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Dopamine and noradrenaline are functionally connected to delirium and have been targets for pharmacological interventions but

the biochemical evidence to support this notion is limited. To study the CSF levels of dopamine, noradrenaline and the third cat-

echolamine adrenaline in delirium and dementia, these were quantified in three patient cohorts: (i) cognitively normal elderly

patients (n¼ 122); (ii) hip fracture patients with or without delirium and dementia (n¼ 118); and (iii) patients with delirium pre-

cipitated by another medical condition (medical delirium, n¼ 26). Delirium was assessed by the Confusion Assessment Method.

The hip fracture cohort had higher CSF levels of noradrenaline and adrenaline than the two other cohorts (both P<0.001).

Within the hip fracture cohort those with delirium (n¼ 65) had lower CSF adrenaline and dopamine levels than those without de-

lirium (n¼ 52, P¼0.03, P¼0.002). Similarly, the medical delirium patients had lower CSF dopamine levels than the cognitively

normal elderly (P<0.001). Age did not correlate with the CSF catecholamine levels. These findings with lower CSF dopamine lev-

els in hip fracture- and medical delirium patients challenge the theory of dopamine excess in delirium and question use of antipsy-

chotics in delirium. The use of alpha-2 agonists with the potential to reduce noradrenaline release needs further examination.
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Introduction
Acute, temporary disturbances in attention, awareness and

cognition characterize delirium.1 This stressful syndrome,

typically precipitated by acute illness in aged and demented

people,2 is associated with prolonged hospitalization3 and

subsequent cognitive decline.4,5 There are no established

treatments but antipsychotics and a2-adrenergic-agonists

are used.6–8

Delirium pathophysiology appears heterogeneous with

multiple systems at play9 and may be influenced by de-

mentia.10–12 Immune activation relates to neural activity13

and has received attention as an early mediator12,14,15

but neurotransmitter disturbances may result in the clinic-

al presentation.16 The catecholamines noradrenaline and

dopamine are involved in cognition,17 and are afflicted in

dementias.18 Moreover, dopaminergic dysfunction is asso-

ciated with hallucinations,19 a common delirium symp-

tom. Noradrenaline additionally relates to key aspects of

delirium as attention, arousal, sleep–wake, stress, pain and

immune activation.20,21 Brain adrenergic neurons locate to

a few brainstem areas that are activated by stress.22

Catecholamine activity is therefore believed excessive in de-

lirium. Higher CSF levels of their precursors10 and the
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dopamine metabolite homovanillic acid (HVA)23 support

this but the biochemical evidence is limited.

We asked if the CSF catecholamine levels are altered in

delirium. To answer this study question CSF catechol-

amine levels were analysed (i) in hip fracture patients

with and without delirium and dementia; (ii) in a second

delirium group with delirium precipitated by another

medical condition, and (iii) in cognitively normal elderly

patients as a reference.

Materials and methods

Study participants

Hip fracture cohort

Hip fracture patients were recruited from the Oslo

Orthogeriatric Trial (OOT) that included patients admit-

ted to Oslo University Hospital from 2009 to 2012. The

OOT was a randomized controlled trial evaluating the ef-

fect of an orthogeriatric service on delirium-associated

long-term cognitive decline. All CSF samples available

from this trial were included in the current study. During

the hospital stay, delirium was assessed daily and until

the fifth post-operative day by the Confusion Assessment

Method.24 Based on all available clinical information,

pre-fracture dementia status was determined by consensus

in an expert panel. Dementia was diagnosed according to

the International Classification of Diseases (ICD)-10 crite-

ria25 without further information on dementia aetiology.

For further details, see the previous publications.26,27

The patients (n¼ 118) were grouped according to the

presence of delirium at any time during the hospital stay

(yes/no) and secondarily according to delirium status

when CSF was sampled (prevalent; ongoing delirium at

the time of CSF sampling, incident; free from delirium at

the time of CSF sampling, but developed delirium after)

and to pre-fracture dementia status (Fig. 1).

