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Abstract

Background Propofol infusion syndrome (PRIS) is a rare

but serious complication of propofol administration con-

sisting of metabolic disorder with acidosis, often leading to

fatal cardiovascular collapse.

Methods A case of PRIS is described in a 17-year-old

female with refractory status epilepticus (RSE) who was

receiving high-dose propofol for seizure control and

sedation.

Results Metabolic syndrome was observed with renal

failure, severe metabolic acidosis, and rhabdomyolysis

after 58 h of propofol infusion at a maximum dose of

8.8 mg/kg/h. It was not initially associated with circulatory

failure. Propofol was stopped immediately, and brief bra-

dycardia was observed. The patient was started on

continuous hemofiltration resulting in correction of the

metabolic disorder. However, cardiocirculatory failure

occurred a few hours later. Her clinical evolution and

biological assessments were typical of PRIS. Extracorpo-

real membrane oxygenation (ECMO) was initiated despite

the presence of cardiocirculatory arrest. Cardiocirculatory

function improved rapidly, and the patient was weaned off

ECMO after 5 days. No severe neurologic effects were

observed, and she left the intensive care unit after 36 days,

returning home after 2 months.

Conclusions Careful consideration should be given

before prescribing propofol as first-line therapy for RSE,

and this drug should be avoided altogether if high doses are

required. Close biochemical monitoring is needed if pro-

pofol is used for more than a few hours, so that PRIS can

be recognized promptly. Immediate discontinuation of

propofol is essential, and early hemofiltration should be

initiated. ECMO should be considered in cases of cardio-

circulatory failure.

Keywords Status epilepticus � Propofol �
Propofol infusion syndrome � Metabolic acidosis �
Rhabdomyolysis � Extracorporeal membrane oxygenation

Introduction

Propofol (2,6-diisopropylphenol) is used increasingly for

the treatment of refractory status epilepticus (RSE) in
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adults due to its short half-life [1–4]. However, its use is

limited by a rare complication known as propofol infusion

syndrome (PRIS). Initially described in children, numerous

cases have now been reported in adults, notably during the

sedation of brain injured patients. This severe syndrome is

associated with varying degrees of metabolic abnormality

(metabolic acidosis, lactacidemia, hyperlipemia, rhabdo-

myolysis, and acute anuretic renal insufficiency) and

cardiovascular failure with ventricular dysfunction, which

is often fatal [5]. The pathogenesis of this syndrome is still

unclear [6].

We describe a case of PRIS occurring during the care of

a patient with RSE. This case shows that propofol can be

used effectively to manage RSE, but also highlights the

care required when using high doses of this drug for pro-

longed periods of time. It also highlights the aggressive

approach required to treat PRIS.

Case Report

This case did not meet the criteria for research, and formal

review was waived by the University Hospital Scientific

Research Board in Nantes.

A previously healthy 17-year-old girl, weighing 51 kg

and without any significant medical history, presented with

signs of viral disease. She was still febrile 48 h later, and

was also confused. She suffered three generalized tonic-

clonic epileptic seizures (GTCS), without recovery of

consciousness between them. During this prehospital

phase, diazepam (10 mg) was administered followed by

500 mg of phenobarbital. The GTCS stopped, but there

was no return to normal consciousness, and she remained

with a Glasgow Coma Score (GCS) of 3. She did not have

circulatory failure at this stage.

The patient was transferred to the emergency room with

a GCS = 3 and normal reactive pupils. Her temperature

was 37.6�C, and blood pressure was normal. Slight pete-

chial hemorrhaging was noticed on the face, hands, and

right knee (probably due to respiratory and circulatory

phenomena during seizures similar to those observed dur-

ing the Valsalva maneuver). Antibiotic therapy with

ceftriaxone was initiated because of suspected bacterial

meningitis.

Her blood biochemistry, reported in Table 1 (H-5),

showed mild renal failure (creatinine 1.4 mg/dL) with

dehydration. Her electrocardiogram (ECG) (Fig. 1) and

chest X-ray were normal. No toxicology screening was

performed. Because of persistent coma, the patient was

intubated using etomidate and suxamethonium, ventilated,

and transferred to the medical intensive care unit (MICU)

where she was sedated with continuous infusion of

midazolam (10 mg/h) and fentanyl.

