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Abstract

Background: Seizure-like phenomena (SLPs) associated with propofol have been reported in several publications. The mechanisms
underlying these phenomena remain incompletely understood. Some studies suggest that rapid fluctuations in propofol concentration
within the brain may contribute to the occurrence of SLPs. Therefore, theoretically, target-controlled infusion (TCI) of propofol, which
facilitates the achievement and maintenance of more stable drug concentrations compared to bolus injection or manual infusion, could
mitigate the risk of SLP occurrences. However, data regarding SLPs during propofol administration via TCI are limited.

Case: This case describes a 45-year-old female patient with no history of epilepsy or neurological disorders who developed generalized
tonic-clonic seizures immediately following the discontinuation of propofol TCI using the Schnider pharmacokinetic model for sedation
during gastroscopy and colonoscopy. These seizures recurred after the first two intravenous doses of midazolam; however, after the third
seizure was treated with intravenous diazepam, the patient experienced no further seizures.

Conclusion: In addition to further strengthening the evidence regarding rare neurological events associated with propofol, this case
suggests that propofol administration via TCI based on the Schnider model may not completely eliminate the risk of drug-induced
seizures; thus, anesthesiologists should remain vigilant. Furthermore, the sequential administration of midazolam and diazepam may

represent a suitable option for seizure control.
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Introduction

Propofol (2,6-di-isoprophylphenol) is an intravenous an-
esthetic commonly used for anesthesia and sedation in pa-
tients undergoing surgical procedures, including gastroin-
testinal endoscopy, due to its rapid induction, swift recov-
ery, and favorable quality of recovery (1, 2). Additionally,
owing to its anticonvulsant properties, propofol is em-
ployed in the treatment of drug-resistant status epilepticus
(3). However, it has been associated with rare paradoxical
excitatory reactions, such as generalized tonic-clonic
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seizures, focal motor seizures, hypertonia with convulsions
and rhythmic movements, back rigidity, and involuntary
movements, collectively termed propofol-related seizure-
like phenomena (SLPs) (2, 4). The mechanisms underlying
these phenomena remain incompletely understood. Several
case reports and systematic reviews suggest that rapid fluc-
tuations in propofol concentrations in the brain, particularly
during onset or recovery, may contribute to the occurrence
of SLPs (4-6). Therefore, theoretically, targeted controlled

Key Messages:

1What is “already known” in this topic:

Seizure-like phenomena (SLPs) associated with propofol are rare adverse
neurological events, reported most frequently during periods of rapid
changes in propofol concentration, particularly during induction or
emergence after anesthesia or sedation.

— What this article adds:

This case describes recurrent generalized tonic—clonic seizures occurring
three times during emergence from propofol target-controlled infusion
(TCI) for gastrointestinal endoscopy. Although TCI is designed to provide
stable propofol concentrations, these phenomena still occurred,
suggesting that propofol administration via TCI may not completely
eliminate the risk of drug-induced seizures, or that other factors may have
contributed to these events.
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infusion (TCI) of propofol, which facilitates the achieve-
ment and maintenance of more stable drug concentrations
compared to bolus injection or manual infusion, could mit-
igate the risk of SLPs. However, data on the occurrence of
SLPs during propofol administration via TCI are limited.
This case report aims to describe the recurrence of general-
ized tonic-clonic seizures during emergence from propofol
TCI, based on the Schnider pharmacokinetic model, in a
patient undergoing gastroscopy and colonoscopy. Although
TCl is designed to maintain stable propofol concentrations,
this phenomenon can still manifest. In addition to empha-
sizing that the use of TCI may not entirely eliminate the risk
of propofol-related SLPs, this report also seeks to enhance
anesthesiologists' awareness of this rare neurological event
in clinical practice.

Case Presentation

A 45-year-old female patient (height 1.6 m; weight 55
kg), with a history of left thyroidectomy for cancer four
years prior and no history of epilepsy or other comorbidi-
ties, was prepared for routine gastroscopy and colonoscopy.
Routine monitoring during the procedure included respira-
tory rate, end-tidal carbon dioxide, peripheral capillary ox-
ygen saturation, heart rate, and automatic blood pressure.
In the endoscopy room, the patient received supplemental
oxygen via nasal cannula at a flow rate of 5 L/min before
sedation and was subsequently sedated with intravenous
fentanyl 0.05 mg and lidocaine 40 mg, followed by TCI of
propofol using the Schnider model at an effect-site concen-
tration (Ce) of 1.5 pg ml-1, increasing by 0.5 pg ml-1 every
two minutes until the patient was unconscious. Throughout
the approximately 30-minute procedure, the patient was se-
dated with propofol TCI at a Ce of 1.5 — 4.0 ug ml-1, while
respiratory and circulatory parameters remained stable;
heart rate and blood pressure decreased but did not exceed

