CIRCADIAN RHYTHMS AND THEIR SIGNIFICANCE TO
THE ANAESTHETIST: A REVIEW
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THE TERM “circadian” is a relatively new one, having been introduced into gen-
eral use by Halberg! only about ten years ago. Basically it is used in reference
to our built-in biological “clock,” and implies a cycle “about 24 hours” in duration.
Use of “circadian” avoids the ambiguity of the term “diurnal,” or confusion re-
sulting from the many cyclical functions imposed on us by certain external factors
such as habit and environment. “Zeitgeber,” a term introduced by Aschoff,? is
used to refer to the specific factor in the environment that “sets” the phase of any
such biological rhythm.

Because most men are subject to a regular rhythmic cycle of about 24 hours’
duration involving rest and activity, meals and fasting, light and darkness, it is
important to understand and evaluate the significance of these patterns in the
metabolic and biological behaviour we, as anaesthetists, observe and assess as we
manage the ill patient, particularly as it may be over a protracted period of res-
piratory failure or intensive care.

Throughout our training as physicians we were made aware of Bernard’s con-
cept of “la fixeté du milieu interieur” and “homeostasis”; however, today we must
imagine a milieu that is not only constantly changing, but one that is subject to
many cyclical influences, both exogenous and endogenous; of these the “circadian
rhythm” is felt to be of fundamental biological importance.® Recently many stu-
dies have been made to determine how exactly these basic biological rhythms
may influence our emotional and physiological rhythms and behaviour, sleep
patterns, postoperative mortality statistics, toxic doses of drugs and chemical
agents, and certain basic biochemical “normal” laboratory values.

This brief review is intended only to be a superficial introduction into a most
complex but fascinating aspect of human physiological behaviour. Perhaps it may
stimulate some interest in the basic biological problems involved when we our-
selves get caught up in intercontinental travel and experience the “jet-lag,” or
when we deprive our very ill patients of the normal day-night, light-dark se-
quences, as in long-term postoperative recovery cases when long periods of
constant care are imposed “round the clock.”

A brief summary will be presented of the experimental evidence available to
elucidate the existence and nature of this phenomenon. Large numbers of healthy
subjects for study have been found in night and shift workers, space flight pro-
grammers, Arctic dwellers, modern flight crews, cave and mine workers.

DEVELOPMENT
In man, circadian rhythms are not present at birth, but will develop during
the first year of life,* presumably in response to exposure to the light-dark se-
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quence. Thus, a slow nocturnal pulse rate develops around six weeks of age, and
about the same time also, a day-night periodicity in body temperature and uneven
distributions between sleeping and waking times, feeding patterns, and urine
flow.

The circadian “clock” (this may be placed tentatively in the region of the
hypothalamus) probably develops® as a result of exposure to circadian periodicity
in the environment, and is continually being influenced by a variety of external
and internal factors. Maturation may well be due to a developing ability to
respond to these Zeitgeber.

In man, once it is fully developed, it will survive, despite a constant unvarying
external environment imposed on it. In mice, reared in a constant light level, a
circadian rhythm has persisted for several generations.®

SLEEP PATTERN

Anyone who has ever spent a night up for any reason is aware that sleepiness
and wakefulness have a circadian rhythm. Great individuality occurs in this; cer-
tain subjects can adjust their cycle easily to different phasing, others find it more
difficult.” This rhythm may result from changes in body temperature or adrenal
activity or it may arise in the central nervous system, probably the cortex in the
adult. It is clearly endogenous, and may easily be detected in electroencephalo-
grams® and in psychomotor performance and other skill testing.?