Brain computed tomography (with intravenous contrast)

was normal. Analysis of cerebrospinal fluid (CSF) showed

raised protein (1.24 g/L), three leukocytes/mL, and no

bacteria. A diagnosis of aseptic meningoencephalitis was

suspected. Neurologic examination showed a GCS = 5,

paroxysmic right horizonto-rotational rhythmic nystagmic

eye movements, and some axial tonic contractions.

Continuous electroencephalographic (EEG) monitoring

showed a partial epileptic focus localized in the left

occipital lobe. Under continuous EEG monitoring, sedation

and anti-convulsants were adjusted to midazolam (20 mg/

h) and propofol (Fresenius�) to prevent EEG evidence of

seizure activity (H0). Propofol was chosen, so that it could

be titrated for later rapid awakening. During the first 4 h,

four boluses of 100 mg propofol and a progressive increase

to 400 mg/h (7.8 mg/kg/h) were required to obtain burst-

suppression on the EEG, without seizure activity into the

bursts.

The increase in sedation led to arterial hypotension

requiring fluid challenge and infusion of norepinephrine

(0.3 lg/kg/min). Urine output was maintained during these

first hours of care. Echocardiography was normal, without

any changes in left ventricular function. Blood testing on

admission (H0) to the MICU showed some minor changes

(Table 1), including slightly altered renal function, ele-

vated aspartate aminotransferase (AST; 38.3 U/L), and

serum lactate of 2.9 mmol/L. Respiratory alkalosis after

2 h of artificial ventilation (pH 7.51) led to adjustment of

the ventilator settings.

Empiric antibiotic treatment consisting of ceftriaxone

(6 g/day), rifampicin (1,200 mg/day), and acyclovir (15 mg/kg,

three times/day) was initiated while awaiting the CSF results.

Brain magnetic resonance imaging was performed at

H18 and was considered normal. A second CSF analysis at

H48 was unchanged (protein 1.29 g/L, three leukocytes/

mL, no bacteria, and negative culture).

A full infection screen with bacteriologic, parasitologic,

and viral assessments (Lyme disease, toxoplasmosis,

Mycoplasma, Epstein Barr virus, cytomegalovirus, herpes

simplex virus, varicella zoster virus, human herpes virus 6,

human immunodeficiency virus, respiratory syncytial virus,

enterovirus, adenovirus, parainfluenza, influenza A or B,

B19 parvovirus) was negative. All antibiotic and antiviral

treatments were discontinued.

After administering propofol for 12 h at 400 mg/h,

continuous EEG revealed critical paroxysmic activity in

the left posterior regions requiring an increase in propofol

dose to 450 mg/h (8.8 mg/kg/h) from H12 to H32. Oral

carbamazepine (200 mg/day) was started, and the propofol

dose was reduced progressively in view of the EEG

improvement [to 400 mg/h (7.8 mg/kg/h) from H32 to

H39; to 350 mg/h (6.8 mg/kg/h) from H39 to H56; and to

300 mg/h (5.8 mg/kg/h) from H56] (Fig. 2).
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There was a slight worsening of renal function (urea

8.1 mg/L and creatinine 1.7 mg/dL) at H34, despite good

urine output. This deterioration was attributed to fluid

restriction (to prevent cerebral edema) and high-dose acy-

clovir (which was then decreased).

The patient became anuric at H58, with major worsen-

ing of her biological parameters and severe metabolic

acidosis (pH 7.24, PaCO2 29 mmHg, and bicarbonate

12.2 mmol/L). Lactates were 7.2 mmol/L. Her renal failure

worsened (potassium 5 mmol/L, urea 13.7 mg/dL, and

creatinine 2.3 mg/dL), and rhabdomyolysis was detected

[myoglobin >30,000 lg/L, creatine phosphokinase (CPK)

168,000 U/L, AST 1,577 U/L, and alanine transaminase

245 U/L]. No prior myoglobin or CPK levels were avail-

able. The rhabdomyolysis was associated with inflamma-

tory lower limb edema. Abdominal and hepatic ultrasounds

were normal, and there were no signs of infection. The

metabolic syndrome was isolated, and there were no signs

of hemodynamic failure at this stage.

The PRIS was suspected, and propofol was stopped

immediately. All potentially hepatotoxic drugs including

paracetamol were discontinued. Propofol was replaced

with thiopental (1 g/day), and carbamazepine was replaced

with levatiracetam (250 mg/day).

