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Executive summary

Propofol is an intravenous anaesthetic agent with potent sedative and hypnotic properties. Its rapid
onset of action and short half-life enable precise titration and prompt neurological recovery, rendering
it a highly effective option for managing critically ill patients within paediatric intensive care units
(PICUSs). Despite this highly favourable pharmacological profile, the use of propofol via continuous
infusion in intensive care patients under the age of 16 is contraindicated and lacks approval from the
MHRA, EMA, or FDA. This regulatory restriction is driven by concerns regarding the risk of Propofol-
Related Infusion Syndrome (PRIS), a rare but potentially fatal complication characterised by
refractory metabolic acidosis, rhabdomyolysis, hyperlipidaemia, and progressive cardiac failure.

Determining the true incidence of PRIS remains challenging due to confounding clinical variables and
the lack of universally accepted diagnostic criteria. However, the overall incidence in paediatric
cohorts is generally considered to be low, occurring in €1% of patients maintained within
recommended propofol dosing thresholds. Crucially, once PRIS manifests, it is associated with a high
mortality rate, with literature reporting mortality figures exceeding 50% in paediatric populations.

The influence of propofol infusion parameters on the development of PRIS has been extensively
investigated in paediatric patients. Robust clinical evidence shows a strong correlation between the
onset of the syndrome and propofol doses exceeding 4 mg/kg/h or infusion durations exceeding 48
hours. Furthermore, large-scale studies have confirmed that adhering to these stringent infusion
thresholds significantly mitigates the risk of PRIS in paediatric patients.

Nevertheless, it is apparent that not all patients exposed to high-dose, prolonged infusion develop
PRIS, and isolated cases have also been documented at lower doses and shorter durations. This
suggests that additional factors could contribute to PRIS pathogenesis. The literature identifies
several secondary predisposing and triggering factors that may amplify risk, particularly in critically ill
children. These include, severe ongoing critical iliness, concomitant administration of catecholamines
and corticosteroids, low carbohydrate and high fat intake, and subclinical or pre-existing inborn errors
of metabolism. However, it remains to be definitively established whether these factors play a direct,
causal role in the development of PRIS, or merely represent a marker for severe underlying iliness.

Optimising patient safety during propofol administration within the PICU requires a rigorous,
individualised risk—benefit assessment alongside comprehensive clinical and laboratory monitoring.
Maintaining a high index of clinical suspicion is paramount. All patients receiving propofol must be
closely monitored for early indicators of PRIS, including rising serum lactate, hypertriglyceridaemia,
elevated creatine kinase (CK), acute ECG changes, and deteriorating renal dysfunction. Therapeutic
management relies on early recognition, immediate cessation of the propofol, initiation of alternative
sedative regimens, and rapid correction of the associated metabolic and cardiovascular
derangements.

Although PRIS represents a rare and potentially fatal complication, systematic risk stratification, strict
compliance with established dosing thresholds, and routine metabolic surveillance can effectively
mitigate its occurrence, thus ensuring safer short-term use of propofol in paediatric critical care.



Background

Propofol (2,6-diisopropylphenol) is a short-acting intravenous hypnotic agent widely used for
induction and maintenance of general anaesthesia, procedural sedation, and the sedation of
mechanically ventilated patients in intensive care (ICU)." It is formulated as a lipid emulsion and is
administered via intravenous bolus, continuous infusion, or a combined regimen.? Whilst the exact
mechanism of action is poorly understood, it produces its sedative and anaesthetic effects primarily
through potentiating the inhibitory function of the neurotransmitter gamma-aminobutyric acid (GABA)
through GABAA receptors, decreasing glutamate activity, and causing central nervous system
depression.?3

Propofol's pharmacological characteristics make it a desirable option for sedation in critically ill
children. Its rapid onset of action and brief half-life allows for rapid induction of sedation and quick
recovery after discontinuation.’® These properties enable precise titration, allowing clinicians to
perform frequent, immediate neurological assessments and efficiently evaluate patients for
extubation readiness. In addition, propofol has potent anticonvulsive properties, is free of
dependence, suppresses nausea, and at standard infusion doses has minimal cardiorespiratory
impact.?

Despite propofols distinct sedative advantages and established safety profile, its application within
the paediatric intensive care units remains the subject of debate. This is largely driven by concerns
regarding the risk of Propofol-Related Infusion Syndrome (PRIS), a rare and often fatal complication
characterized by severe metabolic acidosis, rhabdomyolysis, hyperkalaemia and progressive
cardiovascular collapse.®® Due to these safety concerns and a lack of robust efficacy data in this
population, the use of propofol via continuous infusion in intensive care patients under the age of 16
is contraindicated.?®

This review aims to synthesise the current clinical evidence regarding PRIS in paediatric patients to
clarify incidence rates, mortality risk, demographics predictors, and primary risk factors, to inform the
safer use of propofol in paediatric intensive care settings.

Search strategy

A systematic literature search was conducted in Medline and PubMed using the following search
terms ‘propofol’ OR ‘propofol.mp’ AND ‘infusion®” OR ‘infusion.mp’ AND ‘Syndrome* OR "Adverse
Effects". The titles and abstracts of all articles were screened to identify other potentially relevant
articles. All relevant articles were retrieved and reviewed, and the reference list and citing articles of
included studies were screened to identify any other potentially relevant data.

Summary of evidence

The evidence base considered in this review is based on the best available published literature which
largely comprises of case reports, case series, observational studies, and reviews. The review
primarily focussed on identifying risk factors associated with PRIS in children (<18 years). Where
relevant, important adult studies were included to better characterise the epidemiology of PRIS, and
those risk factors poorly reported in children.

