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Abstract

Background: Postoperative neurocognitive decline is a frequent complication in adult patients undergoing major surgery

with increased risk for morbidity and mortality. The mechanisms behind cognitive decline after anaesthesia and surgery

are not known. We studied the association between CSF and blood biomarkers of neuronal injury or brain amyloidosis

and long-term changes in neurocognitive function.

Methods: In patients undergoing major orthopaedic surgery (knee or hip replacement), blood and CSF samples were ob-

tainedbeforesurgeryand thenat4, 8, 24, 32, and48hafter skin incision throughan indwellingspinal catheter.CSFandblood

concentrations of total tau (T-tau), neurofilament light, neurone-specific enolase and amyloid b (Ab1-42) were measured.

Neurocognitive function was assessed using the International Study of Postoperative Cognitive Dysfunction (ISPOCD) test

battery 1e2 weeks before surgery, at discharge from the hospital (2e5 days after surgery), and at 3 months after surgery.

Results: CSF and blood concentrations of T-tau, neurone-specific enolase, and Ab1-42 increased after surgery. A similar

increase in serum neurofilament light was seen with no overall changes in CSF concentrations. There were no differ-

ences between patients having a poor or good late postoperative neurocognitive outcome with respect to these bio-

markers of neuronal injury and Ab1-42.
Conclusions: The findings of the present explorative study showed that major orthopaedic surgery causes a release of

CSF markers of neural injury and brain amyloidosis, suggesting neuronal damage or stress. We were unable to detect an

association between the magnitude of biomarker changes and long-term postoperative neurocognitive dysfunction.

Keywords: amyloidosis; biomarker; cognitive dysfunction; neuronal injury; orthopaedic surgery; postoperative neuro-

cognitive dysfunction; spinal anaesthesia
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Editor’s key points

� Postoperative neurocognitive decline is a frequent

complication after major surgery, but the mechanisms

involved are not known.

� In this observational study, associations between CSF

and blood biomarkers of neuronal injury or brain

amyloidosis with long-term changes in neurocognitive

function were studied.

� Major orthopaedic surgery led to increased CSF bio-

markers of neural injury and brain amyloidosis,

consistent with neuronal damage or stress, but these

changes did not correlate with long-term postoperative

neurocognitive dysfunction.
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Higher brain functions related to cognitive processes are

impaired by surgery and trauma, and postoperative neuro-

cognitive decline with risk for later dementia is now globally

recognised as a major health concern,1 with the older >60-yr-
olds being most vulnerable.2e4 Typically, 25e35% of surgical

patients display cognitive impairment at 1 week after surgery

and 10% of older patients at 3 months. This can impair reha-

bilitation, return to work, quality of life, and social de-

pendency with increased 1-yr mortality.3,5,6

Concern for adverse postoperative brain outcomes is

driven by growing experimental and clinical observations that

surgery triggers key neuroinflammatory and neurodegenera-

tive processes related to Alzheimer’s disease (AD), and a

transient increase in CSF and systemic biomarkers of AD and

neuronal injury.7e11 Evered and colleagues12 have shown

rapidly increasing plasma concentrations of the two neuronal

injury markers total tau (T-tau) and neurofilament light (NFL)

after orthopaedic surgery under general anaesthesia, sug-

gesting postoperative CNS neuronal damage.12 A recent study

focusing on cardiac surgery with cardiopulmonary bypass

showed even more marked increases in plasma concentra-

tions of T-tau and NFL.13 However, there was no follow-up of

postoperative cognitive function in those studies, and it is not

known if such increases in systemic brain biomarkers are

associated with later adverse neurocognitive outcomes.

