in
precarious situations.

However, some physiciaps believe that this
phenomenen exdsts alsa In our culture. Thus,
according to Cannon, Dr. J. M. T, Finney, the
well-known surgeon at the Johns Hopkins
Hospital, apparenily believed in i, since he
absolwiely would not operate on any palient
who showed a sirong fear of operation. Many
instances are at hand of sudden death from
Fright, sight of bload, hypadermic injectians,
ot from sodden fmmemion in water.

During the war 2 considerable number of
unaccountable deaths were reported among
soldiees in the armed forces in this country,
These men died when they apparently were
in good health. At antopsy no pathology eould
be observed.?

OF interest here also is thar, according to
Dr. R. 8. Fisher, Coroner of the Ciey of Balti-
more, a number of individuals die each vear
after taking smali, definitely sublethal doses
of poison, ar after inflicting small, nonlethal
wounds on themselves, apparent]y they die as
a resulr of the helief in iheir doem,

Summary

A phenomenon of sudden death has been
described that oceurs I man, rats, and many
pther animals '.appar(‘nl}y as 2 result of ]mpe-
lessness; this seems to involve averactivity
primarily of the par:lsymlnilhctic systemn. In
this instance as in many others, the ideas
of Walter Capnon opened up a new area of
interesting, exciting research.
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International Congress of Child Psychiatry

Preliminary Announcement

The next Intemational Congress of Child Psychiaty will take place in Lishon in
the summer of 1958. The present tentative plins are to hold the mecting on June 16
to June 21, 1o§8. The gencral theme of the Congress will ke “Psychological Problems
of Children from 6 0 10 Years.” Quilines af propused contributions should be sub-

mitted before June 30, 1957 to:

Mrs, Evizasnmyg E. Irvive, Secretary-(eneral
Intematienal Association for Child Psychiatry and Allied Professions
14 Belsize Square, London, N.W.3, England.
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