UNCLASSIFIED

S ——

431209

AD

. DEFENSE DOCUMENTATION CENTER

FOR
/ SCIENTIFIC AND TECHNICAL iNFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED

v




NOTICE: When government or other drawings, speci-
fications or other datea are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government theredby incurs no responsidbility, nor any
obligation wvhatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any wvay
supplied the said drawings, specifications, or other
data is not to bde regarded by implication or other-
wise as in any manner licensing the holder or any
other perscn or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




Ly-d

AMRL-TDR-63-107

1209

€9 TECHNICS FOR MEASUREMENT OF INTRAPLEURAL AND

< PERICARDIAL PRESSURES IN DOGS STUDIED WITHOUT
THORACOTOMY AND METHODS FOR THEIR APPLICATION
TO STUDY OF INTRATHORACIC PRESSURE RELATIONSHIPS
DURING EXPOSURE TO FORWARD ACCELERATION (+ G,)

)

TECHNICAL DOCUMENTARY REPORT No. AMRL-TDR-63-107

.

-

B

AS A

DbcC

» -y g
o _.I ot {

F

I

caratoceo sy DDC

DECEMBER 1963 | MAR 10 1964 |
OV S
TISIA B

BIOMEDICAL LABORATORY
6570th AEROSPACE MEDICAL RESEARCH LABORATORIES
AEROSPACE MEDICAL DIVISION
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

Contract Monitor: A. S. Hyde, M.D.
Project No. 7222

(Prepared under Contract No. AF 33(657)-8899 by
E. H. Wood, A. C. Nolan, D. E. Donald, A. C. Edmundowicz and

H. W. Marshall
I | The Mayo Clinic, Mayo Foundation, Rochester, Minnesota)

—--—--*




NOTICES

When US Government drawings, specifications, or other data are used for any
purpose other than a definitely related government procurement operation, the
government thereby incurs no responsibility nor any obligation whatsoever; and
the fact that the government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data is not to be regarded
by implication or otherwise, as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented inventjion that may in any way be related thereto.

Qualified requesters may obtain copies from the Detense Documentation Center
(DDC), Cameron Station, Alexandria, Virginia. Orders will be expedited if
placed through the librarian or other person designated to request documents
from DDC (formerly ASTIA).

Do not return this copy. Retain or destroy.

Stock quantities available at Office of Technical Services, Department of Commerce,
Washington 25, D. C. Price per copy is $0.50.

Change of Address

Organizations receiving repor:s via the 6570th Aerospace Medical Research
Laboratories au‘omatic mailing lists should submit the addressograph plate stamp
on the report envelope or refer to the code number when corresponding about
change of address.

800 - March 1964 - 162-28-523




FOREWORD

The study on which this report is based was accomplished in the
cardiovascular and human centrifuge laboratory of the Mayo Foundation,
Mayo Clinic, Rochester, Minnesota, under the direction of Dr. Earl Wood
under Air Force Contract No. AF 33(657)-8899, Project No. 7222, "Bio-'
physics of Flight," and NASA Contract R-43. Dr. Alvin S. Hyde, Multien-
vironment Division, Biophysics Laboratory, 6570th Aerospace Medical
Research Laboratories, was the contract monitor. Dr. Wood was assisted -
in this study by Drs. A. C. Nolan, D. E. Donald, A. C. Edmundowicz and
H. W. Marshall and Mr. W. F. Sutterer of the Mayo Clinic. Work on this
project started 1 December 1961 and continued until 30 November 1962.

This study was made possible by the unstinting cooperation of
many of our technical and professional colleagues in the Section of
Physiology and Section of Engineering; among these Donald Hegland, Miss
Lucille Cronin, Julius Zarins, William Hoffman, Robert Hanson and Mrs.
Jean Frank are deserving of particular mention.




ABSTRACT

Pleural pressures were recorded simultaneously from the ventral
and dorsal regions of the thorax using fluid-filled catheters inserted
through the chest wall via No. 16 needles using an air-tight technic.
Pressures were referenced to the catheter tip levels determined by A-P and
lateral roentgenograms taken prior to and after a series of 1 to 3 minute
exposures of 8 anesthetized dogs to accelerations of 2, 4 and 6Gx (supine
horizontal and 15° head-up and head-down positions).

