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Abstract
General anesthesia and surgery are associated with an increase in neural injury biomarkers. Elevations of these neural injury biomarkers in
the perioperative period are associated with postoperative delirium. Xenon has been shown to be protective against a range of neurological
insults in animal models. It remains to be seen if xenon anesthesia is neuroprotective in the perioperative setting in humans. Twenty-four
participants scheduled for lithotripsy were randomized to receive either xenon or sevoflurane general anesthesia. There was no statistically
significant difference in the concentrations of postoperative neural injury biomarkers between the xenon and sevoflurane group. Following the
procedure there was a significant increase in the concentration from baseline of all three biomarkers at 1 hour post-induction with a return to
baseline at 5 hours. General anesthesia for lithotripsy was associated with a significant increase at 1 hour post-induction in the neural injury
biomarkers total tau, neurofilament light and tau phosphorylated at threonine 181, a marker of tau phosphorylation. The protocol was approved
by the St. Vincent’s Hospital Melbourne Ethics Committee (approval No. HREC/18/SVHM/221) on July 20, 2018 and was registered with
the Australia New Zealand Clinical Trials Registry (registration No. ACTRN12618000916246) on May 31, 2018.
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INTRODUCTION

Postoperative neurocognitive disorders are common and related
to significant morbidity and mortality.1 The role of general
anesthesia in the development of postoperative cognitive
dysfunction remains controversial. Previous studies have
identified a number of potential mechanisms in animal models
including neuroapoptosis,2,3 enhanced amyloid production,4,5
and tau phosphorylation6 by which general anesthetic agents
may induce cognitive dysfunction. Despite this, there is no
evidence that the choice of anesthetic technique, regional,
intravenous, or inhalational general anesthesia alters the
trajectory of cognitive impairment following surgery.7,8
The brain biomarkers, total tau (T-tau) protein and
neurofilament light (NFL), have been identified as tools to
monitor neural injury in neurodegenerative conditions,9,10
traumatic brain injury11,12 and following cardiac arrest.13
Elevations in these markers of neural injury have been
identified following anesthesia and surgery14 and greater
elevations of NFL15 and T-tau16 postoperatively are associated
with postoperative delirium (POD). A recent study has also
utilized these markers in a patient cohort that received general
10

anesthesia without surgery in an attempt to distinguish the
effects of anesthesia and surgery on neural injury.17
A novel blood biomarker of Alzheimer’s disease (AD)
pathophysiology is tau phosphorylated at threonine 181
(P-tau181).9 P-tau 181 can differentiate mild cognitive
impairment from AD and high levels are associated with
subsequent development of AD in cognitively normal adults.18
Exposure to general anesthetic agents have been associated
with elevated P-tau181 in a number of animal studies.19-21
Phosphorylated forms of tau protein measured in the blood are
also thought to more accurately reflect the abundance of tau
in the central nervous system than T-tau.22 Whilst P-tau181 is
not a direct marker of neural injury,23 a perioperative increase
in P-tau181 could indicate an alternative mechanism by which
general anesthesia can induce cognitive dysfunction.
In contrast to the other general anesthetic agents, xenon has
been identified in animal models to be less neurotoxic2,24 and
neuroprotective in a number of models of neural injury.25 A
recent review identified potential benefits of xenon anesthesia
such as hemodynamic stability and cytoprotection as being
particularly beneficial in the elderly surgical population.26
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There is conflicting evidence of both neurotoxic and
neuroprotective effects of sevoflurane on the brain in animal
models. In animal models without underlying pathology,
sevoflurane is associated with dose-dependent cognitive
decline.27 However, in hypoxemic brain injured animals it
offers neuroprotection.28 A recent review of experimental
studies concluded that although sevoflurane likely offers
neuroprotection against brain injury, it also seems to be
neurotoxic in both neonatal and aged animal models.29
Despite evidence of neuroprotection in animal studies, the
ability of xenon as the anesthetic agent to provide improved
cognitive outcomes in the perioperative period remains
uncertain. Whilst general anesthesia with xenon trended
toward a reduction in POD in elderly subjects requiring
surgery following femoral neck fractures when compared
to sevoflurane, this did not achieve statistical significance.30
A pilot study in off-pump cardiac surgery suggested that
xenon anesthesia reduced the incidence of POD compared to
conventional inhalational anesthesia31; however a larger study
from the same group investigating on-pump cardiac surgery
showed no difference in POD incidence for xenon anesthesia
when compared to the inhalational anesthesia group.32
The neuroprotective potential of xenon has also been studied
in the intensive care setting. Inhaled xenon in conjunction
with hypothermia following out of hospital cardiac arrest was
associated with improved brain imaging outcomes in a pilot
study when compared to hypothermia alone. A larger clinical
trial of the utility of xenon in this setting is currently underway.33
The primary hypothesis of this study was that general
anesthesia with xenon for extracorporeal shock wave
lithotripsy would result in reduced neural injury. The secondary
hypothesis was that inhalational general anesthesia for
extracorporeal shock wave lithotripsy, with either agent, is
associated with neural injury.
The primary outcome of the study was a comparison of
the concentration of postoperative neural injury biomarkers
between xenon and sevoflurane anesthetic groups. Secondary
outcomes included the change in biomarkers from baseline
at 1-, 5- and 24-hours post-induction for all participants
and comparison of the Montreal Cognitive Assessment
(MoCA) before and following anesthesia. A modified Brice
questionnaire was performed, and bispectral index (Medtronic,
Minneapolis, MN, USA) values were also recorded.