In sensitivity analyses, we excluded patients receiving

medications directly related to the transmitter systems of

interest, for noradrenaline and adrenaline relevant antide-

pressants (ATC-code N06A excluding N06A B Selective

serotonin reuptake inhibitors; n¼ 13), for dopamine; anti-

parkinsonian agents (N04B; n¼ 2), antipsychotics (N05A

n¼ 17, including preoperative haloperidole) and relevant

antidepressants (N06A, non-selective monoamine reuptake

inhibitors or N06A X16,18 and 21 serotonin-noradren-

aline-reuptake inhibitors (n¼ 3), in total 20 patients due

to medication overlap). No patients were prescribed

MAO-A inhibitors or bupropion (N06A G and X12).

Medical delirium cohort

The medical patients were recruited from a prospective

study at the same hospital from 2014 to 201512,28

Briefly, these patients underwent lumbar puncture (LP)

due to suspicion of an acute CNS infection. Patients in

whom a CNS infection was ruled out and who were con-

sidered to have delirium triggered by another medical

condition (most often pneumonia or urinary tract infec-

tion) were included in the current study (n¼ 26).

Delirium was assessed either by the study physician by

the Confusion Assessment Method (CAM), or by clinical

evaluation of the treating physician. Dementia status was

set from the hospital records. These patients formed a

separate delirium group labelled ‘medical delirium’.

Cognitively normal elderly patients

A group of cognitively unimpaired (normal) elderly were

recruited in 2012 and 2013 from patients scheduled for

orthopaedic, urological or gynaecological elective surgery

in spinal anaesthesia at Oslo University Hospital or

Figure 1 CSF catecholamine levels were analysed in three cohorts. (A) The hip fracture cohort included patients with and without dementia

and delirium. Information about delirium at any time was missing for one patient and delirium status when CSF was obtained was missing for four

patients. These patients were excluded from analyses requiring this information. (B) The medical delirium cohort included patients all with

delirium due to another medical condition while (C) the final cohort included cognitively normal elderly patients.
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Diakonhjemmet Hospital.29 In brief, the patients included

turned 65 or more years the year of inclusion and had a

Mini Mental State Examination (MMSE) score �28 at

baseline. Those with signs of dementia within the first

5 years after inclusion were excluded (as detected in year-

ly cognitive assessments). Patients with previous stroke,

Parkinson’s disease or other neurodegenerative disease

likely affecting cognition at baseline were also excluded.

Finally, 122 patients with sufficient CSF volume for cat-

echolamine analyses were included.

Standard protocol approvals, registrations and patient

consents. The study was performed in accordance with

the Declaration of Helsinki. Informed consent was

obtained from the patient or the closest relative if the

patient was unable to give consent. The study was

approved by the Regional Committee for Ethics in

Medical and health research in Norway (REK 2009/450,

REK 2011/2578 and REK 2011/2052).

CSF sampling and storage

For the hip fracture and the elective surgery patients,

CSF was collected in connection with the surgery at the

onset of spinal anaesthesia before administration of the

anaesthetic agents. For the medical delirium patients, CSF

was obtained in conjunction with the diagnostic LP at a

median of one day after CNS symptom development. Hip

fracture surgeries were performed at all hours (see

Supplementary Fig. 1). Elective surgeries were performed

at daytime (0800–1700) and all the cognitively normal

elderly patients except one (surgery started 2100) under-

went surgery within this timeframe. The medical delirium

patients also underwent diagnostic LP at all hours, most

at daytime (01:30–03:30: 2 patients, 09–12: 5 patients,

13:30–16: 13 patients, 18–24: 6 patients see also

Supplementary Fig. 2). CSF was collected in polypropyl-

ene tubes, centrifuged and supernatant aliquots stored in

polypropylene tubes at �80�C.28–30 The CSF samples

were subject to one previous freeze–thaw cycle for the

same analysis for all samples.

