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Krogu (1) divides the terrestrial lung-bearing animals into two physm«
logie groups, viz., those which respire by diffusion and those which em3
ploy mechdmcal 1esp11at10n By the term diffusion respiration, as use
by Iu()vh, is meant gas-exchange between the atmosphere and lung
alveoli in the absence of 111ythm1cally recurring differences in the bau>=r
wmetrie pressures of these two areas, i.e., in the absence of respiratorﬁ
movements of the chest. It does not, of course, include the gas ex8
change taking plaCL between the blood and the alveolar gases, althoug
this phase of respiration is also recognized as a diffusion process (2)0
On the other hand, in mechanical respiration the gas exchange is thb
result of dxﬁereuces recurring rhythmically between the barometrm
pressures of the lllfldpllllll()lldl\ sases and the outside atmosphere{:
Mechanical respiration is by far the more efficient and is recognized ag
one of the conditions essential for the attainment by terrestrial vertes
brates of a large or even medium size, combined with a high rate o
metabolism. The evidence presented in this paper, however, shows thag
under certain artificial conditions, the anesthetized dog can obtain, fo§
a limited period, sufficient oxygen for its metabolic requirements thlou ]?n
diffusion alone.

‘We wish to emphasxze at this point that diffusion respiration, in thg
sense that the term is used in this paper, does not involve the applicatiod
of an external force with the object of producing a difference betwcelg ’
the barometric pressures of the atmosphere and intrapulmonary gasesp
For this reason, it is fundamentally different from the mechanical ty p@
of respiration produced by the use of bellows (3), streams of air undeR
pressure (4), and so forth. Diffusion respiration is distinguished frong
mere breath-holding by the fact that the latter does not involve gas exg
change with the dtmosphcle e

Behnke and his associates (9, 6), during a study of the cffect of tou&
atmospheres of oxygen upon certain of the constituents of the blood, 01)::
served that the blood of one of their dogs in apnea remained well oxys
genated for thirty-three minutes. The phenomenon was explained u:s?

* From the Department of Physiology and Pharmacology, Sehool of Medicine, Umversng

of Colorado, Denver, Colorado. N
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due to diffusion respiration, but no evidence other than the maintenanctg
of blood oxygenation was offered in proof. When, however, consideras
tion is given to the fact that abnormal amounts of oxygen were presenﬁ
within the lungs at the time of respiratory arrest, that high pressureg
of oxvgen (7) and toxic alveolar levels of carbon dioxide (8) subqtan;
tially diminish the consumption of oxygen and also that, at four atmos=
pheres of pressure, significant amounts of oxygen may have dlffusexf
into the blood through the mucous membranes, the maintenance of blood
oxygenation during a thirty-three minute period of apnea cannot, of®
ltself be regarded as concluswel; proving the existence of dlffusml%
respiration. Nevertheless, in view of the favorable experimental condlh
tions employed (see below), there is no doubt that diffusion rcsplratlom
actually did take place during the experiment they deseribe. 8
Our attention was first dlrected to diffusion respiration when wé
observed, during the resuscitation of dogs from respiratory arrest prog
duced by pentothal sodium,® that artificial respiration could be suss
pended for periods up to one-half hour without noticeable mterferenc&
with oxygenation, provided there was a high concentration of oxygen i1s
the respiratory tract and a mouth hook was in position delivering 1
liters of oxygen per minute. Under the proper condmons, this metho
of assuring oxygenation during respiratory arrest is qmte eﬂ’ectlvev
We have used it to the exclusion of artificial respiration in nearly 10&
routine resuscitations from overdoses of pentothal sodium. The phe\
nomenon seemed worthy of further investigation.

PRrOCEDURE

11509/292/Ef

The experiments were conducted in Denver where the barometrig
pressure averages 630 mm. of mercury. Dogs were employed. Anesg
thesia was mduced by an-intravenous injection of 2.5 per cent pentothzri
sodinm and the animal was made to breathe pure oxygen for a few min?
utes in order to replace the nitrogen in the respiratory tract with oxy}g
ven. A sensitive and balanced spirometer, filled with oxygen and fitted
with a soda-lime chamber, was then connected to a cannula securely tie
in the trachea, and the injection of the anesthetic was continued bg
means of a variable speed mechanical injector until the respiratiof
ceased. In order to prevent the resumption of spontanecus breathing;
it was necessary to administer substantial amounts of the uneithetl&
continuously throughout the period of respiratory arrest.

