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Abstract

Caffeine has a multitude of uses in anaesthesia, and numerous studies have evaluated its efficacy and usefulness in various
aspects of anaesthesia and medical practice. Its various applications in anaesthesia include its role in awakening from anaesthesia,
managing post-dural puncture headache, managing post-sedation paradoxical hyper-activity in children, post-operative bowel
paralysis, and apnoea in paediatric populations, that is, apnoea in infancy, paediatric obstructive apnoea, and post-anaesthetic
apnoea in pre-mature infants. Though the effects of caffeine on bronchial smooth muscle, neurological, and cardio-vascular
systems are well known, the relatively little-known effects on the endocrine and gastro-intestinal (GI) system have been
recently taking primacy for eliciting its therapeutic benefits. The literature shows encouraging evidence in favour of caffeine,
but unambiguous evidence of caffeine benefits for patients is lacking and needs further investigation. In this narrative review
of literature, we summarise the available literature to provide insights into the pharmacokinetics, pharmacodynamics, clinical
application of caffeine in modern anaesthetic practice, and evidence available in this field to date. An awareness of the various
physiological effects, adverse effects, reported applications, and their evidence will widen the horizon for anaesthesiologists to
increase its rational use and advance research in this field. Well-designed randomised controlled trials regarding the various
outcomes related to caffeine use in anaesthesia should be planned to generate sound evidence and formulate recommendations
to guide clinicians.
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Introduction

Caffeine is an abundantly available pharmacological agent,
which, apart from being used in medicine, is consumed in
daily life in the form of coffee, tea, and soft drinks. Caffeine
1s generally used as a cognition and performance enhancer.
It is an alkaloid naturally found in the seeds, fruits, nuts, and
leaves of several plant species native to Africa, East Asia,
and South America. Caffeine is commonly obtained from the
seed of the coffee plant. It is commercially available as caffeine
citrate for medicinal uses and is listed in the World Health
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Organisation’s (WHQO) model list of essential medicines.!"
Caffeine is regarded as a safe medicine by the US Food and
Drug Administration as its toxic dose of over 10 grams per
day for an adult is much higher than the typically prescribed
dose of under 500 milligrams per day.!”) Various studies
have tried to explore the use of caffeine in awakening from
anaesthesia, prophylaxis and treatment of post-dural puncture
headache, post-sedation paradoxical hyper-activity in children,
post-operative bowel paralysis, and apnoea in paediatric
populations, that is, apnoea in infancy, paediatric obstructive
apnoea, and post—anaesthetic apnoea In pre-mature infants.
This review is an attempt to summarise the role of medicinal
uses of caffeine in anaesthesia and critical care.
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Data collection and search strategy

Combinations of relevant search terms such as caffeine,
post-dural puncture headache, emergence from anaesthesia,
paediatric apnoea, anaesthesia recovery, post-operative period,
bowel paralysis, sedation, and paradoxical hyperactivity were
searched in titles and abstracts available in the electronic

databases PubMed (1056 results), Embase (1230 results),
and Scopus (520 results). A total of 2806 results were
obtained in this search. After removing duplicates, 858 articles
were left. Abstracts of shortlisted papers available in the
English language were read, and relevant papers (250 articles)
were identified for full manuscript reading. All human studies
assessing the effect of caffeine for desired clinical effects were
included in the review. A few animal studies (58 articles)
reflecting the mechanism of action of caffeine were included
in the discussion. Details of relevant randomised controlled
trials directly assessing the action of caffeine in at least one
arm were summarised in the tabular form.

References of all identified papers were scrutinised to explore
any of the articles which would have inadvertently got missed
during the literature search. All such studies were assessed
as per the above-described process.

Pharmacokinetics of caffeine

Routes and preparations: Caffeine is available as caffeine
citrate for administration by oral and intravenous routes.
Soluble formulations are also available for paediatric usage.
The ratio of therapeutic doses of caffeine base to its citrate
salt 1s typically 1:2.

