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Previous studies in dogo have demonstrated that acute hemorrhege resiulte
in a rise in lung compiiance and a fall in resistance to airflow 3if the lung:
are intermittently inflated,

Recent studies indicate th-t irnjection of endotoxin in doge, resultes in
a cudden fall in compliance and a rise in resistaice to airflow irrediately
Tollowing injecti on, These clianges are transitory and less constant in
animals vhich are heparinized,

Further studies of rulmonary ciffusion in dogs confirm the fall in the
diffusion capacity for carbon monoxide (T7C0) and in lung capillary blocd
volume V¢' during both acute and irreversivle shock., The fell in DICO was
al-ays vroportional to the volume of red bloc? celles in the lung capillaries
(¥rbe). The fall in Ve was not related to the duration of the anesthesic
nor to the retransfusion of blnod,

Control studies have been cariried cut as a preliminary to tue evaluatic
of patients ir shock,

Note: Cories of this report are filed with the ‘rmed Services Technical
Information Agency, Arlington lledl Stailonm, ‘xlington 12, Virgimi:,
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A, COMPLIANCYF AXD AIRWAY RFSISTANCE

1, Studies in dogs.

Previous study of the wentilatory mechanics in himovelemic shock in
doge revealed a rise in complisnce and & fall in resistance to airflow if
the lungs were imtcrmittently inflated, - This was noted vhether the
hemorrhage was massive and acute, or of a graduated type.2 If the lungs
were not inflated following the inception of shock, a fall in corplience
occurred which was less thai that seen in dogs merely anesthetized arnd
kept in the supine position without shock, and without inflation of the

lungs. 2

*'¢ are reporting sirilar studies in doge during shock induced
by the injection of grem negative endotoxin.
Methcds

Nine dogs were lightly anesthetized with Sodium Peniobarbital and
a cuffed endotracheal tube inserted. A catheter was placed in the
feworsl srtery to momitor blood pressure, and s vein cannula inserted
for injection of drugs. Lung mechanics were measured by previously
described techniques utilizing the body plathysmogreph, esophage-i

ballcon and a Silvermern pnev.xllot.ac:hmneter.2

Pollowing careful inflation
of the lungs, control studies were carried out and the animal then given
s large dose of E. coli (gram negative)® endotoxin intravenously. The
mount given was at least two times the calculatzd 'D 70-80 dose.-

Blood rressure and ventilstory mechanics wers then monitored over a one-

half to one bnur pariod with intermdttent inflation of the lungs. Four

dogs received heparin prior to sdministration of the endotoxin and

five did not.
# Obtained from Difco Laboratories. Lipopolysaccharide . coli 0Ol11:Bh
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Results

The results of the studies in nine dogs are seen in Table I, The
first three dogs (Dogs 1-2-3) received heparin to prevent clotting in the
tubing. It will be noted that little change is to be seen in the
ventilatory mechanics, We then became aware of studies indicating that
heparin protected against endotoxin shook.” While it appeared to afford
nc protection against shock in our cases and all the animals died within
twenty-four hours, we decided to carry out the study without heparin
admnistration, In three of the next four dogs (Dogs 4-5-7) a sudden f£all
in compliance and a rise in airflow resistance was noted. Improvement in
mechanics began shortly after this change. The one animal of the four
without change (Dog 6) wac already in shock during the contrel run. In
the next animal (Dog B) despite full heparinizaticn compliance fell, and
resistance tc airflow rose following the administration of the endotoxin,

At present four dogs received heparin and one of these showed changes
in mechanics.(Dog 8). The others had little or nc change. Five gs
received no heparin and four of these showed the fall in compliance and
rise in resistance to airflow. A1l dogs died following endotoxin
administration. A fall in blood pressure occurred in all dogs but in
one noneheparinized dog, {Dog 9) changes in lung mechanics preceded the
fall in blood pressure.
Di scussion

These studies indicate that intravenous injection of endotoxin may
result in changes in ventilatory mechanriss, characterized by 2 sudden
fall in compliance mnd a rise in resistance to airflow. These changes
sppear to be independent of changes in blood pressure to soise extent,

in that a fall in blood pressure was seen even in the dogs spparently
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protected by heparin (Dogs 1-2-3) and occurred prior to the fall in blood
pressure (Dog 9). Whether or not snock itself protects against these
changes (Dog 6) ia questionable.

The dosage of endotoxin given these dogs was very large which may
scocount for lack of protection by hepsrin in one sximal {Dog 8).

