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Abstract

Administration of exogenous melatonin in surgical and critical care patients has been investigated for various
clinical purposes. Studies have demonstrated that melatonin can be used for treatment of preoperative anxiety. The
analgesic effect of melatonin is well documented in experimental studies, but still needs to be established further in
human clinical studies. The sleep-regulating effects of melatonin in surgical and critical care patients remain unclear.
Melatonin has been shown to reduce emergence delirium in the early postoperative period, but no evidence exists in
relation to postoperative and intensive care delirium. Limited evidence exists with respect to reduction of oxidative
stress in surgical patients. Melatonin has been shown to improve outcome in experimental sepsis models, but still
needs to be documented further in human clinical studies. Mechanisms of actions need to be clarified and most
importantly dose-response relationships should to be established within the specific procedures and indications.
Finally, paramount issues remain in relation to administration form, dosage, timing of administration, and
pharmacokinetics of melatonin in surgical and critical care patients.
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Introduction
Melatonin is a neurohormone secreted from the pineal gland. The

main physiological function of melatonin is the regulation of sleep and
circadian rhythm [1]. Experimental studies have demonstrated anti-
nociceptive [2-4], anxiolytic [5] and anti-oxidative/inflammatory
effects [6,7]. Moreover, melatonin has been administered in the
treatment of experimentally induced sepsis [8,9]. Recent clinical
studies have investigated similar effects of melatonin in surgical and
critical care patients [10-18]. These possible clinical effects and the
general safety [19] of melatonin make melatonin a potential future
supplement to other analgesics, hypnotics, sedatives, and anti-
inflammatory drugs used in the treatment of these patient categories.

The aim of this review was to describe the main findings in studies
investigating the clinical effects of melatonin in surgical and critical
care patients. Moreover, this review discusses the possible role of
melatonin in future clinical practice.

Anxiety
Benzodiazepines have traditionally been used to treat preoperative

anxiety, but the risk of adverse effects such as heavy sedation,
hypoventilation and negative impact on patient mobilization has
limited the use in modern fast-track surgery [20]. The preoperative
anxiolytic effect of melatonin in surgical patients has been assessed in
a recent meta-analysis [21]. Andersen and colleagues demonstrated
that melatonin significantly reduced preoperative anxiety, equivalent
of 19 mm on a visual analogue scale (VAS) [21]. Final conclusions
could, however, not be drawn due to considerable heterogeneity of the
included studies. Fifteen singular studies have investigated pre-, intra-
and postoperative anxiety [22-36], documenting significant anxiolytic
effect in thirteen studies [22-34]. The studies investigated a wide range

of surgical procedures using local, regional or general anesthesia in
doses ranging from 3 to 10 mg [21]. The anxiolytic properties of
melatonin have not been investigated in an intensive care setting.

Sedation
One study has documented sedation as a desired clinical effect of

melatonin administration [37]. This randomized controlled study
including 60 patients, investigated melatonin in dental surgery in
paediatric patients. The authors could not demonstrate any sedative
effects of melatonin administration compared to placebo [37]. Other
studies registered sedation as an adverse effect have demonstrated
contradictory results [24,26,29,32,33,38-40]. No studies have
investigated the administration of melatonin as a sedative in patients
in the intensive care unit (ICU), but a study is currently being
performed applying melatonin as part of an enteral sedation
management protocol [41].