CSF catecholamine analyses

The CSF concentrations of noradrenaline, adrenaline and

dopamine were analysed in a single batch for each vari-

able by means of an isocratic high-performance liquid

chromatography (HPLC; Agilent Technologies, Santa

Clara, CA, USA) system with a reversed-phase C-18 col-

umn (Chromsystem GmbH, Am Haag, Germany) and an

electrochemical detection (ECD; Antec, Leyden Decade II

SCC, Zoeterwoude, The Netherlands). The ECD had a

three-electrode configuration system with a glassy carbon

flow cell, an (in situ Ag/AgCl) reference electrode and an

auxiliary electrode. The working potential between the

working electrode and the auxiliary electrode was set to

þ0.60 V, range at 50 nA and sensitivity 10 nA. The

HPLC conditions were Agilent analog/digital converter

(ADC unit nA) units/volt 50.000 and peak width

0.133 min (data rate 2 Hz). Mobile phase flow; 1.0 ml/

min, injection interval 15 min, the compressibility 100 �
10�6/bar, column temperature 40.0�C, injection volume

10.0 ml and run time 12 min. Mobile phase, calibration

standard and internal standard reagents came from the

same company, Chromsystem GmbH (order no. 5000, all

CSF samples were measured with reagents from lot no

0318).

For quantitative results, all series started with a single

point calibration sample (catecholamine calibration stand-

ard) as informed by the suppliers (Chromsystem GmbH

and Antec, Scientific) for quantification of plasma cate-

cholamines. This was here applied as CSF and plasma

have comparable matrixes in HPLC-ECD analyses.31 An

internal standard, 3,4-dihydroxybenzylamine (DHBA),

was added to all CSF samples.

CSF samples were directly injected into the HPLC-ECD

system (no CSF pre-preparation with solid-phase extrac-

tion- or sample clean-up columns) and run after the cali-

bration standards. Peak for each component was

integrated and identified from calibration retention time

and the peak heights related to a concentration from the

same standard.

A quality control (a CSF control pool) was injected for

every tenth injection. The inter-assay coefficients of vari-

ation (CV; based on measurements of pooled CSF sam-

ples repeated in each assayed series), were 4.7%, 6.2%

and 8.3% for noradrenaline, adrenaline and dopamine,

respectively.

Statistical analyses

The data were not normally distributed as judged by vis-

ual inspection and tests for normality (Shapiro–Wilk and

Kolmogorow–Smirnov). Non-parametric analyses were,

therefore, applied with central tendency and spread

reported by median and the interquartile range (IQR).

Group differences were analysed by Mann–Whitney or

Kruskal–Wallis tests, and correlations by Spearman’s cor-

relation coefficient (Spearman’s Rho; RS). The significance

level was set at 0.05 and reported P-values are two-

tailed.

Statistical analyses were performed by use of the

Statistical Package for Social Sciences (SPSS, v.25; IBM,

Armonk, NY, USA). Graphical illustrations were created

with GraphPad Prism (v.8.0.3 Graph Pad Software, La

Jolla, CA, USA).

Data availability

The data that support the findings of this study are avail-

able from the corresponding author upon reasonable

request.
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Results

Catecholamine interrelations and

relations to age, gender and diurnal

rhythm

Noradrenaline, adrenaline and dopamine were detectable

in all CSF samples in all three cohorts. CSF noradren-

aline and adrenaline correlated positively among all

patients (RS ¼ 0.58 P< 0.001, n¼ 266) and similarly in

the three individual cohorts. CSF dopamine correlated

with noradrenaline and adrenaline only in the hip frac-

ture cohort (RS ¼ 0.24 and 0.29 with P¼ 0.01 and

0.001, n¼ 118).

The hip fracture patients were older than the cognitive-

ly normal elderly and the medical delirium patients (H(2)

