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Introduction

The intricate relationship between time and human physiology is governed by
chronobiology-the study of hiological rhythms that regulate bodily functions over
time. These rhythms are driven by internal clocks and synchronized with
external environmental cues, such as light and temperature. One of the most
critical biological rhythms is the circadian rhythm, which orchestrates a 24-hour
cycle influencing sleep-wake patterns, hormone release, immune response and
cognitive performance. In recent years, chronobiology has emerged as a pivotal
consideration in clinical medicine, particularly in the timing of surgical
interventions and the dynamics of postoperative recovery. Brain surgery,
inherently complex and delicate, presents a unique interface between
neurosurgical science and chronobiology. As evidence mounts that
physiological functions vary throughout the day, researchers and clinicians have
begun to explore how the timing of brain surgeries may influence intraoperative
performance, neurophysiological responses and recovery outcomes. Just as
medications can exhibit time-dependent efficacy and toxicity-a principle known
as chronotherapy-surgical outcomes may similarly benefit from alignment with
the body’s biological clocks [1].

Description

Chronobiology encompasses multiple temporal patterns, including circadian
(daily), ultradian (shorter than 24 hours) and infradian (longer than 24 hours)
rhythms. Among these, circadian rhythms are the most relevant to surgical
timing. These rhythms are generated by molecular clock mechanisms centered
in the Suprachiasmatic Nucleus (SCN) of the hypothalamus. The SCN
regulates peripheral clocks in various organs through hormonal and neural
signals, ensuring systemic temporal coherence. Key physiological processes
influenced by circadian rhythms include cortisol secretion, melatonin production,
blood pressure regulation, immune cell trafficking and body temperature. These
factors are directly relevant to anesthesia response, wound healing, immune
defense and cognitive recovery-components critical to neurosurgery and its
aftermath. Circadian misalignment, such as that caused by sleep deprivation,
jet lag, or shift work, has been shown to impair immune function, delay tissue
repair and exacerbate inflammation. These findings suggest that endogenous
timekeeping systems play a role in surgical stress responses and recovery
trajectories [2].

Brain function is highly circadian-dependent, with fluctuations in
neurotransmitter levels, synaptic plasticity and metabolic activity across the 24-
hour cycle. For example, levels of Brain-Derived Neurotrophic Factor (BDNF), a
key molecule in neurogenesis and plasticity, peak during daylight hours and
decline during the night. Similarly, cerebrovascular tone, intracranial pressure
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and cerebral blood flow exhibit diurnal variations that may influence the brain’s
resilience to surgical insult. Circadian rhythms also affect glial cell function and
the glymphatic system-a recently discovered pathway that clears metabolic
waste from the brain. The glymphatic system is most active during sleep,
highlighting the importance of sleep-wake cycles in brain recovery. Disruption of
these rhythms can impair clearance mechanisms and exacerbate postoperative
cognitive dysfunction [3].

Recovery from brain surgery is a multifaceted process involving inflammation
resolution, neural repair, cognitive restoration and emotional stabilization.
Circadian hiology plays a critical role in each of these domains. Disruption of
circadian rhythms post-surgery can delay healing and increase susceptibility to
complications such as infection, cognitive decline and mood disturbances.
Sleep-wake disturbances are common following neurosurgical procedures and
are associated with prolonged hospital stays, impaired memory and increased
risk of delirium. These disturbances may be driven by factors such as hospital
lighting, analgesic medications and stress-induced hormonal dysregulation.
Implementing chronobiological principles-such as optimizing light exposure and
preserving sleep architecture-can mitigate these effects and enhance recovery.
Immune function also follows a circadian pattern, with innate immune
responses peaking during the early active phase and adaptive immunity more
active during the rest phase. Additionally, anti-inflammatory treatments may be
more effective when administered in synchrony with immune circadian rhythms
[4].

While large-scale randomized controlled trials are limited, observational
studies provide compelling insights. A notable example is a study conducted
on patients undergoing spinal surgeries, where those operated on in the
morning exhibited fewer postoperative complications and shorter recovery
times compared to those with afternoon procedures. Similar trends have
been observed in cranial surgeries, although findings are more
heterogeneous. Circadian biology may also influence the expression of
genes involved in neuroinflammation, apoptosis and synaptic repair. Timing
brain surgeries to leverage protective gene expression windows could
reduce neuronal injury and optimize neuroplasticity. In pediatric
neurosurgery, time-of-day effects on recovery are particularly pronounced,
possibly due to the heightened sensitivity of developing circadian systems.
Ensuring surgeries are performed during biologically optimal windows may
mitigate neurodevelopmental risks [5].

Conclusion

Chronobiology offers a powerful lens through which to understand and
improve outcomes in brain surgery. As evidence accumulates that the timing of
neurosurgical procedures can influence intraoperative performance,
postoperative recovery and long-term neurocognitive health, the call to
incorporate temporal biology into clinical decision-making grows stronger. By
aligning surgical interventions with the body's internal clocks, we can harness
the power of time as a therapeutically. The path forward will require investment
in research, adaptation of clinical practices and a cultural shift toward time-
conscious medicine. With thoughtful integration, the chronobiology of brain
surgery has the potential to transform neurosurgical care, offering patients safer
procedures, quicker recoveries and improved quality of life in the wake of
surgical intervention.
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