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Propofol Sedation Washouts in Critically Ill Infants:  
A Case Series
Stephen Deptola, PharmD; Brianna Hemmann, PharmD; Trina Hemmelgarn, PharmD; Kyle DiPaola, PharmD; 
and DonnaMaria E. Cortezzo, MD

Medically complex infants are experiencing longer hospital stays, more invasive procedures, and increasingly 
involved therapeutic interventions that often require long-term analgesia and sedation. This is most 
commonly achieved with continuous intravenous infusions of opioids and benzodiazepines. There are times 
when patients develop a tolerance for these medications or the clinical scenario necessitates a rapid wean 
of them. A rapid wean of either class of medication can lead to increased signs of pain and agitation or  
withdrawal symptoms. As a result, when a rapid wean is needed or there has been a failure to control 
symptoms with conventional measures, alternative therapies are considered. Propofol, a sedative hypnotic 
typically used for general anesthesia and procedural sedation, is one such medication. It has effectively 
been used for short-term sedation in adults and children to facilitate weaning benzodiazepines and opioids. 
There is a paucity of data on the use of propofol in infants for this purpose. Here we describe the use of 
propofol to rapidly wean high-dose sedation and analgesia medications, a propofol sedation washout,  
in 3 infants. The washouts proved to be safe and efficacious. Based on institutional experience and a 
literature review, considerations and recommendations are made for propofol sedation washouts in infants.
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Introduction
Adequate sedation and analgesia are important 

aspects of care for critically ill infants in the neonatal 
intensive care unit (NICU). Appropriate analgesia and 
sedation can decrease stress responses, prevent dis-
lodgement of invasive medical equipment, maximize 
synchrony with the ventilator, optimize hemodynamics, 
and improve clinical outcomes.1–8 Although no consen-
sus exists in the NICU regarding the optimal choice, 
route, dosing, or titration of analgesic and sedative 
medications in medially complex and critically ill in-
fants, a combination of opioids and benzodiazepines 
is often used.4,8,9 Recent guidelines from the Society 
of Critical Care Medicine highlight the importance of 
intentional practices for analgesia and sedation through 
protocols and specifically recommend minimizing ben-
zodiazepines by using dexmedetomidine for infants 
in the pediatric intensive care unit.8 With prolonged 
exposure to opioids and benzodiazepines, there can 
be challenges in maintaining optimal sedation and 
analgesia due to tolerance, hyperalgesia, delirium, 
and other potential adverse effects. Because infants’ 
brains are in a critical period of development, they 

experience tolerance more frequently, reportedly up 
to 50% of the time.10–12 As a result, they may require 
2- to 5-fold increases in medication doses to achieve 
analgesia and sedation goals.13 Additionally, recent 
studies have identified benzodiazepines as indepen-
dent, dose-dependent, and modifiable risk factors for 
the development of delirium in critically ill children.8,14–18 
This, along with other adverse effects, requires that 
opioids and benzodiazepines be used cautiously and 
sparingly in infants. However, with longer hospital stays, 
more invasive procedures, and increasingly involved 
therapeutic interventions, medically complex infants 
often require these medications for extended periods 
of time. Weaning them can be challenging because of 
withdrawal or inadequate symptom control. Either of  
these factors can lead to increased morbidity and 
length of hospital stay.10,19