a 20% reduction from baseline values, and no complica-
tions were observed. At the end of the procedure, the pa-
tient remained sedated with a Ce of 1.5 pg ml-1 and exhib-
ited no abnormal movements. However, immediately after
discontinuing propofol (total propofol dose administered =
330 mg), the patient suddenly developed a generalized
tonic—clonic seizure characterized by diffuse tonic postur-
ing followed by symmetric clonic movements of all ex-
tremities, associated with neck and truncal muscle rigidity,
lasting approximately 3 minutes. Vital signs remained sta-
ble. The seizure ceased only with the emergency intrave-
nous administration of 2 mg midazolam, and the patient re-
mained asleep. Approximately 10 minutes later, a second
generalized tonic—clonic seizure occurred, necessitating an
additional 2 mg midazolam administered intravenously
while awaiting diazepam. This seizure was also controlled
following the second administration. However, approxi-
mately 10 minutes thereafter, a third seizure occurred, for
which the patient was treated with 5 mg diazepam intrave-
nously. Subsequently, the patient maintained deeper sleep,
and the seizures were completely controlled. The patient
underwent tests, including complete blood cell count, blood
gas analysis, blood glucose, electrolytes, liver and kidney
function tests, thyroid hormone levels, and ECG; none of
these tests revealed any abnormalities. Approximately 60
minutes later, the patient regained consciousness. The pa-
tient was examined by a neurologist and underwent mag-
netic resonance imaging (MRI) and electroencephalog-
raphy (EEG). The cranial MRI did not reveal any structural
damage or acute intracranial abnormalities (Figure 1). The
EEG did not record paroxysmal activity or epileptic-like
abnormalities. The patient was monitored until the next
day, with no recurrence of seizures, and was discharged in
stable condition without requiring further medication.

Figure 1. Post-seizure brain magnetic resonance imaging (MRI). (a) Axial T2-FLAIR image and (b)
sagittal TI-FLAIR image showing no structural abnormalities or acute intracranial lesions
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Discussion

Since its introduction in 1986, propofol has increasingly
been utilized for anesthesia and sedation in patients, includ-
ing those with and without epilepsy, due to its favorable
safety profile and anticonvulsant properties (2, 7). For the
sedation of patients undergoing gastrointestinal endoscopy,
propofol can be administered intravenously via bolus injec-
tion, manual infusion pump, or target-controlled infusion
(TCI). Among these techniques, TCI employs the Marsh or
Schnider pharmacokinetic models to calculate and adjust
the infusion rate, enabling more precise control of the target
plasma or effect-site concentration of propofol. However,
this system may not reliably estimate effect-site concentra-
tions in certain patient groups, such as those with altered
physiology or genetic polymorphisms (8, 9). A retrospec-
tive observational study in the US analyzed 38,575 gastro-
intestinal endoscopy procedures using propofol and rec-
orded only one case of seizure-like phenomenon (SLP)
(10). According to a systematic review by Walder et al,,
propofol-related SLPs can occur in patients with or without
epilepsy, most frequently during periods of rapid changes
in drug concentration in the brain (induction or emergence,
with 34% and 40%, respectively), and generalized tonic-
clonic seizures are the most common clinical manifestation
of SLPs (43%). Furthermore, the authors emphasize that
the hypothesis regarding changes in propofol concentration
in the brain as a cause of SLPs requires higher-quality data
for confirmation (4). Our case report aligns with the find-
ings of the systematic review by Walder et al. Our patient,
who had no history of epilepsy, experienced generalized
tonic-clonic seizures immediately after the discontinuation
of propofol TCI sedation for gastroscopy and colonoscopy.
This is the most common clinical manifestation of
propofol-related SLPs and occurred during its most fre-
quent phase (during emergence). Other propofol-related
SLPs, such as myoclonus and dystonia, are also considered
in the differential diagnosis. However, in this case, the sei-
zure presented with diffuse tonic posturing followed by
symmetric clonic movements of all extremities, associated
with neck and truncal muscle rigidity, which is consistent
with generalized tonic-clonic seizures.

