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Hemodynamic Variations in the Anesthetized Dog 
During Simulated Weightlessness 

W. F. GEBER 

ABSTRACT 

Anesthetized dogs were exposed to the hypodynamie 
state by flotation in a constant temperature saturated saline 
bath for periods ranging from 60-350 minutes. Continuous 
recording of heart rate, carotid and femoral blood pressure 
and blood flow, femoral vein pressure, and right ventricular 
pressure was carried out. During the hypodynamie state 
femoral and earotld artery blood flow increased, femoral 
and carotid blood pressure decreased, femoral vein and 
right ventricular pressures decreased, with little or no 
significant change in cardiac rate. Return to normal gravity 
produced decrease in femoral and carotid artery blood 
flows to levels below control values, femoral and carotid 
artery pressure increases to levels below control values, 
femoral vein and right ventricular pressures increased 
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above control values, and again insignificant cardiac" rate 
changes. There was some tendency to cardiac irregularities 
either on entering or leaving the hypodynamic state. 

T H E  PURPOSE of this study was to determine the 
extent of the influence of the hypodynamic  state 

on the hemodynamics of the anesthetized animal. Since 
it is not possible to readily reproduce  t rue  weightless 
conditions for extended periods in laboratory animals, 
and at the same time measure all desirable hemo- 
dynamic parameters,  the use of a water  flotation tech- 
nique, i.e. hypodynamic  state, was utilized to partially 
simulate weightlessness. 

In  a study of this type the propriocept ive systems of 
the body  are certainly modified by  the two factors, 
anesthesia and flotation. To what  extent each of these 
systems may  be  influenced by  each of the factors is 
unknown at the present time. The  effect of a combina- 
tion of these two conditions on an animals '  cardiovas- 
cular system obviously presents many  additional prob- 
lems and questions. 
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Previous reports in the literature of the effects of sub 
or zero gravity on animals or humans indicate that 
definite cardiovascular and sensory 1 lo, 1.~ 16 responses 
are obtained. These studies were carried out in the 
conscious or unanesthetized state. It is entirely possible 
that certain aspects of the conscious state may be  un- 
desirable when weightlessness is prolonged and thus, 
reflect adversely into the cardiovascular system as well 
as effect the psychological stability of the individual. 

In all probability, man will not be able to maintain 
adequate, conscious psychological balance for the sus- 
tained periods necessary to traverse even the relatively 
short distance within our own solar system, much less 
those extended periods required for more distant ex- 
ploration. Thus, it would seem reasonable to expect to 
eliminate the conscious state, either partially or totally, 
for space travel of any period exceeding several months. 
Periods of consciousness could be programmed into the 
flight profile along with selected periods of suspended 
consciousness by  the use of either chemo- or electro- 
narcosis. Possibly hypnosis or suspended animation may 
prove to be more physiological under  the conditions of 
extended space travel. Obviously, it will be  necessary 
to develop and evaluate the best method through a 
process of comparative experimentation. 

METHODS 

Both mongrel and so called "pure line" animals were 
used throughout the study. All were maintained in the 
animal quarters for at least two weeks before being 
used in an experiment. Anesthesia was induced by 
pentobarbital  sodium (33 mg. per kgm.) to a level at 
which respiration was maintained at or near that ob- 
served in the conscious state, e.g. 12-16 per minute. A 
tracheotomy was performed and a closed external res- 
piration circuit connected to the animal. This consisted 
of two glass bulb encased Saad valves, one for inspira- 
tion and one for expiration which floated near the 
tracheal opening during the flotation phase. The ani- 
mals' head was enclosed in a plastic bag to prevent 
saline from entering the nose, eyes and throat during 
this phase. Right ventricular pressure was measured 
by  a ACM1 x-ray no. 7 catheter connected to a Statham 
P23BB strain gauge. Carotid artery and femoral artery 
and vein blood pressure were measured by inserting 
polyethylene catheters (#50) into the vessels' lumen and 
connecting them to Statham P23AA strain gauges. Ca- 
rotid and femoral artery blood flows were measured by 
placing Medicon noncannulating flow probes around 
each of the vessels. 

Fig. 1. Note the cardiac irregularities within 1 min. after entering the hypodynamie state. Break in recordings amounts to 3 rain. 
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Fig. 1 Cont'd. Note absence of cardiac irregularities as animal returns to control conditions. Flotation time = 245 rain. Each time 
gap on recordings = 3 rain. 