The primary aim of this secondary analysis of data

collected in a prospective descriptive study was to explore

temporal changes in CSF and systemic biomarkers of neuronal

injury and brain amyloidosis in patients undergoing major

orthopaedic surgery. The secondary aim was to explore the

association between CNS and systemic biomarkers of

neuronal injury and brain amyloidosis and postoperative

neurocognitive outcomes at hospital discharge and 3 months

after surgery. Systemic and CSF concentrations of T-tau, NFL,

neurone-specific enolase (NSE), and amyloid b (Ab1-42) were

measured before and during 48 h after start of surgery by an

indwelling intrathecal catheter, and cognitive function was

assessed by a validated psychometric test battery before sur-

gery, at hospital discharge, and 3 months after surgery. We

hypothesised that surgery induces neuronal injury and release

of Ab1-42 that is more pronounced in patients developing

neurocognitive dysfunction at 3 months after surgery.
Methods

Participants and study design

This study is a secondary analysis of a prospective observa-

tional study (NEUPORT),14 approved by the Regional Ethics

Committee in Stockholm, Sweden (Dnr 2013/2297e31/4 and

2014/834e32) and subsequently registered at www.

clinicaltrials.gov; identifier: NCT02759965.

After informed and signed written consent, we included

patients undergoing elective total hip or knee replacement

surgery. Patients with pre-existing neurological, psychiatric or

clinically evident neurovascular disease, recent or ongoing

treatment with anti-inflammatory drugs, severe organ failure

(e.g. cardiac, renal, or hepatic), coagulopathy, alcohol or drug

abuse, poorly controlled diabetes mellitus, or autoimmune

disease were excluded. Preoperative screening was performed

using Mini Mental State Examination to exclude patients with

mild cognitive impairment as defined by a test score of 24 or

less.

After placement of an intrathecal catheter, the surgical

procedure was performed under spinal anaesthesia supple-

mented by light sedation (see Supplementary material). The

intrathecal catheter was left in place for 48 h to allow serial

CSF sampling. Preoperatively and at 4, 8, 24, 32, and 48 h after

skin incision, CSF (5 ml) and blood (20 ml) were collected and

subsequently centrifuged, aliquoted, and stored at �80�C for

subsequent analysis.
CSF and blood biomarkers

CSF T-tau concentration was determined using a sandwich

enzyme-linked immunosorbent assay (ELISA) (INNOTEST

hTAUAg; Fujirebio, Ghent, Belgium) specifically constructed to

measure all tau isoforms irrespective of phosphorylation sta-

tus. CSF NFL concentration was determined using a commer-

cial assay as described by themanufacturer (UmanDiagnostics

AB, Umeå, Sweden). CSF and serum NSE were measured using

an immunofluorescent assay with time-resolved amplified

cryptate emission (TRACE) technology (Kryptor-NSE; BRAHMS,

Hennigsdorf, Germany). CSF Ab1-42 was determined using a

sandwich enzyme-linked immunosorbent assay constructed

to measure Ab1-42 (INNOTEST® b-amyloid (1e42) (Fujirebio).

Intra-assay coefficients of variation were <10% for all ana-

lyses. The CSF cut-offs for AD pathology were <550 pg ml�1 for

Ab1-4215 and 400 pg ml�1 for T-tau. Plasma concentrations of

T-tau and Ab1-42 and serum concentration of NFL were

measured using singlemolecule array technology as described

by the manufacturer (Quanterix, Billerica, MA, USA) to calcu-

late blood to CSF ratios.
Neurocognitive testing

Neurocognitive function was assessed using the International

Study of Postoperative Cognitive Dysfunction (ISPOCD) test

battery4 1e2 weeks before surgery, at hospital discharge 2e5

days after surgery and at 3 months after surgery (see

Supplementary material). In brief, the ISPOCD test battery

captures cognitive performance within three domains of

memory, executive functions, and attention, using four

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov


Table 1 Group characteristics by neurocognitive outcome at 3 months. Values are median (Q1eQ3). Group differences tested by
ManneWhitney U-test and Fischer’s exact test. ASA, American Society of Anesthesiologists; WBC, white blood cell.