Propofol-Related Infusion Syndrome (PRIS)

Propofol infusion syndrome is a rare and potentially fatal complication of propofol administration. The
clinical manifestations that have come to define PRIS are wide ranging and include progressive and
refractory metabolic acidosis, arrhythmias, cardiac failure, rhabdomyolysis, hyperlipidaemia, and
enlarged or fatty liver.681%-12 The clinical features of PRIS can overlap with underlying disease
processes in critically ill patients making it challenging to distinguish the syndrome from primary
illness.®



The syndrome was initially described in children in the early 1990’s, and since this report numerous
cases of PRIS in critically ill children and adults have been published. The pathophysiological
mechanisms responsible for PRIS are complex and beyond the scope of this review, but it is widely
reported to involve impairment of mitochondrial beta-oxidation of fatty acids, disruption of the electron
transport chain and blockage of beta adrenoreceptors, and cardiac calcium channels.® 3.4

Incidence of PRIS

While PRIS was first described in the paediatric population, it has subsequently been more widely
reported in adult patients. Determining the true incidence of PRIS remains challenging because no
universally accepted diagnostic criteria exist, and many of its features overlap with underlying disease
processes in critically ill patients, leading to potential misclassification, and under recognition of early
or incomplete presentations. Furthermore, much of the available evidence is derived from case
reports, small case series, and observational studies, which are inherently limited by reporting bias
and heterogeneity in clinical practice.

Despite these limitations, the overall incidence of PRIS in paediatric patients is generally accepted
to be low, occurring in <1% of patients receiving propofol infusions within recommended dosing limits.
However, the actual incidence may be higher in those patients exposed to doses and durations
outside these limits and who have additional risk factors. A single-centre, retrospective, observational
study by Fashina is the only report providing data on the incidence of PRIS in paediatric patients.
Among the 554 critically ill children receiving continuous propofol, the reported incidence of PRIS
was 0.2%, even when propofol was administered at doses and durations historically considered high -
risk."®

In critically ill adults, the reported incidence of PRIS ranges between 1.1% and 41%. In 2009, Roberts
et al. published the first prospective, multicentre study to determine the incidence of PRIS in a large
cohort of critically ill adults receiving propofol for non-procedural sedation in the ICU."" Among the
1,017 critically ill patients who were administered an infusion of propofol for at least 24 hours, the
incidence of PRIS was 1.1%. However, a study by Hwang et al., in patients receiving propofol for
refractory status epilepticus showed an incidence of PRIS of around 17% in those receiving doses of
at least 5 mg/kg/h, and around 31% in those receiving more than 6mg/kg/h.'® A retrospective analysis
by Diaz et al., of 72 critically ill adult patients receiving propofol for longer than 72 hours in a trauma
hospital ICU identified a PRIS incidence of 4.1%."" In a study by Schroeppel the incidence of PRIS
was 2.9% among the 207 adult trauma patients who received propofol for greater than 24 hours.™
However, following implementation of a prospective clinical screening protocol in a further cohort of
1,038 patients to identify those at risk for PRIS, the rate dropped to only 0.19%. In a more recent
retrospective study by Li et al., of 654 critically ill adult patients reported an incidence of PRIS of
2.9%.1°

The overall incidence of PRIS in both children and adults appears to be decreasing over time,'* and
as previously discussed, some more recent studies have reported few if any cases of PRIS in large
paediatric populations.’®2° The historic surge in cases likely reflect increasing awareness or initial
overdiagnosis, and subsequent reduction in cases due to stricter compliance with dosing
recommendations, and early detection of biochemical markers indicative of PRIS. The lack of recently
published case reports may simply reflect a lack of interest of journals in publishing further case
reports of a previously well-described condition, or a reluctance to publish reports in which
recommended infusion rates have been exceeded.

Mortality associated with PRIS

Once PRIS develops, it is invariably associated with a high mortality rate. In paediatric patients,
mortality rates in excess of 50% have been reported. Among the 44 paediatric case reports of PRIS
analysed in the review by Hemphill et al., the overall mortality rate was 52%.° Krajcova et al.,



analysed 153 case reports of PRIS published up to 2014, of which 56 were children.' The overall
reported case mortality across both children and adults was 51%. However, numerous published
case reports and case series have documented only fatal instances of PRIS.

In adults, mortality rates ranging from 18% to 52% have been widely reported. But again, frequent
case reports and case series have described only fatal cases of PRIS. Of the 11 patients who
developed PRIS, in the multicentre prospective study by Roberts et al., the mortality rate was 18%.""
A mortality rate of 50% was observed among the six adult trauma patients who developed PRIS in
the study by Schroeppel.'® Among 153 documented PRIS case reports published up to 2014, of which
97 occurred in adults, the overall reported case mortality was 51%.' The review also noted a decline
in reported PRIS mortality rates, dropping from 74% prior to 2001, to 64% between 2001 and 2006,
and to 32% after 2006. This is likely due to earlier recognition, prompt discontinuation of propofol,
and advances in supportive care. Among the 124 adult case reports of PRIS analysed in the review
by Hemphill et al, the overall mortality rate was 48%.° In a later study by Li et al., PRIS was identified
in 19 out of 654 patients, with an associated mortality rate of 36.8%.°

To identify clinical predictors of mortality in patients with suspected PRIS, Fong et al., conducted a
retrospective review of the FDA MedWatch database from 1989 to 2005.2" Applying clinical
manifestations based on all the published case reports as clinical criteria, they identified 1,139
suspected PRIS cases, of which 342 (30%) were fatal. After comparing demographic and clinical
manifestations between survivors and non-survivors, they found that death from PRIS was more
likely if a patient was younger than 18 years of age (OR 2.30, p<0.0001), received a vasopressor
(OR 1.76, p<0.0001), or if one of the following PRIS manifestations were present: cardiac symptoms
(3.76), metabolic acidosis (3.66), dyslipidaemia (1.98). impairment in renal function (1.92),
hypotension (1.78), or rhabdomyolysis (1.76). The propofol infusion dose exceeded 5 mg/kg/h in 88
(68%) of the 129 cases, where dose was reported. Duration of therapy exceeded 48 hours in 74
(54%) of the 136 cases where duration was reported. Because dose-related data were not available
for almost 90% of the study sample, these data were not explored as markers for mortality. This study
also highlighted the need for raised awareness regarding PRIS-related symptoms, given that only
4% of the MedWatch reports identified PRIS by name in the report.