ExperiMENTAL RESuLTs

uo jsanb Aq

Figure 1 is representative of 18 similar experiments. It records the
oxyeen uptake and blood pressure during two periods of resplratmg
arrest produced by overdosage of pentothal sodium. In the first perio &

* A generous supply of pentothal sedium was furnished through tb(- eonrtesy of J. ]%
Bichin, M.D., of the Abbott Laboratories.
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during the interval marked on the graph ‘“surgical anesthesia,’” an aver3

age respiratory minute rate of 19 and minute volume of 3420 cec. wasS
accompanied by the uptake of 145 cc. of oxygen per minute. During thef
next three and six-tenths minutes (x to a), the anesthesia was pushedy
through the toxic stage and a steady decline in the respiratory rate and®
volume resulted. Oxygen uptake, however, was well maintained an
averaged 133 ce. per minute. Throughout the toxic stage and for th('\
subsequent period of respiratory arrest, the color of the dog’s tongued
remained good until point ¢‘b’’ was reached when, as indicated, slwhlse
(yanosn appeared During the eleven minutes of arrested 1espn atlom
(a to b) the oxygen uptake averaged 108 cc. per minute. This is eqmva:r
lent to 74.5 per cent of the uptake during surgical anesthesia and 810
per cent of that during toxic anesthesia. The blood pressure valueg
which was maintained during surgical anesthesia at 125 mm. of mercury3
fell as the toxic stage developed and reached a level of 47 mm. of meri‘g
cury during the perxod of respiratory arrest. The extent of this fall 1113
hlood pressure is probably a reflection of the deep level of anesthesu%
required to maintain respiratory arrest and of the accumulation of car»<
hon dioxide to a toxic level. Coincident with the development of anora
cmia, however, the blood pressure level rose, the heart slowed and th@
pulse pressure, as measured by a mercury manometer, was greatl"é
increased. &
Shortly after the appearance of cyanosis, breathing was spontanes
ously resumed in spite of the continued injection of anesthetic. Be~
cause, however, cyanosis still persisted, the injection of the anesthetuﬁ
was stopped and the animal allowed to recover. After a delay of fourg
teen minutes to permit the relief of the anoxemia, the injection of anesg
thetic was resumed with the prompt reappearance of respiratory arresto
For the first five minutes of the second period of respiratory arrest th@
oxygen uptake continued mueh as it did during the first period, but later—‘
presumably because the circulation was slowmg, the uptake began t%
diminish and cyanosis reappeared.
At point ¢“d”’ the circulation failed completely and there was arp
abrupt cessation of oxygen uptake. This portion of the graph is o
particular interest because it depicts the gradual onset of clrculator@
failure and the final stasis through the resulting changes in oxygen ups
take. The graph also illustrates two characteristics of pentothal so¥
dium anesthesia which we have observed many times. During the ﬁréE
period of respiratory arrest (a to b) which lasted eleven minutes, a furé
ther 6.3 cc of 2.5 per cent pentothal sodium solution was injected into S
20 Kg. dog. In spite of this massive overdose and the resulting prod
longed respiratory arrest, the circulation remained adequate for th€
survival of the animal. This indicates that pentothal sodium exlublt;sJ
an impressive margin between the doses required to produce respiratorss
arrest and failure of the circulation provided oxygenation is good. On
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the other hand, we have often observed that this margin may be nmclg
reduced in the presence of anoxemia. In barbiturate anesthesia, anoxg
emia is a particularly powerful stimulus to the respiratory center (9§
and, as shown by the reappearance of respiration at point “‘b,”’ it mag
1esu1t in spontaneous respiration in spite of gross overdosage. The ung
wary anesthetist, therefore, who relies too b]mdly upon respiration ag

an indication of the depth of anesthesia may be seriously misled. '3
oy
7]

o

15}

Fie. 2. Experiment 17. Dog, weight 15.25 Kg. Anesthesia, pentothal sodium 2.5 ]no
cent. The space between cach horizontal line of dots represents 35.1 ce. of oxygen at 760 mng
of mereury and 27 C. or 1.0 ¢m. of water pressure. Time intervals, fifteen seconds. Uppe8
tracing made by a water manometer recording the pressure changes within the spiroantcE
hell. Lower tracing is the spirometer record. Spirometer filled with oxygen and fitted with,
a soda-lime chamber. Upstroke, inspiration. The long downward strokes indicate refilling o&
the spirometer bell with oxygen.

