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Abstract. About-"day (circaseptan) and circadian rhythms were sought and found in host- 
parasite relations of mice infected with Plasmodium berghei. Five inbred male DBA mice, about 
18 weeks of age, were implanted with transsensors for temperatare telemetry. Core temperature, 
monitored every 10 min for 3 days before the intravenous or intraperitoneal inoculation of lo5 
infected erythrocytes and thereafter until death, was analyzed by cosinor. A statistically highly 
significant circadian rhythm exhibited similarly synchronized acrophases. Core temperatures on 
the days immediately after malarial infection were mostly within the range of temperatures 
observed before injection. A mesor-hypothermic stage preceded death by several days. In a second 
study, 24 male BALB/c and 42 male DBA mice, 12 weeks of age, housed in three rooms on 
different regimens of light and darkness (alternating at 12-hr intervals), staggered by 8 hr, were 
inoculated ip with lo4 infected erythrocytes, one-half at noon, the other half at midnight, within 
0.5 hr of blood withdrawal. Thus, one endeavored to cover six circadian host stages (02,06, 10, 
14, 18, and 22 br after light-on). At 54 and 51% overall mortality (irrespective of inoculation 
time), a circadian rhythm in susceptibility to malaria was demonstrated in these mice by the 
single cosinor fit of a 24-hr period (P < 0.003 and < 0.020, respectively). The single cosinor fit 
of a 7day period further demonstrated a circaseptan rhythm (P  = 0.014) in the mortality of 
both strains following the inoculation of P. berghei. The acrophase (360" = 168 hr) was at -325" 
from the inoculation time with 95% confidence limits extending from -276 to -378". Such 
predictable time relations of P. berghei to its murine host await the exploration of mechanisms 
underlying the circadian and infradian (7-day) rhythmicities here demonstrated and quantified 
with their uncertainties. Irrespective of mechanisms, information on such periodicities may also 
guide attempts to optimize treatment by timing according to the interactions of plasmodia1 
virulence and host resistance that remain to be quantified separately. 

Malaria is undergoing a resurgence and, in 
many areas, is becoming resistant to anti- 
malarial drugs. For this reason and others, 
pathogen-host interrelationships are attracting 
increased attention (1). Relatively few efforts, 
however, have been made to investigate tem- 
poral aspects of the host in relation to the 
parasite (2-9), even if the organism's (9) and 
the microorganism's ( 1 1 - 14) circadian time 
structure are each separately well-recognized 
in textbooks for students and researchers (14). 

As yet, rhythm analysis (10) has not been 
extended to a study of cyclic events like fever 
attacks in the case of (tertian or other) malaria, 
which have been well-known for at least sev- 
eral thousand years (9). By 1886, Golgi (15) 
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correlated the multiplication cycles of Plas- 
modium malariae within erythrocytes with 
paroxysms in patients with quartan malaria. 
Such cyclic paroxysms may require a high de- 
gree of synchronization which remains a high- 
priority goal in continuous cultures (1)  and 
may be a contribution of synchronizing effects 
exerted by the host upon the parasite, as well 
as vice versa. Since the mammalian host is 
characterized by a spectrum of circadian, cir- 
caseptan (7-day) ( lo), and other rhythms with 
differing periods, one might test whether a 
synchronization of malaria can be achieved 
by entrainment of the parasite by the host's 
rhythm spectrum, quite apart from interac- 
tions (such as those by Rowson-Parr virus) 
with Plasmodium chabaudi, which exhibit at 
least a single circaseptan cycle in the per- 
centage of infected red cells (16). Synchro- 
nization of the life cycle of such parasites re- 
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quires an extreme accuracy and uniformity of 
cellular-temporal organization. The mecha- 
nisms underlying this behavior of strains of 
Plasmodium which induce cyclic fever attacks 
(9) remain to be elucidated. 