The negativity of intrapleural pressure in the ventral thorax
was uniformly increased during exposures while intrapleural pressure in
the dorsal thorax became positive. These changes are believed to result
from the increase in weight of the lungs and other intrathoracic elements
during acceleration and would be compatible with an average specific grav-
ity of the thoracic contents of about 0.5 since the increase in gradient
between the dorsal and ventral reccrding sites averaged about 0.5 cm. H20
per cm. of vertical distance between the sites per G to which the animal
was exposed. Esophageal and pericardial pressures were similar or somewhat
less negative than the intrapleural pressure at the same horlzontal plane
in the thorax. All dogs showed decreases in arterial oxygen saturation
during exposures to 6Gx when breathing air or 99.6% oxygen similar to those
previously observed in normal human subjects. Collapse of alveoli and con-
sequent arterial-venous pulmonary shunting of blood appears to be the most
likely mechanism for the arterial desaturation observed.
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TEC'MICE FAP VELIUFEMENT OF TNTRAPLEUTAL AND PEPICARDIAL PRESSURES IN
DIOGS STUDIED WITHOUT THORACNTOMY AND ETHODS FOR THEIR APPLICATION
T STU'DY OF TNTRATHORACTYC PRESSURE RELATIONSHIPS
D''™ING EXPCSUPE TO FORWARD ACCELERATION

The rroject currently belrs pursued under this contract
is an investig=tion n® the mechanisms of the decreases in arterial
oxyien saturation snd increases in right atrial pressure referenced
to midechest level, which have been observed in man and in dogs
during exvosures to forward acceleration in the supine rosition.

Tn preliminery exveriments carried out on four dogs,
technics vere developed in cnllaboration with Dr. David F. Donald
(D.V.4., Ph,D.) and Dr. A. Clark Molan for positi-ning without
thoracotomy of Mo. 47 teflon rediovaque catheters so that their
tips rested in the rer!cardial space and in the ventral and dorssl
risht pleural space at a crossesectionpl level aprroximately at
the tricusvid valve. These catheters were fluicd-filled snd con-
nected to Statham P2%D strain gauges. Their length is 40 cm,.,
Iuterns) Alameter 0.7 mm. and external dismeter 1.3 mm.®* ™he
technic of introduction was designed so that no alr vas admitted
st the puncture sites.

The equiprment utili-ed for recnrding intrapleurel pres-
surecs usin~ *his percutanenus technic is 1llustrated in Pigure 1.
The arprancement for +he nercutene-us nuncture thr-uch the appropri-
rte intercoztal
svece 1s 1llus-
trated in the ASSEMBLY FOR CATHETER INSERTION
middle panel, FOR RECORDING OF INTRAPLEURAL PRESSURES
The P22D Statham 5
strain rauvrse Close-Up of Needle and Catheter Tip
teflen ecatlieter

system 1s filled nieasiimneey
with Binger'ts ( )
srlntion con- o 1 em.

tainlng 25 mg.
of Yeparin per
liter. The birds=
eye catheter tin ———uill-

shown in the top 5

panal ias with= fhon
drav= insida of i i
£ ,,_‘_I t1o Ao ¢ h:" Assambly During Pressure Recording

Vi, 1.“ R e
puneture needlo.
"he. cArthintecr L § b -
(& S

pazzes thrmigh o 5 om. ¥ o =
an air-tizht ]
rubber rasket q
asza~bly pttacked
to the hub of
this needle by
an evternally Figure 1. Assembly for percutaneous insertion of a

No. 4F catheter for recording of intrapleural

pressure. See text for description of technic.

# The teflon tubinec, fro— wvhicsh these cntheters were fabricated, was
purchased from the ",S, Tatretsr Comnany, Glens Fells, MNew York.
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threaded male luer lok hypodermic fitting. The tightness of fit

of the rubber gasket surrounding the catheter shaft can be variled
by tightening or loosening the internally threaded collar fitting
({packing nut) shown in the bottom two panels. After the catheter
has been threaded through this assembly which has been previously
rfilled with Ringer's solution the packing nut is tightened with
finger pressure so that the tightness of fit to the ca*heter shaft
is such that the catheter can, with reasonable care, just be forced
into or withdrawn from the needle without buckling of its shaft.

