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SUMMARY
We describe the case of a 42-year-old man undergoing 
elective embolisation of an arteriovenous malformation 
at the level of the right posterior cerebral artery under 
propofol anaesthesia. We used the SedLine Brain 
Function Monitor (Masimo) to titrate the anaesthetic 
depth with propofol. At the end of the procedure, the 
patient aroused from anaesthesia very rapidly after the 
reversal of deep neuromuscular block with sugammadex, 
despite still significant calculated doses of propofol at 
the effect site. This rapid arousal was monitored using 
the SedLine Brain Function Monitor.

BACKGROUND
Monitoring of anaesthetic depth during the surgery 
and other interventions, such as neuroradiological 
procedures allows adapting anaesthetic doses, in 
order to maintain haemodynamic stability, decrease 
anaesthetic related morbidity such as cognitive 
dysfunction and to target rapid awakening in 
often fragile and polymorbid patients.1 2 A further 
important aim of monitoring depth of anaesthesia 
is to avoid awareness. The majority of cases of 
awareness during general anaesthesia occur when 
neuromuscular blocking agents are used (1: 8200 
with neuromuscular blocking agents vs 1: 135 900 
without).3

CASE PRESENTATION
We describe the case of a 42-year-old man (75 kg, 
177 cm), American Society of Anesthesiologists 
(ASA) II for smoking (20 pack-years) as the only 
history. He presented to the emergency department 
due to headache and one episode of vomiting. 
Headache initially was relieved by simple analgesia 
which subsequently became resistant to therapy. CT 
angiography demonstrated right intraventricular 
haemorrhage without a clear source of bleeding. 
MRI found a stable right thalamic haematoma 
probably originating from a leaking arterial-venous 
malformation. A cerebral arteriography performed 
the next day concluded that the haematoma prob-
ably originated from a branch of the right posterior 
cerebral artery. The neurologically asymptomatic 
patient was scheduled for an elective embolisation 
of the arterial-venous malformation under general 
anaesthesia 1 week later. The patient was fasted for 
at least 6 hours before anaesthesia and received no 
premedication. Standard monitoring included a 

Figure 1  The RD SedLine EEG Sensor installed on the 
patient’s forehead. EEG, electroencephalogram.

Figure 2  The RD SedLine EEG sensor not visible 
on the anterior-posterior X-ray of the skull. EEG, 
electroencephalogram.
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three‐lead ECG, non‐invasive blood pressure, end‐tidal partial 
pressure of carbon dioxide and peripheral pulse oximetry. To 
monitor the depth of anaesthesia, we used the SedLine Brain 
Function Monitor (Masimo). The bilateral SedLine electroen-
cephalogram (EEG) Sensor was installed on the patient’s front 
(figure 1). The front electrodes were not visible on the oper-
ator’s X-ray screen (figure 2, video 1) and did not disturb at 
any moment the operator during the procedure. The cable 
of the sensor was conducted posteriorly with respect to the 
patient’s head and kept out the field of the radiological image 
(figure  3). Anaesthesia was induced and maintained with a 
target-controlled infusion (TCI) of propofol (Orchestra Base 
Primea, Fresenius Kabi) using the pharmacokinetic model of 
Schnider et al.4 Analgesia was assured with intermittent boluses 
of sufentanil 0.2 µg/kg. The lungs were normoventilated (end‐
tidal partial pressure of carbon dioxide, 4.6–6.0 kPa) with 50% 
oxygen–air mixture. Neuromuscular block was induced with 
rocuronium bromide 0.6 mg/kg and maintained with intermit-
tent boluses of 0.2–0.3 mg/kg to obtain a deep neuromuscular 
block (post tetanic count of 2) measured with acceleromyog-
raphy on the patients left thumb (IntelliVue NMT Module, 