A short episode of bradycardia (20 s) to about 30 beats/

min was observed at H60, with prolonged QRS associated

with transient hypotension. This was treated with 20 mL of

10% calcium gluconate and 250 mL of 8.4% bicarbonates.

An ECG recorded a few minutes later showed normal QRS

with sinus rhythm (Fig. 1). Cardiac rhythm and hemody-

namic status returned to normal. Cardiac ultrasound carried

out at this time revealed a normal ejection fraction.

To correct the metabolic disorder, and as the patient was

anuric with a potassium level of 5.3 mmol/L and creatinine

of 2.7 mg/dL, continuous veno-venous hemofiltration was

initiated. In spite of the progressive correction of lactic

acidosis (pH 7.36, lactates 7.5 mmol/L to H65; pH 7.41,

lactates 5.2 mmol/L to H72; and pH 7.43, lactates

4.5 mmol/L to H74), cytolysis and hemodynamic status

worsened. Troponin was increased, but the response was

difficult to interpret because of acute renal failure. After

H72, the QRS waves gradually widened (Fig. 1) in a

refractory way despite the administration of calcium

gluconate, bicarbonate, and molar lactate infusions. Left

ventricular function measured by trans-thoracic echocar-

diography gradually decreased from H78.

After multidisciplinary discussions, it was decided to

urgently implement rescue circulatory bypass with arterio-

venous extracorporeal membrane oxygenation (ECMO).

The patient was transferred to the cardiovascular surgery

Fig. 2 Changes in propofol infusion rate related to blood pH, lactate,

and creatinine levels. ICU intensive care unit, ECMO extracorporeal

membrane oxygenation

Fig. 1 Serial ECG evolution of precordial V3 lead. H hour, ECMO
extracorporeal membrane oxygenation

142 Neurocrit Care (2011) 15:139–145
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ICU. Management on admission was complicated by

cardiocirculatory arrest with refractory ventricular fibril-

lation which required external cardiac massage for 30 min,

at the same time as femoral access for implementation of

femoro-femoral arterio-venous cardiopulmonary bypass. A

reperfusion catheter was also inserted into the femoral

artery. Unfractionated heparin was used for anticoagulation

with target anti-Xa activity in the range of 0.15–0.25 units.

Once ECMO had been started, her improvement was

immediate and impressive. Just after ECMO initiation,

epinephrine (which replaced norepinephrine) was infused

at a rate of 2.7 lg/kg/min, and was then quickly decreased

and stopped 24 h later. ECMO flow was maintained at

3.5 L/min for 48 h, with near absence of native cardiac

function. The patient was closely monitored using ECMO

flow sensors and echocardiography. Progressive improve-

ment of left ventricular function and correction of rhythmic

conduction disorders allowed discontinuation of ECMO

5 days later, and the metabolic disturbance normalized.

Her remaining hospital stay was relatively uneventful:

awakening allowed extubation 18 days after cardiocircu-

latory arrest, and renal dialysis was stopped on D26. The

patient left the ICU on D36, and returned home at

2 months. Her neurologic course was satisfactory with a

restored neuropsychologic state. At 3 months, she had

returned to a normal life except for a mild left foot drop.

Neurologic examinations were normal at 2-year follow-up.

Acylcarnitine levels, ammonemia, and urinary amino acid

chromatography were normal, and there was no evidence

of a defect in beta-oxidation or urea cycles, ruling out any

associated mitochondriopathy or muscular enzymopathy.

Discussion

This report describes a case of PRIS complicating the care

of a young woman with RSE. The clinical presentation with

metabolic acidosis followed by cardiocirculatory failure

was typical of PRIS [5]. Indeed, despite the possibility

of a viral infection, a diagnosis of myocarditis was unlikely

as metabolic decompensation (acidosis and anuria) had

clearly preceded hemodynamic failure, as shown by several

echocardiographs. The case cannot be explained by rhab-

domyolysis alone, even though GTCS can provoke some

degree of muscle damage. Blood CPK and myoglobin levels

on admission were not available, but lactates were just

above the normal range, and the patient only presented with

three general seizures before admission, without recurrence.