Analgesia
Opioids have a well-known risk of inducing serious adverse effects

including hypoventilation, postoperative nausea and vomiting
(PONV), and bowel dysfunction [42]. Recent observational studies
demonstrated that non-steroidal anti-inflammatory drugs (NSAIDs)
may also induce serious adverse effect, such as cerebrovascular and
cardiovascular events, and postoperative complications such as
anastomotic leakage after colorectal surgery [43-45]. Experimental
animal studies have demonstrated dose-dependent anti-nociceptive
effects of melatonin [3], whereas results of human studies have been
conflicting [10]. A meta-analysis demonstrated that melatonin
reduced postoperative pain scores compared to placebo,
corresponding to 20 mm on a VAS [21]. Profound heterogeneity,
however, also limited the conclusions of this meta-analysis. A total of
13 singular randomized controlled studies have investigated the
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analgesic effects of melatonin, documenting pain scores and/or
analgesic requirements in the intra- and/or post-operative period
[22-24,26-30,32,33,35,38,46]. Six of the 13 studies demonstrated
significant analgesic effects [22-24,27,30,38], whereas seven studies
were unable to document any analgesic effects of melatonin compared
to placebo [26,28,29,32,33,35,46].

In critical care, Gitto and colleagues administered melatonin as part
of the analgesic regimen before intubation of infants [14]. The study
was a randomized controlled trial including 60 patients. The authors
demonstrated that 10 mg/kg body weight of intravenously
administered melatonin reduced pain scores significantly for 72 hours
measured by the premature infant pain profile (PIPP). Nociceptive
reflexes in relation to the intubation procedure did not differ between
the groups, measured by the neonatal infant pain scale (NIPS). The
authors also demonstrated significant reduction in pro-inflammatory
cytokine levels (interleukin (IL) 6, 8, and 12) in patients receiving
melatonin [14].

Sleep quality
Sleep architecture is altered during the perioperative period. Rapid

eye movement (REM) and slow-wave sleep (SWS) are reduced the first
night after surgery [47]. Moreover, the sleep-wake cycle is changed for
several weeks after surgery depending on the type of surgical
procedure [48]. Similarly, endogenous melatonin plasma levels are
decreased following surgery with a subsequent rebound release on the
2. postoperative day [49]. Exogenously administered melatonin has
been shown to improve sleep in the treatment of various sleep and
circadian rhythm disorders [50].

Four studies have demonstrated significant subjective and objective
sleep regulating effects of melatonin administration in the
perioperative period [23,25,38,46]. These effects included minor
improvements in sleep quality measured by self-reported
questionnaires [25,38,46] or increased circadian rhythmicity within
the first postoperative week demonstrated by accelerometric
movement-related measurements [23]. The randomized double-blind
study by Gögenur and colleagues investigated the effect of 5 mg of oral
melatonin on postoperative sleep quality [46]. The study demonstrated
that the administration of melatonin significantly reduced self-
reported sleep latency the first postoperative day. The study did not
document other changes in sleep-related outcomes with the
administration of melatonin compared to placebo.

Patients in the ICU are similarly known to suffer from impaired
sleep and altered circadian rhythms [51]. Sleep changes include
sleep loss, sleep fragmentation and sleep-wake cycle disorganization.
Furthermore, melatonin secretion is altered with an abolished
nocturnal peak [52]. Three studies have investigated the
administration of oral melatonin in patients in the ICU using
bispectral index (BIS) [53], nurse observation scoring [54] and
accelerometric movement-related measures [55]. One study
demonstrated that the ʻarea-under-the-curve of the bispectral indexʼ
(AUC-BIS) was significantly reduced in patients treated with
melatonin, indicating improved sleep quality [53]. The two other
studies did not document any significant differences compared to
placebo/controls [54,55]. All studies lacked pre-study power
calculation, and only two of the studies were randomized [53,54].

Postoperative-, Intensive Care Unit- and Emergence
Delirium

Despite medical advances, the risk of delirium remains high in both
surgical and critical care patients, with reported incidences up to 18%
and 32%, respectively [56, 57]. The development of delirium is
multifactorial, and studies have documented that non-
pharmacological multimodal interventions may reduce the duration of
symptoms as well as the mortality in these patients [58], whereas
limited evidence exists with respect to specific medical interventions
[59].

No randomized studies investigating the effect of melatonin as
treatment or prophylaxis of delirium in postoperative patients or in
the ICU have been published. However, delirium prophylaxis and the
administration of melatonin have been investigated in patients in an
internal medicine ward [60]. This double-blinded randomized study
included 122 patients, and demonstrated that daily low dose melatonin
(0.5 mg) significantly reduced the incidence of delirium (12% vs. 31%)
in patients treated with melatonin compared to placebo.