In order to combat tolerance, decrease the risk of 
delirium, provide adequate sedation, and improve over-
all outcomes for infants, providers have attempted to 
use alternative therapies and medications when there 
is prolonged opioid and benzodiazepine exposure 
or it becomes difficult to wean off of them.8,10 One 
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rarely considered medication is propofol. Propofol 
(2-6-diisopropylphenol) is an alkylphenol intravenous 
(IV) sedative-hypnotic agent typically used for the in-
duction and maintenance of anesthesia or procedural 
sedation.20 Recently, with increased use for sedation 
outside of the operating room, propofol as a continuous 
infusion has been shown to be safe and effective in 
children.8,21–23 The data in infants, however, are largely 
limited to procedural sedation with a wide range of re-
ported outcomes.22,24,25 Propofol has been used in older 
patients for sedation washouts. Rather than the sole 
purpose of providing sedation, a continuous propofol 
infusion is initiated with the subsequent rapid decrease 
of concomitant analgesic or sedative infusions. The 
opioids or benzodiazepines can, depending on the 
clinical scenario, be discontinued or reduced to lower 
doses. Although propofol washouts have been used 
successfully, there is a lack of data to guide appropri-
ate dosing or duration of the propofol washout and 
weaning of associated medications.26 In general, the 
use of propofol for long-term sedation is controversial 
because of reports of life-threatening complications, 
death, and variable pharmacokinetics in critically ill chil-
dren.27–34 Propofol-related infusion syndrome (PRIS) is a 
rare but potentially fatal complication associated with 
continuous infusions.35 Although the true prevalence 
of adverse drug effects and PRIS remain low, even in 
children, the concern has led to limited use in pediatric 
patients outside of general anesthesia or procedural 
sedation.20,36,37

Although there are increasing reports of pro-
pofol for sedation in children, there is a paucity of 
data on propofol sedation washouts, especially in 
infants.26,38,39 In this case series, we present our 
experience using propofol infusions for an opioid 
and benzodiazepine washout in medically complex 
infants. We aim to demonstrate the safety and efficacy 
of propofol sedation washouts in infants and recom-
mend considerations and approaches to propofol 
washouts in this population.

Methods
This was a retrospective case series of all infants 

treated with a propofol sedation washout in a 75-bed 
level 4 NICU January 2017 to December 2021. We 
searched medication records to identify NICU patients 
treated with propofol and excluded patients who 
received it for other reasons, including anesthesia, 
procedural sedation, refractory seizures, and seda-
tion without the intent to wean other medications. We 
extracted relevant clinical data from the electronic 
medical record and used standard descriptive statis-
tics to delineate the study cohort. For the conversion 
of lorazepam to midazolam a conversion factor of 2:1 
was used, ultimately converting mg/kg to mg/kg/hr. 
For the conversion of methadone to hydromorphone a 

conversion factor of 1:4 was used, ultimately converting 
mg/kg to mg/kg/hr.

Case Series. Three infants admitted to the NICU were 
treated with propofol for a sedation washout during the 
study period. Per unit guidelines, pain and agitation 
were assessed using the Neonatal Pain, Agitation, and 
Sedation Scale as well as clinical judgement.40 With-
drawal was assessed using the Withdrawal Assessment 
Tool-1 and delirium was assessed using the Cornell As-
sessment of Pediatric Delirium.41,42 A summary of patient 
characteristics are reported in Table 1.

Case 1. A female infant born at 35 weeks’ gestation 
was admitted to the NICU for management of a giant 
omphalocele and pulmonary hypoplasia. She had a 
prolonged hospital course complicated by a severe 
pulmonary hypertensive crisis on day of life (DOL) 
101 requiring reintubation and increased pulmonary 
vasodilatory support. Prior to this, she never required 
continuous opioid or benzodiazepine infusions. She 
was briefly on scheduled morphine 0.05 mg/kg every 
4 hours in her first weeks of life and had not received 
any for several months. During this acute decompensa-
tion, she became critically ill and her sedation goals and 
medication requirements quickly escalated. Despite the 
appropriate titration of medications, adequate sedation 
was not achieved. This compromised her clinical stabil-
ity and worsened her pulmonary hypertensive crisis.

During this time she had been receiving continuous 
IV infusions of midazolam for 63 days (DOL 101–164), 
dexmedetomidine for 62 days (DOL 102–164), and 
opioids for 11 days. Because of poor clinical effect, her 
opioids were rotated from morphine (DOL 154–158) 
to fentanyl (DOL 158–160), and ultimately to hydro-
morphone (DOL 160–164). Given her illness severity, 
sedation requirements, and decreased response to 
opioids and benzodiazepines she was started on multiple 
adjuvant medications and eventually a paralytic. Prior to 
the initiation of propofol, she was receiving midazolam 
0.5 mg/kg/hr, dexmedetomidine 1 mcg/kg/hr, hydromor-
phone 0.2 mg/kg/hr, vecuronium 0.1 mg/kg/hr, metha-
done 0.05 mg/kg IV every 6 hours, and phenobarbital 
4 mg/kg IV every 12 hours for sedation. She also had 
midazolam 0.5 mg/kg, hydromorphone 0.2 mg/kg, 
and ketamine 1 mg/kg IV as needed for sedation. She 
required premedication with these medications prior 
to cares and several additional times throughout the 
day. On DOL 164, propofol was initiated at 50 mcg/kg/
minute and was continued at this dose for 57.6 hours 
(Table 2). This provided the adequate sedation needed 
to achieve clinical stability, perform necessary proce-
dures, and to decrease benzodiazepines and opioids 
with improved clinical effect.