Absorption: The oral bioavailability of caffeine is 100%.
After oral ingestion, caffeine is almost fully absorbed within
45 minutes and the peak blood concentration is reached
between 15 minutes and 2 hours. The rate of absorption of
caffeine is slower if taken with meals. There is no significant
first-pass metabolism, making the pharmacokinetics of caffeine
independent of the route of administration. In adults, it has a

variable half-life of 2.5—4.5 hours.?!

Distribution: Caffeine is lipophilic and crosses all cellular
membranes. [t can be detected in all body fluids and secretions, and
it readily crosses the placental as well as the blood—brain barrier.

Metabolism: Caffeine is primarily metabolised by microsomal
enzymes, mainly CYP1A2 in the liver to form paraxanthine.
Caffeine also induces microsomal enzymes and thus induces the
metabolism of itself and other drugs. Neonates have a limited
capacity to metabolise caffeine because of the immaturity
of the hepatic microsomal system. Caffeine metabolism is
significantly affected by smoking, concomitant medications,
and pregnancy.

Excretion: The metabolites of caffeine are excreted through
the urine, and only a minute fraction of caffeine is excreted
unchanged.™

Pharmacodynamics of caffeine

The earliest proposed mechanism of action for caffeine involved
the mobilisation of intra-cellular calcium (Ca*™*). At high
concentrations (1—10 mM), caffeine interferes with the uptake
and storage of calcium in the sarcoplasmic reticulum of striated
muscle and increases the translocation of Ca** through the
plasma membrane. Caffeine increases myofilament sensitivity
to Ca™* through its binding to ryanodine receptors in calcium
channels of muscle and brain.” Caffeine also releases calcium
from the sarcoplasmic reticulum in skeletal and cardiac
muscles.?!

Caffeine is a nonselective phosphodiesterase inhibitor
and results in increased intra-cellular cyclical adenine
monophosphate ([cAMP]i) levels. Caffeine also
shows an antagonistic action on all adenosine receptors
[Figure | and Table 1].%" However, the concentration at
which caffeine inhibits phosphodiesterase is about 20-fold
higher than the concentration at which it inhibits adenosine
receptors. 71

Physiological effects of caffeine on organ
systems

Because of its diverse receptor action, caffeine produces a
multitude of effects in our body [Figure 2]. Though the
effects of caffeine on bronchial smooth muscle, neurological,
and cardio-vascular systems are well known, the little-known
effects on the endocrine and gastro-intestinal (GI) system are
taking precedence for eliciting therapeutic benefits.

Neurological actions
a. Vigilance, cognition, and analgesia: Caffeine improves
cognition and vigilance, though these are more pronounced
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Figure 1: Caffeine, caffeine receptors, and mechanism of action. ATP — Adenosine
triphosphate, cCAMP — cyclic adenosine monophosphate, PDE — phosphodiesterases,
Gi/Gs — G protein-coupled receptors, A1/2a/2b/3 — adenosine receptors subtypes
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Table 1: Adenosine receptor, site of action of caffeine

Adenosine Distribution Function
receptor/subtypes
Al Throughout the Pre-synaptical reduction
body of synaptic vesicle release,
reduction of heart rate,
bronchial smooth muscle
constriction
A2a Cardiac tissue,  Vasodilatation of coronaries,
brain decreases dopaminergic
activity in CNS.
A2b Bone tissue, Osteoblast differentiation,
bronchial bronchospasm
smooth muscle
A3 Bone tissue Down-regulation of

osteoclasts

in sleep-deprived states. Caffeine can contribute to pain
relief when used as an adjunct. A review of 19 studies
showed that the addition of 100 to 130 mg of caffeine to
an analgesic modestly increased the proportion of patients
with successful pain relief.®

b. Sleep, anxiety, and hydration: Caffeine consumption
increases sleep latency and reduces the quality of
sleep.””’ Caffeine can induce anxiety, particularly at high
doses (>200 mg per occasion or >400 mg per day)
and in sensitive persons, including those with anxiety or
bipolar disorders.!"”! There are considerable inter-personal
differences in the effects of caffeine owing to differences in
receptor distribution and variable metabolism of caffeine
among individuals. High caffeine intake causes diuresis,
but no detrimental effects on hydration status have been
found with a longer-term intake of moderate doses of
caffeine (=400 mg per day).!""