Dogs under morphine (7.5 mg./ke., subcutaneously) supple-
mented with sodium pentobarbital anesthesia were used. The hair
was clipped from the thorax, the ventral portions of the neck and
inguinal regions. A flexible cuffed polyvinyl endotracheal tube
was inserted and the animal positioned in the left decubitus position,

Fipure 2. Lateral (left panel)
and antervposterlior (right panel) roentgenorsrams
of the thorax of a dog showing positions of catheter
tips for recording pressures from multiple sites in
the thorax. Catheters were introduced and positioned
without thoracotomy using fluoroscopic and pressure
monitoring. (A) Tip of catheter in thoracic aorta
introduced percutaneously via right femoral artery,
(DP) Tip of ceatheter in potential intrapleural space
In right paravertebral gutter, (VP) Tip of catheter
in potential right retrosternul intrapleural space,
(E) Esophageal catheter, (PA and RA) Tips of catheters
introduced percutasneously via lecft external juguler
veln and positioned with tips in the pulmonary artery
and right atrium respectively, (IA) Tip of catheter
introduced into left atrium via transseptal puncture
from the right external jugular vein, (P) Catheter in
pericardial sac iIntroduced intramediestinally from =
percutaneous puncture cephalad to the suprasternal
notch, (W) Wires inserted through lateral cortex of
ribs bilaterally for fixation of thistle tube system
used for determination of zero pressure reference
levels before and during centrifure rotstion.




The needle connected to the ventral pleural catheter assembly was
inserted via a 2 mm. stad wound through the skin in the 4th inter-
space in approximately the mid-axillary line with its tip directed
ventrally along the interspace at an angle of about 30 to 45 degrees
with the skin surface. The needle was advanced slowly through the
intercostal musculature with continuous pressure monitoring until a
characteristic sensation transmitted through the needle shaft was
perceived when the needle tip perforated the delicate but rather
tough parietal pleura. This was followed by the attainment of a
negative pressure varying with respiration in a characteristic manner.
The needle was then held in this position and the catheter advanced
through it under fluoroscopic control. The catheter can be manipu-
lated quite easily in the potentisl pleural space. Tts tip was
positioned between the sternum and the ventral surface of the heart
(Pigure 2) . .

The dorsal pleural catheter was introduced in a closely similar fashion
with the puncture needle directed dorsally along the 5th intercostal space. Its
tip was positioned in the right paravertebral gutter dorsal to the heart (Figure 2).
After each pleural catheter tip was positioned satisfactorily, a suture was in-
serted percutaneously so as to pass under the shaft of the puncture needle.

This suture was tightened around the needle shaft using a single throw knot
and the needle carefully withdrawn over the catheter shaft so as to not disturb
the position of the catheter tip. The suture was then snugged tightly around
the catheter shaft to prevernt any possibility of pneumothorax. .

The assembly used for percutaneous introduction of the

pericardial catheter is illustrated in Figure 3. The 13 gauge

olive-tipped guide
needle used for at-
taining the position
for the pericardial
puncture is 26 cm. ' .

in length and is S _‘M
equipped with.a luer E—

lok gasket pecking
nut assembly closely

ASSEMBLY FOR CATI-{ET"ER INSERTION
FOR RECORDING OF PERICARDIAL PRESSURES

Close -Up Gatheter and Needle Tip- for Puncture

Assembly for Puncture

similar to that de- - e ~P -~
scribed for the . P :

pleural puncture ° t .

needle., The No. 4F . :

radiopaque teflon . ) :

catheter is intro- - ’ ; I

duced into the guide Exploded View -of- Assembly,

needle through this . o i pret
gasket assembly. —
This catheter contains - : ‘ol <o
a No. 22T gauge-~-hypo- " 3_._.'_.4_;"

dermic tubing stylet.

(length: 52 cm.) = i !

introduced via a i .

similar air-tight 5

packing nut assembly -

and connected to a . Figure 3. Assembly for percutaneous insertion

P23D strain gauge of a No. 4F catheter for recording of pericardial
pressure. See text for description of technic.
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*The animel is rotated into the 1left decublitus. 'position whilé .