Three hours after the initiation of propofol, mid-
azolam was decreased by 0.1 mg/kg/hr. An hour later 
vecuronium was discontinued and hydromorphone was 
decreased by 0.02 mg/kg/hr. Midazolam and hydromor-
phone were then incrementally decreased as tolerated 
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Table 2. Propofol Washout Description

Case Minimum Infusion 
Rate, mcg/kg/min

Maximum Infusion 
Rate, mcg/kg/min

Average Infusion 
Rate, mcg/kg/min

Total Duration of 
Infusion, hr

1 50 50 50.0 57.6

2* 25 200 96.5 39.6

3 25 175 137.8 65.5

* �The infusion was discontinued at hour 30 and resumed at hour 41. It was discontinued again at approximately hour 52. Total infusion time 
was combined.

Figure 1. Titration of continuous medications hourly during and immediate after the propofol washout. The 
doses of midazolam and hydromorphone were converted from mg/kg/hr to mcg/kg/hr to aid in visualizing all 
medications on 1 graph. Likewise, other opioids (methadone) were converted to hydromorphone equivalent 
doses in mcg/kg/hr and other benzodiazepines (lorazepam) were converted to midazolam equivalent doses in 
mcg/kg/hr.
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(Figure 1a). After a total of 56 hours, when propofol was 
discontinued, the infant was on a midazolam infusion 
at 0.1 mg/kg/hr and hydromorphone infusion at 0.16 
mg/kg/hr (Figure 1a). She remained on methadone and 
dexmedetomidine. The midazolam dose was increased 
to 0.2 mg/kg/hr within 72 hours of propofol discontinua-
tion (Table 3) with adequate symptom control. After the 
propofol washout, there was a 60% decrease in benzo-
diazepines and 20% decrease in opioids (Table 3). Mid-
azolam, hydromorphone, and dexmedetomidine were 
slowly weaned off during a 2-month period. Intermittent 
scheduled phenobarbital was tapered off approximately 
1 month after the propofol washout and methadone was 
slowly tapered during a 4-month period.

During the propofol infusion, to monitor for PRIS, 
serum triglycerides, creatine kinase (CK), and lactic 
acid levels were obtained twice daily. The serum tri-
glyceride concentration was mildly elevated on the 
last day of propofol therapy at 123 mg/dL but rapidly 
decreased to 89 mg/dL the following day. Lactic acid 
and CK remained within normal limits. The infant did not 
experience metabolic acidosis, significant bradycardia, 
or hypotension.

Case 2. A male infant born at 29 weeks’ gestation 
with vertebral anomalies, anorectal malformation, 
cardiovascular anomalies, trachea-esophageal fistula, 
renal and limb anomalies (VACTERL) association, now 
47 weeks corrected gestational age, was transferred 
from an outside hospital for management of severe 
tracheal and bronchial stenosis. Intubation occurred 
at delivery and computed tomography angiography 
revealed right pulmonary hypoplasia, middle and distal 
tracheal stenosis, and a hypoplastic right pulmonary 
artery. He was critically ill with multiple additional 
comorbidities, including a coagulopathy and acute 
kidney injury (Table 1). The infant had received continu-
ous IV infusions of hydromorphone for 91 days (DOL 
33–124), dexmedetomidine for 92 days (DOL 32–124), 
midazolam for 87 days (DOL 37–124), and lorazepam as 
needed for 21 days (DOL 103–124) prior to transfer. On 
arrival, he was receiving dexmedetomidine at 1.5 mcg/
kg/hr, midazolam at 1 mg/kg/hr, and hydromorphone at 
0.2 mg/kg/hr. He was critically ill with cardiorespiratory 
failure and was started on methadone 0.08 mg/kg IV 
every 6 hours and vecuronium at 0.1 mg/kg/hr shortly 
after admission (Table 3).