In order to study more subtle changes and protective effects, a
smaller dose of endotoxin will have to be used.

Evidencs has been prese.ted by Hn‘dwh to show that heparin protects

dogs sgainst death from endotoxic shock,

Thomes ot a1.5 have studied the ventilatory mechanics following the
administrtion of endotoxin in dogs. They demonstrated a protective effect
of heparin snd anti-serotomin drugs against changes in lung mechanics,

A marked fall in platelets was noted after endotoxin in all cases (even
wvhen heparin was given) but changes in mechanics were less severe, They
have implicated serotonin as the mediator of the lung changes, and althougt
conclusive proof is lacking evidence for a humoral response appears good.
It sppears that the wentilatory changes are at least partly umrelated to
the occurrence of shock and death in these animals. Certainly large dcses
of serolonin, csusing far more marked changes in lung mechanics, are not
lethal to 6038-6 Furthermore, the changes in mechanics appear to revert
repidiy in the direction of the controls, although shock persists,

What relationship all this may have to the padient suffering from
the endotoxesdia is, of course, questionsble. The model used for these
studies is artificial, and probsbly unlike true endotoxemia particularly
at its imception.

Studies using a more suitsble model are planned as well as the
study of pstients.
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II. Studies on patients,

Control studies have been carried out on a series of patients and
voiunteers to evaluste new equipment and & slightly altered technique
of study.

Hethod

Since the body plethysmograph 1+ unsuitable for the study of patients,
tidal wvolume was integrated from mirflow using a standsrd Silverman
pneumot achometer, Transpulmonary pressure was measured from s latex
ballonn placed in the esophagus as in previous studies. The majority
of controls were studieg while the patient was sitting. Several volun-
teers and patients were also studied in the supine and left lateral
positions, since it is doubtful whether shock patients can tolerate
sitting up. Approximately twenty patients were studied. Of these
sbout thirteen qualify as reasonably normal controls, Two patients
with imown lung disease were studied and one patiemt who had suffered
a pulmonary embolus,

Results

The ventilatory mechanics of the patients studied are listed in
Table II. The first thirteen studies are normal con‘rols, The last
three in patients with lung disease, The mean compliance for the

controls was .18 liters / em. Hoo0 % 043 and mean resistance to

airflow was 2.5 cm. Hy0 / liters / sec. % _3 during normal breathing.
This compares reasonably well with other atudies"'a of pttients in the
sitting pcsition,

When patients were placed in the supine position there was &

marked decrease in complisnce. Five studies were done with the patients
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lying on their left side, This resulted in a moderaste decreasc over the
sitting position (- .05 liters / cm. Hy0),
Discussion

Thess results indicgte that the method is satisfactory for the
study of patients in shock, Ve feel that the left-side position will
probably be the most frewuently used since the shock patient may be
unable to tolerate the sitting position, In any case studies in the
sme patienit (during and after shock) will always be carried out in the
s position,

The w3t vexing question in these studies is over the ability of
the asophsgeal balloon to accurately measure true transpulmonary
pressure. There is good evidence to indicate that it does under ideal
oonditions;7 however, the position of the ballon and of the patint are
well known varisbles.’ We have utilized a type of balloon and a
technique described to us by Dr. Milie-Fmild, and recently reported oy

10-11

. This technique has sided in proper positioni: of the hallo m,

However, the stability of pregsires noted during posilion change in tis
static studies has not been completely remroducesble during owr dyn-ri:
studies, especially in the suine position, Our controls are withi:
the normal renge (sitting and left side) and suitable for clinical

studies of shock.
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VENTILATORY MOCUAMICS IN PATIINTS

— e

| Pt, Sitting | Pt. on Left Stde 1
Pt. Age Smoker lLung W ¢ R ‘T ¢ n
Pk/day Disease

ER. 29 0O 0 L0 8 2.6 |05 .17 2.6

PRax 29 O ) 1.5 .23 1.8 %

H.C. w0 0 0.7 .26 2.7 ; 1.0 .17 2.6

2.5, 21 1.0 o 5.8 W13 1.9 i

P.1. 25 0 0 1.0 .20 1.5 i 2,0 .13 2.2

PoPux 25 O 0 1.0 .17 1.9 | 1.3 .13 2. ;

B.J. % 1.0 0 0.5 .15 3.5 | |

I L6 3.0 bron- 0.6 % L.S ? !
: chitis | :
| ReS. L3 6.5 0 1.5 .12 2.5

J.P. 20 0.1 0 1.7 6 2.7 113 .t 3
i J.s. m 10 0 1.0 .21 L3 | 3
! D.S. % O 0 0.8 .20 20 1.0 .15 LG *