Risk factors associated with the development of PRIS

Dose and duration of propofol

Propofol doses exceeding 4 mg/kg/h or an infusion duration of more than 48 hours

The influence of propofol infusion rate and duration on the development of PRIS have been widely
researched. Numerous reports provide clear evidence of a strong correlation between the
development of PRIS in paediatric patients and propofol doses exceeding 4 mg/kg/h or an infusion
duration of more than 48 hours.

The first reported death associated with high-dose propofol and the clinical features of PRIS occurred
in a child in Denmark in 1990.222% The case involved a previously healthy two-year-old girl admitted
to the ICU with croup. Following a propofol infusion at 10 mg/kg/h for four days, she developed
metabolic acidosis, hypotension, and multiorgan failure. In 1992, Parke et al., reported five cases of
metabolic acidosis, bradyarrhythmias and fatal myocardial failure in children following the use of
propofol for the management of upper respiratory tract infections in a PICU.2* The patients aged four
weeks to six years were ventilated and sedated with propofol infusions of 7—10 mg/kg/h for between
66 and 115 hours.

In 1998, Bray et al retrospectively reviewed the reported cases of 18 children who had received
propofol infusions and suffered serious adverse events.?% All but three of these cases were fatal. After
noting that all 18 children who received propofol infusions experienced similar serious adverse
effects, he proposed the term ‘propofol infusion syndrome’ to describe this clinical state. To further



investigate the relationship between propofol and the occurrence of this ‘syndrome’ Bray examined
admission data from one ICU where propofol infusions had occasionally been used to provide long-
term sedation. Of the 44 patients intubated for at least 48 hours, 18 were sedated with propofol. Of
these, PRIS was considered to have occurred in three of the nine children who had received propofol
at a mean dose greater than 4 mg/kg/h for at least 48 hours. All three of these patients, who were
previously described in a separate publication,?* developed progressive myocardial failure and died.
These children received propofol in doses of 4.5, 8, and 8.1 mg/kg/h for 72, 74, and 104 hours,
respectively. None of the children who received a propofol infusion for less than 48 h, or in a mean
dose lower than 4mg/kg/h, developed the syndrome or died.

Extensive evidence demonstrates that continuous propofol infusion rates exceeding 4 mg/kg/h and
durations lasting longer than 48 hours are the primary risk thresholds for developing PRIS in
paediatric patients. Krajcova et al., analysed 153 case reports of PRIS published up to 2014, in which
78 (51%) had a fatal outcome.’ In 138 cases (90%) patients developed PRIS as a complication of
non-procedural sedation in the ICU. In total, 56 (36%) of the patients were children <18 years of age.
Among all patients, dose-related signs of PRIS were found to occur more frequently with infusion
rates greater than 4 mg/kg/h, irrespective of the duration of infusion. This includes cardiac failure,
metabolic acidosis, fever, and possibly hypotension. With respect to duration, arrhythmia and other
ECG changes occur more frequently after 48 hours of infusion, irrespective of dose. The
incidence of rhabdomyolysis and hypertriglyceridaemia occur most frequently with high doses of
propofol after 96 hours of administration.

Similarly, another structured literature review and analysis of published case reports by Hemphill et
al in 2019 suggested that the cumulative dose of propofol is the primary risk factor in the aetiology of
PRIS, driven by high infusion rates (>4 mg/kg/h), and/or prolonged duration (>48 h).® This study
examined 168 cases of PRIS (44 paediatric cases and 124 adult cases). Of these cases, 23 paediatric
and 59 adult patients died. Although most of these cases were previously evaluated in the study by
Krajcova, this study analysed paediatric and adult cases separately. The median mean infusion rate
of propofol was higher in children (7.75 mg/kg/h) than in adults (5.1 mg/kg/h), as was the median
cumulative dose of propofol received (494 vs 380 mg kg, respectively). There was no single clinical
feature common to all reported cases in children. The most common being metabolic acidosis (80%)
and ECG changes (75%). Lipidaemia, fever, and hepatomegaly occurred more frequently in children
than in adults, whilst rhabdomyolysis and hyperkalaemia were more frequent in adults. In the
multivariate analysis of 38 children with sufficient data, fever, hepatomegaly, and cumulative dose of
propofol >240 mg/kg were associated with an increased risk of mortality in children. In adults, mean
propofol infusion rate >5 mg/kg/h, duration of infusion >48 hours, and cumulative dose >240 mg/kg
was associated with an increased risk of death. Propofol exposure (dose and duration), laboratory
data, and hemodynamic outcomes were further evaluated in a single centre, retrospective review of
104 children admitted to the PICU or paediatric cardiac ICU who had received continuous propofol
for non-procedural sedation.?® Although no patient in the study cohort met the full criteria for PRIS,
laboratory abnormalities associated with the syndrome were observed more often in those receiving
therapy for longer than 48 hours than those exposed for 24 to 48 hours. Hypertriglyceridemia was
the most common laboratory value associated with PRIS and was experienced by 43% of patients
for whom triglyceride concentrations were monitored.

