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INTRODUCTION

Investigation of mammalian cerdiovascular regulatory mechanisms
have demonstrated the exlistence of both high pressure and low pressure
receptor sygtems which provide information to the central regulatory
centers concerning the hemodynamic status of the heart and circulation
11,2,3,6.7). In addition to the well known sincaortic baroreceptor
systems, there are intracardiac receptors located in the atria and
in the ventricles which influence heart rate and peripheral vascular
tone. When man is exposed to acceleration in excess of the 1 G
expericuced normally, the distribution of his circulating blood volume
may be altered. The +Hiz acceleration forces are particularly effective
in pooling blood in dependent vascular beds, resulting in a diminution
of blood flow to the brain and tonous inflow to the heart from dependent
vagcular beds. The response of the cardiovascular system to this
gravitational stress depends on afferent informetion received from both
the high and low pressure receptor systems (4,5,8,9). Previous studies
of the operation of these receptor mechanisms under increased accelera-
t,ion loading have been primarily conducted under slowly developing
G forces under specific levels of acceleration maintained for relatively
brief periods, However, the aircrew in a high performance fighter
aircraft is exposed to acceleration forces which are cyclic and repidly

changing 11 both magnitude and direction over relatively long periods
of time., Informetion relating to response times, relative magnitude

of response, specificity of response, and fatigue of response would
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ald in the evaluation of aircrew performance in a rapidly changing

+G environmert as is encountered in modern fighter aircraft.

A, Three-Year Plan

The principal objective of the proposed three-year research plan
was to investigate these factors in & conscious dog by assessing the
contributions of the carotid sinus, the aortic arch, and the cardiac
mechanoreceptor (baroreceptor) mechanisms to the maintenance of
cerebral blood flow and venous inflow to the heart during exposure
to the +Gz acceleration profiles simulating high performance jet
aircraft air combat maneuvers, The original investigation was
designed to (1) characterize the normal cardiovascular responses to
cyclic +Gz exposure on the centrifuge in terms of carotid blood flow,
head-level arterial blood pressure, inferior vena caval flow, central
venous and/or right atrial pressure, electrocardiograms, and arterial
oxygen saturation in the adult dog and adult miniature swine;

(2) analyze the specific contribution of each receptor urea to the
normal response through the study of experimental subjects with
densrvated receptor areas; (3) assess the possible effects of fatigue
and habituation of the receptor on the magnitude of the cardiovascular

"antigravity" responses; and (4) contrast responses obteined with and

without an antigravity suit.
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B. Sixteen-Month Performance Program

Various factors precluded the opportunity to complete the

2]

3 three-year plan as outlined in the work statement. The first

year's effort called for data acquisition from 6 dogs, 3 with

: carotid sinus denervation and 3 with aortic baroreceptor

denervation. Dsata were actually acquired from 5 dogs with the

i support received for the first 12-month effort. One dog served
as a test case to develop acceleration levels, restraint systems,

and data acqgaisition methods. Data were obtained from 1 dog with

= both carotid sinus and aortic varoreceptor denervation, from 2

dogs with carotid sinus denervation, and from ail 5 dogs prior

/

to any denervation. An antigravity suit was used on 2 dogs.

ECR R R IPPRT TR ST AT R Tam|

METHODS

Ebitl i o ik A e oA e i

S This investigation required the degree of impairment in +Gz

tolerance of instrumented dogs to be evaluated on the busis of flow

: and pressure responses to a set of acceleration profiles before &and ]
% i after cardiovascular areas were selectively denervated. By a
El : orocedure of surgical denervation of the carotid rinus receptor arveas,
% a determination of the contribution of these specific areas to the
] [ maintenance of +Gz tolerance in the experimental subjects was made. g

The analysis of alteration in response time, megnitude of the response,

specificity of the response, and fatigue of the remaining functional

S R P LR N LR SR T S

i cardiovascular receptor areas was determined with and without an

T
¥

antigravity suit by assessing changes in carotid arterial flow, head-level

CET R AN RN W IO

arteriel pressure, and venous inflow to the heart.
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A. instrumentation

Flow in the common carotid arteries and in the thoracic¢ vena

rZN

cave was measured by the use of chronically implanted flow probes.