Cardio-vascular effects

a. Blood pressure: Caffeine intake causes a short-term rise
in blood pressure by increasing epinephrine levels. Most
people develop tolerance to this effect of caffeine within a
week. Chronic caffeine intake results in a modest increase
in systolic and diastolic blood pressure.['>'*! Caffeinated
coffee contains compounds such as chlorogenic acid,
which counteract the blood pressure-raising effect of
caffeine.l'¥

b. Effects on cholesterol levels: Caffeine is devoid of
cholesterol-raising effects. The rise in cholesterol seen with
unfiltered coffee can be attributed to another compound,
cafestol, found abundantly in unfiltered coffee. In
contrast, filtered coffee does not increase serum cholesterol
levels.['!

c. Effects on heart rate and rhythm: There is no
association of caffeine intake with atrial or ventricular
arrhythmias.!"® Current evidence suggests a protective
role of coffee consumption in coronary artery disease,

stroke, and death from cardio-vascular causes in the
general population or among persons with a history
of hypertension, diabetes, or cardio-vascular diseases.
The lowest risk is observed with consumption of 3 to 5
standard cups per day.!'”!

Respiratory effects

a. Caffeine stimulates the respiratory centre and hence is
used in apnoea of pre-maturity.

b. Caffeine also improves airway functions in asthma,
increasing the forced expiratory volume (FEV1) by 5%
to 18%, with this effect lasting for up to 4 hours.!"®!

Endocrine effects

a. Effects on basal metabolic rate: Caffeine reduces
appetite, increases the basal metabolic rate, and increases
the food-induced thermogenesis by stimulating the
sympathetic nervous system and uncoupling of protein-1
expression in brown adipose tissue.!'” Caffeine intake of
6 doses of 100 mg of caffeine can cause a 5% increase
in 24-hour energy expenditure.?! Caffeine intake is
associated with slightly less long-term weight gain in
cohort studies.?"

b. Effects on Insulin sensitivity: Caffeine can reduce insulin
sensitivity in humans in the short term (15% reduction
after a dose of 3 mg caffeine per kilogram of body weight).
It indicates an inhibitory effect of caffeine on the storage
of glucose as glycogen in muscle and may result from
increased epinephrine release.??! However, consumption
of caffeinated coffee does not affect insulin resistance,
probably because of the development of tolerance to
this side effect of caffeine, or it is offset by longer-term

beneficial effects of noncaffeine coffee components.?*

Others

Prospective cohort studies in the United States, Europe, and
Asia have shown a strong inverse association between caffeine
intake and the risk of Parkinson’s disease. In animal studies,
caffeine prevents Parkinson’s disease by inhibiting nigrostriatal
dopaminergic neurotoxic effects and neurodegeneration

through adenosine A2A receptor antagonism.?*!

Coffee and caffeine consumption have also been associated
with reduced risks of depression and suicide in several
cohorts in the United States and Europe, although these

findings may not hold in persons who have very high
intakes. [2%:26]

Caffeine intake may reduce the risk of gallstone formation
by inhibiting the absorption of gallbladder fluid, increasing
cholecystokinin secretion, and stimulating gallbladder
contraction.?”!
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Caffeine and its anaesthetic implications

Use of caffeine for the acceleration of recovery from
anaesthesia and post-operative sedation

Most of the anaesthetic agents are believed to act, at least
in part by inhibiting the release of neurotransmitters such
as glutamate, via presynaptic sites of action.?® Caffeine is
hypothesised to accelerate recovery from general anaesthesia
by blocking the adenosine receptors.”