LK. % 0 : | 0,0 .20 2.0 | 1.0 i 2.y |

‘ I
= =
L. 25 - pulm.emb.| 0.5 .06 2.9
I G.X 8 - the. Ue5  o0B 643 1 !
! V"eDe () - chr.lung { (.0 <0C 6,2 i :
L ¢isease
C e Lung Co~liance Lame 0

1 = Resis‘zace to Mrfl~w cn, Hoo /L/sec,
TV » Tidal Volume in liters

# Rep-at _.udy 2 weer later
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B. PULMONARY DIFFUSIOF STUDY

1. Studies in dogs.

Diffusion capacity for carbon monoxide (DLCM) was studied in do-s
using the single~breath tectnique, A modification of *he single-breath
method was used *o deterrine the membrane diffusing capacity (Dm) and
the volume of blood in the lung capillary (Ve). The present ctudies
represent a continuation of those on pulmonary diffusion in hypovolemic
and irTeversible shock, as well as additional studies made in an effort
to rule out factors other than shock as a cause for the changes seer.
Kethod

The technique for studying DLCO in dogs, as well ac the method of
obtaining the Dm and Ve hac been discussed previously in detail.1 The
folloving further studies were carried out without technic2l modification.
a. The study of pulmonary diffusion in acute and irreversible shcck

was completed (three dogs successfully studied).

b. The cffect of retransfusion after a short period of shock was
investigated (four dogs). After corirul studie:c, hyrovolem ~ shock
to a blood pressure of 30 mm, Hg., was induced for fifteen to thirt-
minutes, The dogs were then reinfused and diffustion studies rerecrod,

¢, The effect of prolonged anesthesia without shock vies ascertained
(thre» dogs). These cogs were anesthetized z1d gas analvysis carr:ed
out irmediately, and at two-hour intervals for four hours. Shoci
was not induced. The animals! lunes were irtermittently inflated tc
prevent atelectasis,

d. Our technigque was sligh*ly wodified to evaluatle the eflect of the
lung inflation preceding the administration of the test gas >n the
va.aes of Ve, Such an effect was considerec of possible significonce

berause the three lun; inflsti.ns performed immedi:tely rvefore each

R
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determination of diffusion capacity were similar to a Valsalva

2
maneuver, The latter, has been shown to be followed by an

increase in Ve, In two dogs the tests were carried out one minute
after lung inflaticn when ne significant degree of pulmonary
atelectasis should be expected, but when the hemodynamic effect of
the inflations had subsided.

Pulmonary artery and left ventricular catheterization were used
during the diffusion studies in gix'dogs. In only two of these
dogs was it possible to complete the experiments. The results of
dffusion studies in these dogs are included in groups a. and b,
respectively. Complications occurred in the other four dopgs during
catheterization and the animals went into shock prior to the control
studies.

The hemodynamic data obtained in “i.~ one animel succes:fully
studied during irreversible shock surgested that charses in
pulmonary surface tension might be present diring shock similar to
theose which have been shown to occur during cardiep "™onar: oiTar ’
in atterpt was mede - evalizte this hypothaesis without ope-dng

the chest, as would be required for direct measurement of alvec’: -

',
Y

linin- surface tension by the method of Cleme:nts.

The lung ststic hysteresis was studie’ utiliring the techric e

g

ised by Mead in intact dors placed in a bady rlethysmograp!. The
dogs were intubated and chan~c: in lung volume calculated from t ..
nrescure changes within the plethysmegraph. £ small pneumotiroax
was irc*it *ed and n ~rshroo-. zo~'heter rlaced in the pleural space,
A bslloon was inserted in the esonhrpus as well and trancpulmonary

pressure was measured by both techniques. Both volume and tron--
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pulmonsry pressures were recorded simultaneously on a Sanborn,
four-channel recorder and later plotted on a volume pressure
diagram, The lung was inflated by steps of approximately 100 ml,,
with about 1,5 second intervals between each increasing inflation.
A total of S00 m?, to 800 ml, volume change was carried out,
followed by a step-wise deflation of the lung. Apnoea for the
study was produced by hyperventilation of the animal 3ust prior
to each test,

Results

a., Table I indicates the results obtained in six dogs during the
control state, hemorrhagic shock and irreversible shock.