In agreement with paediatric studies, a dose dependent association between long-term, high-dose,
propofol infusion and the occurrence of PRIS was also reported in retrospective cohort study of adult
neurosurgical ICU patients. 27 Out of 67 patients who received propofol infusion for sedation, seven
showed signs of PRIS and died. The syndrome did not occur in those receiving mean propofol doses
of less than 5 mg/kg/h but occurred in three of 18 patients (17%) receiving 5 - 6 mg/kg/h, and in four
of 13 patients (31%) receiving more than 6 mg/kg/h (p=0-002). The authors estimated that the odds
ratio for the occurrence of PRIS increased by 1.93 (Cl 1.12-3.32) for every 1 mg/kg/h of propofol
administered above 4.98 mg/kg/h (p=0.018).



Conversely, there are also reports in which continuous propofol infusions have been safely used in
paediatric patients at higher than recommended doses and durations with appropriate protocol-driven
monitoring. In a retrospective cohort analysis evaluating the safety of prolonged, high-dose propofol
infusions in 173 critically ill children in a PICU, no patient developed PRIS.?® Patients were
categorized and compared based on infusion duration: those receiving propofol for less than 48 -
hours versus those receiving it for greater than 48-hours. Both groups received mean doses of
propofol greater than 4 mg/kg/h. Despite both cohorts receiving high mean doses of propofol, no
cases of PRIS were observed in either group. Among the 554 children included in the study by
Fashina et al., no cases of PRIS occurred even when propofol was administered at doses and
durations usually considered high-risk.?° In total, 156 patients (28%) received median doses >4
mg/kg/h, and 12 patients (2%) received doses >8 mg/kg/h. Additionally, 119 patients (21%) received
propofol infusions for durations of greater than 48 hours, and 40 patients (7%) exceeded 96 hours.

Doses up to 4 mg/kg/h for up to 48 hours duration

Several reports have demonstrated the therapeutic efficacy and safety of propofol sedation in
paediatric patients when limited to a maximum rate of 4 mg/kg/h for up to 48 hours. A prospective
study of 174 children aged two months to 16 years concluded that propofol can be safely used for
short-term sedation in a PICU with no metabolic or circulatory adverse effects.?® The median dose of
propofol was 2.9 mg/kg/h (range: 0-3—6.5 mg/kg/h), with a negative correlation between dose and
duration, indicating that when the duration of treatment was shorter, higher doses were given. The
median duration was 13 hours (range: 1.6—179 h), with the majority (80%) receiving treatment for
less than 24 hours. None of the children in this cohort developed signs of PRIS. Aretrospective review
of case series in 142 critically ill children who were sedated with continuous propofol infusion at doses
less than 3 mg/kg/h for less than 24 hours found no evidence of metabolic acidosis or hemodynamic
instability attributed to propofol.>® Another retrospective cohort study by Koriyama et al., assessed
the presence of signs and symptoms of PRIS in 210 children who received a continuous propofol
infusion for non-procedural sedation in a tertiary care PICU.3"! In total 195 patients with none of the
symptoms associated with PRIS in the 12 hours preceding administration of propofol were included
in the analysis. Local practice was to limit the maximum infusion rate to 4mg/kg/h plus up to 1Tmg/kg/h
of bolus doses and the infusion duration to 24 hours. With an 87% compliance with those guidelines,
the median propofol dose including boluses was 2.7mg/kg/h (maximum 7.8mg/kg/h) and the mean
duration was 10.3 hours (maximum 41.3 h). In 98% cases the duration of infusion was under 24
hours. None of the patients developed any of the symptoms associated with PRIS.

In a retrospective study of 30 children who received continuous propofol in the PICU or PCICU, none
of the patients demonstrated findings consistent with PRIS, even those receiving infusion durations
of greater than 100 hours.*? The median initial propofol infusion was 3 mg/kg/h (0.9 — 6.0 mg/kg/h)
with a peak dose of 4.2mg/kg/h (0.9 — 12.0 mg/kg/h) over an average of 8 hours (1— 222 h). Similarly,
there were no confirmed cases of PRIS reported in a retrospective study involving 127 children who
received a continuous infusion of propofol for non-procedural sedation in the PICU.3® The median
infusion rate was 4.1 (2.9 - 5.6) mg/kg/h, with a median duration of 18 (10 - 28) hours. Seventy-three
patients (56%) had an average propofol infusion dose exceeding 4 mg/kg/h with inclusion of boluses.
The majority of patients (91, 70%) received propofol for less than 24 hours, and a small proportion
(14, 11%) received propofol for more than 48 hours. The longest reported infusion duration was 103
hours. Although no definitive cases of PRIS were identified during the study period, altered laboratory
values that are commonly associated with PRIS were frequently observed in patients whose labs
were monitored. Two patients receiving a propofol dose exceeding 4 mg/kg/h had a documented
concern for PRIS, which prompted the immediate cessation of the therapy. However, neither of these
patients were reported to experience dysrhythmias nor hemodynamic instability. Moreover, in a 25-
year, single centre, retrospective study of 641 children in a PCICU, continuous propofol infusion at
median infusion rate of 1.2 (0.7 — 2.1) mg/kg/h and median duration of 22.7 (16.8 — 47.0) hours was
not associated with any cases of PRIS.' The median cumulative dose, (including additional 1 mg/kg



boluses), was 30 mg/kg. In a second long-term study by the same group, only one case of PRIS was
observed amongst 554 children aged receiving continuous propofol infusions for non-procedural
sedation in a non-cardiac PICU.2° Patients had received a median dose of 3 mg/kg/h (max 54
mg/kg/h) for a median duration of 22.8 hours (max 203.8). In total, around 70% of patients received
doses of <4 mg/kg/h and for <48 hours duration. The median cumulative dose (including boluses)
was 73.9 mg/kg. The single case of PRIS occurred in a patient who received propofol at a rate of 1.0
mg/kg/h for 42 hours.