Adenosine, a neuromodulator generated by the metabolism
of adenosine triphosphate (ATP), plays an important role
in sleep homeostasis. Its receptors, namely, A, receptors, are
widely expressed in the cortex, hippocampus, and cerebellum,
and A, receptors are found primarily in the striatum, nucleus
accumbens, and olfactory bulb. Caffeine is an antagonist
of both A, and A, receptors, and it has been shown to
promote wakefulness in A knockout mice but not A, , knockout
mice, suggesting that the arousal-promoting actions of caffeine
are primarily mediated by A, | receptors.”” Adenosine inhibits
neurotransmitter release via several mechanisms, and it has also
been shown that adenosine more potently inhibits the release
of excitatory neurotransmitters than that of their inhibitory
counterparts. Additionally, caffeine increases intra-cellular
cAMP by inhibiting phosphodiesterase and increased levels
of intra-cellular AAMP are known to facilitate neurotransmitter
release. There is also evidence that caffeine increases the
turnover of several monoamine transmitters such as dopamine,
noradrenaline, and 5-hydroxy tryptamine, which produce
central nervous system (CNS) stimulatory effects.?'3?

In current anaesthesia practice, recovery from anaesthesia is
governed by passive clearance of the anaesthetic agent after
its discontinuation and there is no pharmacological agent
anaesthesia proven for active reversal of general anaesthesia.
Agents for active reversal of general anaesthesia may hasten
recovery and may be useful for treating delayed emergence,
emergence delirium, and post-operative cognitive dysfunction
anaesthesia, which may allow for early discharge, better
outcomes, and lower costs. Current evidence suggests
that caffeine may enhance the speed of recovery, although
prospective human trials are required for optimal dosing and
timing of administration.??->!

Fong et al. found that caffeine accelerated the emergence
from isoflurane anaesthesia in humans, even when 1soflurane
was used in higher concentrations. They also found that
preladenant (selective A, adenosine receptor antagonist) and
forskolin (([cAMP] 1) elevating drug) accelerated recovery
from anaesthesia and their combination had an additive effect
which was as effective as caffeine. This suggests that both
A, , receptor blockade and [c¢AMP]. elevation play a role in
caffeine’s ability to accelerate emergence from anaesthesia.’
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Figure 2: Diagrammatic representation of effects of caffeine on all organ systems

Animal studies have found that adenosine decreases arousal
by reducing cholinergic neurotransmission and that adenosine
build-up in the brain during prolonged wakefulness can increase
sensitivity to anaesthetic-induced hypnosis. Consistent with
this notion, sleep deprivation decreases the dose requirement
for loss of consciousness by anaesthetics in rats, and this
effect is partially reversed by A and A,, antagonists."
Caffeine has also been shown to increase the local release
of acetylcholine in the prefrontal cortex. A double-blind
crossover study showed that caffeine accelerates the emergence
from isoflurane anaesthesia in healthy human volunteers.?’!
Taken together, these findings are suggestive that anaesthetics
partially converge onto adenosine-mediated sleep pathways
to produce unconsciousness, and inhibition of A] and
A, adenosine receptors with drugs such as caffeine appears

to be an effective strategy for promoting emergence from
general anaesthesia [Table 2].1233537-401

Treatment of children with post-sedation paradoxical
hyper-activity

Because of extensive overlapping of symptoms of post-sedation
paradoxical hyper-activity with attention deficit hyper-activity
disorder (ADHD), stimulant drugs have been tried to
manage this condition. Administration of stimulant drugs
such as caffeine and amphetamines has been shown to improve
concentration and control in hyper-active children.*" Bunt and
"Towbin concluded that oral caffeine can be used as a treatment
modality for paradoxical hyper-activity.'*?! The precise
mechanism of action of stimulants is still unclear, but it has
been suggested that their effects on hyper-activity are produced
by their stimulant action on dopaminergic and noradrenergic
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Table 2: Role of caffeine in awakening from anaesthesia