During hypovolemic shock DICO fell to 60 per cent of control
and Vo to 53 per cent. The blood Hgb. was essentially unchanged,
During irreversible shock DICO was only 81 per cent of the control
value and Ve remzined as low as 58 per cemt, This confirms cur
previous report th~t Ve fails to recurn to normal in the jrrever-
sible shock preparation., Changes in Dm did not follow a sym-
metrical pattern.

The proportionality between DLCO and the volume of red bl.od
cells in the lung capillaries (Vrbc) which we observed in our
preliminary anemia experi.ment.s6 appears to hold true in hemor-
rhagic sd irreversible shock as well.

b. Four dogs were studied with retransfusion within thirty minutes
after the inception of hypovolemic shock, No studies were carried
out during acute hypovolemia in these dogs, and it was assumed that

the changes during thls period were similar to those seen in the
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complete shock studies (a), Following early retransfusion no

significant chenge was noted in MLCO, Ve, Vrbe or Dm, and all the

dogs survived. The rcsults of these studies are noted in Table II.
¢. The resulte of the study with prolonged anesthesia without shock

are indicated in Table III.

The slight increase in Vo and decrrase in Dm, although

not significant, suggest that prolonged anesthesia might well

result in some de.ree of pulmonary congestion. However, the

changes noted in pulmonary diffusion are in all respectsoppoced

to those observed in irreversible shocl,

d. In tw dogs the timing of the Jung inflstion preceding the
injection of the test gas was observed to have had little effect
upon the results. The capillary blood volumesobserved when a
one-rinute interval was allowed to intervene between the lung
inflation and the diffusion test were $1 and 95 per cent re-
spectively of the values obtained by our usual technique,

- Catheterisatin of the rulmonary arteary and left ventricle was
carried out on a number of dogs in an effort to evaluate the effect
of the lung inflation on the vascular dynamics and to correlate
chenges in pulmonary diffusion during shockt vith hemodynamic data,

Studies vere initiated in six animals, However, in four
hypotension developed during the preparation of the amimal and the
control studies at normal blood pressure were impossible. Only
one dog had combined pulmonary diffusion and hemodynamic studies
during acute and irreversidle shock (Tsble I, Tog No, XXII), The
other dog vas in the early retransfusion group., In this animal
the catheter slipped out of the pulmonary artery dwing shock
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and could not be replaced accur~tely dwring hypotension (Table 1T,
Dog Yo, XIX). Ne valid conclusions could be drawn from these
single studies and this aspect of the project has been temporarily
set aside,

Since the equipment for such a study was already available
to us, a rapid survey of lung hysteresis during acute and ir-
reveraible shock wes carried out in fowr dogs.

Evaluation of the results, however, qufckly convinced us that
the pressure volume relationshdp changed markedly with the number
and degree cof preliminary lung inflations used to prevent atelec-
tasis and to make the amimal apnoeic during the study., The study
of lung surface tension during shock éppears to require other

mthodsh and was ddscontimed,

iscusgion

1,6
Studies of DLCO, Ve and Dm, have nov been completed in arermia

and during acute =2nd irreversible shock., The results Jdu not -or-~=ar
to be iInfluenced by the lenpgth of anesthesia or the tirfns of the
relimnary inflation of the lungs., The retransfusion of blood docs
not appear to be responsible for the changes in irreversibie shock,
In both the shock state and anemia the changes in DLCO appear to be
directly related to the volume of red cells present in the lung
capillaries.

Doing the snemla studies Vo rcmained at or about control lecvels,
while in both acute and irrcvarsible shock it was markedly reducced,

Hemntocrit was markedly altered in mmemia but changed ldttle in cithar

acute or irreversiblc shock,
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A fall in Ve wrs predicted by Burmws? on a basiz of his
diffusion studies, althoigh his tochnique did not permit drect
measurcments,

The effect of gangliondc blockade has been reported by Lewds ot
al.p' who demonstrated o f£all in Ve ascociated with marked lowering
of the systemic blood pressure in human voluntecrs.