SUBJECTS AND METHODS

Written informed consent for this randomized single-blind
control trial was obtained from all participants. The protocol
was approved by the St. Vincent’s Hospital Melbourne Ethics
Committee (approval No. HREC/18/SVHM/221) on July
20, 2018 and was conducted at a single centre, St. Vincent’s
Hospital, Melbourne. The study protocol was registered
with the Australia New Zealand Clinical Trials Registry
(registration No. ACTRN12618000916246) on May 31, 2018.
An analysis of electroencephalograph recordings from the
same participants has been reported elsewhere.34
Study population
The inclusion criteria were American Society of AnesthesiMedical Gas Research ¦ March ¦ Volume 12 ¦ Issue 1
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ologists (ASA) class I and II patients aged 50 years and over
scheduled for extra-corporeal shockwave lithotripsy. All patients listed for this procedure on the St. Vincent’s Hospital
Patient Administration System during the study period were
screened for eligibility according to age and location. Those
deemed eligible were contacted by a member of the research
team by telephone for further screening and a patient information flyer was sent to interested patients. Formal written
consent was obtained on the day of admission. This surgical
cohort was selected as a sample of relatively healthy adult
patients receiving a highly standardized and relatively minor
procedure that is usually performed under general anesthesia in our institution. Exclusion criteria were a diagnosed
neurocognitive condition, high risk of postoperative nausea
and vomiting (postoperative nausea and vomiting incidence
following general anesthesia with xenon has been shown to
be greater than with volatile agents),35 contraindication to the
use of a laryngeal mask airway, severe respiratory disease
(unable to tolerate inspired oxygen concentration of 35%)
or any contraindication to anesthesia with a volatile agent.
Participants were also required to return to the hospital the
following day for various assessments and therefore living or
staying in proximity to the hospital was also a consideration.
Randomization to either the xenon or sevoflurane group was
achieved by computer generated random permuted blocks of
four (Stata/IC 14.2, Stata Corp., College Station, TX, USA)
provided in sequential opaque sealed envelopes. Although
the anesthesiologist was unable to be blinded, the participants
and research staff collecting data were unaware of treatment
allocation. All data analysis was performed by research staff
blinded to the treatment allocation.
Anesthetic protocol
All participants received preoxygenation via a circle circuit
for 5 minutes prior to induction. A remifentanil (Symbion,
Melbourne, Australia) infusion at a dose of 0.1 µg/kg per
minute was commenced simultaneously with preoxygenation.
Anesthesia was induced with a bolus of propofol 2 mg/kg
(Symbion) and an appropriately sized laryngeal mask airway
was placed. Additional boluses of propofol could be given
at the discretion of the anesthesiologist to facilitate airway
placement.
Anesthesia was maintained with a target end-tidal concentration of 60% xenon (minimum alveolar concentration of xenon
is estimated as 63%)36 in the xenon group and a target end-tidal
concentration of 0.9 of the age adjusted minimum alveolar concentration of sevoflurane (Symbion) in the sevoflurane group.
The inspired oxygen concentration was 35% in both groups.
All participants’ lungs were ventilated with a tidal volume of
6 mL/kg and the respiratory rate titrated to achieve normocapnea, as measured by end-tidal carbon dioxide monitoring. No
participants received neuromuscular blocking agents.
In the event of hemodynamic changes suggestive of inadequate or excessive anesthesia (change in mean arterial
pressure or heart rate > 20% from baseline) the remifentanil
infusion rate could be titrated accordingly. Titration of the
remifentanil rate and additional propofol boluses could also
be administered at the discretion of the anesthesiologist in re11
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sponse to clinical evidence of inadequate anesthetic depth (e.g.,
movement, coughing or laryngospasm). Participants received
paracetamol 1 g intravenous intraoperatively for postoperative analgesia and droperidol 625 µg and ondansetron 4 mg
at the conclusion of the procedure for anti-emesis. Following
recovery of consciousness and removal of the laryngeal mask
airway participants were transferred to the post-anesthetic care
unit for routine postoperative monitoring and care.
Medical grade xenon was provided by Coregas Australia
(Coregas Pty Ltd., Thomastown, Australia). Xenon anesthesia
was administered using the Akzent X Color (Stephan GmBH,
Gackenbach, Germany) anesthetic machine. Xenon gas was
delivered via a semi-closed circuit to minimize wastage. Sevoflurane anesthesia was administered using the Draeger Primus
anesthesia machine (Draeger Australia Pty. Ltd., Melbourne,
Australia) in a low-flow circle circuit.