Characteristics Good neurocognitive outcome (n¼21) Poor neurocognitive outcome (n¼6) P-value

Preoperative
Age, yr 71 (65e76) 68 (65e71) 0.32
Sex, male, n (%) 8 (38) 1 (17) 0.63
Weight, kg 80 (73.5e89) 79 (75e88.5) 0.93
Height, cm 171 (167e179) 166 (163e175) 0.24
BMI, kg m�2 26.7 (24.6e29.4) 27.9 (25.7e31.5) 0.44
Comorbidity
Hypertension, n 11 4 0.66
Diabetes mellitus, type 1, n 2 0 1
Diabetes mellitus, type 2, n 0 1 0.22
History of myocardial infarction, n 1 0 1

ASA physical status 1/2/3/4, n 7/13/1/0 0/6/0/0 0.197
Blood haemoglobin, g L�1 138 (128e147) 143 (134e157) 0.41
Serum creatinine, mmol L�1 71 (62e89) 68 (47e96) 0.63
Preoperative WBC count 6.3 (5.4e7.9) 7.7 (6.5e8.7) 0.22
Intraoperative
Propofol, mg 170 (80e291) 168 (75e288) 1.0
Fentanyl, n 4 0 0.55
Alfentanil, n 2 0 1.0
Vasopressor, n 12 5 0.36

Intravenous fluids, ml 1200 (950e1350) 925 (750e1560) 0.44
Duration of procedure, min 89 (72e102) 86 (72e101) 0.93
Procedure
Hip replacement, n 14 5 0.63
Knee replacement, n 7 1 0.63

Bleeding, ml 300 (150e450) 225 (150e550) 1.0
Postoperative (24 h)
PACU length of stay, min 165 (98e225) 171 (128e579) 0.47
Intravenous fluids, ml 1000 (750e1850) 1575 (260e2500) 0.48
Medication
Gabapentin, n 6 2 1
Oral opioid, n 20 6 1
Intravenous opioid, n 13 3 0.66

Post-spinal puncture headache, n 0 1 0.22
Blood patch, n 0 1 0.22
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different tests that generate seven cognitive variables for

analysis. Changes in cognitive performance were calculated

for each of seven test variables and corrected for practice ef-

fects and variability using data from an age-matched non-

surgical control group who underwent serial tests at similar

intervals using the same test battery. To quantify the change

from preoperative to postoperative test, a z-score calculated

for each variable was combined into a composite z-score. Poor

neurocognitive outcome was defined a composite z-score �1.0

at 3 months after surgery, whereas good neurocognitive

outcome was defined as a composite z-score <1.0 at 3 months.
Sleep, pain, and delirium assessment

A 10-point VASwas used to assess quality of sleep and severity

of postoperative pain at regular intervals after surgery.

Delirium was assessed 24 and 48 h postoperatively using the

Confusion Assessment Method for the ICU.16
Statistical analysis

Postoperative longitudinal changes of the biomarkers of

neuronal injury independent of group were analysed by

analysis of variance for repeated measurements. Group-time

interaction analysis of covariance of neuronal injury markers

and blood to CSF ratios was used to compare groups with poor
or good cognitive outcomes at 3 months after surgery using

baseline measurements as a covariate. This statistical

approach adjusts for baseline differences between groups.

Two-way analysis of variance for repeatedmeasurements was

used to assess differences between patients with or without

cognitive decline at 3 months after surgery with respect to

quality of sleep and the severity of postoperative pain (VAS).