A control normal gravity period of one to two hours 
was utilized to determine the various parameters of the 
individual cardiovascular systems. During this period, 
the animal lay on a web of 3 inch plastic straps or 
bands suspended over the immersion tank filled with a 
saturated salt (NaCI)  solution. This composition was 
found to be  necessary to maintain the animal floating 
just below the surface of the water. The straps and 
their arrangement were of the general type used in 
lawn furniture. At the conclusion of the control phase, 
the animal was slowly lowered into the salt water  by 
means of the plastic straps. Water  temperature in the 
tank was maintained at 32-33 ~ C throughout  the flota- 
tion period by  means of a Bronwill thermoregulator. 

Recordings of all measured parameters were con- 
tinuous throughout  the control phase, entry into the 
water, flotation period, exit from the water, and the 
final recovery or second control phase. A Sanborn 6 
channel Poly-Viso and a Twin-Viso were utilized 
throughout these studies for the recordings. 

Deep rectal temperature  was continuously moni- 
tored by a YSI thermistor and recording circuit. 

All external surgical openings were dosed  with East- 

man 910 Monomer (methyl-2-cyanoacrylate) to 
prevent  the enterance of saline into the body cavities. 
This plastic suture material was also used to arrest 
any internal bleeding that was observed. It  was also 
used to "weld" the blood pressure cannulae in place 
in the blood vessels. 

RESULTS 

Figures 1 and 2 represent the general responses of 
the cardiovascular system to the hypodynamie state 
and recovery from it. It  will be noted that  once stabil- 
ization has occurred all comparable parameters are 
qualitatively similar in the two dogs. The  major differ- 
ences observed in the series appeared to occur as the 
animal entered the hypodynamic state and as he re- 
turned to control conditions. The  t ime interval re- 
quired to enter the period of stabilization was some- 
what  variable as can be dear ly  seen when dog 3 is 
compared to dog 7. However,  in no instance did it 
require over 15 minutes. Once stabilization was ac- 
quired, all hemodynamic parameters were remarkably 
constant. 
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Fig. 2. Note relative absence of cardiac irrregularities as animal enters the hypodynamic state. Break in recordings = 3 rain. 

Quite unexpected was the appearance of cardiac ir- 
regularities in those animals which manifest none dur- 
ing the control period, and the augmentation of any 
irregularity present in the control interval. Note in dog 
3 that the irregularities appear upon entering flotation 
and in dog 7 they appear upon leaving flotation. 

Cardiac rate was remarkably stable throughout the 
three phases of the experiments, with the exception of 
the irregularities mentioned above. In some animals 
there was a slight transient tachycardia or bradycardia 
during the entrance into the hypodynamie state. 

Blood pressure in both the carotid and femoral ar- 
teries occasionally decreased rapidly upon flotation, 
but quickly rose above control values, remained there 
for 3-15 minutes, and then slowly fell to below control 
levels where it stabilized for the duration of the flota- 
tion period. 

Blood flow was somewhat more variable during the 
entrance into the hypodynamic state. Also the carotid 
and femoral flows did not parallel each other as close- 
ly as did the blood pressures. Femoral blood flow in- 
creased within a few minutes to the level it would 
maintain throughout flotation. Carotid flow was in- 
creased within a few minutes to the level it would 
maintain throughout flotation. Carotid flow was ob- 

served to decrease for variable periods ranging from 
30-180 seconds before increasing to above control val- 
ues where it stabilized. 

Venous pressures decreased in all experiments upon 
entering the flotation period. Stabilization was reached 
quickly and maintained throughout this period. 

Right ventricular pressures exhibited some initial 
variations as shown by comparing dog 3 with dog 7. 
However, they appeared to be of relatively minor mag- 
nitude and duration. 

Table I is a composite summary of data obtained 
on seven dogs. Three experiments were unsuccessful 
in some aspects and are not included in the above data. 
However, those phases that were valid were in agree- 
ment with the successful experiments. Values indicated 
are means plus or minus the standard deviation. 