Philips). After intubation an invasive arterial line was placed in 
the right radial artery. We used the Patient State Index (PSI) 
of the SedLine Brain Function Monitor to titrate the depth of 
anaesthesia targeting a PSI between 25 and 50.5 Relatively low 
calculated doses of propofol were necessary to maintain a stable 
depth of anaesthesia, with calculated effect-site concentrations 
of about 2.6 µg/mL (figure 4) and a PSI of about 27 (figure 5). 
The neuroradiological intervention was uneventful but was 
ended after 2 hours without embolisation of the arteriovenous 
malformation as no source vessel could be identified. The 
target-controlled perfusion of propofol was stopped (local time 
13:30, total perfusion time 2 hours and 18 min, total propofol 
dose 1043 mg) and 2 min later (local time 13:32) the patient 
received sugammadex intravenously (4 mg/kg) to reverse deep 
neuromuscular block with a train of four count of 0 (post-tetanic 

Video 1  360° image of the skull with no visible electrodes.

Figure 3  The RD SedLine EEG sensor cable on the lateral X-ray. EEG, 
electroencephalogram.

Figure 4  Target-controlled infusion of propofol during anaesthesia.
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count was not done before reversal). Very rapidly thereafter 
without any stimulation the patient aroused from anaesthesia 
(local time 13:33) (video 2). The patient was extubated 4 min 
after the injection of sugammadex with a propofol effect site 
concentration of 2.0 µg/mL (figure 6) and a train of four ratio 
of 100%. After extubation (13:37) the patient displayed eye 
opening but had difficulty responding to questions (video 3). 
During stable anaesthesia, the raw EEG showed a very slow and 
depressed brain activity with zero EMG activity and spectral 
edge frequencies (the frequency below which 95 precent of the 
total electroencephalogram power is located) of around 10 Hz 
for both hemispheres and a PSI around 27. The event of imme-
diate arousal from anaesthesia was followed by a very steep 
increase in the PSI index (up to 80 and more) with an EMG 
activity of 80% and a spectral edge frequency of about 17 Hz 
(figure 7). Spectrogram analysis showed a monotonous content 
in the delta range in the first part followed by a complex and 
increasing electrical brain activity. The white bars indicate back-
ground artefacts due to movement.

OUTCOME AND FOLLOW-UP
The patient was transferred to the intermediate neurological 
care unit for 2 days and thereafter to the neurology ward. After 
6 days of an uneventful hospital stay, he returned home without 
any neurological deficit. Five months later, the arteriovenous 
malformation was treated successfully with Gamma Knife radio-
surgery. The patient received regular postoperative follow-up 
which was uneventful.

DISCUSSION
In this case report, we describe a case of rapid arousal form anaes-
thesia after the reversal of deep rocuronium-induced neuromus-
cular block with sugammadex despite still significant calculated 
doses of propofol at the effect site. Signs of light anaesthesia 
have been reported after sugammadex administration in several 
dose-finding studies.6 7 Chazot et al reported a case who imme-
diately awoke after sugammadex administration in absence of 
any stimulation with still adequate anaesthesia under propofol 
and remifentanil.8 In this patient brain function monitoring was 
done with Bispectral Index (BIS) (BIS; Aspect Medical System, 
Norwood, Massachusetts, USA) and Neurosense (Neurowave 
System, Cleveland, Ohio, USA). In 2020, a randomised clinical 
trial by Le Guen et al in 51 patients showed that despite constant 
perfusion with propofol and remifentanil, sugammadex causes 
signs of awakening in the absence of documented post-operative 
awareness.9 The BIS monitor was used to monitor anaesthetic 
depth. Sugammadex is reported in the literature to have a very 
low affinity for other molecules such as propofol.7 8 Conse-
quently its direct interference with the depth of anaesthesia (in 
terms of displacement of the hypnotic agent) is considered to 

Figure 5  PSI value during anaesthesia. PSI, Patient State Index.