To study the correlation between CSF and blood concentra-

tions of T-tau and NFL, Pearson correlation coefficients were

calculated. Data on preoperative and intraoperative patient

characteristics are presented as median and inter-quartile

range. Data on CSF and systemic biomarkers are presented

as mean (standard deviation [SD]) A P-value <0.05 was

considered significant. A post hoc power analysis revealed that

the power to detect a 40e50% difference in peak postoperative

CSF T-tau between groups was 0.69e0.87 at an SD of 225 pg

ml�1. The power to detect a 40e50% difference in peak CSF

Ab1-42 was 0.64e0.82 at an SD of 275 pg ml�1.
Results

A CONSORT diagram is shown in Supplementary Fig. S1. We

assessed 156 patients for eligibility, and between September

2014 and March 2016, 34 patients were included at Karolinska

University Hospital, Stockholm (n¼14) and Sahlgrenska
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Fig 1. Temporal changes in CSF and plasma T-tau concentrations after major orthopaedic surgery. At baseline before surgery, there was a

markedly positive CSF to plasma gradient for T-tau. The concentration of CSF T-tau increased continuously over time (P<0.001). In

contrast, there was an early peak increase in the concentration of plasma T-tau (2.5 times baseline, P<0.001) at 4 h after surgery, followed

by a rapid decline to baseline at 48 h. There was no difference in temporal change in CSF T-tau after surgery between patients with good vs

poor postoperative neurocognitive outcome (P¼0.310). The early peak increase in plasma T-tau was seen in both groups with no difference

between groups.
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University Hospital, M€olndal (n¼20), out of which seven pa-

tients were not analysed for reasons described in

Supplementary Fig. S1. Thus 27 patients were included for

analysis. Patient characteristics and comorbidities are pre-

sented in Table 1.
Neurocognitive outcomes and perioperative patient
characteristics

Data on neurocognitive outcomes within this cohort

(Supplementary Fig. S2) have been published.14 At hospital

discharge, 21 patients (78%) showed a composite z-score �1.0,

and 13 of these (48%) had a composite z-score >1.96. At 3

months after surgery, six of 27 (22%) showed a composite z-

score �1.0 (poor neurocognitive outcome group, n¼6), where

two of these patients had a composite z-score of >1.96. The
remaining 21 patients (78%) had a composite z-score <1.0
(good neurocognitive outcome group, n¼21).

There were no differences between patients in the good vs

poor neurocognitive outcome groups with respect to patient
characteristic variables, comorbidity burden, ASA physical

status, preoperative haemoglobin, serum creatinine, ongoing

medication, administration of sedatives, vasoactive drugs,

fluid management, intraoperative bleeding, duration and type

of procedure, or length of stay in the PACU. The VAS score for

assessment of pain and sleep quality did not differ between

the two groups. One patient with long-term cognitive decline

developed post-spinal headache and was successfully treated

with an epidural blood patch. None of the patients developed

postoperative delirium.
CSF and blood biomarkers of neural injury and AD
after surgery

Before surgery, we found a markedly positive CSF to plasma

gradient for T-tau with 85 times higher concentrations in CSF

than in plasma. During the 48-h period after surgery, CSF T-tau

increased continuously over time by 33% (P<0.001) (Fig. 1). In
contrast, there was a transient increase in plasma T-tau, with

a peak at 4 h after surgery (2.5-fold compared with baseline,
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Fig 2. Temporal changes in CSF and serum NFL after major orthopaedic surgery. At baseline before surgery, there was a pronounced CSF to

serum gradient for NFL. CSF concentrations of NFL did not change over time (P¼0.188), whereas there was a gradual increase in serum

concentrations of NFL with a maximal increase at 32 and 48 h after surgery (P<0.001). There was an initial transient increase in CSF

concentrations of NFL in both groups with no difference between groups (P¼0.437). Serum concentrations of NFL increased in both groups

with no difference between patients with good vs poor postoperative neurocognitive outcome (P¼0.112). NFL, neurofilament light.
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P<0.001), followed by a rapid decline to baseline at 48 h. There

was no correlation between plasma and CSF T-tau (r¼0.015,

P¼0.85, Supplementary Fig. S3).