¼ 89.7, P< 0.001, n¼ 266, Table 1). However, neither

noradrenaline, adrenaline nor dopamine correlated with

age in the cognitively normal elderly (RS: 0.05, �0.04

and �0.07 respectively all P-values> 0.5, n¼ 122). The

CSF catecholamine levels did not differ between the

genders in the hip fracture cohort (U¼ 1357, 1400, 1384

all P> 0.75, n¼ 118). Cognitively normal elderly females

had higher CSF dopamine levels than males (2.9 (1.9–3.5)

versus 2.3 (1.7–3.0), U¼ 1437, P¼ 0.03, n¼ 60, n¼ 62)),

but there were no differences in the CSF levels of noradren-

aline and adrenaline (U¼ 1825 and 1524, P¼ 0.86,

P¼ 0.09, n¼ 122). Acute hip fracture surgery and diagnostic

LPs were performed at all hours but the CSF catecholamine

levels did not differ in samples collected at different time

intervals during the day (0:01–06:00, 06:01–12:00, 12:01–

18:00, 18:01–24:00 Supplementary Figs. 1 and 2). Age, and

time of surgery (hip fracture patients), were therefore not

included in further analyses, while gender was accounted for

in relevant analyses.

CSF catecholamine levels in the
three cohorts

The cognitively normal elderly, medical delirium and hip

fracture patients presented with distinct differences in the

CSF catecholamine levels. While the hip fracture patients

had the highest CSF levels of noradrenaline and adrenaline,

CSF dopamine levels were highest among the cognitively

normal elderly (H(2) ¼ 111.9, 26.0 and 46.5 respectively

all P< 0.001, n¼ 266, Fig. 2 and Table 1). CSF dopamine

remained higher in the cognitively normal elderly when

females and males were analysed separately (H(2) 37.73,

P< 0.001, n¼ 155 and H(2) ¼ 12.09, P¼ 0.002, n¼ 111).

CSF catecholamine levels in hip
fracture patients with and without
delirium

As the higher levels of the adrenergic transmitters in

the hip fracture patients could relate to the hip fracture

further analyses of delirium and dementia among these

patients were performed within this cohort. About half of

the hip fracture patients experienced delirium during the

hospital stay. These had lower levels of CSF adrenaline

and dopamine than those without delirium (U¼ 1297,

P¼ 0.03 and U¼ 1129.5, P¼ 0.002, respectively, n¼ 65

versus n¼ 52, Fig. 2 and Table 1).

Patients with pre-fracture dementia had lower CSF lev-

els of adrenaline and dopamine than patients without

Table 1 Background characteristics of the three cohorts according to delirium status

1. Cognitively

normal

2. Medical

delirium

Hip fracture P

3. All 4. No

delirium

5. Delirium Group Group Group Group

1–3 2 vs 5 4 vs 5 1 vs 2

N 122 26 118 52 65

Age 71.0 (68–76) 67.5 (61–77) 85 (80–89) 84 (72–88) 85 (81–90) <0.001 <0.001 0.04 0.04

Gender

Male 62 (50.8) 16 (61.5) 33 (28.0) 12 (23.1) 21 (32.3)

Female 60 (49.2) 10 (38.5) 85 (72.0) 40 (72.9) 44 (67.7)

Delirium

No 122 (100) 0 (0) 52 (44.4) 52 (100) 0 (0)

Yes 0 (0) 100 (100) 65 (55.6) 0 (0) 65 (100)

Dementia

No 122 (100) 17 (65.4) 58 (49.6) 43 (82.6) 15 (23.1)

Yes 0 (0) 9 (34.6) 60 (50.4) 9 (17.3) 50 (76.9)

CSF catechols

Noradrenaline 13.4 (9.8–20.1) 17.8 (8.5–24.5) 38.2 (24.6–53.3) 39.4 (28.4–51.7) 35.4 (21.8–53.5) <0.001 <0.001 0.21 0.30

Adrenaline 5.9 (3.9–8.3) 6.0 (3.6–7.4) 8.4 (5.3–12.7) 10.4 (6.7–13.6) 7.9 (4.5–12.0) <0.001 0.049 0.03 0.96

Dopamine 2.6 (1.8–3.2) 1.2 (0.8–2.0) 1.5 (0.8–2.2) 2.0 (1.2–2.8) 1.3 (0.6–1.8) <0.001 0.49 0.002 <0.001

Data are presented as number with percentages in brackets for gender, delirium and dementia. Age (years) and CSF catecholamine levels (nM) are presented as median and inter-

quartile ranges as shown by the 25 and 75 percentiles. Two-tailed P-values are obtained by Kruskal–Wallis test for comparisons across the cohorts while Mann–Whitney U-test is

applied for delirium group comparisons.
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pre-fracture dementia (U¼ 1251, P¼ 0.008 and

U¼ 993.5, P< 0.001, n¼ 60 versus n¼ 58, Fig. 3 and

Table 2). This remained significant for CSF dopamine

but not for CSF adrenaline (P¼ 0.07) after exclusion of

patients on relevant medications (see methods). The hip

fracture patients were, therefore, divided according to

pre-fracture dementia status for further analyses.

