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~ Poisoning by anticholinesterase agents dexands rapid ona adeqguate,

atropine ac.iinistrution and artiiicial res.iration, These neasures have
been shown consistently to be the essentials of good treatriente accordingly,

studies, under Cheirical Corps Medical laboratories Contract Noe DA 18-108~CML

-

//_ - . - . . . .
2395 (June 15, 1951 to June 1, 1554) and the first eighteen montiis of
_contract Ho. DA 10.108-CHL-5365 (June 1, 1954 to Jamuary 1, 1956), have

N e
boan\concerned with various aspects of resuscitation and atropinizations

During this time the foliowing investigations have veen coipleted under

these contractsi:-

1o,
- P

O e UV
1/ SR W Publications and Peuorts

Ae Resuocitation:

I, lMManual artificial Resniration:

1, Critical Survey ol Mamual artificial llespirations
archer S, Gorcon, kax S, Gadove, Frank layion and
ieCe Ivye ;I-A.M.A. vole 11;7, Pp“lhhhﬂl)-&SB; JecC, 8, 19510

. 2, Artificial Respiration lethods Ilor casualties Wearing Gas
iiasks Archer L, Gordon, Charles iis Frye, Robert D, ifiller
and Gordun “yant, .ICR Hoe L5, .rmy Chemical Center,
Haryland, Novemter, 195L,

3¢ Tbide, U.S. srmed Forces .iedical Journal, Vol. 16, No, 6,
PPe '(81"793, June) 1955,

11, ilechanical Artificial Respirations

Lo Standard army Equipment for iass Resuscitation and
Artificial Pesriration of the Critically Injureds
archer S, Gordon and Charles U, Irye, CCiil Contract
Report Nog 9, irily Chemical Center, lary .

S5« Performance Charact:ristics of New lMechanical Resuscitators
ixcher Sq Gordon, CoML Progress Report, Contract DA=18a
108-Ci1~2395, June 1, 195k,

6. licasurement of Pulmonary Edema and the Effect of Negative
Pressure Respiration: Charles i, Frye and Archer S, Gordon
MICR Nos Lli, army Chemical Center, iaryland, November, 195k
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B, Atropine Suljhotes”

I, .tropine administration:

Ts

wvaluation of Intromusculear Self-Injection of 2 mge
Atropinet ircuer S. Gordon, Mertin M, Kalser, Sidney

Silberberg and Charles Frye, CCML Special Peport Nog 10
Army Chemical Center, Haryland ~ierch T 952, ’
Evaluction of Units for Atropine oeli‘-hjoctions Archer S,

Gordon, CCML Special Report No. 13, Army Cherdcal Center,
Ahryland, Augus N 9

Atropine Injection Units: Studies of Cowmparative
Performance vith Jice and smping .rcher S, Gordon amd
iartin He Kalser, MICR :l>. 17, irmy Cheirlcal Center,
Iarylard, iugust, 1953,

II, Atropine offectss

10.

1ll.

12,

13,

15,

16,

Physiologiczl Tests as Index of :sitropine Absorptions
Charles U, Irye, Robert D, Miller and Archer S, Gordan,
MICR o, 26, .rmy Chemical Center, Maryland, March, 195Le

Measurement of Atropine-Induced Vascular Poolings Robert
Lo idller, ikrtin H, Kalser, Charles W, Frye and Archer

S, Gordon, MICR No, 25, ixrmy Chemical Center, Maryland,

March, 1954

Tbid,, C:i.rculationl Vole. X, No. 3tL23-429, September, 195L,

Fostural Hypotension Induced by .itropine Sulfate: iartin
H, Kalser, Char les Je Frye and Archer S, Gordon,
Circulation Vol, I, No, 3:413-422, September 198k

Evaluation of stropinization b;- Various Routes in Humans, .
Philip ..ndrews, .tobert D, lidller and archer S, Gordon,
ITIR No, 59, army Chemical Center, Haryland, July, 1955.