DISCUSSION 

It was previously mentioned in the section on results 
that three experiments were not run to completion 
and were not included as such in Table I. One of the 
major d.i'fficulties appeared to be a greater sensitivity 
to additional doses of anesthetic (pentobarbital I.V.) 
exhibited by the animals during flotation. It will be 
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r e c a l l e d  t h a t  t h e  a n i m a l s  w e r e  k e p t  r a t h e r  l i g h t l y  an -  
e s t h e t i z e d  w i t h  r e s p i r a t i o n  a t  o r  n e a r  n o r m a l  r a t e s .  
T h i s  m e a n t  t h a t  a d d i t i o n a l  a n e s t h e t i c  h a d  to  b e  i n f u s e d  
e v e r y  60-90  m i n u t e s  of  t h e  e x p e r i m e n t a l  p e r i o d .  D u r i n g  
t h e  f l o t a t i o n  p h a s e  w h e n  i t  b e c a m e  n e c e s s a r y  to  i n f u s e  
a d d i t i o n a l  p e n t o b a r b i t a l ,  e x t r e m e  c a u t i o n  w a s  n e c e s -  
s a r y  to  a d m i n i s t e r  i t  v e r y  s l o w l y  a n d  in  a p p r o x i m a t e l y  
h a l f  t h e  a m o u n t  u s u a l l y  r e q u i r e d  d u r i n g  c o n t r o l  
p h a s e s .  I n  t h o s e  i n s t a n c e s  w h e r e  t h i s  w a s  n o t  f o l l o w e d ,  
t h e  r e s u l t  w a s  a v e r y  p r e c i p i t o u s  d e a t h ,  n o t  c h a r a c t e r -  

i s t ic  of  t h e  p e n t o b a r b i t a l  d e a t h  i n d u c e d  a t  t h e  e n d  of  
t h e  e x p e r i m e n t a l  p e r i o d .  W h i l e  i t  is c e r t a i n l y  d o u b t f u l  
t h a t  t h r e e  e x a m p l e s  a r e  su f f i c i en t  b a s i s  t o  m a k e  a n  
a b s o l u t e  s t a t e m e n t  t h a t  t h e  h y p o d y n a m i c  s t a t e  is a t -  

t e n d e d  b y  d e c r e a s e d  t o l e r a n c e  to  a d d i t i o n a l  a n e s t h e t i c ,  
i t  is s t r o n g l y  s u g g e s t i v e .  I n  a d d i t i o n ,  i t  w a s  n o t e d  t h a t  
t h i s  s e n s i t i v i t y  a p p e a r e d  to  ex i s t  i n  s o m e  of  t h e  s u c c e s s -  
fu l  e x p e r i m e n t s  a l t h o u g h  i t  w a s  n o t  p r o v e n ,  d u e  t o  
f e a r  o f  loss  of  t h e  a n i m a l  i f  t h i s  w e r e  a t t e m p t e d .  T h i s  
p o i n t  b e a r s  f u r t h e r  c a r e f u l l y  c o n t r o l l e d  s t u d y ,  

Fig. 2 Cont 'd.  Note cardiac irregularities as animal returns to control conditions. Flotation time---- 235 min. Each time gap on re- 
cordings ---- 3 min. 

TABLE I. HEMODYNAMIC RESPONSE TO THE HYPODYNAMIC STATE'* (DURATION: 60-350 
MINUTES) 

Right 
Carotid Artery Carotid Artery Femoral Artery Femoral Artery Femoral Vein Ventrlcular 

Phase of Heart Rate Blood Pressure Blood Flow Blood Pressure Blood Flow Blood Pressure Pressure 
Experiment beats/rain, rnm. Hg ml. / mln. mm. Hg hal. / rain. cm. H_oO cm. I-IsO 

Control 168 -4- 11.3 130/100 -4- 90 +--- 7 127/100 • 55 -4- 11 6.0 "4- 1.5 2.2/0 .3  +- 
9.3/6.2 12.6/9.5 0.3/0.1 

Flotation** 168• 105/ 80•  115 -4- 10 102/ 82 + 110• 14 4.2 -+-0.9 1.5/0.3-- 
10.1/6.7 9.3/5.8 0.2/0.1 

Recovery ~* 168--+11.3 120/ 90 -+- 80•  5 122/ 91•  40 -4- 6 6.8-~1.0 2.8/0.7----- 
6.3/3.1 8.3/5.6 0.3/0.3 

All figures are means -4- S.D. 
*~ Taken after stabilization. 

