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ABSTRACT
A healthy, 8-year-old girl with a history of hematochezia
underwent an uneventful fiber optic colonoscopy with propofol
anesthesia. During the postoperative recovery period, she
experienced acute-onset muscle rigidity, loss of consciousness,
apnea, hypoxia, and hyperthermia. She was administered
cardiopulmonary resuscitation and was treated with naloxone,
mannitol, and midazolam. She regained consciousness after
14 hours. She underwent cerebral function rehabilitation and
was discharged in 1 month without obvious neurologic seque-
lae. This case illustrates that propofol may affect the developing
brain differently from the adult brain. Propofol-induced sei-
zures can lead to life-threatening status epilepticus in children.
Immediate diagnosis and effective treatment are essential.

INTRODUCTION
In the perioperative period, seizures can occur unexpectedly

with devastating and life-threatening consequences, particu-

larly in children. Seizures may manifest clinically as loss of

consciousness and clonic-tonic motor activity resulting from

abnormal and rhythmic neuronal discharges in the brain.

Numerous factors increase the risk of perioperative seizures,

including preexisting epilepsy; adverse medication reactions;

central nervous system injury or undiagnosed structural

lesions; and low seizure threshold associated with some

infectious diseases, metabolic disorders, hydrocephalus, or

celiac disease. Prolonged seizures that are refractory to

medications constitute status epilepticus, which is considered

a medical emergency.

Propofol (2,6-diisopropylphenol), a γ-aminobutyric-mediated

inhibitor of excitatory neurotransmitters, is commonly used

for induction and maintenance of anesthesia because it takes

effect and wears off quickly and has few adverse effects. It is

also a popular alternative to benzodiazepines for treating

status epilepticus [1]. However, the term propofol-related
seizure-like phenomena (SLP) [2] is used to describe the
generalized myoclonus associated with propofol because
simultaneous electroencephalogram (EEG) recordings of cor-
tical epileptic activity have not been documented. Here, we
report a pediatric case of propofol-induced seizure-like activ-
ity. The patient, the patient’s family, and the local Institutional
Review Board reviewed the case report and gave permission
for the authors to publish the report.

CASE REPORT
An 8-year-old, 35-kg girl underwent fiber optic colonoscopy
for evaluation of hematochezia. She was otherwise healthy
with normal intelligence.

Before anesthesia induction, her heart rate (HR) was 96/min,
spontaneous breathing was 25 times/min, oxygen saturation by
pulse oximetry (SpO2) was 100%, and blood pressure (BP) by
noninvasive cuff was 102/60 mmHg. The patient was anesthe-
tized with 0.5 mg (0.01 mg/kg) midazolam, 20 μg (0.57 μg/kg)
remifentanil, and 70 mg (2 mg/kg) propofol. Oxygen was
delivered by nasal cannula at 1 L/min. An intravenous infusion
of 8 mg·kg�1·h�1 (133 μg kg�1 min�1) propofol was used to
maintain anesthesia. The colonoscopy was uneventful and
lasted 13 minutes. Endoscopic evaluation revealed no anatomic
abnormalities. During the endoscopy, the patient’s vital
signs were stable. After the procedure, the propofol infusion
was stopped. The patient was spontaneously breathing
(20 times/min) and arousable to mildly painful stimulus. Her
HR was 100/min, BP 100/65, and SpO2 98%. After approxi-
mately 10 minutes in the recovery room, the patient developed
peri-oral cyanosis, trismus, guttural vocalizations, limb rigidity,
chest wall stiffness, and trembling. At that time HR was 10/min
and SpO2 was 40%. Chest compressions were performed
immediately, and bag-mask ventilation was initiated with
oxygen at FiO2 100%. The HR rapidly increased to 102/min.
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Because of laryngospasm and chest wall stiffness, bag-mask
ventilation did not result in good chest movement. The peri-oral
cyanosis resolved after 30 seconds of bag-mask ventilation, but
the patient remained apneic. At that time, the vital signs were
HR 105/min, SpO2 90%, and BP 90/50 mmHg.