From a review of the litarrture no valid conclusions ¢esn be
drawn a8 to the mechanism responsible for the fail in Ve in hypotension
cither induced by drugs or hemorrhage. Active pulmonary vasomotor
changee could be at work, or changes in the pulmonary bed could b~
pasgive, seccondary to the £n11 in systemiec blood presswrc, Gerot cot
91.9 studied certain aspects of the pulmoncry changeo in hy->volemi-
and noted an enlarged gr=iiont between alveolar and ~rterial ~0p,

He intcrpreted this as due to 1 1lack ¢ perfusion of soune Al coli,
which were still ventilated i&th resulting dev-opment of w » ‘coln
der? space, Tr.s merelv implics 2 fall in Ve but does act Tl #n
why it £:11s, Furthcrmore, his “mimals were ventiloted * - set
volvme which mey have artificizliy produced or ircreased *h. venti-
1latiorn perfusion imbalsnc: in the 1nng,

Zuring acute shoc a £-11 in Ve was =or. or l:3s to Lo axpect ¢
ginc. it em rendily bo theorized that the vascul-r bed woulcd conform
to the small r vol:me of bleod av-ilebl. in *he body.

In irrcversibls shuck, the £-ilure of Ve to imprswe in rel-tion

to the ~tw - of T,3.V. and bleoc’ nresmure to clece to normel 1 vels

i

to

(4]

rore difficult to explain., A return of pulmernmry mrtory sressure

normrl in drreversible shoct hrs becn demonstr-~tod by othars velne
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A gindlar mdel.m i careful mAlyeis of chmges in pulmon-ry
vasculmr resistoncs during shocl: mry help eirrify this problem but
the ifficulty of valid intarratation of vascular activity in the
pulmonary bod is well »nowm,1l

Studios in urmms

In the exparimental amimal certain chanres in pulmonary
diffusion have been found to occur during acute and irreversible shock.
Information on the alterations in pulmon-ry circulation accorpanying
these changes is difficult to obtain. Of more imaodirte considerntion
is vhether similar changes accompany shock in hmmans., In preporatior
for the evaluation of clinical shock in natients the following
studics have been carried out. First, tc evaluate the recuracy of
estimating lung volume from the He &lution during a single breath
test md second, to ev~luote the relationship of Ve to tot-l hlood
volume (T,B.V.) in a group of normal voluntccrs,

Methods

a. The rcsults of ventilatory studics »f nineteon patiente with
elveolar eapillry block ware reviecwnd, These prtients were
safforing from Beryllium disease of the lungs, sarcoidosis,
intarstita) pnoumonitis, etc, The uveol:r volume (V) of
these patients was calculated by two technigues: First, by
adding the residual vclume as detcrmined by the closcd He
t.ecl'n':iqueH to the volume inspired for breathholding during a
singlc breath test, Second, by calculating V. directly from
the He dilution ratic obtmdned during the single breath test

assuming 250 cc. to be anatomic dead space during breathholding,




-16-

Five presumably normol vol:nteers hav- thus far boen studied in
the following mrnner, Totel Buood volure has bem obtainod by
the togped rodionctive slbumn tochrdque with sommples moasured in
a Pickcr Hemolitre and results corrected for hematocrit, Pulmc-
nzry function studies were thon carried out consisting of timed
vital cgpacity, residual yolume measured by the closcd He technique
and pulmon~ry diffusion by the single breasth methed for carbon
monoxide, For the diffusion studics two test gas mixtures were
used each containing 0,3 per cent CO, 10 pcr cent He, either 21
or 90 per cent 0, and the balmnce nitrogen.

In addition the diffusion studics werc carried out 2t two
lovels of inspiration. 1,) Total lung capacity and 2,) Functional
residual capacity plus t1d~1 volumc, DLCO, Ve and Dm were

erlculated by the methods previouvsly described,l

Results

Qe

In Figure T e charted the results in ninetern ;| ~tiemtc with
lung discase resulting in alveolsr capillary block, Tt will 1.
noted thrt in only onc inst-ncc was n poor correlation roted
bitween the two methods of caleulsting Vi, This wns -~ cse  f
sovere emphysem~ included intentionnlly vhoroit 4s well known
that the He rtio mny grossly undercstimnte Vi,

In all five voluntecrs thus f£or studicd DLCO was cbscrved to
incrensc with the lung volume, This fact has toen previously
mti:d.l}'n‘ Ve find that tvis ineressc is entircly duc to an

incrcase in Ve with no signdficant change in Dm, [t total lung

volumc Ve was alrost doblce thet found in the tidal velume ronec

vher it mpproxi- ~ted 1 per cont of T,B,V,




a,

POIRT Al e -zl b - g ; el oL gt ok Rl i
i T L AR W 7 Rt T gvf){r‘mlv.g; &-\g' R !.~ A e ! R

b,

~17=

liscusesion

The good correlation between the two methods for calculating
v, means that the He dlution method during a eingle bresth test

alone will be required for the study of patients in shock, This
will greatly simplify the procedwres nocessary 12 very i1l prtients,
Patiants with ssphysems will not be studied,