Large Doses of itropinet Low Toxilcity and sfTectivendss
in inticholinesterase Intaxications Jrcher S, Gordon and
Charles .., irye, J..ieMeiia Vole 159, pre 11611184, Nov,
19, 1955,

Atropinization by Intracardiac, Intravenous, Intra=
pulmonary, Intramuscular and Intraperitonezl Injectian
Routess Fhilip Andrews and Archer So Gardon, Semi-

anmicl Progress Report, CCHL Contract N 0¢ DA
305, Jauary, 1956




I'h;xual ariificial Resypiration

Studics on manual d‘ti}icial resg;in.tion corzleted under previous
Department of Deiense contrccts administered through sirmy Chendccl Center
Medical Laboratories have bteen compiled cnd swmarized under tie current
contracts,

In addition to exteasive investigotions regarding the adequacy of
pulmonary ventilation, wiiich is the aost inportant coasiderztion in
resuscitation, o~to:r problems of manucl (ruifi:inl rospiration have been
stucied, including: (2) circuvlotory ;lhencmzno cni gas exchange; (b)
pneumnt#achozraphic studi:s; (c) eneryy expenditure of oper.tors; and
(d) pedagogiccl and performance facto:s,

Ventilatory studies wcre perioitied on tiree i, pes of subjectss
(1) warm, non-rigid corges imuediately after death and before the onset
of post-mortem chonges; (2) normal -dult males, curcrized-anestietized
to total apnea; and (3) normcl adult males trained to suspend respiration
passively, .11 studies were corrovoratory in revecling taat tiiose methods
which produce an active inspirator; phase and an active expiratory phase,
so~called "push-pull met..ods," -rc two to three tines cs efiective,
as regcords pulmonary veatilation, as tliose methods wi:xich have only a
single active phase, either ins,iratory or expir.tory, The pushepull
methods include Hip-Lift Eack~Presgure, irm-Iift Backe~Pressure and irme
Lift: Chest—Pressure (Silvester), The Schafer Prone Pressure method and
the Emerson Hip~Lifi method are significantly less effectives The dve
Rocking mcthod (which, strictlyspcaking, is not 1 manual method except
wiien applied to infants rocked in the opcratorts arms) and the Hip-Roll
;‘ick-?rossure method are push-~pull tipes but are not as eflective as those

J1isted aboves
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Circvlatory studies were also perforned on normal adult males,
curcrized-ancsthetized to cpnezs These indicated th..t the mean arterial
oxygen saturction is mointcined at near nermal levels during fiftecn
minute performonce periods with 2ll of the push-pull manusl methods,
vuring similar perieds of performance of the Schafer pronc pressuro
method, the arterial oxygen saturation fcll to a mecn of only 67 per cent
in a scrics of 15 cascse

In co-opcrotion with Drs, James L, Vhitienberger -nd John Affcldt
of the Horvard School of Publie Health, pneumotiechogrophic studics were
performed on a furthcr scrics of curarizedeaincsthetized normal adult malcs,
These indicatod that optimcl ventilotion is obtuined with the pushe-pull
mcthods by a ratc of 12 per minute, &ir flow patterns show that this
rate results in clmost continuous movemcnt ol sLas in and out of the lungs,e

Oxygen consumption per unit of time waos used as a mecsure of cnergy
expenditurc by a group of orerators rerforming the various netiiods on
ancsthetized poticnts, Schafer sronc preossure was found toe the lcast
taxing, and hip~lilt back-ricssurc rcquired the greotestencrgy cxpenditure,
The Silvester armelift chesteprcezsure rmethod and the arm-1ift backeprossure
nctiiods occupy interiwcdicry cositionse

Studics carricd out on 10C0 rncval rceruits and 200 ilaves at Great
Lakes Hoval Training Contor cstablished that, following & ten nminute
lccturc-deionstration on the performance of the various mctlods, the arme
1ift bLack~pressurc mcthod surpassces all variations of the hip methods
in accurzcy of periormancc, casc of learning---as recasurod by the nced for
an amownt of corrcction~--and rphysical casc of performancce

On thc Lasis of these studics it is possible uncquivocally, to
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rceommend usc of the push-pull mcthods whore manual resuscitation is
required, Sincc ventilatory and circulatory cffocts are ossentially tho
same with 211 of thesc methods, the arm=léft backepressurc mcthod is

best recommended for gener:l use sincc it is casicr to perform, espceially
for prolonged pcriods of time, and is somcwhat casicr to teach and perform
accurately, It is recommended that medical pc;:‘sonncl and other trained
persons be accomplished in the application of other mcthods, including
hip=-1ift back~prcssurc and armelift chestepressurc, for usc under special
conditions which preclude usc of the arm-lift back-pressurc metlode