TEMPERATURE

Good evidence exists'® that there is an endogenous rhythm in body tempera-
ture, one to which the hypothalamus responds; but it is one of the most readily
adaptable of biological rhythms, taking only from three days to three weeks to
change in night workers in hospitals, or in Arctic dwellers. Social surroundings
are probably the effective Zeitgeber in man.'* The amplitude of this cycle is as
large in people confined to bed and in the paralysed as it is in a normally active
man, and it is also independent of climatic conditions. The cause of the tempera-
ture cycle probably lies in the mechanisms regulating the balance between heat
production and heat loss.12

REsPRATION

Circadian variations in breathing may well be due to this sleepiness-wakeful-
ness cycle, implying a circadian periodicity in the neural drive to the respiratory
centre. At night, a slight depression of respiration with a consequent alveolar
Pco, elevation is seen whether the subject sleeps or not.!*!* Healthy men will
show a sharp reduction in vital capacity soon after midnight, probably due to an
increased volume of blood in the pulmonary vessels. Even airway resistance varies
circadianly to a significant degree, although no investigation into the cause is
known to this author.
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CARDIOVASCULAR SYSTEM

A diurnal periodicity has been recorded in a wide variety of circulatory para-
meters, e.g. pulse rate, blood pressure, cardiac output, venous pressure, and cir-
culating blood volume, but it is not known if any of these have an independent
endogenous origin, as normally many of the circulatory variables are inter-
related.

ADRENAL CORTEX

Many workers have measured the plasma corticosteroids (particularly cortisol )
in order to determine the origins of the circadian rhythm but conclusions have
varied. Normally observed values show a “peak” time just before or around the
time of awakening.?® This increase in morning secretion may be the cause, how-
ever, rather than the result of arousal, since it usually occurs in the latest hours
of sleep.?

A normal pattern has been found in totally blind subjects, nurses, and night
watchmen,’® but it is absent in disease states associated with abnormal patterns
of sleep or consciousness, e.g. delirium and coma.!” Plasma corticosteroid rhythm
is also absent in Cushing’s disease,*® in which pituitary production of acri may
be deranged.

5-Hydroxy tryptamine (serotonin), which is probably a central mediator in the
sleep mechanism, has also been described as having a circadian rhythm in labo-
ratory mice, hamsters, and rats.*®

Perhaps the following hypothesis is tenable now. Somewhere in the area of the
cortical-reticular substance (responsible for the conscious state) there is a region
which receives a variety of circadian periodic influences, and it is this excitation
which is transmitted to the hypothalamus and median eminence and results in
release of various levels of corticotrophin-releasing factor (Crr) and actH, and
thus cortisol production, release, and excretion, and its subsequent detection and
measurement in the plasma and urine. (Though aldosterone is likely of equal
importance it is not as easy to measure. )

KmNEY

We know the ancients were aware of a diminished urine flow at night, but this
was always thought due to the decreased fluid intake during sleep. In 1890 Lihr
demonstrated that if he stayed recambent and kept a constant fluid intake over
24 hours his urine flow was still least during the eight hours of sleep.?® Since
then, many authors have agreed that a nocturnal oliguria persists with an even
24-hour fluid intake.

Posterior pituitary liberation rates of antidiuretic hormone (apu) and the total
solute exaction doubtless produce many circadian variations in urine flow rate.
Several observers have advanced the view that light-dark cycles may be of ‘par-
ticular importance in this control.?! It is not understood, though, whether the
renal circadian®® rhythm is a passive result of waking and sleeping, or whether



256 CANADIAN ANAESTHETISTS SOCIETY JOURNAL

both result from the influence of the endogenous clock — here perhaps a more
important factor than habit and activity.?? Ultimately the aim will be to specify
the nature of these various influences, but one may now presume them to be of
a chemical and not of a nervous origin since the transplanted human kidney will
show the usual circadian rhythm.?*

The rhythmic excretion of electrolytes (Na, Cl, K - all three varying simulta-
neously) is now generally conceded to be due to rhythmic adrenal activity on
the evidence of cases of adrenal deficiency and pharmacological interference with
adrenal function in patients receiving sustained higher doses of corticosteroids;®
i.e. it is both exogenous and endogenous. Constant artificial ventilation for some
weeks in patients with respiratory paralysis will often abolish these normal Na,
Cl, and K excretory rhythms; perhaps because the kidney requires some periodic
stimulus such as a cyclical change in carbon dioxide tension or adrenal steroids
to reinforce its own rhythm.2

Broopo

The eosinophil count has long been observed to fall during the first waking
hours. A similar fall in the lymphocytes is seen. This phenomenon is constant
enough to be used as a guide to measure the occurrence of a circadian rhythm
in an otherwise constant environment. There is much evidence to link this eosino-
penia to the rhythm of adrenocortical activity, as it is absent in Addison’s disease,
after bilateral adrenalectomy, and in hypopituitarism.2® Light also appears to be
an important Zeitgeber, for some authors have found that the eosinopenia occurs
earlier in the summer months and is diminished in the blind.2?

