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Introduction

Chronobiology is a subspecialty of biology that deals
with biological phenomena that exhibit a cyclical behav-
iour. Chronophysiology is the timely organization of
biochemical and behavioural processes that synchronize
to ensure the body’s homeostatic mechanism. Similarly,
chronopathology identifies alterations in homeostatic pa-
rameters which deviate from an average value and thus
helps in identifying a pre-pathological condition. This
leads to the coining of a terminology called chrono-
therapy which involves administering a treatment mo-
dality, i.e. medication which could be oral or injectable
at a specified time so as to have its optimal effect in
maintaining homeostasis and minimal adverse effects
(Selfridge et al. 2016).

Methods

We searched PubMed, Scopus, MEDLINE, Web of
Science, Google Scholar and Embase with the following
keywords: chronobiology, chronotherapy, anaesthesia,
perioperative. The published articles which described the
role of chronotherapy in the perioperative period were
reviewed.

Perioperative period and chronobiology

The perioperative period is vulnerable as many un-
wanted events occur in this period especially in high-
risk patients. Principles of chronotherapy can be
applied by understanding the diurnal nature of physio-
logical changes in surgical patients (Chassard et al.
2007). Figure 1 shows the systemic framework for
chronobiology-based personalized medicine. The ob-
jective of chronobiology-based personalized medicine is
to optimize timing, amount and composition of a drug
so as to promote the efficacy and minimize the toxicity.
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Chronobiology of the cardiovascular system

Heart rate variability, pacing and defibrillation threshold,
cardiac refractoriness and conduction abnormalities
show diurnal changes. Therefore, acute coronary syn-
dromes and rhythm disturbances occur in the early
morning hours, between 6 AM and 12 noon (Brainard et
al. 2015). Therefore, patients using beta blockers or
other rate-control drugs, nitrates and anti-arrhythmics,
should continue them perioperatively at the same time.
The timing of consuming aspirin is highly debatable.
Some recommend it in the morning hours while another
group supports evening dosing. As incidence of acute
syndromes in the early hours of the morning appears
high, an evening dose appears suitable compared to a
morning dose. Energy requirement for defibrillation has
also been found to be more in the morning hours com-
pared to mid and late afternoon. The concentration of
coagulation factors, more pronounced platelet aggrega-
tion and a decrease in fibrinolytic activity have been no-
ticed in the morning hours. This makes thrombotic
events leading to acute coronary events and acute cere-
brovascular events common during the early hours of
the morning (McKenna et al. 2018). The success of
thrombolysis after thrombotic events is better for after-
noon and evening events than that in the early hours of
the morning. Montaigne et al. felt that afternoon surgery
might provide better perioperative myocardial protection
and can lead to improved patient outcomes compared
with morning surgery due to circadian changes precipi-
tating cardiovascular events in the morning hours (Mon-
taigne et al. 2018). Chronobiology of catecholamines is
usually affected in the perioperative period as the
baseline circadian rhythm is disturbed due to multiple
factors.

It has long been known that cholesterol biosynthesis
occurs at night, roughly between 12 midnight and 6
AM. Therefore, hypolipidaemic drugs like statins were
prescribed at bed time so as to have an optimal effect in
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Fig. 1 A diagram showing a skeleton of chronobiology-based personalized medicine (Image reproduced with permission from the manuscript:
‘Circadian Biomarkers and Chronotherapy: Implications for Personalized and Systems Medicine’ by Yan et al. License Number 4544650955499,

lowering cholesterol levels. Contrary to this, Izquierdo-
Palomares et al. who published a systematic review in
the Cochrane database found that chronotherapy was
not important when taking statins (Izquierdo-Palomares
et al. 2016). The authors found no difference in choles-
terol levels when statins were administered in the even-
ing or in the morning hours. Using statins based on
chronotherapy has shown no harm or inferior lipid-
lowering effect.