The nceessity for use of the mamucl methods in field situations whero

military or civilion pcrsonncl mcoy be cxposed to anticholincsterase

agonb# raiscs an additioncl questions This rogards the efficacy of the
push~pull mcthods in accomplishing adequate pulmonary ventilation for
casualties wearing gas masks in a contaminated atmospherce To rcsolve
this issuey o further study was performed on both warm, non-rigid corpses
&:;:'arized-cmesthetized normal adult mclese, The various pushe-pull methods
and Eve Rocking metiod were crformed on thesc squoct while they were
wearing standard military gas mosks and cannisterse Ventilation and

intramask pressure werc mecsurdd, Application of the mask roduces

ventilation to approximately 3/ of thc valuc obtained without the maske
Howcver, with the push-pull mcthods the amount of ventilation romains at
a lcvol 1% times tlhe normal resting tidcl volume pf the subjoctse Tho
introamcsk pressure difforentials indicate that all of the pushepull
methods produco the samc oxpiratory rrossurce However, thc hip-lift baocke !
prcssure rcsults in tho groatest intramask inspirgptory mressurc, and the
othor two pushe=pull methods produce slightly leas,




It becomes apporent that with a elior airway the pushepull menucl
methods arc able adequatcly to ventilate cusunltics wearing military gos
masks in o contaminated atinospiicrce In casc of roespiratory obstruction,
the hip=1ift back-prcssurc ncthod results in the greatestintramask
inspirctory jressure and prusumably, would be most c¢fficicnt in overcoming

increased airucy resistance,

Mcchanicol .rtificicl Ruspirotion

These studics hove estoblished that a well-performed pushepull
nonual method is suitcable for adequatc and efficicnt resuscitotione
Mechaniczl deviscs when available, are usceful for supplementing or
rceplacing menucl artificicl respiration, The principle adwontages of
automatic units or mechonical devices cres- (1) case of operctiong
(2) prolonged rcsuscitationy (3) supply oxggen; ond (L) allow onc opercter
to core for multiple simultoncous casualtics,

Considcrcotion of mechaniczl units requircs anclysis of both the
physiologic cnd the practiccl aspects of their uscs 48 regards the former,
wo have performed comproiiensive studics on toth animals and humons to
evalucte the cordio-rcspirctory dynomics of controlled respiration in
the open and closcd chost, This has rcsulted in the determination of a
physiologicz1ly ideal cirway pressurc curve and tic testing of a unit which
will providc such a curvc.* These investigotions arc being completed under
currcent contract ~nd will be swimerized in a scmi-cnnual progress rceport
duc July, 1956,

In addition to thesc overall cardio-respirctory dynamics, we have boen

# Unit mode aveilable by & & J ilanufacturing Co,, curbank, Colifornia
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concgrhcd with o spccicl.proizlom of pressure brecthing, This centers

about tiic controversial issuc of whether ncgotive pressure applied to the
airway—=-as in positive=ncgative pressure resuscitators and controlled
respirotion units-w—can lecad to the production of pulmoncry edemae The
evidence supporting the contengion that negotive airway pressurce results in
pulnonary edema is rather Inferential and embraces such facts as the
beneficlzl effects of intermitient positive pressure brcathing in the
therapy of pulmonary edema, and incrcased lymphatic flow in the thoracic
duct during negative airway prcssure,

In order to further clarify this lssue, studies were performned on
pulmonary edena and the effect of nogative pressure reathing, A
controlled series of tests was performed on dogs, using three objective
criteria tc measure the presence of pulmonary edema, These wercs (1)
changes in body weight/lung weight ratio; (2) alteraztion of the pressuree
volume dicgram of the lungs and thoraxy and (3) microscopic cxamination
of post mortem lung specimuns,

The study was divided into .ixrce phascs, in cach of which blood pressurc
and arterial oxygcn saturation were measured in addition to tho above
determinations, In the first phose thesc datz were compiled on a serics
of normal dogse, The second phase consisted of datz collected from animals
with experimentally produced pulmonary edema and thc third phase from
animals vho had btecn subjected to negative pressurc breathing on pure oxygen

for three hours at a range of 0 to minus LO cm, water,

On the basis of thesc criteria it was shown that negative airwey pressure

per sey-——-even this large amplitude for a three hour periodee=does not
produce pulmonary edema, Negativc pressurc breathing results in a shift in