The patient’s metabolic syndrome and the severe clinical

signs of rhabdomyolysis were delayed for several hours

after admission. Moreover, the metabolic disorder was

corrected by hemodialysis and cannot therefore explain the

hemodynamic failure. Furthermore, this case is unlikely to

be due to acyclovir toxicity which usually results in renal

failure and neurotoxicity and not hemodynamic failure.

Propofol is used increasingly for the treatment of status

epilepticus due to its short half-life and ease of use [3, 4].

It was chosen for our patient because it offered the possi-

bility of rapid neurologic assessment after discontinuation

in the context of possible encephalitis. Although this syn-

drome has been described during sedation for brain injury,

there are few reports of patients developing severe meta-

bolic acidosis and rhabdomyolysis during the treatment of

RSE with propofol [7–9]. Cases may be becoming more

common as the use of propofol is increasing for this indi-

cation, although only a minority of cases are recognized or

reported [5]. Initially described in children, PRIS also

affects adults irrespective of the indication for propofol

(including RSE).

Although the risk is greater with higher doses of pro-

pofol, notably >5 mg/kg/h for more than 48 h [10, 11],

this dose cannot be considered to be safe as PRIS has also

been described with lower doses for a much shorter dura-

tion [12–16].

It has also been suggested that newer formulations of

propofol are more likely to cause PRIS [17] although we

are unable to incriminate the formulation used in our

patient, namely propofol Fresenius�. This formulation is

very similar to Diprivan� (Astrazeneca), and PRIS has

been described with different brands and formulations of

propofol.

Careful monitoring of clinical and laboratory parameters

is vital in critically ill neurologic patients treated with

propofol. However, exactly which parameter is appropriate

and necessary to monitor remains unclear. Renal failure,

rhabdomyolysis [18], and lactic acidosis [13, 16, 19] are

early and common signs of PRIS. In our patient, the

deterioration of renal function seen at H38 should have

been considered an early sign of PRIS rather than a com-

plication of acyclovir and dehydration. These biological

parameters have previously been identified as independent

predictive factors of severity and mortality in PRIS [5]. It

therefore seems justified to regularly and repeatedly mon-

itor these biological parameters (pH, bicarbonate, CPK,

myoglobin, and troponin associated with lipidemia) during

the administration of propofol for more than a few hours

[6, 13, 20, 21].

Monitoring should also focus on possible electrocardio-

graphic abnormalities. An ECG appearance of right bundle

branch block with convex-curved (‘‘coved type’’) ST ele-

vation in right precordial leads (V1–V3) is often the first

indication of electric instability and high risk of sudden

death. In our case, early abnormalities were seen with short-

lived bradycardia and progressive QRS complex widening.

The role of propofol in the development of arrhythmias

remains unclear. The main mechanisms suggested include
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impairment of oxidative phosphorylation, energy produc-

tion, and mitochondrial respiration. Propofol also seems to

have a direct effect on ventricular function [22–25].

Successful management of PRIS relies on the prompt

recognition of this syndrome. Propofol infusion should be

discontinued immediately, and aggressive support imple-

mented. Renal support such as continuous hemofiltration is

beneficial to remove propofol metabolites and correct

metabolic abnormalities such as acidosis [9, 26, 27]. This

treatment is sometimes adequate alone and may prevent

death in some cases. In our case, early initiation of

hemofiltration did not prevent delayed cardiovascular

complications despite partial correction of the severe

metabolic abnormalities. This scenario has also been

described previously [20].

In the case of severe cardiovascular failure and shock,

refractory to vasopressive agents, aggressive treatment

with extracorporeal life support (ECLS) such as ECMO

should be considered, as used in our patient. Only two

cases of ECMO use in PRIS have been published; both

described the successful use of ECMO in children as a last-

ditch attempt to save life [28, 29]. Placement on ECLS

allows time for cardiac recovery, which seems to occur

quickly within a few days. An increase in number of

mobile circulatory assistance devices would facilitate the

care of this type of patient and would avoid the need to

transport these extremely unstable patients to hospital at

the risk of further destabilization [30].

In conclusion, care must be taken when administering

propofol to patients with RSE [31]. Current recommenda-

tions should be respected, particularly concerning the

maximum dose administered during prolonged continuous

infusion (4 mg/kg/h). This case of severe PRIS highlights

the need for strict biological monitoring during prolonged

propofol therapy. In the case of circulatory failure associ-

ated with PRIS, invasive and aggressive care with ECMO

should be considered.
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