Some strains of Plasmodium (including P. 
berghei) are not known to show signs of syn- 
chronization. As background to this study, by 
1948 it was noted that white mice succumb 
to what was just then recognized as P. berghei 
in 11-15 days (17, 18). The period of 11-15 
days is a double circaseptan period, or in fre- 
quency terms, we are dealing with a so-called 
circaseptan frequency demultiplication or fre- 
quency division, a phenomenon of interest in 
chronobiologic study design ( 10). The question 
may be raised whether an apparent lack of 
synchronization may be due to the failure to 
standardize procedures for rhythm analysis. 
If rhythms could be demonstrated, their char- 
acteristics could serve as reference standards 
in studies of the peculiarities of the host, the 
parasite, and their interactions in determining 
the fate of a malarial infection. Answers to 
questions about rhythms may lead more gen- 
erally to a better understanding of host-par- 
asite relationships. This study was undertaken 
in order to find out whether the mortality of 
mice from P. berghei reveals any signs of tem- 
poral organization in the range of circadian 
(20- to 28-hr) and infradian (longer than 28- 
hr) periods. 

Materials and Methods. Plasmodium 
berghei (NYU-2 strain) was maintained and 
passed in Swiss albino mice by inoculation of 
infected red cells as described earlier (19). In 
the first study, the donors of plasmodia were 
these albino mice; the donors in the second 
study were DBA/Jax mice, to which P. berghei 
had been passed in the interim. The mice were 
bled under ether anesthesia from the axillary 
vein. Blood was aspirated into a sterilized and 
heparinized glass pipet and transferred into a 
heparinized plastic tube. A stained blood 
smear was also prepared for enumeration of 
infected cells. At the first transfer from albino 
to DBA mice, which corresponded to the time 
of inoculation of the first study, 75% of the 
red blood cells were found to be infected. 

For the first study, 5 DBA/Jax mice were 
singly housed in a room maintained in light 
alternating with darkness at 12-hr intervals 
(LD12: 12), with Purina Laboratory Chow and 

deionized water freely available. The animals 
were implanted with transsensors for the 
monitoring by telemetry of core temperature 
every 10 min, as described earlier (20). The 
room was maintained at 24 k 1 "C and - 50% 
relative humidity. After 1 week of standard- 
ization when the animals were 18 weeks of 
age, doses of lo5 infected red blood cells were 
inoculated at 12 hr after light-on (HALO). 
Three males received the inoculum intraper- 
itoneally; two other males intravenously. 
Temperature was monitored in these animals 
until death. Results were analyzed by a so- 
called chronobiologic serial section (2 l), in- 
volving the fit by least squares of a 24-hr cosine 
curve and providing point-and-interval esti- 
mates for the following rhythm parameters: 
the mesor (the rhythm-adjusted mean), the 
amplitude (a measure of the extent of change, 
namely one-half of the peak-to-trough differ- 
ence in the cosine curve best approximating 
all data), and the acrophase (a measure of the 
timing of rhythm, namely a lag from zero- 
time (light-on) of the peak in the function best 
approximating all data). 

A second study used 66 mice from two dif- 
ferent strains: 42 DBA and 24 BALB/c, all 
males, about 5 weeks ? 3 days of age. The 
mice were housed 2 per cage and standardized 
in light (L) and darkness (D) alternating at 
12-hr intervals (LD12:12) in three rooms. All 
three rooms were kept at a temperature of 24 
k 1 "C and humidity of 50%. Deionized water 
and food (Purina Chow) were freely available 
to the mice. The lighting regimens in the three 
rooms were staggered by 8 hr so that light was 
on in room A from 0600 to 1800 central stan- 
dard time (CST), in room B from 1400 to 
0200, and in room C from 2200 to 1000 
(Scheme I). These regimens were maintained 
for 7 weeks prior to the start of the experiment 
and throughout its duration. On June 14- 15, 
1982, the animals were injected intraperito- 
neally with a fixed dose of lo4 parasitized cells 
in 0.1 ml of saline-diluted blood at two dif- 
ferent times (Scheme I) separated by 12 hr, 
1200 and 0000 clock-hr. At each of these two 
times, a donor from room A was anesthetized - 15 min prior to inoculation. The blood ob- 
tained from the axillary vein was diluted in 
0.9% NaCl solution, counted, and stored in 
an ice bath until inoculation within 30 min 
into the subgroups of animals from the three 
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SCHEME I.  Time schedule for harvesting and inoculating 
parasitized erythrocytes. Blood was drawn from a P. 
hcy~h~~i-parasitized donor mouse at noon ( 12) and from 
another at midnight (24). (Q). Recipient mice, kept on 
three different light-dark regimes (A, B, and C), were 
inoculated at six different circadian hours (-). Bars: dark 
span: lines: light span. The numbers give circadian hours 
for the respective groups. 

rooms. The animals from the three subgroups 
were injected in alternation (Scheme I) in or- 
der to keep the time elapsed from blood col- 
lection to the injection of the recipient as sim- 
ilar as possible. The infection was thus ad- 
ministered at each of six different circadian 
stages, approximated by 02, 06, 10, 14, 18, 
and 22 HALO. 