Author name Study type Procedure Intervention Control Outcome Result
Robert fang Human RCT double Healthy male volunteers caffeine citrate saline Mean time to Favours
et al.t®¥ blind crossover anaesthetised with Isoflurane  (15mg/kg, emergence-Saline-16.5 caffeine
study, n=8 1.2% for 1 hr. equivalent to +- 3.9 min. use for
During the last 10 mins, 7.5mg/kg of Caffeine - 9.6+-5.1 with awakening
patients received either the caffeine base) a difference of 6.9 mins  from
study drug or placebo. The (P=0. 002). anaesthesia
primary outcome was the Participants emerged
average difference in time to at a higher expired
emergence after isoflurane isoflurane concentration,
discontinuation between manifested more rapid
caffeine and saline sessions. return to baseline
Secondary outcomes included bispectral index
the end-tidal isoflurane values, and were
concentration at emergence, able to participate in
vital signs, and bispectral index psychomotor testing
values measured throughout sooner when receiving
anaesthesia and emergence. caffeine.
N. Gouda Human study, OSA pts for Caffeine saline Time to eye opening, Favours
et al.l®® randomised UPPP (uvulopalatopharyngopl) 500 mg extubation, response to caffeine
double- blinded under GA. Induced with verbal commands and
placebo-controlled fentanyl, propofol, and duration of recovery, and
trial, N=60 atracurium and maintained duration of PACU stay
with Sevo 2.5-3% in 100% were significantly shorter
0,. After surgery and in the caffeine group
discontinuation of sevo, P<0.05. The BIS values
patients were administered the were significantly higher
control or study drug. in the caffeine group from
BIS, HR. minute 3 to minute 11
Time to recovery (eye opening, compared to the placebo.
extubation, response to verbal P<0.05. The number of
command, duration of recovery, patients who developed
duration of PACU stay) and adverse post-extubation
post-extubation respiratory events during the
complications (laryngospasm, recovery period and in the
supraglottic obstruction, PACU was significantly
reintubation, breath hold, less in the caffeine group
desaturation<95%) were compared to the placebo
noted. P<0.05.
Emami S et al.®”) Human study, Patients undergoing inguinal ~ Caffeine saline Time from the induction Does not
RCT (n=18) herniorrhaphy under GA were 10 mg/kg IV of anaesthesia to favour
randomised to receive either LMA removal was caffeine
study drugs or placebo. The 44.77+7.87 min in
primary outcome was laryngeal the placebo group and
mask airway (LMA) removal 44.55+10.68 min in
time at the end of anaesthesia. the caffeine group.
Intra-operative haemodynamic There was no significant
data and side effects such as difference between the
nausea, vomiting, dysrhythmia, two groups (P=0.961).
cyanosis, and seizures in the
recovery room were also
recorded.
Zoreh Sadat Human study, Mechanically ventilated 3.5 grams of 100 ml of Spontaneous respiratory  Favours
et al.'®® double-blinded ICU patients were espresso in distilled water rate, tidal volume, the caffeine
randomised control randomly allocated into 100 ml of water minute ventilation
trial (n=80) two groups (intervention rate, and arterial O,
and control). Drugs were saturation increased
administered through a in the intervention
nasogastric tube 30 min group compared to the
after breakfast. Respiratory control group, but the
parameters were recorded increase was statistically
and compared in the two significant only for the
groups 2 minutes before the spontaneous respiratory
intervention and 30 minutes rate and tidal volume.
and 60 minutes after the
intervention.
Contd...
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Table 2: Contd...