" - tough. pericardium  is perceived. The catheter is then advanced over

manometer via a 30 cm. length of nylon tubins (Internal di-

ameter: 1.5 mm., exterrnal cdiameter: 2.1 mm.). This length of
flcxible nylon tubing 1s required %o provide adequate mobillity

of the puncture sssembly. The entire assembly is fluild filled

and the entrapment of minute air bubbles avcided so that nan sde-~
quate dynamic response for monitoring pressures transmitted through
the stylet assembly is meintained. £An "exploded" view of the
complete assembly is shcwn ir. the bottom panel of Figure 3.

The tip of the hypodermic stylet used for puncture of
the pericsrdfum is carefully positioned so that it protrudes just
beyond the birdseye tip of the teflon catheter, as shown in the
ton panel of Fipgure 3. The tip of this stylet-catheter assembly
is then withdrswvr so that it 1s inside tre olive tip of the gulde
needle,

¢ édog is vnositicned in the supine position with his 5
neck extended. 4 3 mm. diameter stab wound 1is made In the skin
and underlying fascla just ventral to the trachea ancd cephnlad
- teo the suprasternal notch. The guide needle containing the s
- stylet-cathéter assembly -1s introduced through this. stab wound
and carefully advanced under fluoroscopic control so that it
passes just ventral to the trachea in-the mid-line t6 a position
Just above the base of the heart. A heavy suture inserted per-
. cutaneously and pessed under the shaft of the guice needle: 1s
snurged down with a single throw-knot to lesien the possibility
of passage of eir alonr the needle shaft into .the mediastinum.

mainteining the position of the guide needle as nearly unchanred

as possible. . "The guide needle 1s then advanced uncder fluoroscopic
control until: it 1s seen to indent the cardiac shadow just anterior
to the origin of- the cephalic grrat vessels’ (Figure 2, left psnel).
The .guide néedle is then maintained in-this position and the stylet-
_catheter assembly advanced through .it under fluoroscoric control
until .the sensation of the needle tip perforating the délicate but

the stylet to the desired position in the pericardial ‘space (Figure
2). The hypodermic stylet is withdrawn until its tip is just beyond
the .stopcock 'at the external end .of the cethetér. This stnpcocv is-
then closed, the stylet and packing nut assembly removed end the
nylon asdapteér tubing and strain- canure ccrnected directly to the
catheter with care to avold entrapment. of air bubbles at the con-
nection. ‘The stopcock is then opened thus completing the procedure.

"-‘;-l-"‘-q-u--.-—— o

Tsinp technics previnusly developed in the laborstory, ) “.
catheters which were introduced by percutaneous puncture were F .
positioned with their tips in the pulmonary artery, right atrium,
thoracic: aorta, 11liec artery and left atrium. (WADD mechnical
Report 60-634, January, 10 61 Circulation Keseerch 19:1196, No-
vember, 1961; Proceedings of the Steff “eetings of the “‘ayo Clinic,
33:536, October, 1958.) Catheters were alsn positioneé vith their
tips in‘'the esophagus at the level of the tricusovid, snd in some
animals in the rectum. Pressures trarsmitted vis these catteters
snd in the endotracheal tube (respirstoryv airway pressure) were
recorded continuously and simulteneously usins Stetham strain
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*aures., "he r.p.m. of the centrifuze, the angle of the cock=-
pit from the vertical, and the acceleretion 2ot heart level vere
21s~ recorded.

Thistle tubes for pressure zerc refTerence level cor-
recti-ns during exposure to scceleration were wired to the
4t» pribs bllaterally. A-P ané lateral roent-ennarams of the
thorax were taken with a radionaque rrid of known dimensions
included in the picture for correction »f distertior in subse-
quent measurements of the vertical dlstences sevsrating the tips
af the pleursl vericerdial ond esovhapgeal catheters and locali-
zation of the intravesculer recordins sites (Ti~rure 4),