Emergence delirium describes a state of confusion in the period
following general anesthesia, and occurs with an incidence up to 20%
depending on the patient population [61,62]. The effect of melatonin
as emergence delirium prophylaxis has been investigated in three
randomized controlled paediatric studies [25,36,63]. Melatonin
administration was compared to inactive and/or active placebo
(midazolam/placebo [25], midazolam [36], dexmedetomidine/
midazolam/placebo [63]). All three studies demonstrated that
melatonin reduced the incidence of emergence delirium, however, the
diagnosis was based on various non-validated diagnostic scales.

Oxidative stress
Free radicals are highly reactive oxygen- or nitrogen-derived

molecules [64]. An increased production of free radicals exceeding
natural anti-oxidative mechanisms is termed oxidative stress, and can
result from surgery, various diseases, or infection [65, 66]. Increased
oxidative stress has been correlated to poor clinical outcome in
surgical patients- and ICU patients [67,68]. Specific anti-oxidative
treatment against oxidative stress has been shown to improve outcome
in patients in the ICU [69]. Melatonin is a powerful antioxidant,
working both as a free radical scavenger and inducing the natural anti-
oxidant defence system [70].

Gitto and colleagues investigated the administration of melatonin
in infants undergoing surgery in a cohort study including 40 patients
[17]. New-borns are believed to be especially susceptible to oxidative
damage due to lower levels of natural anti-oxidant defence, exposure
to high oxygen concentrations, and high concentrations of free iron in
plasma and erythrocytes. The authors demonstrated that melatonin
reduced oxidative stress and inflammatory parameters compared to
controls [17]. In adult patients, Kücükakin and colleagues
demonstrated that surgery induced oxidative stress, but the authors
could not detect any differences between the melatonin-treated
patients and patients receiving placebo [39,40]. A recent study
demonstrated that long-term preoperative melatonin treatment
increased a specific transcription factor (Nrf2) involved in activation
of the natural anti-oxidative defence [71]. Clinical outcomes were not
investigated in the study.

In the ICU, Gitto and colleagues investigated oxidative stress and
the administration of melatonin in infants during medical illnesses,
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such as respiratory distress and asphyxia [13,15,16,18]. The
administration of melatonin improved cytokine- and anti-
inflammatory parameters, and improved clinical outcomes. Two other
studies by Gitto, also investigating oxidative stress, are described in the
relevant sections of this review (see analgesia and sepsis) [12,14]. In
general, the studies by Gitto et al. did not include pre-study power
calculations and investigated only few patients with narrow inclusion
criteria.

Sepsis
Sepsis is defined as systemic inflammation and the presence of

concomitant infection [72]. The mortality rate in severe sepsis still
remains approximately 30% [73]. Melatonin has been shown to reduce
both inflammatory/oxidative response and improve outcome in
lipopolysaccharide (LPS) models and in experimentally induced sepsis
[8,74].

A randomized controlled study investigated the effect of
administration of 10 + 10 mg of oral melatonin in infants with sepsis
[12]. The study demonstrated a significant reduction in oxidative and
inflammatory parameters within the first 48 hours after melatonin
administration compared to controls. Moreover, the authors described
that 3 of 10 untreated patients died, whereas none of the 10 patients in
the melatonin-treated group died. The clinical effect of melatonin in
adult patients with sepsis has not yet been investigated. However, a
recent randomized controlled study by Alamili and colleagues
demonstrated that melatonin infusion (100 mg) during LPS-induced
endotoxemia significantly reduced levels of the inflammatory markers
IL-1beta and YKL-40 (human cartilage glycoprotein) compared to
placebo in 12 healthy volunteers [9].

Discussion
Melatonin has been investigated for several clinical effects in the

treatment of surgical and critical care patients (Table 1 and 2).