Five days after transfer (DOL 129), a propofol washout 
was initiated because of a worsening clinical status and 
concerns for paradoxical adverse effects from the high 
dose of midazolam. Propofol was started at 25 mcg/
kg/min and the vecuronium infusion was immediately 
discontinued. The propofol infusion was increased to 
75 mcg/kg/min during a 2-hour period. Afterwards, 
midazolam was incrementally weaned as tolerated until 
it was discontinued 5 hours into the washout (Figure 1b). 
Then propofol was increased and during several hours 
hydromorphone was weaned to 0.05 mg/kg/hr (Figure 1b). Ta
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Subsequently, propofol was weaned by 25 mcg/kg/min 
every 1 to 2 hours until it was discontinued 30 hours 
after initiation. At that time, dexmedetomidine was 
weaned to 1 mcg/kg/hr. The patient was anuric and 
his respiratory and cardiovascular status continued to 
deteriorate. The decision was made to pursue dialysis 
catheter placement and cardiac catheterization for 
patent ductus arteriosus device closure in hopes of 
achieving stability to undergo tracheal and bronchial 
reconstruction. Eleven hours after the discontinuation 
of propofol it was restarted at 25 mcg/kg/min and 
escalated incrementally to 125 mcg/kg/min to achieve 
sedation and stability for the procedure. During the 
procedure, the dose was escalated to 200 mcg/kg/min. 
Afterwards, propofol was weaned by 25 mcg/kg/min 
every 30 minutes until it was discontinued. Around this 
time, he was started on scheduled IV lorazepam 0.25 
mg/kg every 6 hours.

When propofol was discontinued, the infant was on 
hydromorphone 0.05 mg/kg/hr (Figure 1b). Approxi-
mately 12 hours later, he exhibited signs of withdrawal 
and hydromorphone was slowly increased to 0.07 mg/
kg/hr with adequate symptom control and resolution of 
signs of withdrawal (Table 3). After the propofol wash-
out, there was a 92% decrease in benzodiazepines and 
54% decrease in opioids (Table 3). Several days later 
his clinical status deteriorated with increased ascites, 
fluid overload, near complete collapse of his airway, 
worsening mucous plugging, and possible sepsis. 
His multiple comorbidities led to multisystem organ 
failure with worsening respiratory failure, pulmonary 
hypertension, renal failure, metabolic acidosis, and 
new-onset seizures. He had several code events and 
was ultimately placed on extracorporeal membrane 
oxygenation. In the setting of his acute decompensa-
tion and need for extracorporeal membrane oxygen-
ation cannulation, the goal was for him to be deeply 
sedated and paralyzed until recovery from a slide 
tracheoplasty and intertracheal stent placement. His 
medications were eventually escalated to hydromor-
phone 0.1 mg/kg/hr, dexmedetomidine 1.5 mcg/kg/hr, 
vecuronium 0.1 mg/kg/hr, methadone 0.1 mg/kg/dose 
IV every 6 hours, and lorazepam IV 0.25 mg/kg/dose 
every 6 hours. After recovery from surgery he was 
treated for delirium with quetiapine prior to weaning 
his opioids and benzodiazepines.

Laboratory markers for PRIS, including CK, triglyc-
erides, and lactic acid, were monitored every 12 hours 
while on propofol. The triglyceride concentration 
increased from a baseline of 96 to 380 mg/dL during 
propofol infusion. Marked elevation in triglycerides 
was only noted toward the end of the washout and 
propofol was rapidly weaned off as planned. Triglyc-
erides returned to 84 mg/dL within 96 hours after 
discontinuation of therapy. There was no clinically 
significant change in the lactic acid concentrations 
or CK during the propofol infusion. The infant did not 

experience metabolic acidosis, significant bradycardia, 
or hypotension.