.




the normel pressure-volume diagrom in a direction opposite to that resulting
with induced edema, The body weight/lung weight rotio similarly is shifted
in the opposite direction from that resulting from inducod pulmonary edema,
« tendency tovard atclectasis, but no pulmonary edema 1'-!3.8 noted on gross
and microscopic examination of the lungs followlng the nege.fivc- pressure
respirctions
A ryriad of mechanical devices has been proposed for resuscitzation

under veorious circunstonecss These have included electrophrenic stimlation,
rocking units, bcllous manipulated by the hands or fect, bags to be squeeszed,

mask to mask insufflation, etce The physiologic aspects rcsulting from

use of thesc units have becen rcadily resolved by controlled studicse However,

the practiczl considerations of procurement, storage, supply, rugiedmesse
and suitability for field use, especially by a voriety of personnel both
meaical and non-redical as well as skilled and untrained, arc more
difficult to asses§. Comparative proctical evaluation is impossiblo, and
we have not attempted such, Howcver, under thoese controcts we have
evaluated the performence choracteristics of scverzl now mechanical rosuscie
totorse These includes (1) Stephenson liodificd Minutcman Resuscitotor
(i41itory Modcl)g (2) Stanton iondy Resuscitctory and (3) Morch Electronic
Resuscitator,

The Stcphenson 14litery liodel is a pressure cyeling automatic reosuscie
totor {for providing intcrmiticnt pesitive proessurc or clternating positivee
ncgative pressurc trcathings It incerporates 2 wide range of pressure
settings, ratc control, mamucl over ride and oxtra conncct.ons so that
scvercl resuscitctors con be used sirmltancously from the same pressure

rceducing velvee The unit produces esscnticlly a peoked biephasic, straight
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lino airwoy pressure curve, The various settings usually result in a high
mean mesk pressurc which is not desirable for routine uses Tho high mean
is primarily related to the excessive duration of the inspiratory phase,
which in most instanccs cxcceds 50 per cent of the total ruspirctory cyclee
The multiplicity of scttings of the unit is probobly ill-advised in a model
for ficld usc wherce rclatiw}oly unskilled personncl would be required to
regulate the machine in a wide vericety of respiratory cmergencicss

The Stanton hiandy Resuscitotor is also a pressurc cycling automatic
resuscitetor, It provides positiveencgative pressure breathing with mechone
isms for rate control cnd inhclation therapye It does not feature high
peak inspiratory pressurcs or manual over ridec controls for usc in none
compliant cirway. The pressure curve is bi-phasic with inspiration and
expiration of cpproximately cqual durction, Here also, the mcan mask
pressuros arc somewhat above the average for this type of unite

The Morch Recsuscitator is on oxperimental clectrondc pressurc cycling
automztic resuscitzator, It consists of ocn clectricelly drivon air
conprossor, with solenoid valves and g pressure switch arranged to produce
either intermittent positive ar positive-ncgative pressure breathinge
It functions by activoting the bog of cnesthesia machine, It incorporctes
a wide range of cycling prossures, ratcs, and ratlos of inspiration to
cxpircation, and an attached hand bellows for use in the event of a mechanical
fallure, Tho unit has grecat versatility, but its comploxity limits its
usefulness to hospital situations wherc resuscitotion or o ntrolloed :
respiration are required, Othor Jimiting factors arc its bulk and noisee

There aroe scvorzal situntions for wiich the strictly manuzl mothods

of rosuscitotion do not apply and for which automatic rosuscitators may




not be available, These incliudes

(1) Ficld resuscitotion of the criticclly injurcd, whoscwounds will
not pcrmit use of the manucl moncuversg

(2) Mcss resuscitotion of o large number of casuclties simultoncously,
as might occur following cexposurc to thic nerve gascs; and

(3) Prolonged resuscitation, for widch the monual techniques
become too fatiguinge

Far these situations a standard srmy stretcher can e modified inte
a portcble Eve ilocking Resuscitotor, a4 collopsible rocker is mounted
under the stretcher in such a fashion that routinc usc is not affcctede
then desired, thc rocker can be opcncd and the stroteiier immediately
uscd for rocking rcsuscitction, Side arms on the strotchors provide
a2 means for connecting scveral of taem in o scrics so that a single opcrator
czan perform mltiple resuscitotions In addition to these features, this
unit hos the advontoge of using modificd stondard militoery cquipment

rother than requiring usc of new or addivionsl cquipmente




. -lln

-~

Atropine Administration

The nccessity for rapid stropinization in the trcatment of antie
cholinestcrzse intoxication may rcquire sclf~injection of the drug by
troops in the ficld, Jccordingly, a scrics of "ficld™ tests werce performed
to evaluate the objective and subjective responsc to intramiscular self-
injection with various devices,

