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9bstract. The cat, when its peripheral metabolic demands 
are augmented, has a limited capacity to increase its heart rate, 
but often responds with a considerable rise in stroke volume: 
stroke volume can be increased by active changes of p t u r e  
from lying to standing, by a short or prolonged bout of fighting, 
and by mild exercise on the treadmill. In all these conditions 
stroke volume attains values larger than those measured during 
recumbent rest. It appears therefore that an increase in stroke 
volume is a mechanism ordinarily called upon in the cat when 
natural behaviour requires an increase in cardiac output, while 

in man it is called upon in extraordinary conditions only. 
However, the fact that a stroke volume regulating mechanism 
is ordinarily operative in the cat shorn that it has a physiologi- 
cal significance, and supports the idea that in man also exer- 
tion is accompanied by a masked stimulation of myocardial 
contractility. A description is also presented of the vasomotor 
changes produced by active changes in posture. 

Keywords: Heart rate, stroke volume, exercise, posture, 
vasomotor changes, mesenteric circulation, iliac circulation, 
sympathetic cardiac regulation, vagal cardiac regulation. 

The mechanisms by which heart rate and stroke 
volume are regulated in man during exertion and pos- 
tural changes are stiIl somewhat controversial. Accord- 
ing to most authors stroke volume a t  rest is maximal 
in the supine position, and considerably decreases upon 
assumption of the sitting or standing postures; during 
exercise in any posture, tachycardia is the main re- 
sponse, and stroke volume would augment above the 
reduced standing resting values, but not significantly 
above supine resting values, which would be the maxi- 
mal attainable levels of stroke volume in any condition 
(Rushmer, 1959: BevegArd et al., 1960: Wang et d., 
1960b; Damato et al., 1966; Bevegkrd and Shepherd, 
1967). 

This conception has been partly challenged by 
Chapman et al. (1960), who have shown that during 
extremely severe exercise, when the heart rate has 
reached its top values and cannot rise farther, an addi- 
tional increase in cardiac output is obtained through 
an increment in stroke volume, which is made consid- 
erably greater than in supine rest. That cardiac output 
during exertion can rise through an increase in stroke 
volume, rather than in heart rate, is also shown by 
experiments in which the heart rate was maintained 
fixed by atrial pacing (Ross et al., 1965) or was partly 
controlled by choIinergic blockade (Bevegtd, 1963). 
However, these experiments do not indicate how often 
and to what extent the stroke volume regulating mech- 
anism is operative in more natural conditions when the 
heart rate is free to increase; nor do they answer the 
question whether the stroke volume can really and 
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sigmficantly increase above base-line values during 
supine rest a t  a spontaneous low heart rate. 

We have thought that, if stroke volume regulation 
is a basic natural mechanism through which the heart 
can fulfil peripheral metabolic demands, this mecha- 
nism might be more easily observed and studied in a 
species, such as the cat, in which the heart rate is na- 
turally regulated, so to speak, a t  the opposite end of 
the frequency range as compared to man. In  man, be- 
cause of predominance of tonic vagal influences (Ro- 
binson et al., 1966) the base-line heart rate is generally 
set close to the lower end of its range, having a very 
limited capacity to decrease in a behaviour such as sleep 
(Bristow et al., 1969), but being able t o  increase more 
than threefold during exertion. On the other hand, a 
very low resting vagal tone (Guazzi et al., 1968) makes 
the cat’s heart rate very high in base-line conditions, 
generally over 160 beats/min and often above 200. Con- 
sequently, t,he cat’s heart has a wide ability to decrease 
its rate during sleep (Guazzi and Zanchetti, 1965; 
Guazzi et al., 1968) but a very limited one to increase 
it during exertion (Adams et al., 1969 and 1970). 

The experiments of which the results are being re- 
ported below have been aimed a t  clarifying cardiac 
regulation during active postural changes and during 
esertional tasks in both the reclining and standing pos- 
tures. It will be seen that the cat seems to be naturally 
possessed of very effective mechanisms for regulating 
stroke volume during ordinary behaviour, an observa- 
tion which suggests that these mechanisms have a role 
in circulatory adjustment in man. We have also taken 
advantage of this study for obtaining in the cat a more 
complete description than the one available in man of 
the vasomotor adjustments occurring during active 
postural changes. 
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Methods 
The data reported in this paper come from five cats 

(G, R, 0, B, M), which were studied in the unanaesthe- 
tized unrestrained state for a total amount of 112 trials, 
as detailed below. 