976  A e r o s p a c e  M e d i c i n e  �9 O c t o b e r  1 9 6 4  



ANESTHETIZED DOG DURING SIMULATED WEIGHTLESSNESS-GEBER 

One surprising result was the finding of little or no 
change in heart rate either on entering or leaving the 
water. In some animals a v e r y  slight, transient brady- 
cardia or tachycardia was present for 10-30 seconds. 
This is all the more unusual since rather marked 
changes occurred in the blood pressures, right ven- 
tricular pressure and the blood flows. This would in- 
dicate that heart rate is not a reliable or sensitive in- 
dex of the status of the cardiovascular system under 
these conditions. 

Another unexpected result was the rise in blood flow 
upon entering the hypodynamic state. Since general 
body vasoconstriction occurred, as evidenced by the 
rise in arterial pressure and fall in venous pressure, 
this might have been expected to produce a de- 
creased arterial blood flow. The data indicate that in 
the anesthetized animal the hypodynamic state does 
not appear to adversely affect the most important 
hemodynamic parameter, blood flow to these areas 
measured in the present study. 

However, if the return to the normal gravity condi- 
tion is considered during the recovery phase of the 
experiment, it is evident that the vascular system, and 
the reflexes which aid in the maintenance of homeo- 
stasis, are not capable of sufficient response to prevent 
a decrease in blood flow to below control level. This 
is rather surprising since the effect was noted even in 
those animals subjected to rather short periods of the 
hypodynamic state, i.e., 60 minutes. The decrease in 
blood flow is probably a result of a composite of re- 
actions. The failure of the blood pressure to return to 
preflotation control levels probably represents the ma- 
jor contributory factor. In turn this would represent 
inability of the vascular/ or total body reflexes to pro- 
duce sufficient compensatory vasoconstriction to offset 
the return to the normal gravity state. There is good 
reason to believe this is due to a type of adaptive re- 
laxation of the vasculature rather than a gradual loss 
of tone of the vessels due to the prolonged nature of 
the experiment. This is thought to be true because it 
was noted that the adaptive state was rather quickly 
attained, i.e. within 10-15 minutes of the onset of 
simulated weightlessness, and remained relatively sta- 
bilized throughout the entire flotation period. 

It is important to realize that the blood flow data i'~ 
this study were obtained from areas of the body that 
might be classified as secondary or non-essential from 
the standpoint of many physiological functions. While 
it is true that the muscle mass of the body accounts 
for 45-50 per cent of the total, it is by no means a 
highly active area. The carotid artery in the dog ac- 
counts for relatively little of the blood supply to the 
brain, most of the flow going to extra cerebral areas. 
Since the data indicate both carotid and femoral blood 
flows increased during the hypodynamic state, other 
areas of the body must have been concomitantly de- 
prived of their normal blood flow. These other areas, 
by a process of elimination, are the more vital organs 
of the body, namely the brain, kidney, gastrointestinal 
tract, etc. This does not mean that all these latter 
areas were subjected to a reduction in blood flow, but 
certainly one or two among them must since it is ira- 

possible to increase blood flow, by the magnitude 
measured in this study, in all areas of the body at 
o n c e .  

An important aspect of this study resides in the fact 
that the response of the cardiovascular system and 
the proprioceptive reflexes influencing it was not affect- 
ed by the absolute duration of the hypodynamie state. 
The same qualitative results were obtained in the 
studies where flotation lasted 60 minutes as those in 
which it lasted 350 minutes. 

The value of the results may be legitimately ques- 
tioned on the basis that the animal is anes- 
thetized causing the cardiovascular hemodynamics and 
reflexes to be altered. In the authors' opinion, there is 
very much less effect on the total, overall cardiovascu- 
lar system than is commonly held. With proper control 
of depth of anesthesia, the parameters of the cardio- 
vascular hemodynamics are altered minimally. This has 
been reported by other investigators 11 but seems to 
be largely ignored in most studies. Finally, the overall 
results of the present studies agree with those of other 
workers who have compared anesthetized and unan- 
esthetized animals under conditions of subgravity in 
actual rocket flight) 2 This would indicate that the 
hypodynamic state as induced by water flotation tech- 
niques has many of the same effects on the hemo- 
dynamics as does actual orbital flight. 
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