~irure 4, Tateral (left panel) and antero-posterior
{(risht panel) roentgenorrams of the thorax of a
deogz showing vpositions of catheter tips at multiple
o thoraclic sites following a Series of exposures tn
forward aceceleration nn a centrifusge. The «lass
thistle tubes (T) fixed by wires to ribs bilater-
8l1ly ard used for zero pressure reference level
eterminatlions are also shown. The lead strips
{(0) which were “astened to the thistle tubes (left
panel) mark the level o° the hyvothetical coronal
plane passin~ through the mid-anterior posterior
level of the thorex. Thir plane was used ns the
zero pressure reference level for all intrevascu-
lar pressure measurements., (A) Tip of catheter
I . in thoracic aorta, (DP) Tip of catheter in
potential intrapleural space in right paraverte-
| " bral.gutter, (VP) Tip of catheter in potential
right retrosternal pleural space, (E) Esophageal
catheter, (PA and RA) Tips of catheters in the
pulmonary artery and right atrium respectively,
(LA) Tip of catheter in left atrium. The 2 cm.
marks indicate the dimensions of reference grids
used to correct for and verify the accuracy of
the corrections for distortion of the measurements
made from these roentgenograms and used to correct
the intrapleural and esophageal pressure measure-
ments to pressures at the respective catheter tips.

[
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The animals were fixed in the surine vosition on a
svecfally desinned padded couch which could be tilted around a
transverse axis psssing sporoximately throursh the tricuspid valve.
The anlmal and couch were then transferred to the centrifuge
cockpit and the various catheters connected to their resnective
strain gauge manometers which were vnsitioned as closely as

possible to the axis of rotation of the couch. These strain sauges

and the thistle tubes were connected to a pressurized wash bottle
system filled with heparinized Rincer's solution. This system
was used for calibration of the sensitivities of the manometers
and establishinz the zero reference level of the cauces at mic-
A=P chest level.

Correction for the zero shift of the manometers and of the
animal during exposures to scceleration was accomplished using
the thistle tube system as described in WADD Technical Report 60-634.

The changes in oxygen saturation of systemic arterial
blood were recorded continuously by a cuvette oximeter simul-
taneously with the pressure recordings. Blood was withdrawn
through the cuvette by a mechanical constant rate withdrawal
syringe via a nylon catheter positioned with its tip in the
1liec artery. Sampling was continued for approximately 3 minutes
extending over a period including a 15 to 30 second control
interval just prior to the exposure, a 60 second exposure to
plateau levels of 2, 4, and 66 and continuing for approximately
2 minutes of the recovery period immediately following the ex-
posure, .

Simultaneous and continuous recordings were made of
the variasbles mentioned above during 60 second exposures to
Plateau levels of 2, 4, and 63 with the animal in the horizontal
position and breathing air. The zero reference level of each
manometer system was recorded after each exposure and a cali-
bration of the sensitivities of all the systems carried out
before and after each sequence of 3 exposures, The manometers
were opened to. the thistle tube system, the menisci in the
thistle tubes set to mid-chest level and the zero reference base
line of each system recorded continuously along with r.p.m. and
cockpit angle during three periods of rotation of the animal
and associated transducer assemblies at 2, 4, and 6G.

: The physiologic recordings at 6C with the animal in
the horizontal position were repeated and then the couch was
tilted so that the dog was in the 15° head-up position. The
same sequence of exposures, calibrations, and base line re-
cordings were done in this position as carried out previously
in the horizontal position. The couch was then tilted so that
the dog was in the 15° head-down position and this sequence again
repeated. The animal was returned to the horizontal position
and a repeat 60 second exposure to 6G carried out,
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The pulmonary artery catheter was then attached to a
second cuvette oximeter which was in turn connected to the second
syrinze of the constant-rate withdrawal assembly. The animal
was then exposed to 66 for 3 minutes and following a several
minute period of recovery the respiratory gas mixture was changed
from room air to 99.6f oxygen at ambient pressure. Sixty second
exposures to 6G and 4G were carried out followed by a 3 minute
exposure to 6G, interspersed with zero reference checks and ma-
nometer calibrations as for previous exposures. The absolute
accuracy of the cuvette oximeters was checked for each animal by
manometric analysis of blood samples withdrawn through both
cuvettes while records of oxyren saturation were being made,

Usine care not to change the position of the catheters,
the animal and couch were removed from the centrifuge cockpit and
A-P and lateral roentcenograms taken of the thorax to verify the
position of the various catheter tips (Figure 4),

The animal was then partislly exsanguinated, his trachea
exposed and a lethal dose of sodium pentobarbital given intra-
venously simultaneously with injection of 50 ml. of formalin into
the oral airway with the animal in the 15° hesd-up position. The
trachea was then clamped and the thorax opened carefully to de=-
termine the position of the various catheter tips and the gross
appearance of the intratnoracic structures. The lungs were removed
with care not to allow their collapse and after gross Inspection
immersed in formalin for subsequent histologic examination.