Indication Number of studies Total number of
patients

Number of studies
showing significant
effects

Anxiety 15 [22-36] 1266 13 [22-34]

Sedation 1 [37] 60 0

Analgesia
(pain scores
and/or
analgesic
requirements)

13
[22-24,26-30,32,33,
35,38,46]

941 6 [22,24,27,30,38]

Sleep 4 [23,25,38,46] 311 4 [23,25,38,46]

Delirium 3 [25,36,63] 353 3 [25,36,63]

Oxidative
stress 3 [39,40,71] 121 1 [71]

Sepsis - - -

Table 1: The table documents all randomized studies investigating the
effect of exogenous melatonin administration in patients undergoing
surgery

Indication Number of
studies

Total number
of patients

Number of studies
showing
significant effects

Anxiety - - -

Sedation - - -

Analgesia (pain
scores and/or
analgesic
requirements)

1 [14] 60 1 [14]

Sleep 2 [53,54] 56 1 [53]

Delirium - - -

Oxidative stress 4 [13,15,16,18] 334 4 [13,15,16,18]

Sepsis 1 [12] 30 1 [12]

Table 2: The table documents all randomized studies investigating the
effect of exogenous melatonin administration in patients in the
intensive care unit.

Dashes indicate that this indication has not been investigated in this
patient category.

Preliminary heterogeneous meta-analyses have demonstrated
significant anxiolytic and analgesic effects of melatonin in the
perioperative period, but further studies need to confirm this.
Individual studies investigating sleep-regulating effects of melatonin
have shown minor but significant results. Melatonin can be used for
emergence delirium prophylaxis, but no evidence exists in relation to
prophylaxis or treatment of patients with postoperative- and ICU-
related delirium. The anti-oxidative effects of melatonin have been
demonstrated in infants, and in a single study in adult surgical
patients. One pediatric study has investigated the use of melatonin in
the treatment of sepsis, and future studies may document a potential
clinical effect in adult patients.

Mechanisms of action
The mechanisms of actions of melatonin have been extensively

investigated in several experimental studies, but still remains to be
established in humans [2,3,8]. The anxiolytic and sedative effects of
melatonin are thought to depend on regulation of central GABA and
benzodiazepine-receptors [75,76]. Experimental studies have
documented that the analgesic effects of melatonin is regulated
through specific melatonin receptors (MT1 and MT2). These receptors
are located throughout the lumbar and thoracic spinal cord, and in
various regions of the brain. These G protein-coupled receptors
regulate several intracellular second messengers, generally leading to
decreased levels of cyclic AMP [3]. Furthermore, widespread
interaction with various receptor-systems such as the opioid,
benzodiazepine, GABA, and NMDA receptors has been documented
in several experimental animal studies [2]. Finally, potassium and
calcium ion-channels seem to be involved in the analgesic action of
melatonin [2,3]. Similarly, the sleep inducing properties of melatonin
are thought to be due to these specific melatonin receptors located in
the suprachiasmatic nucleus of the hypothalamus [77]. As seen above,
the mechanisms behind anxiety, analgesia and sleep seem closely
related. It is possible that these clinical phenomena are individually as
well as interdependently regulated by the administration of exogenous
melatonin. This intimate interaction is also indicated clinically by
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studies documenting concomitant anxiolytic, analgesic, and sleep
regulating effects in surgical patients [22,23,38].

Another element of the clinical effects of melatonin resides from
potent peripheral anti-oxidative and anti-inflammatory effects [70].
Melatonin acts as a direct and indirect free radical scavenger.
Furthermore, several anti-oxidative enzymes, such as superoxide
dismutase, catalase, GPx enzymes, gammaglutamylcysteine synthase
and glutathione reductase are stimulated by the administration of
melatonin [64]. Finally, melatonin also regulates well-known
inflammatory markers such as lipooxygenase (LOX), cyclo-oxygenase
(COX), and phospholipase A2 (PLA2), [78-80]. These anti-oxidative/
inflammatory effects are also thought to account for the effect on
sepsis [8]. Experimental sepsis studies have documented that
melatonin significantly reduced markers of oxidative stress [81],
increased levels of anti-oxidant enzymes [82], and reduced pro-
inflammatory cytokines [83] in LPS-models and experimentally
induced sepsis [8]. Collectively, these mechanisms are thought to
restore redox-levels in the cells and improve mitochondrial respiratory
chain function in sepsis [74].