The results of the diffusion studies on normal voluntcers
will give us an estimate of thc relationship of Vc to T,B.V, in
ow hands, We will then have 2 comparison for the study of patient:
in shock,

The change in DICO and Ve with change in lung volume sugrests
that great technical precautions will have to be t-ken in carrying

out ward studies, mnd resuits carefully evaluated on a brsis of
the lung volumes fourd,
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TARLE 1 SHOCK EXPFRIM NIS

CONTROL HYPOTENS i 0N IR TViLCIBLT SHOCK
Dog ;o DICO) Ve Vrbc Dm | HD DI Ve Vrbe DIm (M DICO Ve Vrbc Inm

———— . e

1x h.2 264 124 s9 Lo [1.,5 1.0 53 21 18 )15 1h.2 L6 2h 25
X 13.9 27.2 65 4O 5% J12,3 16,7 35 15 80 |1lh.2 23.7 SL 35 132
Q 15.7 1.5 28 15 S2 7.0 9.5 18 10 29 U 1l 20 11 %

xvii | 13.1 267 S8 26 1o, |[13.b WS W 18 35 |15.9 AL L3 23 €5
XXI 12.% 12,0 6 16 26 12,5 8,7 32 13 15 4.3 .7 30 U, s
X311 1.0 8,7 27 13 W {17.8 8,2 1y 8 28 19.2 7.9 15 10 20

Mean 13,9 19,3 60 28 L9 | 1Ll 11,5% 32¢ 1 3L ] 15.9 15.6 35+ 20 S8

-

S.T. 1.0 8.4 3¢ 18 2,6 35 W S 18 5.6 15 1¢
STy
10O = aa mnut . .
PLoo 7 ml. e/mm, Hg
Vroe = ml,

Dm e ml,/minute/rm, Hg,
» Significantly different from its control value. P & .05
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EJRLY RETRANSFUSION (FTER (EMORRIUGIC SHOCK - 30 MINUTES

CONTROL RETRANSTIBTON

?cg ;o) DICO Ve Vrbe Dm 5o} DICO Ve Vrbe Dm
o

v 15.9 19.8 50 27 Ls 1L.5 17.8 5a 25 37
v 17.k 17.0 n 18 63 19.3 17,4 27 17 112
X¥111 | 15.3 22,5 L 33 Lk 8. 22.6 53 13 B
ax 13,9 20,2 Sl 24 Lk 13,0 17.5 L& 2¢ Ll
Meon 15,6 20,0 L9 26 L9 16.3 19,0 L4 2L 59
Mean change as per cent of control 104 o4 9c 92 120

4

gms.
m./mmte/m. Hg-

ml,
ml.

ml./minute/mm. Hy.




THBLE I1I
FFYICT OF PROLONGED ANESTHESIA O PULMONARY DIFFUSTON CAFLCITY

CONTROL 2 Hours L Hours

Dog Hb DICH Ve Vrbe Dm Hb DILCO Ve  Vrbe Dnm H DLCO Ve Vrbe Dm
=,Oo

) 191 15,6 33,3 68 36 100 | 16.2 25,2 105 57 37 15,3 21,0 60 N L
X111 14,0 32,2 70 B 39 15,3 20,3 LB 25 50 15.3 20,5 70 36 36
ye Y 17, 29.8 61 36 75 18.8  33.3 57 3L 185 18,9 36,6 106 67 51

Mean 145 By & 37 71 168 26,3 69 39 81.8|26.5 2600 79 us L3

=20m

The reduction in Dm from control to after four hours i3 significant at the .05 confidence levcl.

b = oms, &
DLCC

= -1./minute/mm, He.
Ve = ml,
Vrde = m},
Dm = =1,/minute/mm. Hg.




Va from He Ratio and Inspired Volume
During Inspiration

Assuming & Dead Space of 250 cc.