For NFL, we recorded a markedly positive CSF to serum

gradient before surgery, with CSF NFL concentrations 30 times

higher in CSF compared with serum. Whereas CSF NFL did not

change significantly during the 48-h sampling period after

surgery (P¼0.19, Fig. 2), there was a gradual postoperative in-

crease in serum concentrations of NFL with a maximum 35%

increase in the latter part of the sampling period (i.e. at 32e48

h after surgery) (P¼0.001). There was a poor but significant

correlation between serum and CSF NFL (r¼0.26, P<0.001,
Supplementary Fig. S4).

Serum NSE was 50e100% higher in serum compared with

CSF, indicating a reverse CSF to serum gradient. Both CSF and

serum concentrations of NSE increased over time post-

operatively (P¼0.002 and P¼0.009, respectively) (Fig. 3), both

with maximum concentrations at 8e32 h after surgery fol-

lowed by a late decline to baseline at 48 h.

Both CSF and plasma Ab1-42 increased gradually over time

after surgery, with maximal concentrations at 48 h (Fig. 4).
CSF and blood biomarker response to surgery in
patients with good vs poor postoperative
neurocognitive outcome

There were no differences in temporal changes in CSF T-tau

after surgery between patients with good vs poor post-

operative neurocognitive outcome (P¼0.31, Fig. 1). The early

peak increase in plasma T-tauwas seen in both groupswith no

difference between groups (P¼0.89).

There was an initial transient postoperative increase in CSF

concentrations of NFL in both groups with no difference be-

tween groups (P¼0.44). Serum concentrations of NFL increased

in both groups with no difference between patients with good

vs poor postoperative neurocognitive outcome (P¼0.11) (Fig. 2).

Neither CSF (P¼0.12) nor serum (P¼0.061) postoperative

concentrations of NSE differed between patients with good vs

poor postoperative neurocognitive outcome (Fig. 3).

After surgery, neither CSF (P¼0.057) nor plasma (P¼0.17)

concentrations of Ab1-42 differed between patients with

good vs poor postoperative neurocognitive outcome (Fig. 4).

Preoperative CSF values of Ab1-42 were 616 (321) and 496
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Fig 3. Temporal changes in CSF and serum NSE after major orthopaedic surgery. Serum concentrations of NSE were 50e100% higher in

serum compared with CSF, suggesting a negative CSF to serum gradient. Both CSF and serum concentrations of NSE increased over time

(P¼0.009 and P¼0.002, respectively) both with maximal concentrations at 8e32 h after surgery followed by a slow decline to baseline at 48

h. Neither CSF (P¼0.124) nor serum (P¼0.612) concentrations of NSE differed between patients with good vs poor postoperative neuro-

cognitive outcome. NSE, neurone-specific enolase.
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(217) pg ml�1, respectively, for patients with good vs poor

postoperative neurocognitive outcome (P¼0.40). Four out of

16 patients (25%) with Ab1-42 concentrations <550 pg ml�1

and 2/11 patients (18%) with Ab1-42 concentrations >550 pg

ml�1 had poor neurocognitive outcome (P¼1.0). Preoperative

CSF values of T-tau were 411 (163) and 253 (64) pg ml�1,

respectively, for patients with good vs poor postoperative

neurocognitive outcome (P¼0.03).

Blood/CSF ratios were higher in the poor neurocognitive

outcome group for T-tau (P¼0.028), NFL (P¼0.172), and Ab1-42
(P¼0.038) (Fig. 5).
Discussion

The main findings were that CSF and systemic concentrations

of the two neuronal injury markers, T-tau and NSE, and of the

brain amyloidosis marker Ab1-42, increased after major or-

thopaedic surgery. A similar increase in serum NFL was seen

with no overall changes in CSF concentrations after surgery.