Three natural behaviours have been investigated 
while the cats were kept in a large cage with transpar- 
ent walls: spontaneous assumption of the standing 
position, in order to record the circulatory effects of 
active postural changes; and two exertional tasks, one 
being fighting against another cat either in the lying or 
standing posture, the other being a mild stancling exer- 
cise on a treadmill. 

Cats R, G, 0 and M were observed while they spon- 
taneously changed, from time to time, their body posi- 
tion from lying on one side (henceforth called lying) to 
quiet standing on four feet (henceforth called standing). 
Six episodes of postural change were analysed in cats 
G, R and 0, and four episodes in cat M. 

Fighting was elicited in all five cats as a natural 
reaction to an attack brought forth by another cat, in 
which the attack was induced by brain stimulation 
(Adams et al., 1969). Both the attacking and the reac- 
ting cats were in the same cage, but separated by an 
opaque screen, which was raised whenever a fighting 
trial had to be provoked. Natural fighting was studied 
both when the reacting cat was lying and standing. In  
one position, the animal lay on its side, hissed, and 
struck with the forelimbs during fighting, but did not 
raise itself on the hindlimbs or use them in the fighting. 
In the other condition, the animal supported itself on 
the four limbs during the base-line period, in either the 
sitting or standing position, and then used the hind- 
limbs for balance and support during the fighting. Six 
episodes of fighting in the lying and six in the standing 
posture were studied in each of the five cats, each 
period of fighting being kept short to 2-10 sec. In  cats 
G and 0 six trials of more prolonged fighting, lasting 
20-30 sec were also performed. Other types of fighting 
responses, those in which the cat rose from lying to 
standing during fighting, or in which the cat rolled over 
onto its side changing from standing to lying during 
the fighting, were not analysed. 

For the study of a mild standing exercise cats R, 
G and 0 were observed while walking on a treadmill 
a t  the slow rate of 10 metres per minute. The cat was 
standing before the trial was begun, and an episode 
was initiated when the treadmill was turned on and the 
cat immediately began to walk. No emotional reaction 
was apparent, as the cats had been given prolonged 
training and the exercise was a very mild one. Six epi- 
sodes were studied in each of the three cats. 

The following cardiovascular measurements were 
continuously made in all cats throughout all kinds of 
trials. An electromagnetic flow probe (Statham K probe 
of the hinged type, 6-7 mm i. d.) was implanted around 
the ascending aorta, and used to measure either cardiac 
output or stroke volume (less coronary flow) and to 

trigger a cardiotachographic device for automatic dis- 
play of heart rate. Two other electromagnetic flow 
probes (Statham Q probes of the slot type, 1.52.0 mm 
i. d.) were implanted around the superior mesenteric 
artery and the left external iliac artery. All probes were 
connected to three Statham M - 4001 modules and 
power supply. The sensitivity of the flowmeters had 
been checked by calibration with blood and with saline 
before implantation in the cats, and was rechecked at  
the end of chronic recording with results that agreed 
within 10 % . Zero-flow level was the diastolic level in the 
case of the aorta, whereas for the two peripheral arte- 
ries it was repeatedly established by occlusion of the 
descending aorta by transient pulling of a snare im- 
planted well above the origin of the superior mesente- 
ric artery. 

The three flow probes as well as the aortic snare 
were aseptically implanted under pentobarbital anaes- 
thesia, following left thoracotomy and a wide midline 
opening of the abdomen. The animals usually recovered 
in less than 1 week during which time they were main- 
tained in a thermostatic cage and under antibiotic 
treatment. Cables from the flow probes and one end 
of the snare were passed through the paravertebral 
muscles and the overlying skin, and protected in a 
leather packet sewn to the skin of the back. 