Two further retrospective studies using propofol as a bridge to extubation in paediatric patients found
that propofol was safe and effective when limiting doses to 4 mg/kg/h, and for less than 48 hours.34%
The 2022 Society of Critical Care Medicine’s 2022 PANDEM guidelines suggests that continuous
propofol for less than 48 hours and at doses less than 4 mg/kg/h may be a safe sedation alternative
in the paediatric ICU to minimize the risk of PRIS.36

However, other studies indicate that PRIS can manifest within established dose thresholds and during
relatively short-term infusions, highlighting the necessity for clinical vigilance and proactive
prevention across all patient populations receiving propofol. The aforementioned review by Krajcova
of 153 published case reports of PRIS, including 53 in children, concluded that PRIS can occur
following a short duration of infusion and at infusion rates below the established threshold of 4
mg/kg/h." A more recent retrospective, multihospital, observational cohort study of 654 critically ill
adults admitted to the ICU also showed that PRIS can occur at lower infusion dose and lower
cumulative dose.' In the 19 patients who developed PRIS, the median dose and duration of propofol
was 2.18 mg/kg/h, and 147.0 h respectively, with a median time to development of PRIS at 125.0 h
post propofol infusion, and a cumulative dose of 276.5 mg/kg. Similarly, a prospective observational
study in 1,017 critically ill adults found that PRIS occurred in patients receiving propofol at lower dose
than previously considered high-risk in this age group.' Of the 11 patients who developed PRIS, only
two had been exposed to a propofol dose exceeding 5mg/kg/min at any point over the course of
therapy.

Other risk factors associated with the development of PRIS

As many studies have shown, propofol doses exceeding 4 mg/kg/h and durations of greater than 48
hours are the primary risk factor for the development of PRIS. However, it is evident that not all
patients who receive high-dose, long duration propofol develop PRIS, and isolated cases have also
occurred with lower doses and shorter durations.” These findings suggest that other additional factors
may also play a role in PRIS pathogenesis, highlighting the importance of careful patient selection in
the PICU.

Beyond the primary variables of infusion rate and duration, the literature identifies several secondary
predisposing and triggering factors for the development of PRIS. These include young age (notably
paediatric populations), severe ongoing critical illness, concomitant administration of catecholamine
and corticosteroids, low carbohydrate and high fat intake, and subclinical or pre-existing inborn errors
of metabolism, such as B-oxidation defects or mitochondrial disorders.®1213.17.37 However, it remains
to be established whether these factors directly play a role in the development of PRIS, or if they
merely represent a marker of a severe illness. Furthermore, many of these proposed risk factors lack
direct clinical validation, especially within paediatric populations.

Concomitant Medications

Several reports have proposed that concomitant administration of vasopressors or corticosteroids
with propofol may be risk factors for development of PRIS."%-131837-39 |n critically ill patients, the
neuroendocrine stress response sharply increases circulating catecholamines and glucocorticoids. 12
Increased catecholamine levels can enhance the metabolic clearance of propofol, which may lead to
insufficient sedation and the need for higher propofol infusion rates, subsequently increasing the risk



of PRIS.23840 A similar effect may occur when patients receive high-dose inotropic or vasopressor
infusions concurrently. The negative inotropic effect of propofol can lead to a vicious cycle in which a
decreased level of sedation prompts an increase in propofol infusion rate, resulting in hypotension,
which prompts an increase in rate of catecholamine infusion. > Furthermore, the metabolic acidosis
associated with PRIS may further decrease vasomotor tone, increasing the need for vasopressor and
inotrope support.®’

Smith et al., reported that the concomitant use of vasopressors in adults with severe head trauma
receiving propofol infusions is strongly associated with an increased risk of developing PRIS.3®
Furthermore, among the 11 critically ill adults who developed PRIS in the study by Roberts et al., ten
(91%) had received concomitant vasopressor therapy, but only two had been exposed to propofol
doses exceeding 5 mg/kg/h."" This is further supported by an observational study by Schroeppel et
al., involving 207 adult trauma patients who underwent sedation with continuous propofol for greater
than 24 hours. '® Among the six patients who developed PRIS, there was a significantly higher
requirement for concomitant vasoactive support. Specifically, patients developing PRIS had a
significantly higher usage of inotropes (50 vs. 9%, p = 0.02) and vasopressors (67 vs. 5%, p <0.001)
compared to those who did not develop the syndrome.

In the setting of critical illness, propofol paired with supportive catecholamines, and glucocorticoids
may potentiate protein degradation in both skeletal and cardiac muscle cells, which manifests as
rhabdomyolysis and cardiac failure, followed by metabolic acidosis and acute renal failure.®38
Moreover, both glucocorticoids and catecholamines accelerate the conversion of triglycerides into
glycerol and free fatty acids, increasing the circulating free fatty-acid load, which is a key pathogenic
mechanism of PRIS. There is also evidence that steroids reduce mitochondrial energy production by
altering gene transcription. When paired with propofol’s direct inhibition of mitochondrial respiratory
function, this can severely disrupt cellular energy production, leading to oxidative stress, cell death,
and ultimately to multi-organ failure.3"4142

Critical illness

Critical illness markedly elevates the risk of PRIS, as these patients typically exhibit a hypermetabolic,
catecholamine-driven state coupled with baseline mitochondrial dysfunction.®'"-'3 This risk is further
exacerbated in the intensive care setting by the frequent requirement for prolonged sedation, the
concurrent administration of corticosteroids or vasopressors, and elevated endogenous stress
hormones. Together, these factors intensify metabolic demand and severely compromise
mitochondrial resilience, thereby precipitating lactic acidosis, cardiac dysfunction, and the
characteristic metabolic derangements of PRIS.