Scheme I must not be misunderstood to 
indicate that the same animals were injected 
at two different times; any one animal was 
injected only once. Separate groups of animals 
from each of the rooms were injected at dif- 
ferent times. Thus, Scheme I shows that par- 
asitized blood harvested from donors killed 
at noon (6 HALO), kept in light from 0600 
to 1800, could be given to recipients in room 
A at 6 HALO, to animals in room B at 22 
HALO, and to animals in room C at 14 
HALO. By the same token, donors killed at 
midnight, that is at 18 HALO, allowed malaria 
inoculations not only at 18 HALO in room 
A, but also at 10 and 2 HALO in rooms B 
and C ,  respectively. As Scheme I shows, by 
killing mice at only 2 clock-hr, one could 
promptly infect mice at six circadian stages 
(if, as documented by temperature rhyth- 
mometry, the circadian systems had adjusted 
to the lighting regimens). 

Mortality was assessed every 4-8 hr. Data 
were analyzed by the least-squares fit of trial 
periods with results presented by cosinor 
methods ( 2  1). 

Results. A more or less apparent circadian 
bioperiodicity characterizes the time course of 
(telemetered) core temperature after the ma- 
larial injection. This bioperiodicity is revealed 
by Fig. 1, which shows each measurement as 
a dot for a so-called macroscopic inspection. 
The time of inoculation of P. berghei is shown 
as a vertical line in this figure. Any change 
following the inoculation (Fig. 1 ,  vertical line) 
can readily be scrutinized, until death. The 
two mice receiving the Plasmodium intrave- 
nously (Figs. la and b) died before the animals 
receiving the Plasmodium intraperitoneally 
(Figs. lc, d, and e). After inoculation, no ele- 
vations are seen in the core temperatures 
above the prior upper limit in four of the five 
mice, with the fifth animal showing two ele- 
vations in an incomplete record. This finding 
is in agreement with the results of much earlier 
work on agents which are pyrogens in human 
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FIG. 1. Time course of intraperitoneal temperature in 
mice after infection with Plasmodium berghei. Elderly 
inbred DBA mice were telemetered before and after in- 
oculation, intravascularly (a and b) or intraperitoneally 
(c-e) of P. berghei (NYU-2 strain). Each measurement is 
shown as a dot for so-called macroscopic inspection. Time 
of inoculation indicated by vertical line. Note mesor-nor- 
mothermic and mesor-hypothermic stages in all five rec- 
ords. 
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beings and certain other species; in rodents 
(22), such agents usually fail to induce fever, 
defined as elevation above the usual reference 
range. 

The naked eye can discern, at least in parts 
of the record, an about-24-hr or circadian 
variation (Fig. 1). The fit of a 24-hr cosine 
curve as a so-called chronobiologic serial sec- 
tion (21) to these data (not shown) validates 
the occurrence of a rhythm during most, 
though not all, of the record (by the rejection 
of the assumption of a zero-amplitude, i.e., of 
no rhythm). The acrophases of the tempera- 
ture rhythm have thus been analyzed (Table 
I). A reasonable degree of circadian synchro- 
nization is found among the records of the 
different animals before inoculation. Of 10 
acrophases (for 2 consecutive days on each of 
five mice), 9 are between -234 and -281", 
i.e., within -47"; the 10th is at - 1 O and could 
also be written as -36 1 O .  Thus, all 10 acro- 
phases are within 127". Such relative circadian 
metabolic synchronization gauged by core 
temperature is also seen during most of the 
stage following inoculation, which does not 
yet involve a drop in core temperature 
(Fig. 1). 

The naked eye can indeed discern two stages 
following malaria inoculation (Fig. 1): first, a 
span during which there is no change in range 
or in overall rhythm-adjusted mean, i.e., a 
mesor-normothermic stage; second, a span 
during which temperature drops progressively, 
i.e., a mesor-hypothermic stage. This decrease 
in mesor is clearly not a phase-shift of the 

rhythm known to occur following endotoxin 
injection in mice (22). 