The phase difference between brief pulses of ultrasonic energy

traensmitted simulteneously from a pair of barium titanate crystals
diagonally; through the vessel was used as the basic measurement of
volumetric blood flow (11). Calibration was conducted before

5 h implantation by forcing fluid through the probe lumen and measuring

W

the output voltage from the meter asz a function of the quantity of

flow. Central arterial pressure was measured with a smell button-
type transducer implanted in the thoracic aorta. The techniques

of implantation and calibration have heen presented elsewhere (10).
B, Profiles ]

The acceleration profiles used in this study were developed

! from en actual ACM profile obtained from th~ F-L4-E fighter aircraft. K
This profile was scaled to the +Gz tolerance of the dog, using
head-level arterial pressure and carotid blood flow as criteria for

b

oL E
F the determination of peripheral light loss (PLL) and central light ;
E Ltoss (CTL). The profiles which were developed for conscious dogs

o dox Mk A%

% are shown in Figure 1. Th2se profiles consisted of (1) an ACM scaled

E J to a peak of 4 + Gz, (2) a S5-cycle pulse to a peak level of L + Gz
: end & sustained 2,5 + Gz which was the mean level of the ACM profile.

s Figure 2 illustrates the dog and the rider on the centrifuge.

L

The tolerance and the availability of riders became a limiting factor

in the date acquisition, so the requirement for the rider was eliminated
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througn the¢ use of a special harness designed tv restrain the dog's

head (Fig., 3). With this iiprovement, fatiging of the cog tecame
the limit on data acqulisition.
Gy Surglcal Procedures

Instrumentation Implant

AR T DM Rl i Bl o S b oo i ; ™
- A L

f Surglical impluntion of the blood flow and pressure sensors was

iis it dbad

pexrformed in two successive procedures. The subjects were precoperatively
medicated with 1/150 gr atropine sulfate and 75 mg Demerol. Anesthesia

was induced with sodium thiamylal and the subjects were then intubated

R {5 TR T T

and anesthesia maintained, using halothane and oxygen. In the first

rrocedure, blood flow sensors were placed bileterally on the common

R A <

f carotid arteries and the sensor cables were led subcutaneously to the

i AL il B RS i

dorsum, medial to the scapulae. The subjects were given 600,000 units

SaF R

of aqueous penicillin G daily for 5 days postoperatively. After

& i T v

7 to 10 deys, the subJects were anesthetized again and a left thoracotomy

R R o

was performed through the 5th intercostal space and & plood flow sensor

was placed around the inferior vena cava. A solid state intravascular

THL TEDE T

s pressurc transducer was then placed in the descending aorta at the

T

ORIy L E
tomni Lk i i Ve sk

level of the atrioventricular ring. These sensor cables were also led

Pl

&

§ ; subcutaneocusly to the same region of the dorsum and the above pastoperative
(

>

regimen was performed.

After a sensor grow-in period of 21 to 3C days, the subjects were
again anesthetized and the sensor connectors were exteriorized and

" Trlaced in a pocket of the jacket worn by the experimental subject.
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Denervation Procedures

The subjectc were anesthetized and the carotid ;ipus exposed.
The carotid sinus nerves were sectioned and the animals were allowed
to recover for 51ﬁ017bd&ys;,

Aortic béroreceptor denervatiqn was performed via a left thoracot-
omy t'irough the 4th inter:ostal space. A recovery period of 1h to 21

deys wag allowed after aortic baroreceptor denervation.

D. Data Acquisitiorn and Reduction

Preamplifiers for acceleration, pressure, and flow measuremépts
we.e placed on the centrifuge near ﬁhe location of the dog. :The basic
signals were conditioned and increased to an approximately l-volt level.
These signals were connected to a strip chart recorder through siip
rings. Mean levels of the basic flow and pressure signal were obtained
by electronic integration and displayedfon the strip chart recorder.
Data reduction consisted of charting mean levels of flow pressure and
heart rate at particular polnts throughout the acceleration profiles.
Analysis was made in terms of the percent change from control at each
of the selected conditions of antigravity suit protection, denervation,
und acceleration. The data were then analyzed for standard deviation

and standard error of the mean.

E. Antigravity Protection

A modified abdominal bladder from a standard anti-G suit was used
in conjunction with an Alar Products Inc. Automatic Pressure Regulating
Anti~G Suit Valvs c¢o afford antigravity protection for the subjects.

Figures 4, 5, and 6 illustrate the pressure responses of the above system
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during the 4 + Gz ACM, the L + Gz Pulse, and the 2.5 + Gz Sustalined

Acceleration Profiles, respectively. The subjects were exposed to

.., b - . Con
2 %) Tar

the three acceleration profiles with and without antigravity 3

protection.

" RESULTS

ot .