The majority of the hip fracture patients with delirium

had delirium superimposed on dementia (�75%), while

most patients without pre-fracture dementia did not de-

velop delirium (�75%, Table 2). When delirium was

analysed in these patients separately, there were no differ-

ences in the CSF levels of noradrenaline, adrenaline and

dopamine in patients with pre-fracture dementia

(U¼ 151, P¼ 0.12, U¼ 185, P¼ 0.40 and U¼ 165,

P¼ 0.21, n¼ 9 versus n¼ 50 Fig. 4 and Table 2).

Likewise, there were no differences in patients with and

without delirium among those without pre-fracture

dementia (U¼ 271, 297 and 315 all P> 0.35, n¼ 43

versus n¼ 15 Fig. 4 and Table 2). However, further sep-

aration of patients with delirium before or delirium after

surgery when CSF was obtained (prevalent and incident

delirium) showed differences between patients with and

without pre-fracture dementia. Patients without pre-frac-

ture dementia but incident delirium had higher CSF

noradrenaline levels than those with no delirium al-

though this did not reach the significance level (U¼ 88,

P¼ 0.08, n¼ 43 versus n¼ 7, Fig. 4 and Table 2). This

was not observed for the CSF adrenaline and dopamine

levels (U¼ 132, P¼ 0.62 and U¼ 108 P¼ 0.25, respect-

ively, n¼ 43 versus n¼ 7). In the pre-fracture dementia

strata, the medians were lower in both the incident and

prevalent delirium groups but not significantly different

(Fig. 4). Excluding patients receiving medication target-

ing noradrenaline and dopamine for the respective anal-

yses did not alter the results.

Figure 2 CSF catecholamine levels in patients with and without delirium in all cohorts. (A) CSF noradrenaline levels and (B) CSF adrenaline

levels were higher among the hip fracture patients (all, n ¼ 118) while (C) CSF dopamine levels were highest among the cognitively normal

elderly (n ¼ 122). Furthermore, hip fracture patients with delirium (n ¼ 65) had compared those with no delirium (n ¼ 52) (B) lower CSF

adrenaline levels and (C) lower CSF dopamine levels. Medical delirium patients (n¼26) also had lower CSF dopamine relative to the cognitively

normal elderly. Larger and smaller lines represent median and interquartile range, respectively. Two-tailed P-values for comparison of two groups

are obtained by Mann–Whitney U-test. Differences in the three cohorts (upper line) were analysed by Kruskal–Wallis test.

Figure 3 CSF catecholamine levels in hip fracture patients with and without pre-fracture dementia. (A) Hip fracture patients with pre-fracture

dementia (n ¼ 60) did compared to those with no pre-fracture dementia (n ¼ 58) not have statistically significant lower CSF noradrenaline levels

(P ¼ 0.17) but had significantly lower CSF levels of (B) adrenaline and (C) dopamine. Larger and smaller lines represent median and interquartile

range respectively. Two-tailed P-values are obtained by Mann–Whitney U-test.
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CSF catecholamine levels in

medical delirium patients

Medical delirium patients had lower CSF dopamine levels

than the cognitively normal elderly (U¼ 725, P< 0.001,

n¼ 122 versus n¼ 26, Fig. 2 and Table 1). This remained

significant when excluding medical delirium patients with

pre-existing dementia from the analysis (U¼ 407,

P< 0.001, n¼ 122, n¼ 17) and when analysing males

and females separately (data not shown). The medical de-

lirium patients and cognitively normal elderly had similar

CSF noradrenaline and adrenaline levels (U¼ 1379.5,

P¼ 0.30 and U¼ 1575, P¼ 0.96, n¼ 122 versus n¼ 26,

Fig. 2 and Table 1).