Author name Study type Procedure Intervention Control Outcome Result
Michael evan Case report A 16-year-old case of trisomy  Caffeine citrate - Within 15 minutes of Favours
et al.® 10 with history of OSA, 60 mg IV administration, the caffeine
delayed emergence, and administered patient’s alertness and
post-operative hypopnoea with over 10 min 0, saturations improved.
impacted teeth came for dental Respirations were no
extraction under GA. After longer shallow. His
extubation in the recovery blood pressure and heart
room, the patient had frequent rate remained stable.
episodes of desaturation and After 85 minutes, the
hypopnoea that required patient was discharged
continued re-assessments by in stable conditions,
an anaesthesiologist. Over with no further oxygen
time, the patient’s alertness desaturations after
decreased secondary to his the administration of
hypo-ventilation. caffeine.
Nafisseh S Human Heavily sedated patients in After Before Following the caffeine Favours
Warner et al.*)  retrospective study, PACU were administered administration caffeine administration, RASS caffeine
n=151 caffeine and changes in of administration scores were significantly
RASS, RR, and SpO, during caffeine (125- increased (estimate=0.57,
90 minutes period prior to and 250 mg), SE=0.14, P<0.001),
following intervention were median dose with no evidence
noted. 150 of a change in the
Generalized estimating slope (interaction effect
equations (GEEs) with = —0.0003, SE=0.004,
explanatory variables of P=0.93). No meaningful
time, caffeine, and the improvement in RR or
time-by-caffeine interaction oxyHb saturation.
were created to assess changes
in the variables of interest after
caffeine administration.
Table 3: Role of caffeine in paradoxical hyper-activity
Author Study: article/ Procedure Intervention Control  Outcome Results
human/animal
Christopher Human study, case Children undergoing radiological 8.6 mg/kg caffeine in - 24 among the patients Favours
Bunt et al.'*?!' series (n=25) imaging under sedation with the form of mountain calmed down within caffeine
pentobarbital (4.36 mg/kg) dew 10-90 mins of ingestion
who developed paradoxical
hyper-activity were given caffeine.
Joan T Rubin Human 360 children diagnosed with Iv group (n=131): No The untreated control Favours
et al.'*4 post-sedation paradoxical 20 mg/kg caffeine intervention group required a I\%
hyper-activity (PH) following citrate (to a maximum significantly longer time to caffeine
radiological procedures. of 200 mg) recover (P<0.01) than IV
Oral caffeine 20 mg/kg group but
group (n=88) - 1.0- not a significantly longer
2.5 mg/kg caffeine (in time than oral caffeine 1-2.5
marketed drinks) mg/kg group.
pathways, > which in the case of caffeine is mediated by its ~ secretions) as the mechanisms by which caffeine increases

antagonistic action on adenosine receptors [Table 3].M44

Caffeine for Post-operative bowel paralysis

Some studies have demonstrated the efficacy of caffeine
in increasing bowel motility and its use for preventing
post-operative bowel paralysis.”***1 However, none of the
studies was able to conclude much about the mechanism
by which caffeine exerts this effect. Some researchers have
hypothesised the role of neural and neurohumoral mechanisms
such as cholecystokinin or gastrin secretion and the role of
intestinal secretions (because caffeine stimulates intestinal

Journal of Anaesthesiology Clinical Pharmacology | Volume 39 | Issue 4 | October-December 2023

intestinal/colonic motility.?%>"1 Another study found that
caffeine induced contractions in in vitro guinea pig taenia
coli by releasing calcium 1ons from their intra-cellular binding
sites. 2!

Most studies have tried to find a correlation between
caffeine intake and post-operative ileus using caffeinated and
de-caffeinated coffee as interventional groups and found a
positive correlation, but the degree of correlation is higher with
caffeinated groups than with the de-caffeinated coffee.>>4
However, another study found de-caffeinated coffee to be
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Table 4: Role of caffeine in bowel paralysis