These findings suggest that major surgery induces neuronal
stress or damage. However, as there were no differences in the

release of these neuronal injury or brain amyloidosis bio-

markers according to postoperative neurocognitive decline, it

is less likely that adverse neurocognitive outcomes after sur-

gery are associated with surgery-induced neuronal injury or

brain amyloidosis. We could also show that there was an ab-

sent (T-tau) or poor (NFL) correlation between blood and CSF

concentrations of these two neuronal injury markers, sug-

gesting that one should be cautious when evaluating surgery-

induced neuronal injury that solely relies on blood sampling.

To our knowledge, this is the first report on the association

between major surgery and perioperative CSF release of

neuronal injury and brain amyloidosis markers and the asso-

ciation of such changes to later neurocognitive outcomes.

Evered and colleagues12 reported serial sampling of plasma T-

tau and NFL until 48 h after surgery under general anaesthesia.

A maximum increase in NFL was seen 48 h after surgery (67%),

whereas a peak increase (257%) was noted in T-tau after 6 h,

suggesting transient neuronal injury where the relative

impact from surgery or anaesthesia could not be separated.
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Fig 4. Temporal changes in CSF and plasma Ab1-42 after major orthopaedic surgery. Both CSF (P¼0.019) and plasma concentrations

(P<0.001) of Ab1-42 increased gradually over time after surgery. Neither CSF (P¼0.057) nor plasma (P¼0.172) concentrations of Ab1-42

differed between patients with good vs poor postoperative neurocognitive outcome. Ab, amyloid b.
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The present study was carried out in patients undergoing

surgery under spinal anaesthesia with light sedation. In this

setting (without the potential impact of general anaesthesia)

we confirm the systemic release patterns for plasma T-tau and

NFL as reported by Evered and colleagues,12 which suggests

that the primary impact on the brain is related to the surgical

trauma rather than to general anaesthesia.

Tau proteins are a family of six isoforms, with roles in

stabilising axonal microtubules. They are released from un-

myelinated cortical interneurones after exposure to traumatic

or ischaemic brain injury.17,18 The temporal change in sys-

temic T-tau concentrations after surgery, with a peak increase

in the early part of the 48-h sampling period, corresponds to

the relatively short-lasting and early opening of the

bloodebrain barrier (BBB), previously shown to occur at 4e8 h

after surgery,14 potentially allowing the T-tau complex to

distribute rapidly from CSF to blood.

In contrast to T-tau, NFL is released from myelinated

subcortical axons in traumatic brain injury19 and in ischaemic

stroke.20 We were unable to detect changes in CSF concen-

trations of NFL within 48 h after the surgical procedure. Sup-

ported by findings after neurosurgical trauma,21 we speculate

that the failure to capture changes in CSF NFL may be because

of a protracted increase in CSF NFL that becomes apparent

after the 48-h sampling period. Contrary to CSF NFL, we found
a rapid and gradual increase in serum NFL, more likely asso-

ciated with surgery-dependent peripheral nerve injury.

In regards to NSE, there was a prominent reverse CSF to

serum gradient with serum NSE 65% higher compared with

CSF. A similar reverse CSF to serum gradient has also been

described in cardiac surgery patients.22 The release pattern of

NSE in serum and CSF was almost identical with an initial

increase followed by a gradual decline to baseline. We specu-

late that the initial increase of serum NSE after surgery ema-

nates from extracerebral sources, such as peripheral

neurones, erythrocytes (as in haemolysis), platelets, or

neuroendocrine cells. This initial increase in serum NSE in-

fluences CSF concentrations of NSE, primarily because of the

serum-to-CSF concentration gradient and rapid and transient

disintegration of the BBB. With respect to brain injury in sur-

gical patients, changes in CSF and serum concentrations of

NSE should be regarded with caution, as the CSF concentra-

tions will be affected by serum concentrations as a result of

the reverse concentration gradients.