In the initial study, onc hundred and cighty-cight normcl healthy
male liberal Arts and Fhysical Education students at the University of
I1linois voluntorily porticipated in a comparison of self-injection with
Syrcttes ( Squibb & Son ) and ampins, ( Strong Cobb & Coe ) ecach loaded
with 2 mge of atropine sulicte, Since it was not decmed desirgzble to hove

the students rceeive Uy mge of atropine, each man uscd only one device,
This was not a complctely controlled comparative test but the results
indicated 2 gencrcltrend in favor of the ampin, which was the more auto-
matic device, During the 90 to 120 minutes immediately following the
sclf-injcetion, no]sericus physiologic effects were noted in the voluntecrse
The most common subjective complaints were dryness, tircdness and dizziness,

Subsequently, o contrclled study using the Ampin and Syrctte was
czrried out on a2 military population, aApproximctely 900 trainces at the
Medical Replacement Troining Conter, Camp Pickett, Virginia, participated
in these studics on a nonvoluntcer basis as part of their reguler trodining,
Following o lecture~dcmeonstrotion regording the proper use of the Awpin
and the Syrctte, each mon was rcquired to attempt injcction with both,
Trodned mondtors tined anc reted tie men during their performonce apd
£illod out rating sheets recording thelr ability with the devicese The
trainces then filled out a questionnairc which oppriised their subjeetive

evaluation of both units, Injection was tested under four circumstancess

. - -




12w .

Ty

ey

(1) self-injecction under standard conditions; (2) sclf-injcction while

wearing a gas masky (3) sclf=-injcction in the dark; and (4) injection
of other troinces,

Despite 2ll attempts at the climination of biasing factors, several
circumstances predisposed tic men toward the Syretice Most of them
hed previously rceccived o training lecture on the Syrettc, and they found ,
the tcaching of this unit slightly better thon the teaching of the Amping
They also {found thc Syrcttc ecsicr to understand than the ampin, were
surcr of how to procccd to use it and found it less difficult to usc,

Howcvery the use of tic Syrette wos not accomplished as well as the
usc of the ampine There were morc cbsolute failurcs with the Syrctte,
and there was loss complete dose administrotion with the Syretics
Furthernore, the performance with the Syrotto alwoys took longer than
with the urmpine

When questioned, the men felt that the .mpin wos fastor to use and
prceferred it for stondord self-injection, sclf-injcction in the dark and
injoction of otlwrse A1l groups cxcepbt thosc who injocted othors‘
favored usc of thac Ampin by the .rmed Forccsj whercas, all groups oxcept

thosc who used a gas mask considcred the Syrcttu more practical for

o avos

ficld usce ;
The most common difficulty with thc use of the Ampin was in knowing
how and where to break the cmpouls, With tho Syrctte, 'Proper piorcing of

the 8cal was the most frequent couse of errore A numbor of sccondaxry

difficultics occurrced with the usc of cither unit,
Since these studies indicated that partizlly outomatic units (Ampin)

erc usced faster and more cfficiently for self-injcction than noneautematic

Rl T ———
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units (Syrotte), a further sorics of tests was performed comparing tho
Anpin with a new automatic unit, tho fAce (Potter Aeronautical Cos)
These Studios wcere porfomed at Modleal Replacement Trdning Center,
Camp Pickott, Virginia, using one thousand military recruits during
their first two wecks of mediczl bosic troinings All men used both
units loaced with isotonlc physiologic:lly normal saline, They worc
divided into groups in order to test various conditions, In addition
to stondard conditions, some of the groups were evaluated for retention
of instruction at a subtscquont test p:riod;v injection through <lothings
injection in the darky and Injoction with one hond onlye

Disrcgarding mcchandeal failurcs, (15e8% of the Ace units were
defective and 0,6% of the Ampins were defective) it was found that
three~fourths of all men performed adequately or better with both unitae
Where only one unit was performed adequately, the advantage was in favor
of the Ace,