In view of the limited scatter of the tem- 
perature acrophases which were used as a 
metabolic marker rhythm characteristic (Table 
I), one might expect some degree of host syn- 
chronization to have prevailed at the time of 
inoculation; hence, one can anticipate that 
the time of inoculation may play an important 
role in survival as well (23). This anticipation 
is confirmed by the demonstration of a sta- 
tistically significant 24-hr synchronized cir- 
cadian rhythm in the resistance to P. berghei 
of mice of both strains tested. Original results 
are summarized at a time when about 50% of 
the mice, irrespective of inoculation time, had 
died (54 and 5 1% in the case of the BALB/c 
and DBA mice, respectively) as shown in Fig. 
2a. At this time, the numbers of survivors are 
expressed as a percentage value of the total 
number of animals per group at each circadian 
stage of inoculation. 

From a technical viewpoint, it is important 
to note that these results on a circadian rhythm 
are not due to the progression of time after 
the drawing of blood from the donor, so that 
progressively older blood is being used for in- 
oculation. Fresh (parasitized) blood was used 
on each occasion within 30 min of its collec- 
tion. Thus, the aging of blood cannot account 
for the circadian rhythm here documented. 

The circadian survival data are analyzed by 
a so-called single cosinor (Fig. 2b). In this plot, 
the length of a vector represents the amplitude 
as a measure of the extent of predictable 

TABLE I. CORE TEMPERATURE ACROPHASE OF MALE MICE BEFORE AND AFTER INOCULATION OF 
ERYTHROCYTES INFECTED WITH Plasmodium berghei 

Days in relation to inoculation time (=O) 
See 
Fig. -2 - 1  0 + 1  +2 +3  +4 +5 +6 +7  

Intravenously inoculated 
la (-260") (-234") (-287") (-254") (-276") (-268") (-316") 
lb  (-251") (-249") (-17") -259" (-257") (-294") -307" (-296") 

Intrapentoneally inoculated 
I C  (-264") (-239") (-248") (-232") (-246") (-245") -315" (-339") -245" 
Id (-1.4') (-281") (-352") -281" -250" -229" (-260") (-198") (-351") 
le (-260") (-253") - (-246") (-226") (-288") (-257") (-88") (-110") 

Note. Acrophase given in degrees, 360" = 24 hr (ref: light-on); underlined values associated with mesor-hypothermia: 
values in parentheses from cosine fit associated with rejection of zero-amplitude (no-rhythm) assumption. 
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change; the angle of the vector is a measure 
of timing, the acrophase. The area around the 
vector tip represents a 95% confidence region 
for the amplitude-acrophase pair. This region 
does not cover the center of the display, i.e., 
the pole, a circumstance which documents the 
statistical significance of the rhythm. In terms 
of timing, the acrophases for the two strains 
being compared are 38" apart. This is equiv- 
alent to a difference in acrophase of 2 hr and 
32 min, since 360" is equated for the analysis 
to 24 hr, and hence 15" = 1 hr ( 1  " = 4 min). 

Further, we determined whether the pattern 
of times of death exhibits, in addition to any 
circadian aspects, some rhythms with a fre- 
quency lower than 1 cycle in 28 hr. Indeed, 
the display of the data from the two strains 
shows a peak clearly at -7 days postinocu- 
lation for the C mice (Fig. 3a) and multiple 
peaks at 7, 14. and 2 1 days for the DBA mice 
(Fig. 3b). Statistical analysis of the data reveals 
a statistically significant circaseptan rhythm 
(Fig. 3c). 

Discussion. A circaseptan (about 7-day) 
rhythm in mortality from malaria can be 
viewed in the context of other findings. A 

rhythm with similar period has also been 
found in the urinary 17-ketosteroid excretion 
of a healthy man over -15 years: a period 
that differed slightly but with statistical sig- 
nificance from exactly 7 days was found to 
characterize this variable after the self-admin- 
istration of testosterone suppositories (24). A 
consistent deviation of this period from pre- 
cisely 7 days (24) suggests that one is dealing 
with the expression of an endogenous, maybe 
a genetically anchored frequency, rather than 
with a phenomenon impressed upon the or- 
ganism by the routines of the social week. 