Inborn Errors of Metabolism

There are a number of genetic factors which are thought to predispose individuals to PRIS.”** Since
PRIS appears to mimic mitochondrial myopathies, particularly those characterized by functional
defects within the mitochondrial respiratory chain, individuals with pre-existing mitochondrial
diseases may be more prone to PRIS.?243-%5 |t is possible that certain phenotypes of mitochondrial
disorders may be more vulnerable to the mitochondrial toxicity of propofol than others.' In two such
cases, patients who developed PRIS were found to have genetic mitochondrial defects, which put
them at a greater susceptibility to mitochondrial dysfunction.*® In the first patient, and adult receiving
postoperative sedation with propofol for 88 hours the mitochondrial disorder was detected only after
the occurrence of PRIS.*® In the second adult patient, PRIS developed shortly after receiving propofol
for the management of refractory epilepsy, and a mitochondrial disorder was suspected, which was
subsequently confirmed by detection of a mutation in the POLG1 gene.*’



Younger Age

Paediatric patients may be more susceptible to PRIS due to various factors.'® Children have a larger
volume of distribution and faster drug clearance, meaning they require higher relative doses and
blood concentrations of propofol compared to adults to achieve adequate sedation. They also have
proportionally higher metabolic demands, lower physiological reserves, and greater reliance on fatty
acid oxidation for energy production making them more vulnerable to energy failure when exposed
to mitochondrial toxins like propofol. Moreover, they also have less mature mitochondrial respiratory
chain functions and lower baseline reserves of coenzyme Q than adults.'*** Additionally, paediatric
patients may have a higher prevalence of undiagnosed or subclinical metabolic and mitochondrial
diseases, further elevating their risk.4344

Excess Carbohydrates or Lack of Lipids

Low carbohydrate intake and depleted glycogen reserves are further risk factors for PRIS.”384%|n the
critically ill patients, where systemic metabolic stress induces a primary reliance on lipid substrates
for energy production, the exhaustion of carbohydrate reserves precipitates excess lipolysis within
adipose tissue.'*® This process leads to an accumulation of free fatty acids that cannot undergo
adequate beta-oxidation, contributing to the pathogenesis of PRIS.”37:3 |n addition parenteral feeding
and the propofol (lipid emulsion) infusion itself, may also contribute to excess free fatty acid
Ievels.2'37v45'49

Paediatric patients have significantly lower baseline carbohydrate reserves and limited glycogen
storage capacity compared to adult populations, which may explain the relatively higher prevalence
of PRIS in children.® In critically ill children there may be insufficient calorific intake to balance the
increased metabolic demands, and in susceptible children the diversion of metabolism to fat
substrates may lead to PRIS. This specific paediatric vulnerability is illustrated by a case report of a
child with epilepsy who developed fatal PRIS following the initiation of a ketogenic diet during propofol
sedation.®” The authors suggested that the exogenous high-fat load, compounded by propofol-
mediated inhibition of mitochondrial fatty acid oxidation, lead to metabolic acidosis. It has further been
suggested that supplementary carbohydrate administration at 6-8 mg/kg/m could suppress fat
metabolism in critically ill children and thus mitigate the risk of PRIS,%° but this has not been routinely
implemented in practice.

Obesity

Although obesity has not been definitively established as an independent risk factor for PRIS, it may
increase the likelihood of circumstances that predispose individuals to its development. If propofol is
dosed using actual body weight rather than lean body weight, patients with obesity may receive
unnecessarily high absolute propofol doses.®52 Furthermore, patients with obesity in critical care
settings frequently require higher sedative doses, prolonged mechanical ventilation, and increased
catecholamine support, all of which may increase propofol exposure." Moreover, obesity is also
associated with altered lipid metabolism and mitochondrial dysfunction, both of which are thought to
increase susceptibility to PRIS, particularly in those exposed to prolonged or high-dose propofol
infusions.

Monitoring

Ultimately, optimising patient safety during propofol administration within the PICU necessitates a
rigorous, individualised risk—benefit assessment coupled with comprehensive daily clinical and
laboratory monitoring. Maintaining a high index of clinical suspicion is essential, and all patients
receiving propofol should be closely monitored for complications suggestive of PRIS.67:10.1853
However, the early identification of PRIS is challenging, as its initial manifestations are largely non-
specific and often overlap with the confounding clinical presentations frequently encountered in
critically ill patients. Surveillance focuses on the early detection of metabolic, cardiac, and muscular



abnormalities that signal emerging mitochondrial dysfunction. Regular assessment of arterial lactate
is central, as rising lactate is often the earliest biochemical indicator of metabolic stress. Creatine
kinase should be monitored to detect the onset of rhabdomyolysis, while serum triglycerides help
identify excessive lipid load. Continuous ECG monitoring is crucial for recognising characteristic
conduction abnormalities. Renal function, electrolytes and acid—base status should be checked
frequently to identify evolving renal injury, hyperkalaemia, or metabolic acidosis. In patients
considered at increased risk of PRIS, more intensive and frequent monitoring is warranted.

Treatment of PRIS

The lack of universally accepted diagnostic criteria and the inevitable overlap of confounding clinical
manifestations common in critical illness means that there are no established guidelines for the
treatment of PRIS. Management strategies focus on early recognition, immediate discontinuation of
propofol, commencing alternative sedation, and rapid correction of the severe metabolic and
cardiovascular derangements associated with the syndrome.6-81012134453 Aggressive supportive
therapy is essential, including optimisation of haemodynamics with vasopressors or inotropes,
management of arrhythmias, and correction of metabolic acidosis with intravenous fluids and
bicarbonate when indicated. Hemofiltration and extra-corporeal membrane oxygenation (ECMO)
have both been used with success in the treatment of PRIS.%*%

References

1. Chidambaran, V., Costandi, A. & D’'Mello, A. Propofol: a review of its role in pediatric
anesthesia and sedation. CNS Drugs 29, 543-563 (2015).