Experiments on eirht dogs have been carried out according
to this protocol. 7Tn the first four experiments, iIn addition to
the simultaneous recordings of all variables on a two (slow and
fast) camera photokymogravhic assembly, parallel recordings of
part of the variables were made on a 7 channel magnetic tape as=-
sembly for subsequent electronic data processing. Due to the
limitation to 7 channels for macnetic tape recording, it was
necessary to repeat the sequence of exposures in each body position
in order to obtain magnetic tape records of the variables considered
to be of greatest interest.

The last four experiments were carried out without mag-
netic tape recordins and without introduction of the pericardial
catheter. The objective of these experiments wos to obtain data
with as simple 21.d hence as reliable pressure recording assembly
as possible and to minimize the chance of inadvertent production
of some degree of pneumothorax during the introduction of the
pericardial catheter bty the suprasternal intramediastinal route
used.

Concomitant with these studies of the effects of various
levels of acceleration produced on the centrifuge, studies have
been carried out at 1¢ in collaboration with Drs. A. C. Edmundowicz
and D. E. Donald. Data obtained showing the relationships of
intrapleural pressures at multiple thorscic sites to pericardiel,
esonhareal, and atrial pressures in dogs when under the influence
of the normal 1G gravitational field of the earth only are shown
in Figures &, 6 snd 7.




The mid=-thoracic coronal plane, which is the horizontal
plane midway between the ventral and dorsal surfaces of the thorax,
was taken as the zero reference level for intravascular pressures.
Intrapleural, pericardial and esophagoel pressures were expresaed
as pressures at the catheter tip.

Figure § shows representative recordings of the various
pressures before and after injections of various volumes of Ringer's
solution and air into the pleurasl space. A general similarity in
contour and level of the various intrapleursl pressures is evident,

EFFECT OF INTRAPLEURAL INJECTIONS
ON INTRAPLEURAL AND RELATED PRESSURES IN SUPINE POSITION

( Dog Under Morphine Pentobarbital Anesthesia)
After 12 ml. of Ringer's

and 5 mli. of Air + 50 ml. Air into Each
”VJECT’ONS None into Each Pleural Catheter Pleural Catheter
RESPIRATION
{em H0) O
-0.5 E
FemoRaL ANTENY&%. Mﬂ L\A‘ mk ]
LEFT DORSAL PLEUR‘L .T‘ L

RIGHT DORSAL PLEURA ‘. I‘ Tiah it ‘_”"‘ / "i :
h ') . L
T 3 — NI
RIGHT VENTRAL PLEURAL
| i | 1 '} FRCLE
zow 'I,__,.J_J JLUEY M e | --J.‘Jlli Lﬂ"
[
PERIGARDIAL R . W#M MMH-HI’H""’A—-.

ESOPHAGEAL ,OE e EEWE It S T -

1-"' 10
LEFT ATRIUM ]
RIGHT ATRIUM .«-M- -
1) |

Bese Line
355pm . 405pm 4I5pm

Figure 5. Simultaneous recordings of pressures from
multiple sites for study of the interrelationships
of intravascular, pleural and other intrethoracic
pressures. Note the genersl similarity in dorsal
pPleural, esophageal and pericardial pressures which
are less negative than the ventral pleural pressure
and thet injections totaling 17 ml. in volume 1at
each of the three pleural recording sites caused
relatively small changes in these pressures,

However, there are systematic differences related to the vertical
position of the recording catheter tip in the thorax as shown in
Ficure 6 which shows 22 observations of intrapleursl pressure in
9 mongrel dogs studied in the supine position at 1G. The end-
expiratory pleural pressure at the catheter tip is plotted on the
abscissa and vertical distance in relation to the mid-coronal
plane on the ordinate.