Video 2  Immediate arousal after sugammadex.
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be clinically irrelevant. The case presented here differs from the 
previous ones in that the Sedline Brain function Monitor Masimo 
was used. This monitor produces a parameter called PSI derived 
from a proprietary algorithm by processing a high-resolution 
four-channel EEG with advanced artefact filters.10 The PSI has 
been clinically validated to measure the depth of anaesthesia and 
sedation.11 12 The calculation of the PSI takes about 2 min. It 
uses parallel signal processing engines to extract a clearer EEG 
signal for computing PSI. It is thus less influenced by artefacts 
arising from neuromuscular blockade which limit other moni-
toring techniques as previously demonstrated by Schuller et al.13 
In particular, the BIS has been shown to be highly influenced by 
peripheral electromyography which contributes considerably to 
the diagnosis of high BIS, and is particularly essential for deter-
mining BIS >80.14 The bilateral Masimo Sedline electrodes are 
radiolucent and were not disturbing during the neuroradiolog-
ical procedure. The patient underwent 2 hours of general anaes-
thesia using a Propofol TCI according to the pharmacokinetic 
model of Schnider et al,4 with a calculated effect site concentra-
tion of about 2.6 µg/mL. The patient was kept under deep neuro-
muscular block (post-tetanic count 2) due to the inherent safety 
requirements of the neuroradiological intervention. The lecture 
of the PSI, the interpretation of the bilateral raw EEG and the 
density spectral array (DSA), allowed us to titrate the anaesthetic 
drugs to the minimum dosages for effective and safe hypnosis. 
Intracerebral pathologies might give asymmetric BIS values, 
but the thresholds at which the extent and type of intracranial 
pathologies affect BIS are largely unknown.15 16 This should 
be kept in mind using brain function monitoring in neurora-
diological interventions. Our patient had a normal neurolog-
ical examination before the procedure and the intracerebral 

bleeding had happened 1 week before the intervention. There 
was no asymmetry in the DSA. We might, therefore, believe that 
the calculated PSI correctly reflected anaesthetic depth in this 
patient. At the end of the procedure, only 2 min after having 
stopped the propofol perfusion the patient emerged very rapidly 
and unexpectedly after the administration of sugammadex at a 
dose of 4 mg/kg. This immediate awakening was documented by 
Masimo Sedline monitoring. Postmedication excluded signs and 
symptoms suggestive of awareness. TCI are used routinely to 
simplify the administration of intravenous drugs during general 
anaesthesia and to increase its precision but there are large vari-
ations in measured serum concentrations.17 One might argue 
that anaesthetic depth of the patient was already very superfi-
cial at the moment we stopped the propofol perfusion, and that 
the indicated effect site concentrations are calculated and not 
measured values, but this would have been reflected in a higher 
PSI value which was about 27 at this moment and which indi-
cated adequate anaesthesia. It is very improbably that the 2 min 
interruption of the propofol perfusion induced this very rapid 
arousal (about 2% of total propofol perfusion time). We believe 
that the observed effect of sugammadex is indirect and might 

Figure 6  Propofol effect site concentration and total dose at arousal.

Video 3  Patient awake.
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be mainly explained by the afferentation theory. The latter was 
first described by Lanier et al on a sample of dogs18 and later 
taken up by Vasella et al.19 The afferentation theory predicts 
that stimulation of the neuromuscular spindles will produce 
cerebral stimulation. Cortical activity has therefore a peripheral 
component deriving from muscular proprioceptive afferences. 
Neuromuscular block would lead to a ‘peripheral silence’ which 
sugammadex could interrupt. Compared with previous reports, 

we used a neuromonitoring method that does not depend on 
peripheral electromyography, which, therefore, allows us to 
study more precisely the changes in cortical activity which were 
observed after the administration of Sugammadex.

In conclusion, this case illustrates the possibility of unexpect-
edly rapid emergence from effect site-targeted propofol anaes-
thesia on reversal of neuromuscular blockade with sugammadex. 
A potential explanation behind this phenomenon could be the 
sugammadex-induced indirect increase of central stimulation via 
the reactivation of ascending central pathways originating from 
neuromuscular spindles. These observations argue for the need 
of further research between the interaction of neuromuscular 
blockade and depth of anaesthesia.

Twitter Christoph Andreas Czarnetzki @czarchris
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the “head among the clouds‘ (Translated from French)

Learning points
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theory.
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