Haematocrit, haemoglobin, red blood cell size and numbers, sedimentation
rate, plasma proteins, and amino acids have been observed to have a circadian
periodicity.?8 Some of this is undoubtedly due to habit and to the redistribution
of body fluids from chfanges in posture and activity, but one author who has sub-
jected his large volume of data to close analysis has observed that not all of these
changes can be interpreted in this way.?®

PaTtHOLOGY

When a physiological change can be altered by circadian rhythm we can under-
stand how this may contribute to the pathological state. Cerebral haemorrhage,
pulmonary oedema, and cardiac asthma have long been known to have a noc-
turnal incidence; and haemoptysis has an unequal incidence, with peaks between
0600 and 0900 and between 1800 and 2100 hours, which have been ascribed to
periods of rapid change in the blood content of the lungs, as assessed by changes
in vital capacity.®

A similar physiological rhythm is probably responsible for the peak incidence
of death in the small morning hours,*® and clearly certain psychoses have been
long observed to have a circadian periodicity. The mental disturbances occurring
in patients kept under a constant light environment, under constant care, and not
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allowed circumscribed periods of dark and rest may be partly due to the distur-
bance of this rhythm.3!

Investigation into lethal doses of drugs and toxins cannot be carried out in
humans, of course, but experiments on mice have shown unexpectedly large and
quite reproducible circadian variations in susceptibility to drugs or bacterial
toxins, the identical dose producing a mortality ranging from over 80 per cent
to under 20 per cent depending on the time of day it is administered. 1052

When attempting to make a diagnosis of the “normal,” laboratory values must
be observed with a greater appreciation and awareness of the circadian rhythm,
as in assessing urine volumes, plasma phosphate excretions, or plasma 17-hydroxy-
corticosteroid concentrations.

Patients with pulmonary tuberculosis frequently show an abnormal circadian
thythm of vital capacity, as do some patients with asthma and heart failure.
Patients with acute glomerulonephritis®® can show a very large circadian varia-
tion in blood pressure (which subsides during recovery) so that blood pressure
estimations should always be made at the same time of day for significance during
the course of the disease. In acute glaucoma, the daily range of intraocular pres-
sures is usually far wider than in the healthy eye.

SuMMARY AND CONCLUSIONS

Many functions show a circadian rhythm, and it has recently been shown that
this natural rhythm is of great practical importance, especially if we attempt to
understand why mortality should vary so greatly at different times of the day
from various causes and why we are aware of certain phenomena occurring
when we are deprived of a natural periodicity in our day. There is certainly a
circadian biological “clock,” and it may with fair certainty be placed in the region
of the hypothalamus. There is no real evidence that more than one such “clock”
exists, but it is quite within the realm of possibility that endogenous rhythms may
occur at many different levels of physiological organization. Some of the circadian
rhythmicity must be merely impressed on the receptive region by habit, sensory
deprivation, environment and social contact, and the function of light and dark-
ness; other circadian influences — Zeitgeber — must only adjust the timing, as
circadian rhythm occurs quite naturally in animals that have never been exposed
to any known rhythm. It is the hypothalamic region that apparently triggers these
rhythms. How this region may be stimulated by a signal from the eye, or from
the region of the eye, is unknown; but it is certainly the hypothalamus which
thus activates the pituitary, which in turn regulates the adrenal cortex, the thyroid,
the reproductive organs, and so the entire endocrine and metabolic systems which
keep us all “turning over” in a circadian rhythm. Thus, when we come to under-
stand how outside pathological and even iatrogenic influences can disrupt this
intrinsic normal biological pattern (which may or may not be measured in quan-
titative terms) we should no longer be surprised to find basic dislocations occur-
ring in the integrity of the organism, and we should be able to predict how they
may alter the patient’s progress.
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