COMPARISON OF TWO METHODS FOR CALCULATION OF ALVEOLAR VOLUME (va)

_ 6
.5
o>
8,5
L
§
ha
4
3
2
ﬁ@H
4».5..5«3.0
| 2 3 L s 6 7
L 1 1 - 1 1 §

Va from Residual Volurs Plus Inspirad Volume at the Time of the Single Breath Test
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C. HEMODYNAMIC AND EXPERIM™NTAL THERAPEUTIC STUDIES

1. Mesenteric Sirmathectory and NamcaThagio Stwca

Sixty mongrel dogs were premedicated with 1.5 mg./Kg. of morphine
sulphate following which the femoral artery and vein were cannulated, and
heparin (2.5 mg./Kg.) injected into the femoral vein and heparin (30 mg.)
into a recervoir to be uced for the bleeding out prepesration, Arterial
preacsure was continuocusly ronitored with a mercury menometer., Fine's
method of graded hemorrhage was cmpleyed to induce 8Rd maintain shock.
fnimals were bied from the femoral artery into a reservoir 4O cm. above
the level of the right atrium, and a mean pressure of approximately
30 mm, Hg. was maintained, All the blood in the reservoir was reinfused
vhen LO per cent of the maximum bleeding volume was taken up spontaneously;
or six hours after the onset of shock, if the LO per cent uptake was not
completed by this time. Dogs alive 2, hours after the onset of the
experiment were considered to be permanent survivors.

The experiment was done in two stages. In the first, 30 dogs
vwere divided into three groups of 10 animals:

Group I. - Control 1. The siimals were shock.d as described,

Crovp II. The animals were given Dibenzyline (.5 mg./Ke.) one
hour prior to the onset of hemorrhage,

Group ITT. The animals were subjected to abdominal postgangiion:.
sympathectlomy under nembutal anesthesi», Seven to 12 days after operation,
the animals were cubjected to hemorrhagic shock in a manner identical tc
the cther two groups.

In the second stage, 30 dogs were used and divided into three groups
of ten animals,

aroup IV, - Control II, The animals were shocked as in Group I,
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Oroup V. The animals wsre subjected to mesenteric sympathectomy

simil=rl> as tofore except thal the interval betwesn sympathectomy and
exposure to hemorrhagic shock was extended to six weeks.

Group VI, The animals were subjected to hemorrhagic shock as in
the control group. Thirty minutes aftar the onset of shock, however,
the celiac and superior mesensric graglion with thair respective arteries
wars expcsed and infiltrated with 10 cc. of 1 per cent novocain, The
results were analyzed in terms of survival, bowel changes, maxirum
bleeding time and total uptske time.

Pretrement with Dibenzyline resulted in a 60 per cent survival rate
as compared to a 100 per cent mortality rate in the control group. The
sount of blood shed into vhe reservoir (MBV) was reduced as was the rate
of bleeding (MBT) and rate of uptake (UT). The smaller bleeding volume
and the reduced rate of bleeding suggests that the aympathetic vaso-
constrictor response to hemorrhage *vas mocdified in the early stages of
shock, and prolongastion of the uptake time reflects some preservation of
vascular tone in the advanced stages of hypotenaion. Animals who were
shocked 7 to 10 days after sympathectomy demonstrated a slightly higher
(20 per cent) but strtistically insignificant survival rate than the
contrcl group. The reduction in MBV was observed, but the bleeding time
was not significantly changed. As in the Dibenzyline group, the uptake
time was prolonged.

Extension of the interval betwsen denervation and hemorrhage to
six weeks did not alter survival rates. The only hemodynamic change
consisted of an incheased uptake time,

Chesdcal blockage of the mesenteric sympathetics after the onset of
shock resulted in a 100 per cent mortality., In addition, an overall
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deterioration of the hemodynamic parameters were observed, mresumable
a8 a result of the added trauma of a lsparotomy during the hypertensive

stage.
2. Therapy of A ¥ew Shock Model

The bast thergpy for hemorrhagic shock is control of the hemorrhage
nd adequate blood replacement as soon a® possidble. The value of mumerous
ancillgry measwres used between the onset of shock and dleocd replacement
have been tricd with varying degrees of success., Some of the msasures
under current study are the use of vasoconstrictors, adrenergic blocking
agents and amticoagulating materials, In an effort to mimic the clinical
situation and produce sn experimentsl model with an LD of spproximately 50,
the following methods were utilized and results obtained.

Methods

Sixty mongrel dogs were used throughout the experiment. After
weighing, each animal was lightly narcotized with morphine, and cenmu-
lations to the femaral srtery md vein performed. Heparin wae administered
intravenously and the venous camnula capped with a heparin block, The
arterial carmula was connected by a Y-tube to a calibrated Lamson bottle
held 4O cm., above the level of the animal's heart. The other comnection
of thse Y-tube was used for a continuous blood pressure monitaring by a
Sanborn recorder., Control values were obtained for blood pressure,
hematocrit and arterisl pH.