Author Study: article/ Procedure Intervention Control Outcome Results
human/animal
Gkegkes LD Human study, Pub-med, SCOPUS, and Cochrane register Post-operative Favours
et al.* Meta-analysis were systematically searched; outcomes caffeine use reduces caffeine
of four analysed were time to first bowel movement, time to first bowel
studies (n=341) time to flatulence, time to tolerance of solid movement, time to
diet, additional use of laxatives, need for flatulence, and time
re-insertion of nasogastric tube, and need for to tolerance of solid
re-surgery. diet
SA Miiller Multi-centre open Patients undergoing elective open or 100 ml of 100 ml of In ITT analysis, the Favours
et al.#®) label randomised laparoscopic colectomy were assigned caffeine water time to the first caffeine
trial (n=80) randomly before surgery to receive either bowel movement
study drugs or the control drug. The primary was significantly
endpoint was time to first bowel movement; shorter in the
secondary endpoints were time to first flatus, coffee arm than
time to tolerance of solid food, length of in the water arm
hospital stay, and peri-operative morbidity. with a mean=+SD
of 60-4+21-3 hrs
versus 74.0+21.6
hrs; P=0-006).
Kemal Human study, Patients undergoing TAH and bilateral Thrice daily Standard of Mean time to Favours
Gungorduk RCT (n=114) salphingo-oophorectomy with pelvic consumption of care flatus—-30.2+8.0 vs  caffeine
et al.'*®) and paraaortic lymphadenectomy for coffee 40.2+12.1 hours,
gynaecological malignancies were given P<0.00.
study drug vs standard of care. The primary Mean time to
outcome was time to first passage of flatus. ability to tolerate
Secondary outcomes were time to first food and mean
defecation, time to first bowel movement, time to defecation
and time to tolerance of solid diet. were reduced
significantly.
Christina Human Patients undergoing laparoscopic colectomy  Group 1 (n=60)- Placebo Ongoing trial -
Kruse et al.®®  study, RCT, or upper rectum resection randomised to Caffeine 100 mg (corn-starch)
double-blinded  receive the study drug or control starting with TDS
(n=180) POD1. Drug capsules will be loaded with a Group 2 (n=60)-
radio-opaque marker to assess colonic passage Caffeine 300 mg
time (primary objective) by abdominal X-ray. TDS
Secondary objectives are post-operative
morbidity and mortality, sleeping behaviour,
and length of hospital stay.
Table 5: Role of caffeine in apnoea and obstructive sleep apnoea
Author Study: article/ Procedure Intervention Control Outcome Results
human/animal
Khalil SN Human study, RCT Children with OSA scheduled for 20 mg/kg IV saline The overall incidence of ~ Favours
et al.®®  double-blinded adenotonsillectomy received GA and the caffeine adverse post-operative caffeine
(n=72) study drug. The primary outcome evaluated respiratory events was
the number of children who developed less in the caffeine group
adverse post-extubation respiratory than in the placebo
events, and the secondary outcome was group (P=0.0196).
the incidence of adverse post-extubation
respiratory events.
Anwar M Human study, case In patients with apnoea of pre-maturity, 20 mg/kg All patients showed Favours
et al.®™  series (n=23) after 12 hours of pneumogram, patients loading dose disappearance of caffeine
were administered caffeine. Repeat followed by 5 prolonged apnoea
pneumogram done after 7-10 days mg/kg OD
Leila G Human study, Pre-mature infants born <37 weeks with 5mg IV Saline None of the patients in ~ Favours
Wellborn double-blinded, conceptional age <44 weeks undergoing caffeine (n=9) (n=11) caffeine group developed caffeine
et al.'®”  RCT (n=20) inguinal hernia repair under GA were prolonged apnoea,

randomised between study drug and control
group. Post-operative incidence of apnoea
and prolonged apnoea were measured

whereas 8% patients
experience them in saline
group, P<0.002

more effective in the treatment of ileus than caffeinated
coffeel*4+464855561 [Table 4]. Further RCTs are required using

534

its role in paralytic ileus.

caffeine as the sole drug in the intervention arm to establish
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Table 6: Role of caffeine in post-dural puncture headache