Because the differential diagnosis for apnea included respir-
atory depression from residual anesthetic, 0.2 mg of naloxone
(5.7 μg/kg) was injected intravenously. Spontaneous ventila-
tion resumed at a rate of 5 times/min. Her pupils were
approximately 2 mm in diameter, equal, round, and reactive to
light. Naloxone 0.2 mg was delivered again, and spontaneous
breathing gradually increased to 15–20 times/min. The
patient was not intubated.

Oxygen was delivered through a nasal catheter. At that time, the
HR was 110/min, SpO2 was 100%, and the patient was
breathing spontaneously at approximately 20 times/min.
Her pupils were reactive to light, equal bilaterally, round, and
approximately 3 mm in diameter. To alleviate potential cereb-
ral edema, 100 mL of mannitol (0.57 g/kg) was delivered
rapidly. The patient coughed under sputum suction stimuli, but
trismus, limb rigidity, and trembling were still observed.

Blood gas analysis revealed that the child did not have
respiratory acidosis and was adequately oxygenated. Fifty
milliliters of 5% NaHCO3was administered intravenously
to treat metabolic acidosis. The patient’s temperature was
38.5°C, making malignant hyperthermia unlikely.

After a second intravenous administration of 50 mL mannitol,
the patient was shivering and grinding her teeth with
increased muscle tension. Pupil diameter was 5 mm with
good light reflex. Although 4 mg midazolam was given to
slightly ease muscle tension, paroxysmal limb muscle rigidity,
opisthotonus, and disturbance of consciousness were still
observed. Because of elevated body temperature, an ice pillow
was used to cool the head, and the main artery was wiped
with alcohol. The patient was taken to the pediatric intensive
care unit (PICU). Blood gas analysis results obtained approxi-
mately 16 minutes after the first analysis showed near-normal
values.

Arriving at the PICU, the patient’s temperature was 36.8°C. Her
breathing rate was 22/min, HR was 83/min, BP was 115/
57 mmHg, and SpO2 was 100%. Pupils were both 4 mm, large
and round, with a sensitive light reflex. Bilateral tonsils showed
grade II enlargement, and the pharynx was congestion-free. The
expiratory phase was extended. Neurologic exam revealed the
following results: knee-jerk, left (3/5), right (3/5); abdominal
reflex was not elicited; Babinski sign, left (+), right (+); Kernig
sign, left (−), right (−); and Brudzinski sign, left (−), right (−).
Muscle tension in the four limbs was elevated, and paroxysmal
muscle tension increased after stimulation. The patient was
stabilized with drug sedation, and the sleep spindle disap-
peared after stimuli. High-amplitude slow-wave background
and δθ mixed activities were seen in the forehead area; no
specific changes in EEG trajectories were observed when the
patient was trembling (Figure 1).

In the PICU, the patient received cold cap therapy; oxygen by
nasal cannula at 2 L/min; continuous infusion of midazolam
(5 μg kg�1 min�1); sulindac (amoxicillin and sulbactam);
repeated doses of mannitol to reduce intracranial pressure to
prevent bradycardia, hypertension, unresponsive/unequal
pupils; nalmefene hydrochloride for awakening [3]; and
deproteinized calf blood serum injection to nourish the brain
cells. Stimulation of the patient was minimized to prevent
further increases in muscle tension. Myocardial enzymes,
coagulation, and liver and kidney function remained within
normal limits.

Two hours after being admitted to the PICU, the patient was
still unconsciousness with elevated muscle tension. Paroxys-
mal limb muscle rigidity occurred with slight stimulation. At
8 hours, the patient was confused, had involuntary limb
activity, and exhibited paroxysmal limb muscle rigidity after
slight stimulation. At 13 hours, the muscle tension and
involuntary limb movements had decreased, and the patient
could make sounds. At 14 hours, consciousness was restored,
but lethargy persisted. The patient could say “pain” when
responding to pain stimulation but was not fluent in verbal
exchanges. During the waking process, vital signs were stable.
Babinski’s sign was left (+), right (+); and blood analysis was
normal. At 20 hours after PICU admission, the patient could
eat with assistance.

The EEG still showed abnormalities after 3 days (Figure 2).
Although background activity had recovered somewhat since
the first EEG, it was still slow in the waking period, and θ
activity was elevated. Brain CT (Figure 3) revealed no obvious
abnormalities.