Following the removal of one kidney and 
a 30-min ischemia of the remaining kidney, 
a dramatic circaseptan change in the remain- 
ing renal tissue was demonstrated (25). Over 
the years, Hildebrandt (26, 27) described a 
host of circaseptan variations, emphasizing 
their exogenous nature. With respect to  
mechanisms, Vollrath et al. (28) documented 
changes in a pineal enzyme that had a cir- 
caseptan frequency. More recently, he wrote 
that "the curves exhibited distinct troughs in 
the Friday-Saturday region, independently of 
whether the experiments started on a Monday 
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FIG. 3. Circaseptan rhythm in mortality following inoculation of P, berghei into mice. BALB/c (a) and 
DBA (b) mice were inoculated, data were pooled (c) and summarized by single cosinor with the fit of a 7- 
day period (d). P = 0.014; percentage rhythm = 51. In deaths per day, the mesor + SE is 3.1 f 0.6 and 
the amplitude is 3.2, with 95% confidence limits (CL) from 0.7 to 5.7. The acrophase (with 360" = 168 
hr) is at -325" from inoculation time, with 95% CL from -276 to -378". 

or a Wednesday" (29). Circaseptan rhyth- 
micity also characterizes the rejection of hu- 
man kidney (30) and rodent skin, kidney, 
heart, or pancreas allografts (3 1-33). In the 
absence of any known socioecologic 7-day 
bioperiodicity, frequency response curves to 
shifts in the lighting regimen implemented at 
intervals varying from 2 to 1 1  or more days 
show the presence of circaseptan frequencies 
in face flies (34) and a unicell (35) that has 
presumably been around for several hundred 
million years. Moreover, in the enucleated 
unicell, studied on two occasions in the spring, 
the circaseptan frequency doubles into about 
two cycles per week (35). This finding suggests 
that the nucleus plays a role in the phenom- 
enon of physiologic frequency division (or de- 
multiplication), an observation of interest in 
chronobiologic study design (10, 33). A rel- 
ative temperature compensation has also been 
demonstrated for the period of a circaseptan 
rhythm in FoIsornia candida, the springtail 
(36), over a range from 15 to 25°C. 

With respect to circadian bioperiodicity in 
host-parasite relations, the larvae of the nem- 
atode worm, Wuchereria bancrofti, emerge 
into the circulating blood by night in noctur- 
nally resting diurnally active human subjects, 

as described before the turn of the century by 
Manson ((37); cf. also (38, 39)). In the human 
host on a similar schedule, the microfilariae 
of Loa loa have an oppositely timed circadian 
pattern (40). It is also known that the circadian 
bioperiodicity of W. bancrofti microfilariae can 
be shifted by changes in the routine of living 
(4 1) and that this microfilarial bioperiodicity 
can be synchronized by manipulating the ad- 
renal cortex, e.g., by suppressing it transiently 
with A'-9a-fluorocortiso1(5,6). Upon removal 
of suppression, the microfilarial rhythms ap- 
pear to be more closely synchronized than 
before suppression. 

With respect to the circadian stage depen- 
dence of endotoxin effects as well, a periodicity 
in the organism's ability to withstand its lethal 
effect has been repeatedly reported and re- 
cently reviewed (42). 

Turning to P. berghei, Vandenberg et al. 
(43) presented data on the percentage of par- 
asitized red blood cells at different times after 
inoculation. On inspection, these data show 
a peak at 6 and again at about 14 days. Sta- 
tistical analyses of these and other data, how- 
ever, were not done from the viewpoint of 
establishing any rhythm, even though the 
bioperiodicity of human malaria is among the 
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best-known organoleptically described phe- 
no m e n a. 

It is against this background that our finding 
of circadian and circaseptan rhythms in the 
death of mice injected with P. berghei must 
be assessed. The mouse infected intraperito- 
neally with P. berghei constitutes a laboratory 
model for looking at circadian and circaseptan 
periodic mechanisms underlying immune 
phenomena, a topic recently reviewed (44). 
The present data do not allow extrapolation 
beyond the age, sex, inbred strain, dose, and 
kind of malarial inoculum and rhythmic 
components investigated. This qualification is 
made because of the remarkable seasonality 
recorded for several forms of malaria (3). 
Moreover, circannual periodicity modulates 
circadian and circaseptan rhythms and 
rhythms with other frequencies, not only in 
human beings (44), but also in several species 
investigated thus far in the laboratory (45). 