One or two days before the recording sessions, under 
transient ether anaesthesia, a polyethylene tubing with 
a sufficiently rigid wall to prevent damping of the pres- 
sure pulse was inserted into the right femoral artery, 
and its free end also passed into the back packet. From 
this time on, the animal was heparinized. For the 
recording of blood pressure the arterial cannula was 
connected with a Statham strain-gauge transducer 
feeding into the bridge circuit of a d. c. preamplifier of 
a 12-channel Grass P7 inkwriter. On three channels of 
the same polygraph were displayed the instantaneous 
flow signals of the three flowmeters. Cardiac output 
(less coronary blood flow), mesenteric blood flow and 
blood flow through the left hindlimb were continuously 
computed from the instantaneous flow curves by inte- 
grating amplifiers (Grass 7P lo), automatically reset a t  
2-sec intervals, and were displayed on three other 
channels of the polygraph. The heart rate appeared 
on a further channel, calculated beat by beat by a car- 
diotachograph triggered by the aortic flow pulse. 

Two-second measures of cardiac output, mesenteric 
and iliac flow, and heart rate could be taken directly 
fromintegratorand cardiotachographic tracings. Stroke 
volume was calculated from 2-sec measures of cardiac 
output and heart rate, or measured beat by beat as the 
deflections of the aortic flow integrator automatically 
reset a t  each diastolic interval. Mean arterial pressure 
was computed for the same interval of 2 sec as systolic 
plus twice diastolic pressure divided by three. Total 
peripheral, mesenteric and iliac conductances were 
computed for each 2-sec interval by dividing each flow 
by mean arterial pressure. Reasons favouring the use of 
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Fig. 1. Changes in heart rate (HR), stroke volume (SV), cardiac output (CO), mean blood pressure (BP) and total peripheral 
conductance (TPC) during spontaneous assumption of the standing posture (change in posture indicated by vertical 
broken line) in four cats (each identified by a different symbol, as indicated in the figure). Each symbol is mean of six 2-sec 
measurements (except for cat >I: four mertsurements only). Vatues are expressed as a percentage of base-line values ran- 

domly chosen in the 30 sec preceding the change in posture 

conductance rather than resistance have been pointed 
out elsewhere (Stark, 1968; Adams et aZ., 1969). 

The 2-sec measurements of the different cardio- 
vascular variables were analysed for the 8 sec preced- 
ing and the 30 sec following the appearance of electro- 
myographic activity in the left hindlimb, signalling the 
spontaneous change of the cat from the lying to the 
standing posture. In  the fighting trials, analysis was 
done of 2-sec measurements for 6 sec before opening 
the partition separating the attacking from the reacting 
cat, and for 30 sec following the first striking movement 
signalling the fighting response of the reacting cat. In  
exercise triah, similar analysis was carried out for 6 sec 
before and 20 sec after the cat started walking on the 
treadmill. Base-line values were obtained from 2-sec 
intervals randomly selected from a 30-sec period imme- 
diately prior to each trial. Values recorded in the dif- 
ferent postures were compared, when deemed neces- 
sary, by analysis of variance with two way classifica- 
tion (Snedecor and Cochran, 1967). 

Results 
Heart Rate, Stroke Volume and Va-som~tor Responses 

to Spontaneous Changes in Body Posture. Fig. 1 sum- 
marizes haemodynamic changes measured in four cats 
when they spontaneously and quietly turned from lying 

on one side to standing on the four feet. On changing 
posture, the heart rate promptly rose. This increase, 
though statistically sigmficant in all cats ( p  <0.01 
or <0.05), was however rather limited, amounting to 
5-17 YO of control values. Significant tachycardia was 
still present in three cats toward the end of the 30-sec 
recording period. The stroke volume showed a prompt, 
short-lasting decrease to mean values of 77-93% of 
lying levels in the different animals. In  all cats it was 
statistically significant ( p  < 0.05). However, after 
8-12 sec from the change in posture stroke volume had 
a t  least resumed the base-line values in spite of per- 
sisting tachycardia. As a matter of fact, in all cats stroke 
volume somewhat increased above control values 
(means from 105-114%)) the increase being statisti- 
cally significant in three cats ( p  < 0.01 or < 0.05). Car- 
diac output was briefly and slightly reduced in two 
cats though for LL few seconds only, and then signifi- 
cantly augmented in all cats (up to means of 113-127% 
of lying values) as the result of rises in both heart rate 
and stroke volume ( p  < 0.01). 