Blood sample collection and analysis
Venous blood samples were obtained from participants at four
time points, immediately prior to induction of anesthesia, 1,
5, and 24 hours post-induction. A sample at 72 hours postinduction was initially planned but it proved a significant impediment to recruitment, requiring participants to return to the
hospital on two separate occasions following their day surgery
procedure. As a result, this time point was not included in the
study. At each time point, excepting the 24-hour time point, a
4 mL blood sample was taken from the intravenous catheter
placed for the anesthetic induction. The 24-hour sample was
taken by venipuncture performed by a member of the research
team. All samples were collected in ethylenediaminetetraacetic
acid tubes, stored on ice, and centrifuged within 1 hour at 3345
× g for 10 minutes. Plasma was then aliquoted into 500 µL
tubes and rapidly frozen and stored at –80°C.
At the conclusion of the study, plasma samples were frozen
and transported to the Clinical Neurochemistry Laboratory at
the Sahlgrenska University Hospital, Mölndal, Sweden. T-tau
and NFL concentrations were measured using commercial
Simoa kits, NF-light and Tau 2.0 (Quanterix, Billerica, MA,
USA) on an HD-X instrument. Plasma P-tau181 was measured
using an in-house Simoa assay developed at the Sahlgrenska
University Hospital, as described previously in detail.9 Analyses were performed on a Simoa HD-1 instrument (Quanterix,
Billerica, MA, USA).
The values for all three biomarkers are reported in pg/mL.
The measurements were performed in one round of experiments using one batch of reagents by board-certified laboratory
technicians who were blinded to clinical data. Samples from
the same individual were analyzed side-by-side on the same
plate to minimize variation. Intra-assay coefficients of variation, monitored using high and low quality control samples at
the beginning and end of each plate, were 1.4–8.8%, with the
exception of the low P-tau internal control sample that had a
coefficients of variation of 17%.
Cognitive assessment and Brice questionnaire
All participants underwent a brief 10-minute screening test for
mild cognitive impairment and AD, the MoCA.37 The MoCA
was administered by a blinded member of the research team
and it was administered at three timepoints: admission on the
12
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morning prior to anesthesia and surgery, 5 and 24 hours postinduction of anesthesia.
Participants planned as day case surgery were discharged
5 hours post-procedure. Participants requiring overnight
admission were all discharged the following day. Following
discharge participants were contacted by telephone by a member of the research staff and a modified Brice questionnaire38
was administered to identify any episode of awareness in the
form of recall.
Sample size calculation
Previous work published by members of our research team
identified that the mean peak percentage increase, from baseline, in T-tau following anesthesia and surgery was 257%.14
In a preliminary analysis of postoperative outcomes in the
same cohort, the participants who did not develop POD during
admission were found to have postoperative tau levels around
30% lower than those who did (unpublished data, mean T-tau
4.2 pg/mL, 95% confidence interval 2.4–6 pg/mL, versus 6.4
pg/mL, 95% confidence interval 4.9–7.9 pg/mL). Therefore,
we based our power calculation on detecting a 30% reduction
in the mean peak percentage increase in T-tau for participants
in the xenon group when compared to the sevoflurane group.
Assuming a power of 80% and an alpha of 0.05, 18 participants in total (9 in each group) would be required to detect
a reduction of 30% in the magnitude of rise in T-tau as per
a mean comparison performed in Stata (Stata/IC 14.2, Stata
Corp., College Station, TX, USA). Allowing for a 25% loss
to follow-up we planned to recruit 24 participants.
Statistical analysis
Normally distributed data was compared using Student’s t-test
and are reported as mean and standard deviation. Biomarker
data was log transformed and a mixed effects model was fitted
to compare the biomarker concentration between groups at
each of the three post-operative time points. The model was
fitted with three co-variates: anesthetic group, postoperative
sampling time point and baseline biomarker value (Model 1).
A second mixed effects model was fitted to compare the biomarker concentration of all participants at each postoperative
time point to the baseline values (Model 2). This model was
fitted with two variables: anesthetic group and sampling time
point. Results of both models are reported as exponentiated
coefficients and 95% confidence intervals. The exponentiated
coefficient describes the estimated ratio of biomarker concentration in the sevoflurane versus the xenon group (Model 1)
and the estimated ratio of biomarker concentration at each time
point versus baseline values (Model 2). All statistical analysis
was performed in Stata (Stata/IC 16.0).