nb Aq

In another series of experiments the spirometer bell was prevented
from falling during respiratory arrest by a mechanical device, and thg
pressure changes which developed within the bell were measured witls
a water manometer. Figure 2, obtained from one of these experiments?
shows that as soon as the bell is seized, the pressure within the spiroms;
cter (10 the intrapulmonary pressure) progressively falls. At ﬁst
the fall is rapid, but later, with the onset of circulatory fdxluxe, it bed
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comes slower. In this particular experiment the negative pressurg
reached a maximum of 10 em. of water before the heart stopped. Iﬁ-
other experiments, it was shown by means of appropriate appurutua
that, with the development of ne«ratue intrapulmonary pressure, thE—
chest becomes markedly contracted and the negative intrapleural preﬁg
sure is greater. The development of a substantial degree of negative
pressure within the respiratory tract during rcspuutorv arrest is cleat
proof that the oxygen loss recorded by the spirometer in figure 1 is noﬁ
caused by leaks or other faults of 'lppar-ltUs

Discussiox

Feyolon|is ze!

In figure 1 oxygen is shown to leave the splrmnot(- and enter the

lungs of a dog in respiratory arrest at a rate which is sufficient to maing
tain oxygenation of the blood. What force is responsible for this phes
nomenon? We offer the following explanation: 3

The oxygenation of reduced hemovlobm as it passes through thér
alveolar caplllanes lowers the oxygen tension and total gas pressure
within the alveolar cavity. This in turn résults in diffusion of ‘18
equivalent amount of oxygen from the spirometer into the lungs. QIN
multaneously, the excreted earbon dioxide, under the influence of tha

tall in ifs tension gradient, diffuses outward along the respiratory paqe
sages toward the soda hme. Thus, the fall in the tension gradients o&
these two gases is in opposite directions and the effect is to ventilate thes
lungs. Tho primary foree at work is the chemieal affinity of oxygen foﬂ;
the reduced hemoglobin which is in transit through the alveolar capilg
laries. Slowing of the circulation proportionately reduces the rate ofd
oxygen uptake, and, with stasis, uptake abruptly ecases. Z

In this series of experiments a spirometer and soda-lime chambe
were used because we wished to obtain quantitative data on the uptakﬂE
of oxygen. The tubing used to connect the tracheal cannula to the soda®
lime chamber, however, constitutes an extension of the animal’s tmcheﬁ
and <ul)<t.mt1al]v inereases the distance the exereted carbon dm\ld(g
inust diffuse hefore it is fixed. This has the effect of retarding the (‘<o

-ape of carbon dioxide and may have heen largely responsible for tluo
fact that, in this type of experiment, we were not able to prolong dlﬁ'uc
sion respiration beyond fifteen minutes.

Conditions become more favorable for the eseape of earbon (lm\ulw
when a mouth hook which permits 10 liters of oxygen to flow per mmutca
is used to maintain a high concentration of oxygen at the glottis. Alg
though we have obtained prolonged survival in numerous e‘:perlment‘o
of this type, the results are not presented as conclusive evidence fom
diffusion respiration because there is a possibility that the trachea may
have been foreibly ventilated to some extent by the stream of ow\'velg
entering the pharynx. The uptake of oxygen under these cu‘oumo
stances, however, must have been due, in I.xr're part, to diffusion (sec“

Sau
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o
protocol Exper. 5) and experiments of this type are significant for thg
field of resuscitation. As mentioned, we now use this method routlne]%
for resusecitation from overdoses of pentothal sodium.

In order to exclude the possibility of foreible ventilation of the tr&
chea, e\perlments with diffusion respiration were conducted in an ox@-

gen chamber in which the atmosphere remained practically still.
protocol of one of these experiments is presented below:

Exper. 4 (Series C). Dog, weight 6.8-Keg.
Anesthesia—pentothal sodium 2 per cent.

9:40 AM.

10:00 AL

10:10 A.M.
10:13 AD.

10:43 ADM.

11:09 AM.

11:24 AM.

11:26 AN
11:28 AM.
11:34 A.M.
12:02 P.M.

l1s"zese//:difsp U

Anesthesia induced by the injection of 6.0 ec. of 2 per ce@t
pentothal sodium. Tracheal cannula inserted in order &
insure a patent airway. TInjection cannula tied in vein arfl
pneumograph adjusted to record respiration. A WindoS'
permitted constant observation of the animal.