The speed of performance was overwhelmingly in favor of the Ace
unit in all groupse The most distinctive advantage was noted in the one-
handed group, The superiority of the Ace was slightly less pronounced
with the group which performed in the dark, The actual time required
far the injection was doubled with use of the Ampin in the darkness and
retest group, while if. was tripled or more in the standard one«test,
clothing and one~handed groups vhere men vere using non-defective units
and peri‘crﬁed adequately with both units,

The most common errors in performance with the Ace by man vho performed
adequately were failure to remove the pin on the first try and inadequate

pressure to the thigh on the first trial, Numerous errors of several
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types were cerndtted by operctors who perlor.ed adcquately with the
Ampine Thuse includeds failurc to inscrt ncedle on first try; incorrect
inscrtion of ncudlej ampoulc not brokcn on first cticempt and tottle
tilted ot woong angloe

On thc basis of their cxpericncesy the overwhelming preference of all
men wos for the Ace unit. Thoy considered it to be better taught, easicr
to undersiond, ecsier to perform, recquire less iaprovement, faster, best

for ficld ond all cther situations and should be adopted by the Armed Forees.

atropine Effucts

Studicvs of atropinization rcquirey detummiinction of onsct, durotion and
intensity cf effcets, 4 chemical blood test would be most valuable for
this purposc since it would allow quantitation of thc results, To date,
dircct chunicel tests haove not been found technically ap, liecble
far usec with blood or scrum, Houcvery, it is possible to mcasure the
effects indircctly by use of physiolosiczl tests based on atropince-
inducud changes in voscular tinc, skin rosistance, pupil size, pulse
rcte, and sucotinge In order to asccricin tioc most useful physiologic tosts
for dctection of ctropine offects we have evaluated the Krasno=Ivy
Flicker Fusion Photomctoer for deicetion oif changes in the rctinel vesscls;

sucet rosponsc meosurced Lo the storcieiodine skin test; skin resistance
measured oy use of the Neuro~dernometeirj pulsc rate changesy and pupillaxy
sizc, .

It wos found thot voriations in tle flicker fusion threshold and

pupil sizc do not _ivc rosults wiich arc consistent and ropid cnough

in onsct, The cuonges cdurin, o 30 minute test peried were too smoll to




be useful with either of these deter.iinations, The remaining tests

rovide varying degrees of sensitivity for the onset of atropinization.

The starch-iodine and skin resistance tests during sweating induced by
heat and humidity provide the most sensitive measures of atropine
absorption and activity. Since response by an organ distant from ths

site of injection indicates absorption into the gemeral circulation, the
difference in time for the atropine to affect sweal glands and heart

mst be due to a differcnce in sensitivity of these receptors to atropine,
In our tests the sweat glands sioved the highest degree of sensitivity,
The starch~iodine and skin resistance tests gave essentizlly indentical
results, Skin resistance measurcment probzbly is more accurate because

of greater objectivity and reduction in the personal error, The starche
iodine tests are good, however, because of the ease of performance and
lack of special equipment required, Minute to minute monitoring the

pulse provides a useful key to atropine onset and effects including the
rarely observed slowing of the pulse wiiich preceeds the usual tachycardiae

During the initial studies on self-injection of 2 mge of atropine

sulfate, an incidental observation was that hypotension occurred in many
individuals while standinge Accordingly an cxperimental protocel was sst
up in which 73 normal adult malcs had blood prossure, pulse and temperature
recorded (a) under control conditions; (b) following a placebo injectionj
and (¢) following an intramuscular injeotion of 2 mge of atropine sulfate,
The subjects exhibited a normal blood pressure and pulse rate response to
change in position from supine to erect in control studies and following

a placebo of 1 ccss of an isotonic physiologically inaction aoluti.ono

This consisted of a slight rise in systolic pressure, with a gradual retwrn
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to norm:l, 2nd a marked rise in pulse rate and diastolic pressure

with the clevation being sustained or increasing slightly, Following
atropine this normal blood pressure respinse was altered and was charactor-
izcd by a profound and sustained fall in systolic pressure with only
one~hclf the previous diastolic risc, A 30 seccond period of a standard
exerclse at the time of standing cnhonced this fall in systolic pressure
and resulted in a simulteneous fall in diastolic pressure,