Mean blood pressure was variously affected in the 
four cats. In  three of them it was slightly reduced (to 
mean values of 87-93% of control), but the decrease 
was significant in two cats only. In  one of these cats 
(R) the blood pressure fall was prompt but did not last 
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Fig. 2. Changes in superior mesenteric blood flow (MF) and conductance (MC), and in left external iliac blood flow (IF (and 
conductance (IC) during spontaneous assumption of the standing posture (change in posture indicated by vertical broken 

line). A11 other explanations as in Fig. 1 

more than a few seconds, while in the other two cats 
there was a slight early decrease, followed by a short 
return to control values and then by a more marked 
fall. In  the fourth cat (M), instead of a decrease, there 
was a significant increase in blood pressure up to 116 % 
of control values. In cats R, G and 0, parallel to the 
decrease in blood pressure, there was a large significant 
increase in total peripheral conductance (120-138 % of 
lying values, p < 0.01), signalling an overall vasodilata- 
tion. In  cat M there was an initial significant vasocon- 
striction (80 YO of control total peripheral conductance, 
p <0.01) simultaneous to the decreased cardiac output, 
which finally gave way to the usual significant vaso- 
dilatation (116% of control total peripheral conduc- 
tance, p < 0.01). 

Fig. 2 shows that the overall vasodilatation seen in 
all cats upon standing was not a uniformly diffuse 

vasomotor reaction. In  the external iliac bed there was 
a prompt and progressive increase in blood flow and a 
huge vasodilatation, which in cat M only was preceded 
by a short-lasting but significant vasoconstriction. 
External iliac conductance increased significantly in 
all cats, to values averaging 160-220% of control 
( p  < 0.01). Simultaneously, however, decreased blood 
flow and vasoconstriction were observed in the superior 
mesenteric bed. Mesenteric conductance decreased s i g -  
nificantly in all cats, to values averaging 67-85% of 
control ( p  <0.01 or (0.05). It appears therefore that, 
on active assumption of the standing posture, vasodila- 
tation, presumably metabolic in origin, occurring in 
contracting muscles is partly compensated by visceral 
vasoconstriction. 

Actual tracings from cat 0 during spontaneous 
changes in posture are reproduced in Fig. 3. 
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Fig. 3. Cardiovascular changes in cat 0 during spontaneous 
assumption of the standing posture (change in posture indi- 
cated by arrow). From above downwards: time (1 and 5 sec); 
L. E X G  electromyogam of the left hindlimb; HR heart rate; 
BP arterial blood pressure; iAF instantaneous flow through 
the ascending aorta; iMF instantaneous flow through the supe- 
rior mesenteric artery; i IF instantaneous flow through the left 
external iliac artery; JAF, JMF, /IF 2-sec integrations of the 

above flows 

Heart Rate and Stroke Volume Regulation during 
Exertion. Effech of Changes in  Body Posture. Fig.4 
summarizes the changes in heart rate measured in 5 
cats during an exertional task, a short period (2-10 sec) 
of fighting, performed both in the lying and the stand- 
ing posture. With the single exception of cat R, the 
base-line heart rate before fighting was almost the same 
both in the standing and in the l m g  position. It rose 
during fighting, particularly during the very first sec- 
onds, but the increase was on the whole rather moder- 
atre, ranging from 1O-4Oo/0 above baseline values. Again 
with the exception of the cat R, tachycardia was some- 
what greater when fighting occurred in the standing as 

IU 
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Fig. 4. Heart rate during fighting in the lying (empty circles, 
broken lines) or the standing position (filled circles, continuous 
lines). Each symbol is mean of six 2-sec measurements in 
different trials. Five cats indicated on the left by their initial 

compared to the lying posture, but differences were 
generally not very prominent. 

The changes in stroke volume measured in the same 
cats during fighting in the two positions are summa- 
rized in Fig. 5. Except for cat R, resting stroke volume 
was remarkably similar in the standing and the lying 
posture. During fighting in the lying position stroke 
volume initially decreased (markedly in cats R and 0 
because of the conspicuous tachycardia, slightly in the 
other three animals), and then rapidly returned to 
resting levels. During a short flurry of fighting in the 
standing posture, the initial decrease in stroke volume 
(generally smaller than in lying trials) was followed in 
four of the five cats (cat R being, as usual, the excep- 
tion) by a rise in stroke volume to  values which were 
larger than those measured during recumbent fighting, 
and in cats G and 0 to stroke volumes larger than those 
recorded in the same cats during recumbent rest (cat 
G :  3.63 f 0.08 ml (mean f S .  E.) during fighting on 
standing as compared to 3.49 & 0.09 ml resting recum- 
bent value; cat 0: 2.75f0.09 ml as compared to 
2.42 & 0.08 ml). 