Dog placed in oxygen chamber. Twelve liters of oxyg%x
per minute admitted into the chamber throughout the 23
penment The animal was permitted to breathe for tig
ensuing thirteen minutes in order to replace the mtror'tg;
in the respiratory tract with oxygen.
Anesthesia deepened. Bl
Spontaneous respiration ceased and the first period of dlﬁ
fusion respiration begun. The color of the tongue \hg.
bright pink throughout this period and the pulse was slo&
and strong. A total of 5.0 ce. of anesthetic solution was nas
jected at intervals during this period.

After thirty minutes of respnatox v arrest, the animal “zg
removed from the chamber in order to obtain a sample @
alveolar air, but on compression of the chest, spontaneous
respiration was reflexly ploduced and the sample was cos
taminated with atmospheric air. Analysis, however, showed
0,=27.7 per cent, CO,—8.8 per cent. Apparatus rea
justed and the animal returned to the chamber at 11:02
AM. Spontaneous respiration allowed to continue for tlg
next seven minutes. Auesthesia again deepened.
Spontaneous respiration ceased and the second period
diffusion respiration begun. Four and eight-tenths cc. dllP‘P
thetie solution was injected during the ensuing fifteen mne
utes of respiratory arrest. Color remained good throu"hulg
this period. k!
Animal removed from the chamber and a sumple of alveo]a}"
air obtained by compressing the chest. Analysis show¢g
0,=258.3 per cent, CO,=24.9 per cent. The chest wdp

E//\ﬁ

0f

00

. . . . 7]
- then inflated three times with oxygen in order to remove t.

nitrogen which was inhaled when the pressure on the chest
was released. Animal returned to the chamber.
Third period of diffusion respiration begun.

0.5 ce. of anesthetic solution injected.

Pulse rate, 100. Color of tongue bright pink.
Pulse rate, 121.  Color of tongue bright pink.

. ¥20Z Iudv 0
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12:25 PM. Pulse rate, 102. Tongue slightly cyanotic.
12:31 P.M. Pulse rate, 101. Cyanosis deeper.
12:40 P.M. Cardiac arrest.

peojumoq

In this experiment the one hundred forty-seven minutes separatin;{é

the initial respiratory arrest from cardiac failure included twenty-seveis
minutes of spontancous mechanical resplratlon and one hundred twent s
winutes of diffusion respiration. It is evident from the very high dlvce
olar content of carbon dioxide that the diffusion outward of carbon dlow
ide is much slower than the diffusion inward of oxygen. A similar ﬁnd,_q
ing is recorded by Behnke (6). In the course of time, this produces af:
alveolar gas containing a high tension of oxygen but a toxic or eveg
fatal tension of carbon dioxide. The additive or potentiatinw action of
high tensions of carhon dioxide on barbiturate narcosis (10) was prob'o
ably responsible for the fact that no additional pentothal sodium wa§
wquned to maintain respiratory arrest during the final qeventy-t\vg
minutes of the third period of diffusion respiration. From the poi
of view of the anesthetist, this long interval between respiratory arresf
and eardiac failure is an impressive demonstration of the low circul:
tory toxicity of pentothal sodium, even in the presence of toxic concelg
trations of carbon dioxide, as long as the alveolar oxygen tension m
maintained at a high level.

We have referred to the necessity of replacing the nitrogen in thE

respiratory tract with oxygen. This is illustrated by the followmg
experiment : N
Exper. 5 (Series B). Dog, weight 16 Ke. §
Anesthesia—2.5 per cent pentothal sodium administered as needed by meari§

of a variable speed mechanical injector. &
10:35 A.M. Anesthesia induced and oxyzen administered. I

10:45 AM. Anesthesia gradually deepened in order to produce resplrt%

tory arrest.
10:49 AM. Spontancous respiration ceased and the first period of dlL
. fusion respiration begun with a mouth hook in position dg
livering 10 liters of oxygen per minute. Color of tongig
excellent throughout this twenty-five minute period of 18
spiratory arrest. '
11:14 AM. Spontanecous respiration reappeared due to lightening of tﬁ‘
anesthesia. Oxygen administered and the anesthesia agah
deepened to respiratory arrest. n
11:18 AM. Spontaneous respiration ceased and the secoud period Ef
diffusion respiration begun. The color of the tongue w@s
bright pink throughout this thirty-three minute period §f
respiratory arrest. 3
11:51 ADM. Mouth hook removed and a sumplo of alveolar air obtamed
through the use of strong compression of the chest. Anal;,-
sis showed the alveolar oxyzen to be 60 per cent and tBe
carbon dioxide 12 per cent.  On the release of pressure ¢
the chest, the animal took one inhalation of atmospheric ake.
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11:54 ADM. Color good. The mouth hook was replaced and diEusién
respiration attempted in the presence of air in the respig.
tory tract.
11:551 ADML Color very evanotic. Animal revived by artificial respifs-

tion and administration of oxygen.