The animals were bled into the Lamson bottles for a period of one-
half hour. At the conclusion of this period of bleeding, the canmila
to the reservoir was clamped and the following determinations made:
amount of blood in the reservoir, blood pressure of snimal, hemstocrit

md aterial pH. Through the venous cannula, therapy was begqun with
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various solutions: (A) SO0 cc. of saline (10 dogs); (B) 500 cc. saline
plus 2 cc. of l-norepinephrine (10 dogs); (C) 500 cc. saline plus one-
half oc, trimsthsphan caaphorsulfonate (10 dogs); (D) 500 cc. saline
plus fidbrinolysir LOOO u/Kg. (10 dogs). In two other groups of animals
the dlseding period was extended to ons hour to incresse the LD. After
this one hour period the tharapy was instituted as follows: (%) 500 ce.
saline (10 dogs); (F) 500 cc. saline pius fibrinolysin LOOO u/Xg. (10 dogs).

The mimals were monitored for rix hours, if possible, with a threc
hour check on blood prescure, hematocrit and pH, At the end of the six-
hour period the animal was returned to his cage and observed for a 2l
hour g:vival., If death occwrred the snimal was sutcpsied, with particular
emphagis placed on the condition of the gastrointestinal tract,

The one-half hour bleeding period proved to be a moderate challenge
to “hese animsls, offering a control survival of 7 out of 10, The
addition of a vasodilator decreased survival., Fibrinclysin increased
swrvival,

The one hour bleeding period was more of a challenge, with a control
ralvere of only one out of 10 amimals, Since l-norepinephrine and tri-
meth.phan camphorsulfonate did not improve survival with one-half hour
bleeding, they were not used in this more severe rreparation. Fibrinolyein
agudin increzsed survival,

When the cortrols and fibrinolysin animals on both the half-howr and
one-hour bleeding sre grouped together the control salvage was 8 out of 20
a8 compared to 15 out of 20 for fibrinolysin. These figures have a
sigrificance when compared statistically (chi-square 6,4: P <£,01).
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Thers sppeared to be little difference among the groups with regards
to average weight, blood loss, or three-hour hematocrits.

The three-hour blood pres:ure findings are of sone significance.

In general, if the enimals were still alive and the blood pressure was
above 100, there was a good chance of swrvival (26 out of 3 possibilities);
whereas if the blocd precsure is below 100, there is little chance of
survival (2 out of 18 poscibilities), These are highly significant

figures {chi-square 17: p €.,007),

Simdlarly, the threz-hour mterial pH wes an excellent guide to the
quality of tissue perfusion, If the pH was 7.3 or aove, there was an
excellent chance for survival (22 out of 2l possibilities); wherea= if
the pH wzs below 7.3, there was little chance of aalvage (6 out of 28
possibilities). Again, these are significant figures (chi-square 22:
p(’.005).1

3. Blood Volume snd Mixing Time Determinations

Serial blood volume measurements in 26 natients undergoing open
heart surgery revealed a significant v)lume deficit unaccounted for by
external loss. This internal lose is attributed to sequestration of
blood into vascular pools not in intimate commnication with the effective
circulatory cystem, This supposition irplies two distinet vascular beds
with Jimitedd functioral communication ama diffusing rates of c:ir'cul'.:n‘.i:m.2
Injected radicactive substances may not reach the stagnant circuit during
the standard time allotted for mixing and a deceptive low blood volume
reading may be obtained, Repeated postinjection sampling may detect the

sequestered pool and provide a progressive increase in blood volume

reading. Pooling of blood also occurs in traunatic shock, and it may

reilect an impaired capillary circulation. Dstection of slow mixing by
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by blood volune dsterminstions may uncover the basic underlying patho-
gonesis and provide a method of evalustion of the effectiveness of
various therspeutic agents,

Base line controls prior to inducing hemorrhagic and toxic shock
were obtuined. Blood volwme determinstion with 1173 gd B> yere per-

formed in 10 doga. Postinjection samples were obbained st 10,20,30 and
LO mimutes. Splenectomy was then performed on the animals and the same
blood volume studies ware repeated two weeks later,

No spprecisble changes were found with the serial postinjection
sapling technique. However, a loss in blood volume was exhibited
following the splensctosyy by either the Chromate or I13! method,

Preliminsry results on two experimental andmals suggests that after
the induction of hemorrhagic shock there is a steady increment of
volume readings up to LO minutes after injection on serial postinjection

sspling. These results are similar %o those obtained on surgical
patients immediately following open heart surgery.
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