Case 3. A former 26 weeks’ gestation female now 
corrected to 32 weeks’ gestation was transferred from 
an outside hospital for management of bacteremia, 
respiratory failure, and necrotizing enterocolitis (Table 1). At 
54 weeks corrected gestational age she was reintu-
bated for a pulmonary hypertensive crisis requiring 
inhaled nitric oxide, inhaled epoprostenol, and IV 
phenylephrine. She continued to receive significant es-
calation in respiratory support, cardiovascular support, 
and sedation medications to achieve clinical stability.

The patient was on a midazolam infusion for 21 days 
(DOL 198-219), dexmedetomidine for 13 days (DOL 
206–219), and opioids for 21 days. During this time her 
opioids were rotated from morphine (DOL 198–205) 
to hydromorphone (DOL 205–219) because of a lack 
of clinical effect. She was also trialed on quetiapine 
DOL 214 because of concerns for delirium. This was 
discontinued on DOL 219 because there was no 
improvement in symptoms. Prior to the initiation of 
propofol on DOL 219, she was receiving midazolam 
0.12 mg/kg/hr, hydromorphone 0.055 mg/kg/hr, and 
dexmedetomidine 1.5 mcg/kg/hr (Table 3). Additionally, 
she was receiving ketamine 1 mg/kg IV every 4 hours 
and gabapentin 5 mg/kg enterally every 8 hours for 
agitation. Scheduled ketamine was discontinued upon 
initiation of the propofol infusion. Propofol was initi-
ated at 25 mcg/kg/min and increased every 15 minutes 
to 100 mcg/kg/hr. A further escalation to 125 mcg/kg/
min was made 3 hours later (Figure 1c). Then, after 
appropriate sedation was achieved, the midazolam 
infusion was weaned by increments of 0.04 mg/kg/hr 
and discontinued approximately 5 hours after initiation 
of propofol (Figure 1c). Once midazolam was discon-
tinued, the hydromorphone infusion was weaned by 
0.005 to 0.01 mg/kg/hr every 1 to 2 hours as tolerated 
to a rate of 0.03 mg/kg/hr (Figure 1c). Twenty hours into 
the propofol washout, propofol was increased to 150 
mcg/kg/min for worsening agitation with decreasing 
pulmonary compliance on the ventilator. The patient 
was started on methadone 0.05 mg/kg IV every 12 
hours in anticipation of the need for long-term opioids. 
The hydromorphone was then incrementally weaned 
until it was discontinued approximately 50 hours 
from initiation of the propofol infusion. At 52 hours, 
propofol was increased to 175 mcg/kg/min for worsen-
ing agitation with decreasing pulmonary compliance 
on the ventilator (Table 2 and Figure 1c). At this time, 
the patient underwent cardiac catheterization with 
recanalization of her occluded left upper pulmonary 
vein. During the procedure, while under general 
anesthesia, propofol was weaned to 40 mcg/kg/min. 
Shortly after completion of the cardiac catheterization, 
approximately 65 hours after the start of the propo-
fol washout, the propofol infusion was discontinued 
(Table 2). At this time, the patient was restarted on 
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midazolam 0.03 mg/kg/hr and hydromorphone 0.005 
mg/kg/hr (Table 3). After the propofol washout, there 
was a 75% decrease in benzodiazepines and 89%  
decrease in opioids (Table 3). Several days after the 
washout, the midazolam infusion was discontinued 
and she was transitioned to scheduled lorazepam 
0.05 mg/kg IV every 6 hours. The hydromorphone 
infusion was weaned off during a 12-day period with 
continuation of scheduled intermittent methadone 
dosing. The dexmedetomidine infusion was continued 
at a rate of 1.5 mcg/kg/hr for another 14 days and then 
was weaned off during a period of 12 days.

Laboratory markers for PRIS, including CK, triglyc-
erides, and lactic acid, were monitored every 12 hours 
while on propofol. The serum creatinine remained 
within normal limits throughout the propofol infusion. 
The triglyceride concentration increased from a base-
line of 210 to 301 mg/dL and returned to 130 mg/dL 
within 12 hours of discontinuation of therapy. The 
lactic acid concentration prior to initiation of propofol 
was 1.5 mmol/L and peaked at 2.96 mmol/L at approxi-
mately 36 hours of therapy. It returned to baseline of 
1.34 mmol/L within 12 hours of discontinuing propofol. 
The infant did not experience metabolic acidosis, sig-
nificant bradycardia, or hypotension.