Propofol acts by enhancing the effects of the inhibitory
neurotransmitter gamma-aminobutyric acid (GABA) at the
GABA-A receptor (7). During emergence, as propofol con-
centrations in the brain rapidly decrease, different neuronal
cell populations recover at varying rates, potentially creat-
ing a temporary imbalance in network inhibition, which
may manifest as SLPs (11). In the patient discussed in our
report, propofol was administered via TCI using the
Schnider model to maintain stable propofol concentrations;
however, SLPs were not prevented. This observation is in-
sufficient to confirm causality or evaluate the effectiveness
of TCI based on the Schnider model, but it suggests that
this model may not entirely eliminate the risk of propofol-
related seizures. Furthermore, other factors may have con-
tributed to these rare adverse events. Genetic susceptibility,
including gene variants associated with neurotransmitter
receptors, ion channels, or propofol metabolism, may influ-
ence altered neurological responses and increase the risk of
SLPs (6).
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In addition to propofol, several other potential causes of
seizures were considered in our patient, including respira-
tory or metabolic disturbances, acute central nervous sys-
tem injury, new-onset epilepsy, neurological complications
related to the patient's prior history of thyroid carcinoma,
lidocaine neurotoxicity, and fentanyl-related seizures (12-
14). However, the patient in this report did not experience
respiratory failure or hypoxia; arterial blood gases, blood
glucose, and serum electrolytes were all within normal lim-
its, making respiratory or metabolic causes less likely. Neu-
rological examination revealed no focal neurological signs,
and cranial MRI showed no evidence of structural damage
to the central nervous system, such as cerebral hemorrhage,
cerebral infarction, or brain tumor. New-onset epilepsy was
also deemed unlikely because the patient had no history of
epilepsy, cranial MRI revealed no structural abnormalities,
EEG did not record paroxysmal activity or epileptic-like
abnormalities, and there were no recurrent seizures aside
from the three that occurred immediately after the discon-
tinuation of propofol. Furthermore, the timing of seizure
onset was closely related to the emergence phase following
sedation. Although the patient had a history of surgically
treated thyroid cancer, there was no evidence to suggest
that this history was related to the current seizures. Specif-
ically, normal serum calcium levels did not indicate post-
operative hypoparathyroidism, and cranial MRI did not de-
tect brain metastases. Finally, despite some rare reports in
the literature of seizures or seizure-like phenomena associ-
ated with fentanyl and lidocaine, the likelihood of these two
drugs being the primary cause in this case was assessed as
low. Fentanyl was administered as a single intravenous
dose of 50 pg, and lidocaine at a dose of 40 mg before in-
duction, with no immediate neurological manifestations or
clinical features suggestive of opioid-induced muscle rigid-
ity or lidocaine systemic toxicity. In contrast, all three sei-
zures occurred during emergence, immediately after the
discontinuation of the propofol infusion. Therefore, while
the role of fentanyl, lidocaine, or other individual factors
cannot be completely ruled out, the strong temporal associ-
ation between the discontinuation of propofol infusion and
the occurrence of three consecutive seizures makes
propofol the most likely contributing factor in this case.

Similar to propofol, benzodiazepines such as midazolam
and diazepam also act on GABA-A receptors, increasing
the inhibitory activity of the central nervous system (7, 15).
The observation that seizures responded to midazolam and
were controlled after the addition of diazepam suggests that
enhanced GABAergic transmission may help inhibit sei-
zure activity. Midazolam primarily facilitates rapid seizure
cessation but has a short duration of action, thereby carry-
ing a risk of recurrence, whereas diazepam, with its longer
pharmacokinetic profile, offers improved seizure control.
The sequential use of midazolam and diazepam may be ap-
propriate in certain clinical situations to achieve both rapid
seizure cessation and sustained seizure control.

One limitation of this report is the absence of pharmaco-
kinetic-pharmacodynamic analysis or simulation of
propofol concentrations at the site of action during sedation
and recovery. Consequently, while the temporal association
between the discontinuation of propofol infusion and the
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onset of seizures is noteworthy, the precise mechanism un-
derlying this phenomenon remains undetermined. Further
studies involving larger patient populations are necessary
to elucidate the mechanism of this phenomenon.

Conclusion

This case further strengthens the evidence regarding rare
neurological events associated with propofol and suggests
that propofol administration via TCI using Schnider phar-
macokinetic models may not completely eliminate the risk
of drug-induced seizures; therefore, anesthesiologists
should take note. Furthermore, the sequential administra-
tion of midazolam and diazepam may be an appropriate op-
tion for seizure control.
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