Greater percentage increases of stroke volume 
above lying resting levels (LR) could be observed in 
these two cats during more prolonged exertional tasks 
than a short bout of fighting (SF), as shown in Fig. 6 .  
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Fig. 5. Stroke voliimeduringfighting in the lying or the stand- 
ing position. Symbols as in Fig. 4 

When fighting trials were prolonged for a t  least 20-30 
sec (LF), cardiac output continued to increase to levels 
well above those occurring during shorter episodes, 
while the heart rate did not increase beyond the values 
attained a t  the beginning of fighting. As a consequence, 
long fighting caused conspicuous increases in stroke 
volume, which became larger than values recorded a t  
lying rest. In  cat G the mean of the highest stroke 
volume a t  the end of six episodes of long fighting was 
4.25 f 0.10 as compared to 3.49 f 0.09 ml, the mean 
of six resting recumbent values (an increase of 22%); 
in cat 0 the corresponding means were 3.12 & 0.09 and 
2.42 f 0.08 (an increase of 29%). 

As also shown in Fig. 6, stroke volume was meas- 
ured in these two cats during 8 mild standing exercise, 
namely walking on a treadmill a t  low speed: in both 
cats the heart rate rose very slightly, and the rise in 
cardiac output was effected almost exclusively through 
an increase in stroke volume that became definitely 
larger during standing exercise (E) than during a pre- 
ceding period of rest in the recumbent position (LR) 
(cat G: 1.17 k0 .09  ml as compared to 3.49f0.09 ml; 
cat 0 : 2.75 f 0.07 mi as compared to 2.42 & 0.08 ml). 

Increases in stroke volume over the resting recum- 
bent values were statistically significant a t  the p cO.01 
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Fig. 6. Percentage changes in heart rate (HR), cardiac output 
(CO) and stroke volume (SV) in cats G (filled circles, continuous 
lines) and 0 (empty circles, broken lines), during standing at 
rest (SR), short episodes of fighting (SP), long episodes of 
fighting (LF), and exercise on tredmill (E). LR: baseline values 
during lying at rest. Each symbol is mean of six 2-sec measure- 
ments in different trials. Ban indicate standard errors of the 
mean, and have been drawn on one side only of the symbols of 
the means to avoid overlapping between bars of either cat 

level in both cats during short fighting and exercise. It 
should be clear from the data presented above as well 
as from Fig. 5 that the stroke volume increments ob- 
served in cats G and 0 were by no means an exception, 
but simply represented the upper end of a trend also 
evident in cats B and M. Nor did cats G and 0 mark- 
edly differ from the other animals of the group in any 
of the haemodynamic functions measured, their base- 
line heart rate (215 and 210 beatslmin), stroke index 
(19.28 and 13.08 ml/m2) and cardiac index (4.14 and 
2.75 l/min/m2) being well within the normal range for 
cats, and similar to the values measured in the other 
three cats. 

Discussion 
Our data show that the cat, when its peripheral 

metabolic demands are augmented, has a limited ca- 
pacity to increase its heart rate, but often responds 
with a considerable rise in stroke volume: stroke vol- 
ume can be increased by active changes of posture 
from lying to standing, by a short or prolonged bout of 
fighting, and by mild exercise on the treadmill. I n  all 
these conditions, stroke volume attains values larger 
than those measured during recumbent rest. Though 
we have never subjected our cats to  heavy or very 
prolonged exertional tasks, it seems likely that in these 
conditions stroke volume might increase even further. 
Indeed, this trend is apparent in Fig. 6, where we have 
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compared short (less than 10 sec) with long (20 or 
30 sec) fighting trials : in long fighting the heart rate did 
not increase beyond the peaks attained in shorter epi- 
sodes and the progressive increase in cardiac output 
with protraction of fighting waa almost entirely ob- 
tained by a continuing increase in stroke volume. 