Discussion
Given that medically complex infants in the NICU 

are increasingly requiring long-term sedation and 
analgesia, providers must be judicious in their use of 
opioids and benzodiazepines. By having analgesia and 
sedation protocols in place, providers can decrease 
the use of these medications, decrease the presence 
of delirium, and improve clinical outcomes.8 When 
opioids or benzodiazepine are rapidly escalated, 
adjuvant medications should be considered. The α2 
adrenergic agonists clonidine and dexmedetomidine 
have analgesic and sedative properties and can be 
considered safe as a primary sedative for mechanically 
ventilated patients.8,9 Gabapentin, an anticonvulsant 
that works on the voltage-dependent calcium channel, 
can be beneficial for neonates with refractory agitation 
or neuroirritability.43–46 Finally, ketamine, a dissociative 
anesthetic, has amnestic, analgesic, and sedative prop-
erties that can be beneficial when other agents have 
failed to provide adequate sedation.8 Although there 
have been concerns for apoptosis in animal models, in 
human models and in the presence of painful stimuli, 
there is a possible protective effect.47–49 These alterna-
tive therapies can safely provide adequate sedation 
with lower opioid and benzodiazepine requirements.

Decreasing opioid and benzodiazepine exposure 
in conjunction with environmental measures may de-
crease the likelihood of a patient developing delirium. 
When high-risk patients are experiencing signs of 
agitation despite escalation of opioids and benzodi-
azepines, delirium should be considered.8 Two of our 

patients were treated with atypical antipsychotics for 
refractory delirium after exposure to high-dose benzo-
diazepines or deep sedation. One was not responsive 
to antipsychotics. Delirium prevention and treatment 
is important because of the associated morbidity and 
mortality.14,16,17 Even with mindful practices and proto-
cols, patients may require high doses of benzodiaz-
epines and opioids, leading to unfavorable adverse 
effects, emergence of delirium, or development of 
tolerance. At times, a prolonged taper of medications, 
environmental measures, α2 agonists, or long-acting 
medications can successfully manage symptoms of 
withdrawal or facilitate medication weaning.10 When 
these measures are unsuccessful or a rapid wean is 
indicated, providers should be knowledgeable about 
options for alternative therapies such as propofol.

Propofol may be beneficial in these circumstances 
because its mechanism of action is different than those 
of these other medications. When tolerance to opioids 
develops, there is a reduction in sensitivity of the mu-
opioid receptor and a downregulation of receptor 
expression. With benzodiazepine tolerance, there is 
uncoupling and downregulation of the γ-aminobutyric 
acid type A receptor. Propofol directly activates the 
γ-aminobutyric acid type A receptor and is an N -
methyl-d-aspartate receptor agonist.20,50 It is thought 
that with a propofol washout, the rapid decrease of 
medications allows for the receptors to upregulate and 
increase their sensitivity. Additionally, the process may 
upregulate the expression of the mu-opioid receptors 
and enhance the activity of the endogenous mu-opioid 
system.10,51–53 This should allow for the rapid wean of 
opioids and benzodiazepines with improved response 
to the medications after propofol is discontinued.

Although this theory of the mechanism of action is 
largely based on animal studies, it is plausible that pro-
pofol may be beneficial in minimizing benzodiazepine 
and opioid withdrawal. As a result, it has been used in 
the adult ICU to provide sedation while decreasing opi-
oid and benzodiazepine requirements.54 With the suc-
cess of propofol sedation washouts in select patients, 
it has been more recently used to aid in detoxification 
for individuals with opioid addiction.51,52,55 In pediatric 
patients, propofol has allowed for the rapid wean of 
opioids and benzodiazepines to aid in extubation.26,38,39 
The goal in these studies was to decrease the medi-
cations by half to allow for a new steady-state serum 
concentration while simultaneously providing sedation 
prior to extubation. There were no significant adverse 
effects from propofol and the children showed no signs 
of withdrawal with the subsequent medication wean. 
Similarly, because of its rapid onset and elimination, 
propofol has been successfully used as a sole agent to 
provide sedation periextubation.39 A novel case report 
of a 16-month-old with cardiac disease demonstrated 
the successful use of a propofol infusion to facilitate 
the rapid wean of high-dose analgesia and sedation 
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medications postoperatively to aid in extubation.26 The 
Society of Critical Care Medicine recently suggested 
the use of short-term propofol in pediatric patients 
as an adjuvant medication periextubation to facilitate 
weaning other analgosedative agents.8