RESULTS

A total of 24 participants were recruited for the study between
October 2018 and September 2019, 12 in each group (Figure
1). One participant allocated to the xenon group received
sevoflurane due to a malfunction of the xenon delivery apparatus. The malfunction was identified during testing prior
to the participant entering the operating theater. One participant randomized to the sevoflurane group withdrew consent
Medical Gas Research ¦ March ¦ Volume 12 ¦ Issue 1
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prior to administration of the anesthetic. The results below
are based on a per-protocol analysis. Participants in the two
groups were comparable with respect to age, height, weight
and ASA status (Table 1).
Patient and anesthesia characteristics
The duration of anesthetic, from induction until inhalational
delivery ceased, total propofol and remifentanil dose and mean
bispectral index value during maintenance were comparable
between groups (Table 1). The mean time in minutes from
cessation of inhalational agent to opening eyes to voice was
significantly shorter in the xenon group when compared to the
sevoflurane group (P < 0.01).

Log 10 T-Tau
(pg/mL)

1.5
1.0
0.5
0

Log 10 P-Tau
(pg/mL)

Comparison of postoperative biomarker concentration to
baseline (Model 2)
The baseline concentration of T-tau was 3.0 pg/mL (median,
interquartile range 2.0–3.4 pg/mL). The concentration at 1 hour
post-induction was estimated to be 2.19; 95% confidence interval (CI) 1.62–2.95; P < 0.001, times greater than at baseline
(Figure 2 and Table 3). The concentration at 5 and 24 hours
post-induction was statistically similar to baseline values.
The baseline concentration of P-tau181 was 5.8 pg/mL
(median, interquartile range 1.9–17.0 pg/mL). The concentration at 1 hour post-induction was estimated to be 3.01; 95%
CI 1.87–4.85; P < 0.001, times greater than at baseline. The
concentration at 24 hours post-induction was estimated to be
significantly lower than at baseline with an estimated ratio of
0.59; 95% CI 0.36– 0.96; P = 0.036. There was no statistically
significant difference between baseline and 5-hour values.

Figure 1: CONsolidated Standards Of Reporting Trials (CONSORT)
diagram.
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Comparison of biomarker concentration between groups
(Model 1)
There was no statistically significant difference between groups
in the concentration of T-tau protein, P-tau181 or NFL at any
of the three postoperative time points, adjusting for baseline
(Figure 2 and Table 2).
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Figure 2: Change in
biomarkers over time.
Note: Log-transformed
values for each
participant at each time
point are represented
by unfilled circles,
blue indicates xenon
participant, and red
indicates sevoflurane
participant. Filled circles
and line represent
log-transformed
mean value of each
anesthetic group,
blue indicates xenon
participart, and red
indicates sevoflurane
participart.