It appears, therefore, that an increase in stroke vol- 
ume is a mechanism ordinarily called upon in the cat 
when natural behaviour requires an increase in cardiac 
output, while in man it is called upon in extraordinary 
conditions only, during strenuous exercise or when the 
heart is artificially set a t  high basal levels by atrial 
pacing or cholinergic blockade. Even in these condi- 
tions, as in the experiments by Ross et al. (1965) and by 
BevegLrd (1963), the mean stroke volume increase 
during exercise is not above supine resting values re- 
corded when the heart rate was spontaneously low. 
Furthermore, the observation that in the cat stroke 
volume can increase above resting recumbent levels 
upon the simple assumption of the standing posture, 
when gravitational effects should cause, if anything, a 
decrease in venous return, also indicates that a t  least 
in these conditions the stroke volume increase does not 
depend on a primary increase in venous return. 

The fact that a stroke volume regulating mecha- 
nism is ordinarily operative in the cat shows that it has 
a physiological significance, and supports the idea that 
also in man exertion is accompanied by stimulation of 
myocardial contractility. The emphasizing or over- 
shadowing of this inotropic effect in cat or man respec- 
tively would depend on the different autonomic bal- 
ance regulating the heart rate in the two species. Stim- 
ulation of myocardial contractility can be translated 
into an actual increase in stroke volume only when 
vagal tone is already very low in base-line conditions, 
and its suppression does not cause great rises in heart 
rate. This condition occurs naturally in the cat. In  man, 
suppression of the high vagal tone even during mild 
exertion makes the heart rate increase remarkably, and 
thus generally conceals the myocardial augmentative 
effect. Our results on the cat support previous indica- 
tions in physiological literature (see : Sarnoff and Mit- 
chell, 1962) and more precisely suggest that the con- 
cealed inotropic effect during exertion in man might be 
measured from the difference between the maintained 
stroke volume in spite of an increased heart rate during 
exertion, and the linear inverse relationship between 
heart rate and stroke volume calculated by Ross et d. 
(1965) during atrial pacing a t  increased rates. A myo- 
cardial agmentative effect is of course known to occur 
during exercise in pathological conditions, such as 
complete heart block with fixed slow rate (Bevegird, 
1962; Benchimol and Dimond, 1964; Segel et aZ., 1964), 
but what we have tried to emphasize here is that i t  can 
represent a physiological mechanism operative, though 
masked, in the circulatory adjustment of normal sub- 
jects. 

Though it seems reasonable that the limited ability 
of the cat to increase its heart rate during exertion may 

be the main factor making stroke volume regulation so 
very evident in this species, it might be argued that an  
equally important factor may be the much more lim- 
ited gravitational effects of standing upon venous 
return in a small quadruped like the cat, compared to 
head-up standing in man. Though the small hydro- 
static gradient of cats may undoubtedly be a factor, 
it does not seem to be the crucial one, however. Indeed 
the dog, in which gravitational effects are certainly 
closer to those operative in the cat than to those pres- 
ent in man, but whose heart rate regulation is dom- 
inated by a strong resting vagal tone as in man, behaves 
much the same as man in terms of stroke volume regu- 
lation: stroke volume is decreased during sitting or 
standing (even active standing with a well maintained 
venous return : Rushmer, 1959 ; Abel and Waldhausen, 
1968), and during exercise cardiac output is increased 
exclusively through tachycardia with practically no 
change in stroke volume ( Wang et al., 1960a). A further 
similarity between the stroke volume response of dog 
and man during exercise occurs when the usual heart 
rate increase is artificially prevented or reduced: in 
these conditions the dog's cardiac output is mainly or 
exclusively augmented through a rise in stroke volume 
(Wang et a l . ,  1960a; Warner and Toronto, 1960), much 
the same as occurs in man (Ross et al . ,  1965). 

Some comments can finally be made on the vaso- 
motor changes we have recorded during an active 
change of posture from lying to standing. They are 
dominated by vasodilatation in active hindlimbs, only 
partially compensated by visceral vasoconstriction, as 
exemplified by a fall in mesenteric conductance in our 
records. Hence there is an increase in total peripheral 
conductance and generally some decrease in blood 
pressure, indicating predominance of metabolic vaso- 
dilatation over neural vasoconstriction. On the whole 
the vasomotor adjustments during active changes in 
posture closely resemble those occuring during mild 
exercise on the treadmill (Adams et a l . ,  1970) and con- 
firm that, a t  least in the cat, exertional predominate 
over gravitational factors in regulating circulation 
during active standing. Under this aspect, our obser- 
vations further caution against indiscriminately app- 
lying to active changes in posture data obtained during 
passive tilting. 
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