The mean end-expiretory richt ventral pleural pressure in
these 9 dogs was minus 6.€ cm. of water while the mesn end-expirstory
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right dorsal pleural
pressure recorded VARIATION OF INTRAPLEURAL PRESSURE

simultanecusly was WITH VERTICAL POSITION IN THORAX OF 9 DOGS

minus 0.& e¢m, of T d 7 u T
water. The mean

vertical distance ]
between the catheter
tips was 11 cm. Thus
the mean pleural
pressure gradient was
approximately 0.5 cm.
of water per cm., of
vertical distance
separating the re-
oording sites,

&

)

This evident
dependence of pleural
pressure on the verti-
cal position of the
measurement site sug-
gests that pericardi-
al and esophageal

from MID-THORACIC CORONAL PLANE (cm.)
1
»

VERTICAL DISTANCE of CATHETER TIP

pressures should also e ! - ! 3
be specified in re- PRESSURE of CATHETER TIP (cm.HgO)

lation to their verti-

cal position in the Figure 6. Varistion of intrapleural
thorax. Datas in this pressure with vertical position of
regard are illustrated the tip of the recording catheter
in Figure 7 in which in the thorax of 9 dors while in
the simultaneous ernd- the supine position. Note that the
expiratory esophageal ventral pleural pressure is uni-
and pericardial pres- formly more negative than the pres-
sures relative to sure recorded from more dorsal (de-
pleural pressures and pendent) sites in the thorax. The
right end left atrial heavy line connects the average
pressures in regard values for all dogs. The numeralsa
to their vertical designate values from individual
positions in the thorex animals,

of 5 dogs are shown.,

Esophageal and pericardial pressures tend to be somewhat higher
than the pleursl pressures at similar verticsl heights in the
thorax, though not uniformly so. These data support the sug-
gestion that esophaceal snd pericardiesl pressures should also

be specified in relation to their verticel position in the thorax.

The belief that the intrapleural pressure gradient is
related to the weight of the lungs end other intrathoracic contents
i1s confirmed by the effect of chances in weight on these differences.
Data obtained in a dog during the increase in weight produced by
an exposure to f orwerd acceleration of 6G are shown in Figure 8,
Time, in seconds, is on the abscissa. The bottom stippled erea
delineates the 60 second exposure to 6G during which time the
weight of all bodily structures was increased 6 times.

The top stippled area delineates the pressure difference
in em, of Hy0 between the ventral and dorssl end-expiratory pleural

9




pressures, At

1G the ventral RELATION OF ATRIAL. INTRAPLEURAL

pleursl pressure AND RELATED PRESSURES TO TME VERTICAL DISTANCE

was minus 9, the OF THE RECORDING SITE FROM THE MID-THORACIC CORONAL PLANE
dorsal and the (Volves for 5 Dogs in Supine Position)
esophageal minus s t ar 2 L] i

2 ecm, of HQO.

i
_

At 6G
the dorsal and
esopha~eal pres-
sures increased
to plus 15 cm.
of H20 while the
ventral became
more neggtive,
minus 20 cm. Hzo:
this amounts to

) R N W - " s A ; .
E - =4 -8 -4 o a4 & - o 4 8

COROMAL PLANE fom, ]
i
.
r_-.'—.—-
&
T
q
»
1
&
T o
"
5

[ ]
a8

-
]

RVP = Right Ventrol Pleurol
RDP = Right Dorsal Pleural

VERTICAL DNSTANCE of CATMETER TP
Y
=L AL
[

frpm M0 = TRORACIC

a six fold in- iyt
crease in the a _‘7.... o Esaph « Esophageo!
pressure differ- | a v <
ence as would 4t . -4

be expected 1if { ‘s

this difference e—ibopt bl

were related to PRESSURE ot CATHETER TiP (cm. H,0)
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distance per G of

acceleration re-

mained essentially constant (middle line)., It 18 concluded that,
in an animal exposed to the normal 1G gravitation force of the
earth, that there are systematic differences in preasure, between
the superior and deprendent surfaces of the lung, amounting to
about 0.5 cm. H,0 pressure per cm, of vertical distance separating
these surfaces.

The magnitude of these end-expirstory pressure dif-
ferences appears to be directly related to the weight of the
intervening lung, its centained blood, and other intrathoracic
structures.