Hepatorenal function, respiratory system and
chronotherapy (Chassard and Bruguerolle 2004)

Renal function measured using inulin clearance is
better during daytime than at night. Hepatic blood
flow also keeps changing throughout the day. There-
fore, drugs undergoing hepatic metabolism like pro-
pofol, inhalational anaesthetics and benzodiazepines
can have unpredictable effects depending on the
time of administration and circadian phase. Airway
hyper-reactivity and susceptibility to bronchospasm
in asthmatics have been found to be more in the
evening hours and night time compared to morning
and noon.

Chronotherapy for seizures

Patients who undergo neurosurgery are prescribed anti-
epileptic drugs (AED) either for seizure prophylaxis or
for a pre-existing seizure disorder. In spite of pre-
scribed medications, some patients’ manifest seizures
which lead to a lot of interventions like brain scanning,
use of benzodiazepines, re-exploration and prolonged
ICU stay. In a recent study published by Karoly et al.
involving 1118 patients, authors have described that at

least 90% seizures have a rhythmic diurnal pattern
(Karoly et al. 2018). AED use by itself can cause sed-
ation which can affect the patients’ circadian cycle. A
lot of circadian disturbances depend on the location of
epileptic focus (temporal lobe epilepsy).

AED prescription using principles of chronotherapy is
largely an unexplored area, especially in surgical pa-
tients. This cannot be uniform because a lot depends on
the location of seizure, duration of medications and
hepatorenal function which eventually metabolizes and
excretes these medications.

Chronobiology in perioperative pain

Circadian changes in nociception and cyclic changes
in pain perception have been studied but have not
been successfully correlated. Theoretically, pain scores
could be higher in day time when patients ambulate
or are made to mobilize as a part of physiotherapy.
This was observed in certain studies where opioid
consumption was found to be more with patient-
controlled analgesia between 8:00 and 12:00 noon
compared to evening and night. Circadian variation in
secretion of opioid peptides like enkephalin and en-
dorphins could also be responsible for the difference
in perception of pain (Martin et al. 2018). Analgesics
have better efficacy and lesser side effects if adminis-
tered at a specific time. If non-steroidal anti-inflammatory
drugs (NSAIDs) are administered in the morning, there is
better absorption, more protein binding and decreased
nephrotoxicity and opioid sparing. Similarly, opioids work
effectively when administered in the evening than in the
morning hours which was studied in healthy volunteers
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(Boom et al. 2010). These chronopharmacological proper-
ties can be used in managing acute postoperative pain
effectively.

Dynamics in the immediate postoperative period

In health, the pineal gland secretes melatonin at night
which facilitates sleep and has analgesic effects which
thereby facilitate rest to the body. Along with sero-
tonin, melatonin controls blood pressure, appetite,
mood and memory. Due to the use of inhalational
agents, opioids and benzodiazepines in the periopera-
tive period along with surgical stress and the inten-
sive care unit (ICU)/hospital environment, the
secretion of melatonin and serotonin is affected. Fig-
ure 2 shows the consequences of a disrupted circa-
dian rhythm in the postoperative period. Patients with
a disrupted circadian rhythm after major surgeries,
sepsis and shock have high chances of developing
postoperative delirium. Other factors like sedatives,
pain, lighting, noise and patient-care interactions are
also responsible for delirious events. Hansen et al.
reviewed existing literature regarding therapeutic and
prophylactic use of melatonin in treating or prevent-
ing cognitive dysfunction in such patients and found
that there is no robust evidence for using melatonin
in such patients (Hansen 2014). Perioperative mela-
tonin administration needs to be studied further to
maintain homeostasis, to avoid insomnia and delirium
in susceptible patients. Timing of surgery affecting
the release of melatonin and serotonin has not been
studied and understood which could be explored in
the future.

In conclusion, the circadian rhythm plays a vital role
in homeostasis. Once this is understood more precisely,
medications can be timed accordingly. Further studies
are the need of the hour which could not only answer a
lot of queries but should also make way for redefining
guidelines for perioperative medicine.
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