Table 1: Patient and anesthesia characteristics for xenon and sevoflurane groups
Age (yr)
Height (cm)
Weight (kg)
Male
American Society of Anesthesiologists II
Baseline mean arterial pressure (mmHg)
Maintenance mean arterial pressure (mmHg)
Total propofol (mg)
Total remifentanil (µg)
Total ephedrine (mg)
Duration anaesthetic (min)
End tidal xenon (%)
End tidal sevoflurane (%)
Mean bispectral index value
Recovery (min)

Xenon (n=11)

Sevoflurane (n=12)

P-value

60 (56–64)
170.0±7.0
77.0±16.0
6 (55)
2 (18)
98.0±13.4
80.1±7.5
257.3±74.6
513.9±318.8
10.9±8.0
44.5±15.8
56.6±2.6
NA
37.8±4.9
5.4±2.0

62 (56–68)
170.0±9.6
78.0±11.8
10 (83)
1 (8)
100.0±6.0
73.3±6.1
215.8±52.5
479.4±286.3
24.5±17.2
44.6±5.3
NA
1.72±0.2
37.2±5.4
11.0±5.3

0.56
0.92
0.85
0.17
0.59
0.65
0.03
0.14
0.79
0.03
0.98

0.84
< 0.01

Note: Data for age are presented as mean (range). Data for height, weight, mean arterial pressure, total propofol dose, total remifentanil dose, total ephedrine dose,
duration of anaesthetic, end-tidal xenon and sevoflurane, mean bispectral index value and recovery time are presented as mean ± SD. Male and American Society of
Anesthesiologists classiﬁcation I are shown as number (proportion). NA: Not applicable.
Medical Gas Research ¦ March ¦ Volume 12 ¦ Issue 1

13

[Downloaded free from http://www.medgasres.com on Monday, September 20, 2021, IP: 144.82.114.155]

McGuigan et al. / Med Gas Res

www.medgasres.com

Table 2: Results of mixed effects model comparing the anesthetic groups at each time point adjusting for baseline
(Model 1)
T-tau
1 h post-induction
5 h post-induction
24 h post-induction
P-tau181
1 h post-induction
5 h post-induction
24 h post-induction
NFL
1 h post-induction
5 h post-induction
24 h post-induction

Estimated ratio (sevoflurane/xenon)

95% confidence interval

P-value

1.15
1.08
1.40

0.71–1.85
0.66–1.77
0.85–2.29

0.574
0.758
0.180

1.20
0.95
0.96

0.44–3.23
0.35–2.60
0.35–2.61

0.714
0.921
0.927

0.94
1.04
1.01

0.59–1.50
0.65–1.65
0.64–1.61

0.795
0.877
0.960

Note: The exponentiated coefficient gives the estimated ratio of the concentration of biomarker in the sevoflurane group versus the xenon group at each time point. NFL:
Neurofilament light; P-tau181: tau phosphorylated at threonine 181; T-tau: total tau.

Table 3: Results of mixed effects model comparing the concentration of biomarker at each timepoint for all participants
to baseline values (Model 2)
T-tau
1 h post-induction
5 h post-induction
24 h post-induction
P-tau181
1 h post-induction
5 h post-induction
24 h post-induction
NFL
1 h post-induction
5 h post-induction
24 h post-induction

Estimated ratio (postoperative time point/baseline)

95% confidence interval

P-value

2.19
1.06
1.03

1.62–2.95
0.78–1.43
0.76–1.39

< 0.001
0.716
0.854

3.01
0.95
0.59

1.87–4.85
0.58–1.54
0.36–0.96

<0.001
0.827
0.036

1.10
0.92
0.94

1.00–1.21
0.84–1.01
0.86–1.04

0.048
0.087
0.212

Note: The exponentiated coefficient gives the estimated ratio of the concentration of biomarker at each timepoint compared to baseline. NFL: Neurofilament light;
P-tau181: tau phosphorylated at threonine 181; T-tau: total tau.

The baseline concentration of NFL was 14.0 pg/mL (median, interquartile range 11.2–21.3 pg/mL). The concentration
at 1 hour post-induction was estimated to be be 1.10; 95%
CI 1.00–1.21; P = 0.048, times greater than at baseline. The
concentration at 5 and 24 hours post-induction was not significantly different from baseline.
Cognitive assessment and Brice questionnaire
There was no statistically significant difference in participant
MoCA scores between groups at baseline, 5 or 24 hours postinduction (Table 4).
Two participants in the sevoflurane group could not be
contacted to administer the Brice questionnaire. All other
participants completed the questionnaire. No participants in
the xenon or sevoflurane group reported either memories or
dreams between induction and emergence from anesthesia.