Data were obtained from five dogs during the course of this
study with the first subject (Dog B) being used primarily for the :

development of acceleration profiles and the scaling of these profiles

to the dog's acceleration tolerance. In addition, it became necessary

to further develop an animal restraint system for the dogs to eliminate i

I

the need for an investigator to ride with the conscious subject. :

+tnasatas e

Consequently, Dog B was used for the further development of the resiraint

PRESCREN VLA

gystem. Results obtained from these preliminary studies on Dog B are

not presented, since the acceleration profiles employed were variable

13
E
%}
Wi
L.
4
v
¥
¥.

both in magnitude of acceleration and in duration of exposure. E

A, L.0 + Gz ACM Profile kxposures

Control and carotid sinus denervation data obtained from Dog A

and Dog L during exposure to the 4.0 + Gz ACM with and without

ot b sl L i st i

antigravity protection are shown in Tables 1l-4 and in Figures 7-19,

FANLY

&

»
—f

and control data for Dog D and Dog M are shown in Tables 5 and 6 and in
) Figures 20-22., Figures 23-32 show the comparison between the control

response and the response obtalned after carotid sinus denervation in

Ol

f N Dog A with and without antigravity protection and in Dog L without

A

sntigravity protection.
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B. 4,0 + Gz Pulse Profile Exposures

Control and carotid sinus denervation data obtained from Dog A
and Dog L during exposure tc the 5-cycle 4.0 + Pulse Profile with
and without antigravity protection are shown in Tables 7-10 and data
obtained fram Dog D and Dog M without antigravity protectior are shown
in Tables 1l and 12,

C. 2.5 * Gz Sustained Profile

Contrnl and carotid sinus denervation data obtained from Dog A
and Dog L during exposure to the 2.5 + Sustained Profile with and
without antigravity protection are shown in Tables 13-16 and data
obtained fram Dog D and Dog M without sntigravity protection are

shown in Tebles 17 and 18,

DISCUSSLON

The cortrol responses obtained during exposure to the 4.0 + Gz
ACM Profile consisted of an average decrease in carotid flow of
20% below normal, and there was no apparent overall significant
difference between the Control Group and the carotid sinus
denervation group (Group A). Central arterial pressure in the
Control Group rose to an average of 30% above normel, while the
average pressure in Group A was 25% above normal. The major distinc-
tion between the Control Group and Gioup A appeared in the heart rate
response required to maintain central arterial pressure and carotid
arterial flow. The heart rate in the Cortrol Group averaged 24% above

normal, while in Group A the average rate was 7% above normal.
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{ Exposure to the 4.0 + Gz Pulse Profile resulted in an average

L
.o i S

decrease in carotid blood flow of U9% at the 4.0 + Gz peaks in the

Ty
F2Y

Control Group and a decrease of 66% in Group A, Central arterial
pressure &t the 4.0 + Gz peak was increased 19% in the Control
e Group and 2% in Group A, vwhile eye level pressure decreased. 90%

E : in the Control Group and 100% in Group A at the 4.0 + Gz peak.

I Average heart rates at the 4.0 + Gz peeks increased by 89% in the

conbrols and by 1l4l% in Group A.

Exposure to the 2.5 + Gz Sustained Profile resulted in an

average decrease in carotid blood flow of 20% in both the Control

% Group and in Group A. Jentral arterial pressurs was increased

20% above normal in the Control Group and 10% above normal in

I e e e e e
e A A e

Group A. Eye level mean blood pressures decreased 35% below
normal in the Control Group and 50% below normal in Group A. f
Heart rates increased an average of 40% ebove normal in the ﬁ

Control Group and 55% above normal in Group A.

The use of the antigravity suit abdominal bladder assisted

in maintaining the carotid flow end eye level arterial pressure

. in both the control and denervated groups. The effect of the

Poatd
i e et et A 3 b

; suit during exposure to all profiles was to create a condition
| ﬁ where for a given level of carotid blood flow the heart rate was :
: significantly lower and the central and eye level blood pressures i
k were significantly higher than in the unprotected state. The most z

E ‘\"
Lo pronounced decrement in the ability to maintain carotid flow .

produced by carotid sinus denervation was in the environment where

) PO 1> - TN - ST . . ey 5 .
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the rate of onset of the acceleration forces was the greatest,
Further, denervation resulted in a lower central and eye level
arteriel pressure despite a greatly elevated heart rate. It was

felt that the primary effect on cardiovascular hemodynamics of

the denervation was to attenuate the expected p ripheral resistance
changes to rapid onset acceleration, thus necessitating significantly

higher heart rates and probably cardiac outputs for a given carotid

flow and eye level blood pressure.
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