The analysis of the data from the series of centrifuce
exveriments on eight dogs 1s a formidable task snd is, at present,
only partially completed. Roth menual and electronic data
processing methods are beinc used. Development of the electronic
technics and digital computer program is still incomplete so that
no firm data from this source are aveilsble at the present time,

Circulatory pressures; mean right and left atrial pres-
sures in reference to the mid-dorsal=-ventresl coronal plene of the
thorax were increased to a similar derree durinc exposures to
forward acceleration in the horizontal position ard in direct
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VARIATIONS IN INTRAPLEURAL PRESSURES
WITH CHANGES IN WEIGHT PRODUCED 8Y FORWARD ACCELERATION

{Dog in Supine Position, Morphine Pentoborbitel Anesthesic )
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Figure 8., Variations in intrapleural pressures
with changes in weight produced by forward
acceleration., See text for discussion.,

proportion to level of acceleration. The increases in mean
pressures amounted to approximately 1 to 2 cm., of Ho0 per G
increase in acceleration. These changes were somewhat greater
in the 15° head=down position and abolished or reversed when in
the 15° head-up position. The changes in mean pulmonary artery
pressure in reference to mid-chest level were similar, Effects
on aortic pressure were more varisble, but no remarkable aystem-
atic changes were observed,

Intrapleural pressures were referenced to the position
of the catheter tip in the thorax determined by A-P and lateral
roentgenograms taken prior to and after the series of centrifuge
exposures, The degree of negativity of intrapleural pressure in
the ventral thorax was uniformly increased during exposure to
forward accelerstion while intrapleural pressure in the dorsal
thorax became positive. As discussed above, these changes are
believed to result from the increase in weight of the lungs and
other intrathoracic elements during acceleration. The magnitude
of the changes would be compatible with an average specific
gravity of the thoracic contents of sbout 0.5 since the increase
in pressure gradient between the dorsal and ventrsl recording
sites averaged about 0.5 cm. of H,0 per cm. of vertical distance
between the sites per G of acceleration to which the animal was
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expnsed, The degree of increase in negativity of ventral pleural
pressures during exposures was somewhat creater in the 15° head-
uov end less ir the 15° hesd-down than in the hrrizontal position.
The tyvical changes ir intrevleurel and esophagesl pressures
durinr en exnosure to a forward scceleratinrn of &7 in the hori-
zontel position are illustrated in Ficure 8.

Fsophegeal end pericardial pressures were simllsr or
somevhat less negative than the intrspleural pressure at the same
horizontal plene in the thorax. The chances in these pressures
durinc scceleration appear to be closely similar to the chenges
in intrepleural pressure in the same horizontsl plsne (Figure 8).

211 of these dogs showed decrerases in arterial oxygen
saturation durine exposure to forward ecceleration of 6G when
bresthing air or 99.6% oxygen similer to those previously ob-
served in normal human subjects., The severity of the decreases
increased with the level of accelerstion and although reduced
were not prevented by breathing 99.6% oxygen. The decreases in
arterlgl oxygen ssturation were of approximately similar mesgnil-
tude in the horizontal, 15° head-up and 15° head-down positions
althrugh in some animals these chances were somewhat greater
in the head-down position.

At the terminetion of the series of centrifuge exposures
in twvo animals 100 ml. of air was Injected into the right pleurel
space via the ventral pleural catheter and a 1 minute exposure
to 6G repeated. The presence of this degree of pneumothorax did
not apparently alter the effects of an exposure to 6G on the
variables under study.

Gross and microscopic examination of the lunss of the
animals studied on the centrifuge showed collespse of the alveolil
In dependent portions of the lobes and gross overdistention of
the alveoll (so as to be visible to the naked eye) in the su-
perior margins of the lungs.

Collepse of alveolil and consequent arterial-venous
pulmonary shunting of blood appears to be the most likely mecha-
rism for the arterial desaturation observed.

High negative pressures produced in extras-alveolar
portions of the superior portions of the thorax are believed re-
sponsible for the emphysematous changes in the superior margins
of the lungs and also to be the cause of the acutely incapsci-
teting mediastinal emphysema which developed in & healthy sub-
Ject durines an exposure to 5.5G.
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