CSF dopamine levels were similar in patients with delir-

ium precipitated by a hip fracture and another medical

condition (U¼ 765, P¼ 0.48, n¼ 65 versus n¼ 26, Fig. 2

and Table 1). In contrast, the hip fracture patients with

delirium had higher CSF levels of noradrenaline and

adrenaline than the medical delirium patients (U¼ 360,

P< 0.001 and U¼ 621, P¼ 0.049, n¼ 65 versus n¼ 26,

Fig. 2 and Table 1).

Discussion
We examined central catecholamine activity by the CSF

levels in delirium with or without pre-existing dementia

in hip fracture patients, medical delirium patients and

cognitively normal elderly. All three catecholamines were

detected and quantified in CSF from all patients. The

three cohorts presented with distinctly different catechol-

amine levels that seemed influenced by delirium and

dementia.

The hip fracture patients differed from the other two

cohorts with higher CSF levels of the adrenergic transmit-

ters, in particular noradrenaline, consistent with activa-

tion of these systems by pain and stress.22,32 Although

the other two cohorts had lower levels, the adrenergic

transmitters correlated to the same degree in all patient

groups. A few brainstem clusters, C1–C3, hold the

required enzymes for adrenaline synthesis.22 Upon activa-

tion by stress these further activate noradrenergic clusters,

including the locus coeruleus (LC) providing the main

noradrenergic output in the brain.21 The role of adren-

aline as a co-transmitter to glutamate is however

Table 2 Background characteristics; hip fracture patients with and without dementia

No pre-fracture dementia

All No Delirium Delirium

All Incident Prevalent

N 58 43 15 7 8

Age 84 (78–88) 84 (72–88) 85 (81–88) 86 (81–92) 85 (80–88)

Sex

Male 17 11 6 3 3

Female 41 32 9 4 5

Time to surgerya 23 (16–34) 23 (14–31) 27 (21–36) 22 (13–32) 30 (22–37)

APACHE scoreb 8 (7–10) 8 (7–10) 9 (6–12) 8 (6–15) 10 (7–12)

CSF

Noradrenaline 39.7 (30.4–53.7) 38.5 (27.8–49.9) 41.4 (34.6–66.4) 42.5 (40.9–72.4) 35.5 (25.2–51.5)

Adrenaline 10.6 (6.9–13.4) 10.6 (7.1–13.6) 10.6 (6.2–12.3) 12.0 (5.0–19.7) 8.6 (6.4–10.9)

Dopamine 2.0 (1.3–2.8) 2.0 (1.3–2.8) 1.8 (1.4–3.2) 2.3 (1.5–3.3) 1.6 (0.6–2.6)

Pre-fracture dementia

All No Delirium Delirium

All Incident Prevalent

N 60 9 50 13 33

Age 86 (81–90) 86 (71–92) 85 (81–90) 87 (84–91) 85 (80–88)

Sex

Male 16 1 15 5 8

Female 44 8 35 8 25

Time to surgerya 26 (13–43) 28 (16–34) 26 (13–44) 18 (10–28) 38 (22–46)

APACHE scoreb 9 (8–10) 7 (6–9) 9 (8–10) 8 (7–9) 9 (8–11)

CSF

Noradrenaline 35.2 (19.5–52.9) 47.1 (32.9–63.9) 30.3 (19.1–51.8) 30.8 (19.2–53.4) 30.6 (18.7–51.6)

Adrenaline 7.4 (4.2–11.6) 9.8 (4.8–15.4) 7.4 (4.1–10.5) 7.9 (4.7–12.9) 6.3 (4.0–11.0)

Dopamine 1.1 (0.6–1.8) 2.0 (0.7–2.5) 1.0 (0.6–1.7) 0.6 (0.5–2.1) 1.1 (0.7–1.6)

Data are presented as median and interquartiles. CSF noradrenaline, adrenaline and dopamine are given in nM, while age and time to surgery in years and hours, respectively.