11:59 ADM. Color good and the third period of diffusion respirat
begun.

]2:]7 P, Tongue becoming cyanotie.

12:22 PM. Cardiac arrest.

zeseu:dug I.UOI’_PAPW I

In this e\perlment an animal, which had remained well m\'wenatal
as long as the resp] atory tract was nearly free of nitrogen, hecame ddﬁ-
"elously anoxemic very shortly after tdkm"’ one inhalation of dtmos
pheric air even though the original high concentration of oxyvzen at tig:
elottis was still nmmt(uued. In three spirometer e\penmeuts in \\'lll(a-l
the spirometer bell and respiratory tract contained air, only a negligibi ﬁ*
uptake of oxygen was recorded after respiratory arrest, and the anim
promptly died. If is clear from the above that diffusion wsp:rahdg:
does nof take place until most of the nitrogen in the respiratory tract g
replaced with oxygen. This experiment also shows that the survival §
the animal in the experiments mentioned, in which a mouth hook wig
emploved, was not due primarily to forcible ventilation of the lungs.

What is responsible for the failure of diffusion respiration when t
respiratory traet contains air? Possibly two factors are involved.
terrestrial vertebrates, hecause of the shape of the oxygen-hemoglol
equilibrium curve, only a small difference exists between the oxyeey
tension of their alveolar air and the minimum tension capable of sum
porting life. Thix fact, together with the high metabolic rate of .theg
animals, renders them acutely vulnerable to interruptions in the l'eplelg
ishment of their alveolar oxygen.  The negligible oxygen uptdl\o dum@
diffusion respiration in air, therefore, is the result, at least in part, o8
the fact that, in respiratory arrest, the alveolar oxygen is rapidly r&
duced to a level which cannot effettively oxygenate the reduced homrg
clohin passing through the lungs. Another factor of great 1mportdn(83
is the impeding effeet of nitrogen upon the inward diffusion of O\V"OFP
In air the progress of oxygen 111010(-ules along the respiratory pdcs.w@
toward the alveolar membrane is slowed by collisions with the moi®
numerous nitrogen molecules. In this sense, therefore, the nitrogcd
of air may be regarded as a suffocating gas which acts to interfere with
the ingress of oxygen during respiratory arrest. This concept is 1
harmony with the bellef now held that adaptation to high altitudes &
aided by the fact that a fall in bavometric pressure, i.e., a reduction i%
the number of nitrogen moleenles, is accompanied by an increase in the
speed of oxygen diffusion within the alveolar spaces. (Haldane anﬁ
Priestley, 11).

The evolution of lung-bearing terrestrial animals into higher fornN
having an increased metabolic rate has necessitated the development of

&/ TEmd-al
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an apparatus for mechanically ventilating their lungs. Considering2
only the question of oxygen, the persistence of diffusion respiration ing
{he mammal raises an interesting question in comparative physiology:%
1Ias mechanical ventilation of the lungs become necessary, in the course;
of evolution, hecause the tension of atmospherie oxygen is insufficien§
for respiration by diffusion or because the oxygen of air is dilnted witlg
nitrogen? Further investigafion may show that both influences hav&
heen important.
Certain elinical applications for diffusion respiration may be noted
The anesthetist can take advantage of this phenomenon to reduce th&
hazard of anesthesia and to provide a more flexible anesthetic technicg
We have shown that in the event of an overdose of pentothal sodiunk
under circumstances favorable to diffusion respiration, the uptake off
oxygen continues for a peried of time after respiratory arrest. This
las the effect of deferring eardiae arrest and of substantially impmvin;fg
the chanees for resuscitation (12). The requisite essentials for diffuz
~ion respiration are present whenever a high percentage of oxygen is
administered hy the modern, closed-system, gax machine during thg
vourse of an anesthesia produced by a nonvolatile agent, provided, o
course, the eirculation is adequate and the airway patent. The questiog
of whether respiration by diffusion can oceur in the presence of the
waseous anestheties has not been studied. 3
Oceasionally, in such special situations as surgical procedures on the
heart and lung, the anestlietist may employ diffusion respiration to fag
cilitate brief perieds of suspended respiration.  The use of “eontrolled
respiration,”” by which is meant the production of intervals of respiras
tory arrest through a combination of deep anesthesia, hyper-oxygenatioi
and acapnia, has been recommended as a means of increasing the nmsg
cular relaxation obtained from a given depth of anesthesia (13). Tt ig
probable that considerable diffusion of oxygen from the breathing bad®
into the patient’s lungs takes place during the respiratory pause an(§
accounts, in part, for the suecess of the technie.  Prolonged periods of
diffusion respiration, however, may be inadvisable because of pnssihlé
collupse of the lungs, of accumulation of carbon dioxide to a dangeroug
lovel, and beeause the aid normally ziven to the cireulation by the respis
ratory movements is lost.
In a recent paper (12) dealing with resuscitation we said that “thg
most important thing in resuscitation is to begin artificial respiration.3
The fact that dogs can be resuscitated from an overdose of pontothza
sodium by diffusion respiration does not invalidate this statement. O§
the contrary, to substitute diffusion respiration for artificial respiration
in resuscitation would, in our opinion, be a misuse of one of nature’s
safety factors. A more logical application of this phenomenon wouléd
he as an adjunct to mechanical ventilation of the lungs. This is d(mE
automatically whenever the inhalation of oxygen is combined with arti~