Use of propofol has been limited in infants, largely 
because of concerns for safety, specifically the devel-
opment of PRIS. PRIS is a constellation of symptoms, 
including bradycardia, cardiac failure, rhabdomyolysis, 
metabolic acidosis, liver enlargement, lipemic plasma, 
and kidney failure that can be fatal. It is the result of 
mitochondrial toxicity which leads to a lactic acidosis. 
This can cause profound cardiovascular collapse and 
death.20,29,56,57 PRIS is thought to be dose and duration 
dependent. Although it has been reported that children 
are at higher risk for PRIS, a large retrospective study 
has shown when propofol is used for nonprocedural 
sedation in the pediatric ICU with predetermined guide-
lines for the dose range and duration of use, there were 
no cases of PRIS.36 Furthermore, there have been no 
reported cases in the literature involving infants. It is 
unclear if this is because of the relative paucity of data 
on propofol in infants or if no cases of PRIS have been 
seen. In our case series, there was a transient elevation 
in triglycerides in all cases, but no severe or clinically 
relevant adverse effects or concern for PRIS were seen. 
Despite the rarity of these serious adverse effects, the 
use of propofol in infants is typically limited to intraop-
erative anesthesia or procedural sedation.22,24,25

There is currently no description of the successful use 
of propofol washouts in infants and no standard dosage 
recommendations or protocols. In our series, we de-
scribe 3 complex cases where the initiation of propofol 
therapy allowed for the rapid decrease of opioids and 
benzodiazepines in patients who were previously un-
able to achieve adequate sedation despite higher than 
conventional doses of analgosedative medications. In 
each case, opioids and benzodiazepines were weaned 
with improved clinical response to the medications 
after the discontinuation of propofol. On average, the 
patients remained on a propofol infusion for 54.2 hours 
with an average infusion rate of 96.7 mcg/kg/min. 
The maximum rate, for a transient period of time, was 
200 mcg/kg/min (Table 2). Overall, benzodiazepines 
were weaned by 60% to 92% and opioids were weaned 
by 20% to 89% (Table 3). Two patients were started on 
lower equivalent doses of intermittent medications to 
facilitate continued medication weans. It is important to 
also consider, especially with case 2, that the presence 
of comorbidities and the acute change in clinical status 
likely factored in to the subsequent need to reinitiate 
and escalate continuous sedative and analgesic infu-
sions. Some of the clinical symptoms could be partially 
explained by the emergence of withdrawal symptoms 
after propofol was discontinued. However, with a slight 
increase in medication, withdrawal symptoms resolved 
and the patient continued to deteriorate secondary 

to his underlying pathophysiology. Still, it is important 
to have protocols in place and to monitor patients for 
signs of withdrawal during and after a propofol washout. 
Although rarely reported in the literature, symptoms can 
appear hours or days later and should be treated with 
the same class of medications from which the patient 
is withdrawing.8