The temperature data of this study dem- 
onstrate to the naked eye (Fig. 1)  the well- 
known bioperiodicity of this variable before 
and after inoculation (10, 20). Cosinor anal- 
yses, however, are needed to quantify the ex- 
tent of interindividual synchronization, shown 
in Table I .  A consistent change in the timing 
of the circadian temperature pattern, reported 
for the effect of several endotoxins in rodents, 
does not take place with the inoculum used 
(22). The major effect of the P. berghei in- 
fection in the mice studied is a mesor-hypo- 
thennia, rather than the fever accompanying 
symptoms associated with malaria in human 
beings and several other nonrodent species. 
More generally, ki ypothermia from agents that 
are pyrogens in human beings is extensively 
documented in rodents (22, 42), as is the fact 
that the same dose of the same agent, such as 
an endotoxin, differs dramatically in its le- 
thality as a function of the circadian stage at 
the time of infection (46). 

The data presented here also suggest that 
the Plasmodium-infected mouse is a model 
in which the relative roles of either or both 
P. berghei and murine host can be explored 
for intermodulation between circadian, cir- 
caseptan, and other frequencies. These inter- 
modulations may point to mechanisms un- 
derlying natural changes in the course of an 
infection of current interest (47), as a com- 
plement or alternative to the homeostatic view 
that fever, rather than being a harmful by- 

product of infection, constitutes a phenom- 
enon enhancing resistance and increasing the 
chances of survival. On the basis of extensive 
comparative physiologic studies (48-53), 
Kluger et al. have come to regard fever as an 
ancient ally against disease in many species, 
but possibly exceptions are associated with 
each rule. Whenever fever is being studied 
from such viewpoints or others, one should 
focus, with longitudinal and/or concomitant 
controls for 24-hr and longer spans, upon the 
mesor, acrophase, and other rhythm charac- 
teristics, rather than solely upon temperature 
behavior for a few hours following the ad- 
ministration of some agent. In other words, 
since a temperature rhythm is demonstrable 
before inoculation, one must assess the time 
course of any temperature alteration with a 
view of the limits and characteristics of the 
circadian rhythm. 

Huff (54) attempted to study the course of 
pyrexia in P. relict urn-infected canaries and 
found striking differences (up to 6°C) in the 
temperatures taken at day and at night, in 
infected and healthy birds. Reportedly, these 
changes “bore no relationship at all to the 
schizogony of the parasite” (10). This is not 
surprising if only the mean temperature and 
the extent of change rather than timing as 
well, along several frequencies, is being con- 
sidered (10). Indeed, changes in timing may 
occur in the absence of changes in mean. In 
Huffs birds, the mean temperature of the birds 
infected with P. relictum was 42.8 and that of 
the healthy ones 42.7”C. 

It is pertinent then that in canaries, no tem- 
perature rhythm alteration was found to ac- 
company the times of greatest segmentation 
of the asexual forms of four kinds of avian 
malarial parasites. It seems important in such 
work, however, to quantify rhythms with in- 
ferential statistical methods at each frequency 
examined, by measures of the extent and tim- 
ing of change (the amplitude and acrophase) 
as well as the mesor, as was done earlier in a 
different context in this journal (55) .  Such 
methods, previously used extensively to  
quantify circadian rhythms, are particularly 
useful in this presentation to document the 
circaseptan rhythm of a rather great degree of 
generality (25-36, 43, 44, 56). Other aspects 
of the periodicity of malaria are still being 
discussed (57), but will have to be considered 
in the future in their relations to the malarial 
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parasite. Huff deserves credit for reporting that 
P. matutinum in birds is reportedly highly 
synchronous in a 24-hr cycle, with the schiz- 
onts maturing at a regular hour (0800) (58). 
Recent books on malaria (57), however, as 
yet make no explicit reference to intennodu- 
lating rhythms, a circumstance almost cer- 
tainly due to the fact that models such as the 
mouse infected with P. berghei or others have 
not heretofore been scrutinized by a rhyth- 
mometric approach to the multiple frequen- 
cies that characterize the relation of the ma- 
larial parasite to the mammalian host. The 
monitoring of a spectrum of host rhythms and 
the as-one-goes analysis of changes in param- 
eters is now feasible, not only in the laboratory 
by telemetry as implemented herein and ear- 
lier (20), but also with miniaturized ambu- 
latory solid-state devices for human use, e.g., 
after ambulatory surgery (59). 
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