ese,
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ficial respiration through the use of such apparatus as the H. E
inhalator. 2
The possible direct application of diffusion respiration to awatuﬁl
and oxygen therapy are not so immediately apparent, but an unde®
standing of the phenomenon may shed some light upon the physiolog:
problems involved. For instance, it seems reasonable to assume, :
though it would be difficult to provide proof, that diffusion lcspiratit{iﬁ
supplcm(nts mechanieal respiration whenever a very high (,om.entratuﬁl
of oxygen is inhaled, and may be responsible, in part, for the beneﬁt%
obtained from the adnumstrdtlon of oxygen.

SutMaaky AND CONCLUSIONS

“JIBYDIBA|IS”

1. In the dog profoundly anesthetized by pentothal sodium, provided
certain conditions are present, an uptake of oxygen sufficient for met
bolic requirements continues for a considerable period after respiratiod
has ceased.

2. The requisite conditions are the replacement of the nitrogen
the respiratory traet and surro undmg atmosphere by oxygen, an ad
quate circulation, and a patent airway.

3. The diffusion of oxygen inward is caused by the lowering of
alveolar pressure 1)1'()duced when the reduced hemoglobin in tran.
through the alveolar capillaries is oxygenated.

4. The force exerted by diffusion vespiration is considerable and cay
be casily measured it the ingress of oxygen into the lungs during resp®
ratory arrest is prevented through seizure of the spirometer bell.

5. Although diffusion of earbon dioxide outward toward the atmog
phere may he safely postulated in accordance with the laws governinﬁ
the kineties of gases, its escape is relatively slow, and (,onslderabB
alveolar accumulation oceurs.

6. A discussion of certain theoretical considerations and clinical aps
plications of diffusion respiration is included.

5P |@ﬁemﬁﬂ|®em
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DELAYED MORPHINE POISONING

In recent reports from certain theaters of operations, attention
has been directed to occasional cases of morphine poisoning or of
dangerous respiratory depression and coma from the sudden ab-
sorption of large doses of morphine. This apparently has devel-
oped most frequently in wounded patients in shock or with a low
blood pressure from other reasons who have been chilled from ex-
posure, and to whom the one-half grain dose of morphine in the
syrette has been administered subcutaneously on the battlefield.

Because of the markedly depressed circulatory state, the mor-
phine is not absorbed and no clinical response is observed; conse-
quently, a second dose of morphine frequently is given within a
short time. Subsequently, when the patient recovers from shock
or, having been taken to a hospital, becomes warm and more nor-
mal circulation is established, an excessive amount of morphine is
suddenly absorbed, producing the clinical manifestations of over-
dosage or morphine poisoning and calling for immediate treatment.
Prompt diagnosis and treatment are very important. .\ tourniquet
should be placed proximal to the site of injection of the morphine
to slow up its absorption. The tourniquet of course should be re-
leased from time to time.

The development of this serious and sometimes fatal condition
can be avoided by administering the morphine to this type of pa-
tient intravenously rather than subcutaneously. The intravenous
dose should be given slowly and should rarely exceed one-eighth
grain (eight milligrams). The Bulletin of the U. 8. Army Medieal
Department, No. 74, March, 1944, p. 5.
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