Surgery may induce neuroinflammation,23 and a distinct

neuroinflammatory response has been demonstrated in

orthopaedic7,9e11,24 and cardiac surgery8,22 patients based on

increased CSF concentrations of cytokines after surgery, fol-

lowed by signs of increased BBB permeability.8,22 A recent

study of postoperative patients using positron emission
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Fig 5. Temporal changes in the blood/CSF ratios of T-tau, NFL,

and Ab1-42 after major orthopaedic surgery. Blood/CSF ratios

were higher in the poor compared with the good neurocognitive

outcome group after surgery. Ab, amyloid b; NFL, neurofilament

light.
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tomography imaging reported marked changes in CNS im-

mune activity together with a reduction in higher cognitive

brain functions associated with up-regulation of CNS immune

activity.25 Postoperative blood/CSF ratios were greater in the

poor neurocognitive outcome group for T-tau, NFL, and Ab1-
42, suggesting a greater perturbation of the BBB in this

outcome group.

We recently reported a rapid CSF neuroinflammatory

response pattern associated with postoperative neuro-

cognitive outcomes14 in patients undergoing orthopaedic

surgery under regional anaesthesia and light propofol seda-

tion. These findings are in sharp contrast to the lack of asso-

ciation between the release of neurodegenerative and

neuronal injury markers and long-term postoperative neuro-

cognitive outcome in the present study. This suggests a

greater role for neuroinflammation than neuronal damage in

postoperative neurocognitive outcomes.

Data on preoperative and postoperative CSF concentrations

of Ab1-42 are scarce. Tang and colleagues10 measured CSF

concentrations of AD biomarkers up to 48 h postoperatively in

patients undergoingminor surgery under general anaesthesia,

and found that Ab1-42 was not affected. In contrast, in cardiac

surgery CSF concentrations of Ab1-42 were elevated early (24 h

postoperatively),26 and 1 week after surgery.27 Such an in-

crease in CSF concentrations of Ab1-42 after major surgery

was confirmed in the present study. It has been speculated

that the inflammatory response to major surgery may trigger

proteolysis and cleavage of the amyloid precursor protein,

which would increase concentrations of Ab1-42.26

Low preoperative CSF concentrations of Ab1-42 have been

shown to predict neurocognitive decline at 3 months, and it

has been suggested that patients with CSF-defined AD

neuropathology are more prone to develop postoperative

neurocognitive decline.28,29 In the present study, there was no

difference in preoperative CSF concentrations of Ab1-42
comparing the good vs poor neurocognitive outcome groups.

The poor neurocognitive outcome group showed no accumu-

lation of patients with preoperative CSF concentrations of

Ab1-42 <550 pgml�1. Preoperative CSF concentrations of T-tau

were, if anything, higher in the good neurocognitive outcome

group. Taken together, our data do not support that patho-

logical preoperative CSF concentrations are associated with

late poor neurocognitive outcome.

Anaesthetic regimen was uniform and there were no dif-

ferences between the two outcome groups with respect to

patient characteristics, comorbidity, risk factors, perioperative

medication/anaesthetics, procedure duration, postoperative

pain scores, pain treatment, and sleep quality, which all could

have influenced postoperative cognitive function.

A major limitation of this explorative study is the small

sample size. According to our post hoc power analysis, the

sample size allowed us to detect only a 40e50% difference in

peak postoperative CSF markers of neuronal injury and brain

amyloidosis between the good and poor neurocognitive

outcome groups, at an acceptable power. Another limitation is

that the study was conducted before publication of the inter-

national nomenclature consensus document.30 The data

should therefore be regarded as preliminary, and must be

confirmed using the novel nomenclature guideline in a larger

patient cohort. Finally, we cannot exclude the possibility that
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the spinal catheter may have caused local inflammation that

may have affected the release of neuronal injury markers.
Conclusions

Major orthopaedic surgery causes a release of CSF biomarkers

of neural injury and brain amyloidosis, consistent with

neuronal damage or stress, which we were unable to associate

with long-term postoperative neurocognitive dysfunction.
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