After 10 days of hyperbaric oxygen therapy, the EEG (Figure 4)
indicated a clear background with θ activity slightly increased
by 5–7 Hz, a significant improvement over the initial EEG
background.

The results of a Wechsler intelligence test suggested that the
patient had a language intelligence quotient (IQ) of 137, a
performance test IQ of 120, and a high total IQ of 135. These
scores indicate that the patient functioned at an age-
appropriate level without cognitive impairment. During the
tests, the patient’s attention span was approximately 10
minutes. Strong mathematic and memory skills and lower
scores on mapping and arranging suggested lower levels of
logical reasoning.

The EEG of the patient normalized after another 10 days, and
the patient was discharged.

DISCUSSION
The doctors in the PICU believed that convulsions in this child
were due to hypoxia. Hypoxia can occur as a result of airway
occlusion, a mucus plug, and anesthesia-induced respiratory
depression or apnea. The fact that the patient’s mouth and
cheeks turned red after pressurized oxygen was applied
confirms this point. However, the anesthesiologists believed
that only hypoxia lasting at least 4 minutes would cause the
serious convulsive state observed in this patient, and hypoxia
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for that long would have resulted in serious brain damage.
Clinically, other cases have been reported in which hypoxia
resulted in muscle rigidity, coma, and eventually a vegetative
state [4]. However, in our case, we think that convulsions led
to hypoxia, which then caused bradycardia.

It is possible that this patient had an unrecognized seizure
disorder prior to anesthesia. The clinical manifestations of this
patient such as trismus, throat noise, and limb rigidity suggest
that she suffered postoperative seizures or SLP. Hypoxia can
induce seizures or lower the seizure threshold [5]. However,
seizure activity was not identified during EEG monitoring
because the patient was given midazolam. In the absence of

EEG-diagnosed seizures, we must consider that the patient’s
neurologic findings may have been secondary to SLP after the
administration of propofol and remifentanil.

Numerous case reports, reviews, and retrospective studies
have described abnormal neuromuscular events, including
opisthotonos, oculogyric crisis, dystonia, myoclonus, chor-
eoathetosis, and seizures, associated with propofol adminis-
tration [6]. SLP have been reported in neonates [7], adults [8],
and the elderly [6, 9], sometimes within hours of propofol use
and as long as 5 days after its administration. SLP tend to
occur during changes in propofol blood levels, or more
precisely, during changes in propofol levels in brain tissue.

(a) (b)

(c) (d)

(e)

Figure 1. Representative EEG segments of the child immediately after she was transferred into the intensive care unit. A, Coma.

B, Stimulation. C, Coma with sedative. D, Sleeping. E, Trembling.
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SLP have been observed in patients with and without a history

of epilepsy or seizures and do not always respond to

benzodiazepines [10]. Consequently, propofol-induced SLP is

highly complex.

The debate is ongoing regarding whether propofol exhibits

pro- or anticonvulsant effects [11], and whether it should be

used in patients with epilepsy [12, 13]. Prudence suggests that

patients who experience SLP should not be given propofol

(a) (b)

Figure 2. Representative EEG segments of the child 3 days after the procedure. A, Awake with closed eyes. B, Awake and moving.

Figure 3. Brain CT of the child after recovery.
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again. Zubair et al. [14] proposed that SLP associated with
propofol withdrawal may not be ictal in nature and should not
lead to unnecessary resumption of propofol infusion without
documentation of an epileptic origin by EEG.

Remifentanil, an opioid with a unique pharmacokinetic profile,
has been used with propofol in electroconvulsive therapy
[15, 16]. Blair et al. [17] described a 4-year-old child who
developed epilepsy after being treated with remifentanil. The
mechanism of action is unclear, but it may be related to the
excitement of the epileptic focus. Combining propofol use with
midazolam or reducing the amount of remifentanil can
prevent the occurrence of epilepsy.

In conclusion, anesthesia-induced SLP cannot be avoided.
Immediate diagnosis, rapid termination of seizures, improving
imbalances of the physiologic environment, and protecting the
brain are effective ways to help promote quick recovery.
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