Based on institutional experience beyond this case 
series and an extensive literature review, we propose 
a general approach to propofol sedation washouts in 
infants. Treatment should be provided by experienced 
anesthesiologists or intensivists, qualified nurses, and mul-
tidisciplinary teams.29 Prior to initiation, providers should 
be mindful of the glucose infusion rate because propofol 
inhibits fatty acid oxidation. A glucose infusion rate of at 
least 5 to 8 mg/kg/min is typically indicated. Also, because 
propofol contains lipids, 1 mL provides 0.1 g of lipids, and 
the amount of IV lipid emulsion a patient is on may need to 
be decreased to avoid hyperlipidemia or pancreatitis. Al-
though none of our patients developed pancreatitis, they 
all had transient elevations in their triglycerides. Caution 
should be used when patients are on catecholamines or 
glucocorticoids because of the association with PRIS.56,57 
Given the dose-dependent concern for PRIS, propofol 
infusions of greater than 125 mcg/kg/min for more than 65 
hours should be avoided. Doses can be escalated beyond 
that for short periods of time but should not remain there 
for the duration of the washout. Other sources suggest 
avoiding doses higher than 67 mcg/kg/min for more than 
48 hours.8,20,21,26,58 Although these recommendations are 
important considerations, we and another case report 
have found with close monitoring, higher doses and 
longer infusions appear to be safe.26 Always, however, 
the goal should be to use the lowest possible dose of 
propofol for the shortest period of time. A 12-lead elec-
trocardiogram (EKG), blood gas, lactate, electrolytes, CK, 
and triglycerides should be obtained prior to the initiation 
of propofol.8 At the time of initiation of a propofol sedation 
washout, the infant should be monitored continuously 
with frequent blood pressure checks. Lab work should 
be monitored and a physical exam should be performed, 
to evaluate for hepatomegaly every 6 to 12 hours. Any 
abnormalities should be discussed in the context of the 
entire clinical scenario because specific criteria for con-
tinuing or discontinuing therapy may be tailored to each 
patient. See Figure 2 for specific indications for consider-
ing discontinuation of propofol. There are times when it is 
appropriate to continue a propofol washout with certain 
lab abnormalities, but the thresholds outlined at a minimum 
warrant discussion with the care team. Although the specific 
plan will need to be tailored to the patient based on their 
clinical scenario, their analgesia and sedation history, and 
the goal of the washout, a stepwise approach should be 
taken to increase propofol and decrease concomitant 
sedation and analgesia medications. The lowest amount 
of propofol needed should always be used. Propofol 
should be started at 25 mcg/kg/min and titrated 
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in 25 mcg/kg increments every hour until appropriate 
sedation is achieved. Paralytics should be discontinued 
and then benzodiazepines and opioids can be weaned 
every 1 to 2 hours. A general recommendation to the 
stepwise approach based on institutional experience 
is outlined in Figure 2. Pain, agitation, withdrawal, and 
delirium should always be assessed using validated tools 
in addition to clinical judgment.8,59

Our case series has limitations that should be noted. 
This was a single-center, retrospective, observational 
study with a small sample size. As such, meaningful 
inferential statistics could not be performed. Also, the 
timing of and indication for a propofol sedation washout 
was determined based on a combination of subjective 
and objective information.

Overall, our experience indicates that propofol ap-
pears to be a safe and effective treatment option to 
decrease the doses and improve the efficacy of opioids 
and benzodiazepines for infants who develop tolerance 

to them. This treatment may be of benefit to neonates 
who are showing refractory symptoms of agitation, pain, 
or delirium despite escalation of conventional medica-
tions and adjuvant therapies. There is a need for larger, 
prospective studies to further evaluate the efficacy and 
safety of propofol sedation washouts in infants as well 
as to determine if there is a more appropriate protocol 
and dose titration regimen in this patient population.

Article Information
Affiliations. Division of Pharmacy (SD, BH, TH, KD), Cincinnati 
Children’s Hospital Medical Center, Cincinnati, Ohio; Division 
of Neonatology and Pulmonary Biology (DEC), Cincinnati 
Children’s Hospital Medical Center, Cincinnati, Ohio; Division 
of Pain and Palliative Medicine (DEC), Cincinnati Children’s 
Hospital Medical Center, Cincinnati, Ohio; Department of 
Pediatrics (DEC), University of Cincinnati College of Medi-
cine, Cincinnati, Ohio; Department of Anesthesiology (DEC), 
University of Cincinnati College of Medicine, Cincinnati, Ohio.

Figure 2. A general guide to a propofol washout in infants. The specific plan needs to be tailored to each 
patient based on their medication history, clinical course, and response to the washout. These steps give 
general guidance. A specific step-by-step plan should be determined for each patient prior to starting the 
washout.
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