2. Baxter Healthcare Ltd. Propofol 20 mg/ml Emulsion for injection/infusion. Summary of

Product Characteristics. https://www.medicines.org.uk/emc/product/11294/smpc Last
updated 31/03/2025.

3. Kotani, Y., Shimazawa, M., Yoshimura, S., Iwama, T. & Hara, H. The experimental and
clinical pharmacology of propofol, an anesthetic agent with neuroprotective properties. CNS
Neurosci. Ther. 14, 95-106 (2008).

4. Devlin, J. W. & Roberts, R. J. Pharmacology of commonly used analgesics and sedatives in
the ICU: benzodiazepines, propofol, and opioids. Anesthesiol. Clin. 29, 567-585 (2011).

5. Trapani, G. M., Altomare, C., Sanna, E., Biggio, G. & Liso, G. Propofol in Anesthesia.
Mechanism of Action, Structure-Activity Relationships, and Drug Delivery. Current Medicinal
Chemistry vol. 7 249-271 Preprint at
https://doi.org/http://dx.doi.org/10.2174/0929867003375335 (2000).

6. Hemphill, S., McMenamin, L., Bellamy, M. C. & Hopkins, P. M. Propofol infusion syndrome: a
structured literature review and analysis of published case reports. Br. J. Anaesth. 122, 448—
459 (2019).

7. Fodale, V. & La Monaca, E. Propofol infusion syndrome: an overview of a perplexing
disease. Drug Saf. 31, 293-303 (2008).

8. Diedrich, D. A. & Brown, D. R. Analytic reviews: propofol infusion syndrome in the ICU. J.
Intensive Care Med. 26, 59-72 (2011).

9. Committee on Safety of Medicines, Medicines Control Agency. Propofol (Diprivan) infusion:
sedation in children aged 16 years or younger contraindicated. Current Problems in
Pharmacovigilance. 27: 10. Aug 2001.

10. Beckers, L. et al. Potentially Hazardous Drugs in the Paediatric ICU: A Narrative Review on
the Exemplary Cases of Propofol, Chloramphenicol, and Acetylsalicylic Acid. Children 13,
(2026).

11. Roberts, R. J. et al. Incidence of propofol-related infusion syndrome in critically ill adults:

a prospective, multicenter study. Crit. Care 13, R169 (2009).

12.  Otterspoor, L. C., Kalkman, C. J. & Cremer, O. L. Update on the propofol infusion syndrome
in ICU management of patients with head injury. Curr. Opin. Anaesthesiol. 21, 544-551
(2008).

13.  Mirrakhimov, A. E., Voore, P., Halytskyy, O., Khan, M. & Ali, A. M. Propofol infusion



14.

15.

16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

syndrome in adults: a clinical update. Crit. Care Res. Pract. 2015, 260385 (2015).

Kraj¢ova, A., Waldauf, P., Andél, M. & Duska, F. Propofol infusion syndrome: a structured
review of experimental studies and 153 published case reports. Crit. Care 19, 398 (2015).
Fashina, O. A. et al. Perioperative Continuous Propofol Infusion in the Pediatric Cardiac
Intensive Care Unit: A 25-Year Retrospective Study. Pediatr. Cardiol.
https://doi.org/https://dx.doi.org/10.1007/s00246-025-04120-z (2025)
doi:https://dx.doi.org/10.1007/s00246-025-04120-z.

Hwang, W. S., Gwak, H. M. & Seo, D.-W. Propofol infusion syndrome in refractory status
epilepticus. J. Epilepsy Res. 3, 21-27 (2013).

Diaz, J. H., Prabhakar, A., Urman, R. D. & Kaye, A. D. Propofol infusion syndrome: a
retrospective analysis at a level 1 trauma center. Crit. Care Res. Pract. 2014, 346968 (2014).
Schroeppel, T. J. et al. Propofol infusion syndrome: a lethal condition in critically injured
patients eliminated by a simple screening protocol. Injury 45, 245-249 (2014).

Li, W. K. et al. The incidence of propofol infusion syndrome in critically-ill patients. J. Crit.
Care 71, 154098 (2022).

Fashina, O. A. et al. The safety of high dose continuous propofol infusion in the pediatric
intensive care unit at an academic medical center. Front. Pediatr. 13, 1718328 (2025).
Fong, J. J. et al. Predictors of mortality in patients with suspected propofol infusion
syndrome. Crit. Care Med. 36, 2281-2287 (2008).

[Adverse effects of propofol (Diprivan)]. Ugeskr. Laeger 152, 1176 (1990).

Hatch, D. J. Propofol-infusion syndrome in children. Lancet 353, 1117-1118 (1999).

Parke, T. J. et al. Metabolic acidosis and fatal myocardial failure after propofol infusion

in children: five case reports. BMJ 305, 613—616 (1992).

Bray, R. J. Propofol infusion syndrome in children. Paediatr. Anaesth. 8, 491—-499 (1998).
Martin, A. M., Tribuzi, A., Schieber, M. L. & Reiter, P. D. Adherence to a Pediatric
Continuous Infusion Propofol Policy for Sedation in Mechanically Ventilated Patients:
Opportunities for Change and Improvement. The Journal of Pediatric Pharmacology &
Therapeutics 27, 263269 (2022).

Cremer, O. L. et al. Long-term propofol infusion and cardiac failure in adult head-injured
patients. Lancet 357, 117—118 (2001).

Moas, D. et al. Safety of Extended Propofol Infusions in Critically lll Pediatric Patients.
Cureus 16, €59948 (2024).