DISCUSSION

In the present study, there was no statistically significant differ14

Table 4: Montreal Cognitive Assessment scores for each
anesthetic group

Preoperative
5 h post-induction
24 h post-induction

Sevoflurane
Xenon (n=11) (n=12)

P-value

26.5±2.4
25.4±2.0
26.4±2.0

0.14
0.11
0.53

24.3±3.9
23.6±2.9
25.8±2.7

Note: Data are presented as mean ± SD, and were analyzed by Student’s t-test.

ence in the concentrations of the neural injury biomarkers T-tau
and NFL in participants who received xenon or sevoflurane
anesthesia within 24 hours post-induction. There was also no
difference between groups in the concentration of P-tau181
within 24 hours post-induction. We did find that there was a
statistically significant increase in the concentration of all three
biomarkers following anesthesia at 1 hour post-induction when
compared to baseline.
Whilst we are unaware of any previous studies that have
Medical Gas Research ¦ March ¦ Volume 12 ¦ Issue 1
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compared the impact of different general anesthetic agents
on the release of the neural injury biomarkers T-tau and NFL,
previous studies have investigated changes in these biomarkers
following anesthesia and surgery.14-17 To the authors’ knowledge, no previous study has investigated the perioperative
changes in P-tau181, a marker of tau phosphorylation.
An increase in plasma levels of both T-tau and NFL was
observed in a study of 30 participants aged 60 years and
older who received either inhalational or intravenous general
anesthesia. The majority of participants underwent orthopedic surgery, while six patients underwent cardiac surgery.14
An increase in T-tau was identified 1 hour following surgical
incision. However, in contrast to the present study, the plasma
level of tau continued to rise beyond 1 hour and peaked at the
next sampling time point, 6 hours post-incision.
This earlier study also identified a significant increase in NFL
following anesthesia and surgery with a mean peak increase
67% above baseline. The authors found that NFL values were
trending upward at the final sampling time point, 48 hours postincision. In keeping with this, Casey and colleagues study of
non-cardiac surgery showed that NFL continues to rise up to
4 days postoperatively.15 Whilst a small but statistically significant increase in NFL was detected at 1 hour post-induction
in our own study, the concentration at 5 and 24 hours postinduction was similar to baseline. It may be that our failure
to identify an increase in T-tau or NFL at the 5- and 24-hour
time points was due to a comparatively reduced surgical and
anesthetic insult.
Another recent study utilized a participant cohort who
received anesthesia in the absence of surgery in an attempt
to distinguish between the effects of anesthesia and surgery
on neural biomarker release.17 In this study 59 participants
received a 2-hour inhalational anesthetic for an imaging procedure with no surgical stimulus. The authors reported that there
was a decrease in three neural biomarkers, T-tau, NFL and glial
fibrillary acid protein, 5 hours following anesthesia induction.
This was the only post-induction time point measured. The
authors concluded that increases in neural biomarkers found
in other studies are likely related to the surgical insult rather
than exposure to inhalational anesthetic agents.
Our own findings suggest that such a conclusion may be an
oversimplification. In the present study, all three biomarkers
measured at 5 hours post-induction were not significantly
different from baseline, the peak having occurred earlier at
1 hour. Due to the single 5-hour post-induction measurement reported by the previous authors, it remains unclear if
anesthesia without surgery would have produced an increase
in biomarkers if measured earlier. Our study suggests that a
relatively brief anesthetic for a minor interventional procedure,
without a skin incision, does result in a significant increase in
neural biomarkers.
The study of Casey and colleagues showed that the rise in
NFL following a major non-cardiac surgery was greater in
participants who developed POD in comparison to those who
did not.15 A further analysis of the same cohort indicated that
elevated postoperative T-tau was also associated with POD.16
In this second analysis, recovery from delirium was associated
with return of T-tau to baseline values whilst NFL continued
to rise until day 4 postoperatively. The authors concluded that
Medical Gas Research ¦ March ¦ Volume 12 ¦ Issue 1
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whilst NFL is likely a marker of neuronal injury, tau protein
may indicate more subtle changes in the central nervous system. The authors suggested that elevated tau protein could
indicate synaptic pruning of tau containing synpases.16 The
significantly greater increase in T-tau as compared to NFL in
our own study supports the hypothesis that the presence of
tau and NFL in blood plasma could reflect different processes.
This study is the first to consider the effect of anesthesia
and surgery on plasma levels of P-tau181, a novel biomarker
of AD pathology.9 Anesthetic agents, both inhalational and
intravenous, have been shown to induce tau phosphorylation39
and neurons have been shown to metabolize and secrete these