Limitations
The correct choice of a clinically effective dose of melatonin still

remains uncertain in almost every area of indication. Only a few
clinical studies have investigated a proper dose-response relationship
for melatonin. The effective dosage as anxiolytic premedication is well
documented and is approximately 5 mg of oral melatonin. Within
other indications, the clinical effective dosage has been empirically
chosen, and still needs to be established further. Gitto and colleagues
showed that the repeated administrations of high-dose melatonin (10 x
10 mg/kg BW) improved anti-inflammatory/oxidative parameters and
clinical outcomes in infants [17], whereas these outcomes remained
unchanged in another study in adult surgical patients receiving 50 mg
of melatonin intravenously [40]. Similarly, pain during intubation was
reduced using 10 mg/kg BW in infants, while results in pain studies in
adults administering 3-10 mg of oral/sublingual melatonin are
conflicting [10].

The timing of administration is similarly not well established. As an
anxiolytic agent, melatonin possesses clinical effect when administered
between 30-100 min before the surgical procedure [21]. With respect
to oxidative stress, Kücükakin and colleagues administered melatonin
at the time of surgical incision without demonstrating any anti-
inflammatory/oxidative effect [39,40], whereas other studies have
administered melatonin for extended periods both before and after a
surgical insult, demonstrating significantly reduced markers of
oxidative stress and improved clinical outcomes [17,71]. In pain
research, four of six positive studies administered melatonin the
evening before surgery [22-24,38], but as in other indications, the
mechanisms behind these observed clinical effects and the specific
timing of administration remain uncertain.

Finally, considerations concerning administration route and
pharmacokinetics should be addressed. Melatonin can be given by the
intravenous, dermal, sublingual and oral administration route in
humans. However, studies have shown that only 15% of oral
melatonin reaches systemic circulation, and the inter-subject
variability is high [84]. Furthermore, clinical studies document
alterations of pharmacokinetic properties of melatonin during medical
illness, e.g. indicating reduced elimination rates in critically ill patients
[85].

Safety
Melatonin does not have any serious immediate or long-term

adverse effects in animals or in humans [86,87]. Melatonin has been
tested in humans in doses ranging between 1 mg and 3,500 mg
without any adverse effects [10,19]. Moreover, long-term treatment is
without any apparent adverse effects [88]. Finally, none of the studies
referred in this review documented any adverse effects with the
administration of melatonin.

Conclusion
Melatonin has been applied for several indications, and might have

beneficial clinical effects in surgical and critical care patients. The
current literature supports that melatonin can be used in the treatment
of preoperative anxiety in doses of approximately 5 mg. The analgesic
effect of melatonin still remains to be established in humans before
routine clinical use is recommended. The sleep-regulating effect of
melatonin has been documented in sleep disorders, but a clinical effect
in surgical and critical care patient needs to be established. A possible
clinical effect of melatonin has been shown in emergence delirium, but
no evidence exists in relation to postoperative- and ICU delirium.
Melatonin has been shown to reduce levels of oxidative stress in
infants, and in a single study in adults undergoing surgery. Only one
study in infants has investigated the effect of melatonin in sepsis, but
findings still remain to be confirmed in future human clinical studies.
In general, mechanisms of action and documentation of clinically
significant effects need to be established in future studies investigating
the administration of melatonin in surgical and critically ill patients.
Moreover, dose-response relationship needs to be clarified. Finally,
central questions remain to be answered in relation to administration
route, dosage, timing of administration and pharmacokinetics of
melatonin in the surgical and critical care setting.
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