Author Study: article/ Procedure Intervention Control Outcome Results
human/animal
Esmaoglu Human study, Patients undergoing surgery Group 2 received 500 mg Group 1:  No difference in No role of
et al.'!  prospective under spinal anaesthesia of paracetamol +75 mg placebo incidence of PDPH caffeine in
RCT (n=210) were divided into three of caffeine orally. Group 3 between the three prophylaxis
groups with n=70. Patient  received 500 mg of groups, 15.7% in for PDPH
interview conducted on days paracetamol +125 mg of Group 1, 14.28% in
1, 2, 3,4, and 7 regarding  caffeine. All patients received Group 2, and 14.28%
incidence of PDPH and the drug thrice daily in Group 3, P>0.05
side effects like lack of
sleep, tachycardia, and
hypertension
Camann Human study, Patients with PDPH were Oral caffeine 300 mg placebo Delta VAS (initial Favours
et al.™  double-blinded, randomised to receive either VAS - VAS at 4 hours) caffeine
placebo-controlled  the study drug or control was significantly better
trial (n=40) drug. VAS scores were in caffeine group (90%)
assessed before drug, 4 and compared to placebo
24 hours later. group (60%), P - 0.014
D D Erol Human study, Patients suffering gabapentin Caffeine + Does not
et al.'®™  prospective from PDPH were ergotamine Gabapentin group had favour
RCT (n=42) given gabapentin or less pain, nausea, and  caffeine
caffeine+ergotamine. vomiting compared
Patients were asked to to the caffeine +
record the severity of their ergotamine group.
headache and the number
of vomiting episodes on a
visual analogue scale (VAS)
on days 1, 2, 3, and 4.
AYiicel Human study, Patients undergoing 1000 ml of saline with 500 1000 ml ~ VAS score was Favours
et al.””  randomised lower abdominal or lower  mg of caffeine of normal significantly lower caffeine
double-blinded extremity surgery were saline in the study group
placebo-controlled randomised to receive either compared to the control
trial the study drug or placebo. group with lesser
VAS and analgesic demand analgesic demand
were compared between the
two groups.
Zeger Human study, Patients with post-dural IV cosyntropin IV caffeine Favours
et al.”Y  prospective puncture headache were Analysis was based caffeine
double-blinded randomised to receive either on intention to
RCT, n=37 the study drug or control treat. Caffeine was
drug. Values on a 100-mm 80% (95% CI 60-
visual analogue scale (VAS) 100%) effective,
were recorded at 0, 60, and and cosyntropin was
120 minutes to assess pain. 56% (95% CI 33-79%)
effective in treating
post-dural puncture
headaches. The group's
VAS scores at 0, 60,
and 120 minutes were
80 mm, 41 mm, and
31 mm for caffeine and
80 mm, 40 mm, and
33 mm for cosyntropin,
respectively (P=0.66)
Sechzer  Human study, Patients with PDPH were Caffeine sodium benzoate saline Favours
et al.”  double-blinded randomized to receive either 0.5 g/2 ml In all, 27 of 38 patients caffeine

study, n=41

the study drug or placebo.
Those patients who did not
obtain relief with the first
treatment were given 500
mg of caffeine IV.

given 500 mg to 1 g of
I obtained relief, while
only 3 of 21 given II
obtained relief.

anatomical and neuromuscular abnormalities are known to
contribute to its pathogenesis. It has been postulated that a
central element may also contribute to OSA.P78

Use of Caffeine in the prevention of Neonatal Apnoea and
treatment of Obstructive Sleep Apnoea (0SA) in Children
The pathophysiology of OSA is multi-factorial, and both
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Several mechanisms have been suggested about how caffeine
is useful in managing OSA. Caffeine is a cardiac and central
nervous system stimulant owing to its antagonistic action on
adenosine receptors. Caffeine increases the central respiratory
drive and increases the sensitivity of the chemoreceptors to
carbon dioxide.?? Other suggested mechanisms include
potentiation of catecholamine action and increased inspiratory
muscle endurance.®"! By these mechanisms, caffeine
increases ventilation and decreases the episodes of hypoxia

in subjects with OSA [Table 5].081621

Caffeine in PDPH

The exact pathophysiology of PDPH is not clearly understood.
However, some researchers believe that loss of cerebrospinal
fluid (CSF) from the dural puncture site leads to loss of
cushioning effect of CSF, leading to headache.®® It has also
been suggested that a sudden decrease in CSF pressure causes
an increase in the perfusion of the brain as the blood vessels
dilate to compensate for the decrease in CSF volume, causing
pain similar to vascular headache.” Caffeine augments
the CSF production by stimulating the sodium—potassium
pumps and also causes cerebral vasoconstriction because of
its antagonistic effects on adenosine receptors.%! Table 6
summarises current evidence about the role of caffeine in

PDPH. (772

Conclusion

Caffeine exerts a multitude of effects on diverse organ systems,
and apart from recreational usage, it has been used as a
principal treatment modality routinely used for PDPH and
apnoea of pre-maturity. The search for novel drugs needed
for the reversal of anaesthesia has provoked newer interests
in drugs such as caffeine. Though more conclusive evidence
from RCTs 1s needed for a routine recommendation, the
available evidence shows the feasibility of its use for reversing
anaesthesia. Further studies should also investigate the
potential therapeutic utility of caffeine in post-operative bowel
paralysis, where the available evidence suggests the possible
role of caffeine in early bowel rehabilitation.
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