phosphorylated forms of tau differently to non-phosphorylated
forms.40 The significant increase in P-tau181 postoperatively,
a biomarker highly correlated with AD pathology, raises the
possibility that perioperative neurocognitive disorders and AD
may share pathophysiological mechanisms.
Anesthesia and surgery are associated with the translocation
of larger molecules across the blood brain barrier than are
permitted in normal physiological circumstances.41,42 It may
be that the rise in neural biomarkers in the early postoperative
period is a result of translocation from the central nervous
system to the periphery rather than an absolute increase in their
abundance. The elevation in biomarkers, which was evident
within one hour of induction, in our study is not inconsistent
with a translocation hypothesis.
In this study, we utilized a surgical cohort that received a
highly standardized and relatively minor surgical insult. In
this way we anticipated that the contribution of the surgery to
the inflammatory and biomarker response would be homogenous, allowing us to attribute any difference in response to
the anesthetic. The combined stimulus of the anesthetic and
surgery was sufficient to generate a neural biomarker response,
and the mean peak increase in tau was in keeping with an
earlier study.14
The primary finding of this study is that the use of xenon
rather than sevoflurane for general anesthesia did not influence the postoperative release of neural injury biomarkers.
Xenon is a potent inhibitor of the N-methyl-D-aspartate
(NMDA) receptor whilst sevoflurane, which strongly potentiates γ-aminobutyric acid-A receptors, has little activity at the
NMDA receptor.43 Overactivation of the NMDA receptor can
occur following acute insults such as stroke, cardiac arrest
and traumatic brain injury33 as well as in chronic neurodegenerative diseases such as AD.44 Xenon is thought to provide
neuroprotection through NMDA antagonism and it lacks the
intrinsic neurotoxic properties of other NMDA antagonists
such as ketamine.33
An alternative mechanism for the reduction in postoperative
complications with xenon anesthesia is an improvement in
end-organ perfusion due to greater hemodynamic stability.26,33
Participants in the xenon group in our study maintained a
mean arterial pressure significantly closer to their baseline
and received significantly less ephedrine than those in the
sevoflurane group (Table 1). Despite this, the release in neural
biomarkers was similar in both groups. This would suggest that
in the setting of a minor procedure, the greater hemodynamic
stability achieved with xenon does not contribute to a reduction in neural injury biomarker release.
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Xenon has a mechanistic basis for superior neuroprotection
and animal studies have identified neuroprotection in response
to a wide variety of insults.25 There are also encouraging findings from a pilot study of xenon versus hypothermia alone
following out of hospital cardiac arrest.33 Despite this, xenon
as an anesthetic agent has not shown an ability to improve
postoperative cognitive outcomes.30,32 In keeping with this
we found no difference in MoCA scores between anesthetic
groups at each postoperative time point.
It may be that the mechanisms of neurological injury related
to anesthesia and surgery are different to those related to
hypoxic-ischemic injury in which the preclinical evidence for
xenon neuroprotection is strongest.25 Our own findings suggest
that one proposed mechanism underlying xenon neuroprotection in the perioperative setting, namely reduced neuronal cell
death, is not reflected in reduced neural injury biomarkers in
the perioperative period.
There are several limitations with this study. Given the use
of a relatively novel anesthetic agent, it was deemed inappropriate to recruit high-risk (ASA III and IV) patients and the
inclusion criteria allowed for patients as young as 50 years
old. The relatively low incidence of postoperative cognitive
dysfunction amongst this patient group limited the ability to
identify differences in clinical outcomes between the groups.
Postoperative assessment of cognitive function was limited to
the MoCA, a tool primarily utilized for the detection of mild
cognitive impairment. The power calculation was based on
biomarker results from a previous study involving a greater
duration of anesthesia and a more invasive surgical procedure.14 Despite this, there was a similar mean peak increase
in tau protein (257% vs. 235%) in the two studies. However,
this increase was not sustained beyond 1 hour in our study and
the rise in NFL observed in our cohort was lower than that
described in the previous study.
In conclusion, we identified that there was no difference in
the measurements of neural injury biomarkers between participants receiving either xenon or sevoflurane anesthesia following a minor, non-invasive interventional procedure. There
was, however, a significant increase in T-tau, P-tau181 and
NFL at 1 hour post-anesthesia induction which then returned
to baseline. General anesthesia in conjunction with a minor
procedure was associated with significant early increases in
plasma levels of neural injury biomarkers.
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