Svensson, M.-L. & Lindberg, L. The use of propofol sedation in a paediatric intensive care
unit. Nurs. Crit. Care 17, 198-203 (2012).

Cornfield, D. N., Tegtmeyer, K., Nelson, M. D., Milla, C. E. & Sweeney, M. Continuous
propofol infusion in 142 critically ill children. Pediatrics 110, 1177-1181 (2002).

Koriyama, H., Duff, J. P., Guerra, G. G. & Chan, A. W. Is propofol a friend or a foe of the
pediatric intensivist? Description of propofol use in a PICU*. Pediatric Critical Care Medicine
15, e66-71 (2014).

Uppuluri, S. et al. Propofol in the Pediatric Intensive Care Unit, a Safe and Effective Agentin
Reducing Pain and Sedation Infusions: A Single-Center Retrospective Study. Cureus 14,
27925 (2022).

Bartlett, J. W., Curry, B. N., Musick, M. A. & Moore, M. M. Characterization of Propofol Use
For Non-Procedural Sedation in a Pediatric Intensive Care Unit. The Journal of Pediatric
Pharmacology & Therapeutics 28, 714—720 (2023).

Teng, S. N., Kaufman, J., Czaja, A. S., Friesen, R. H. & da Cruz, E. M. Propofol as a bridge
to extubation for high-risk children with congenital cardiac disease. Cardiol. Young 21, 46-51
(2011).

Mack E, Wheeler D, R. M. Propofol as a bridge to extubation in the pediatric intensive care
unit. Abstr. Crit Care Med 2009; 37(Suppl 12):A493.

Berkenbosch, J. W. et al. 2022 Society of Critical Care Medicine Clinical Practice Guidelines
on Prevention and Management of Pain, Agitation, Neuromuscular Blockade, and Delirium in
Critically Ill Pediatric Patients With Consideration of the ICU Environment and Early Mobility.
Pediatric Critical Care Medicine 23, e74—e110 (2022).

Singh, A. & Anjankar, A. P. Propofol-Related Infusion Syndrome: A Clinical Review. Cureus
14, e30383 (2022).



38.

39.

40.

41.

42.

43.

44.
45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Vasile, B., Rasulo, F., Candiani, A. & Latronico, N. The pathophysiology of propofol infusion
syndrome: a simple name for a complex syndrome. Intensive Care Med. 29, 1417-1425
(2003).

Smith, H., Sinson, G. & Varelas, P. Vasopressors and Propofol Infusion Syndrome in Severe
Head Trauma. Neurocrit. Care 10, 166—172 (2009).

Myburgh, J. A., Upton, R. N., Grant, C. & Martinez, A. Epinephrine, norepinephrine and
dopamine infusions decrease propofol concentrations during continuous propofol infusion in
an ovine model. Intensive Care Med. 27, 276—-282 (2001).

Shimizu, J. et al. Propofol infusion syndrome complicated with mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke-like episodes: a case report. Acute Medicine &
Surgery 7, €473 (2020).

Parness, J. Propofol-related infusion syndrome heralding a mitochondrial disease: Case
report. Neurology 82, 461-462 (2014).

Finsterer, J. & Frank, M. Propofol Is Mitochondrion-Toxic and May Unmask a Mitochondrial
Disorder. J. Child Neurol. 31, 1489-1494 (2016).

Kam, P. C. A. & Cardone, D. Propofol infusion syndrome. Anaesthesia 62, 690—701 (2007).
Wolf, A. R. & Potter, F. Propofol infusion in children: when does an anesthetic tool become
an intensive care liability?. Paediatr. Anaesth. 14, 435—438 (2004).

Vanlander, A. V et al. Inborn oxidative phosphorylation defect as risk factor for propofol
infusion syndrome. Acta Anaesthesiol. Scand. 56, 520-525 (2012).

Savard, M. et al. Propofol-related infusion syndrome heralding a mitochondrial disease:
case report. Neurology 81, 770-771 (2013).

Fudickar, A. & Bein, B. Propofol infusion syndrome: update of clinical manifestation and
pathophysiology. Minerva Anestesiol. 75, 339-344 (2009).

Buckley, C. T. & Dickerson, R. N. Propofol: A Risk Factor for Caloric Overfeeding and
Inadequate Protein Delivery. Hospital pharmacy vol. 55 151-152 Preprint at
https://doi.org/10.1177/0018578719888908 (2020).

Wolf, A., Weir, P., Segar, P., Stone, J. & Shield, J. Impaired fatty acid oxidation in propofol
infusion syndrome. Lancet 357, 606—607 (2001).

Baumeister, F. A. M. et al. Fatal propofol infusion syndrome in association with ketogenic
diet. Neuropediatrics 35, 250-252 (2004).

Ramaiah, R., Lollo, L., Brannan, D. & Bhananker, S. M. Propofol infusion syndrome in a
super morbidly obese patient (BMI = 75). Int. J. Crit. llin. Inj. Sci. 1, 84-86 (2011).

Loh, N.-H. & Nair, P. Propofol infusion syndrome. Continuing Education in Anaesthesia,
Critical Care & Pain 13, 200-202 (2013).

Mayette, M., Gonda, J., Hsu, J. L. & Mihm, F. G. Propofol infusion syndrome resuscitation
with extracorporeal life support: a case report and review of the literature. Ann. Intensive
Care 3, 32 (2013).

Levin, P. D., Levin, V., Weissman, C., Sprung, C. L. & Rund, D. Therapeutic plasma
exchange as treatment for propofol infusion syndrome. J. Clin. Apher. 30, 311-313 (2015).

Produced by the Regional Drug and Therapeutics Centre

Regent Point, Regent Farm Road, Gosforth, Newcastle upon Tyne, NE3 3HD
visit: https://rdtc.nhs.uk



https://rdtc.nhs.uk/