The most proboble explanation for tihis phenomcnon appears to be
vascular pooling in dcpendent muscle masscs and/or the splancanic bed,
To cvaluate this hypothesis further investigation was urdertaken to
assess the role of this mechanism in the production of atropine~induced
postural hypo“cnsion,

For this purpose 30 norawl odult males weoring air Force ontie
blackout suits wore evaluated following intramuscular injection of 2 mge
of atropinc sulfate as cowpared to a similor injection of isotonic
physiologicelly inactive solutione Their vascular pooling responses
vere tested uith a scrios of tilis from th. horizontal to the vertical
position, At cach tilt one possitle voriont was used, including: (1)
no inflation of the suit; (2) inflation of tilkc abdominal compartment
onlys (3) inflation of tix loucr oxtre.ities compartment only; (L)
inflation of both the abdominal and lower extremitics compartments
simultancoucly,

Thesc controlled studies corroborcted thue offect of 2 mge of
atropinc sulfate in decriasing vascular tonc with resultant pooling in the
dependent arcas of the body in the ercct position, Pooling océura in

both the spl: ichnic and peripher.l vascular beds, Application of external

A dnadaasedeniatiiin




-7~ A

-4

compression to tho avdomcn and lover cxtremities allows ecasier cardioe
vascular caompcnsation for the posturcl changese Compression of the logs
and abdomen is much morc offective than cexproession of cither arca alonoce
The e:xact mechonism for this phenomenon has not been worked out in
detail,

A further consider:tion regarding atropinizcotion is the onset and
effoets by various routes, Physiologic tests of onset, duration and
intensity of atropinization werce performed on fen normz] -~ dult males
comparing tho effcets of intramusculor and subcutancous injections of
2 mge of atropine sulfote in warm and cool atmospheres and the inhalation
2 and 5 mge of atropinc sulfate powder and vapore

Results imdicated that a 2 mge dosc of atropinc sulfcte gives almost
equal effccts with either intramuscular or subcutaneous inj.ction,

Minor diffcrences welghing in favor of subemtancous administration are
not statistically significant or occur as late cffcets of atropinization,
Proctical considerations favor the use of the intramuscular route,

Inhzlation of 5 mgs, of the drug gives physiologic effocts similar

to the injcction of 2 mge The rcsponsc to 5 mgo of atropine sulfate vapor
is more pronounced than thc response to 5 mge of atropinc sulfate powders
However, thc use of this dosc of atropine sulfatc produces undcsirable
symptoms ond cffects, The usc of inhalators for administrcotion of this
drug also appear ill-~advised on a proctical basise

Subscquently, studics have been performed on twelve mongrel dogs
to evaluate the comporative efficacy of atropinization by the introm
cordioc, intravenous, intrzpulmonary, intromuscular ond intraperitoneal

injection routcs, The intracardiac routc rcsults in the most rapid onset
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of evidences of catropinization, Intravenous injection is almost as
ropid, after tine ncedle has been placed, Intrepulmonary injcotion is
more then twice as fast as intraruscular, and intraperitonesl gives the .
slovcst rate of ctropinization,

On a practical basis, heart puncture is much more easi ly and
readily cccomplished than intravinous (or intra-arterial) injection, The
intrapulmonary route is easily peiformecd but, according to the litera-
ture and in this small scries of dogs, it is associcted with a greater

hozard,

The recommerdotion for doses of .atropine widch appear massive when
compered wvith the usual clinical dosage, led us to investigate the 3

toxdeity of atropine reported in the litercturc as well as the

effcctivencss of atropine in rcported ccscs of anticholinesterase
intoxication, Carcful onclysis of rcported cases of anticholincsteorase.
intoxication clcarly indicztes tiuat survivel depends upon: (1) the

spced with which atropine thercpy is storted, and (2) the cmount of
atronine which is cdministcreds Roview of atropince poisoning cases

scrves to dispel any serious apprchension rcgardix"xg the use of large doscs
of the druge A survey of 5000 large doscs reported dn abpromimtcl.y 1000
persons reveals ondy 11 decbhsy of vhich only thrce arc duc to atropine
uncomplicated by some othor factor, Scven of thesc werce in children and
onc-holf of them were by ocular adidiniatration, The relative safoty

of large doscs of atropimc is furthor cnhanced by the finding that atroplme

tolerancc is incrcased mony times in thoe prescnee of anticholinesterase

intoxication,
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