Information about delirium status was missing for one patient and delirium status when CSF was obtained was missing for four patients.
aTime to surgery; hours from hospital admission to surgery.
bAPACHE score without blood-gas.
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unsettled33,34 but the observed correlations support a

functional coupling between the adrenergic transmitters.

Contrasting the anticipation of excessive dopaminergic

activity in delirium9 hip fracture patients with delirium

had lower CSF dopamine levels than those with no delir-

ium and the medical delirium patients had lower CSF

dopamine levels than the cognitively normal elders.

Antipsychotics antagonizing dopaminergic transmission,

yet with different receptor affinities, have been evaluated

as delirium therapeutics.6 Haloperidol has been the pre-

ferred agent,35 but trial outcomes have been inconsistent.

Two recent larger studies do, however, report lack of ef-

fect on delirium treatment36 and prevention.37 Meta-anal-

yses including atypical antipsychotics also do not support

their use in delirium.38,39 The lower CSF levels of dopa-

mine in delirium in our study align with the negative out-

comes of antipsychotics. However, antipsychotics have

complex receptor profiles and their lack of efficacy may

be attributed to interference with other systems. A recent

study found higher homovanillic acid-levels in delirium

rather pointing to increased dopaminergic activity in

neurologic patients.23 These delirium patients were how-

ever fairly young (mean age �38 years) and represent

a rarer delirium population with autoimmune limbic

encephalitis or other (co-)morbidities as epilepsy and

HIV-infections in which the pathophysiology may differ

from the typical, aged delirium patients.

The hip fracture patients with dementia, the majority

with delirium superimposed on dementia, had lower

CSF levels of adrenaline and dopamine. Lower CSF

dopamine align with dopamine reductions in dementia

in post-mortem studies40 and lower CSF homovanillic

acid levels in Alzheimer’s Disease41 as diagnosed by the

NINCDS-ADRA criteria. Although the locus coeruleus is

affected in dementias,42 there was no difference in the

CSF noradrenaline levels in patients with and without

pre-fracture dementia. This may be due to activation of

compensatory mechanisms as dendritic and axonal

sprouting or increases in tyrosine hydroxylase43 increas-

ing noradrenaline release from the remaining neurons.

Another reasoning may be that the hip fracture influen-

ces the CSF noradrenaline levels to such an extent that

differences due to existing pathology were masked.

Already in the preclinical phase do Alzheimer’s disease

seem to pose an increased risk of delirium.29,44 The

mechanisms underlying delirium may be different in

people with dementia and should be addressed in future

studies.

Activated in arousal, attention and at wake, noradren-

aline clinically relates to delirium. Dexmedetomidine is an

a2-agonist with analgesic, sedative and anxiolytic effects

attributed to stimulation of a2-autoreceptors in the locus

coeruleus and spinal cord, mediating negative feedback

thus reducing noradrenaline release.45,46 In ventilated

Figure 4 CSF catecholamine levels in delirium sub-grouped according to pre-fracture dementia status. (A–C) Among patients without pre-

fracture dementia (A) CSF noradrenaline was although not significant higher in incident delirium (n ¼ 7) compared to those with no delirium

(n ¼ 43; P ¼ 0.08). (D–F) There were no significant differences among pre-fracture dementia patients. Larger and smaller lines represent median

and interquartile range respectively. Two-tailed P-values are obtained by Mann–Whitney U-test.
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patients sedation with dexmedetomidine is associated

with reduced delirium occurrence compared to other sed-

atives47,48 and more ventilator free days compared to pla-

cebo.49 Beneficial effects are also seen in non-ventilated

patients50 although with some controversy.51 CSF nor-

adrenaline was higher in incident delirium patients with-

out pre-fracture dementia but did not reach the

significance level. This should be investigated in future

studies as it suggests an increase in noradrenergic activity

in the phase before delirium is clinically evident support-

ing dexmedetomidine as a delirium preventive agent.52

The medical delirium patients were all admitted to the

hospital with ongoing delirium and CSF changes in the

phase prior to clinically evident delirium could not be

explored in these patients. However, a recent study found

serum noradrenaline levels associated with medical ICU-

acquired delirium53 suggesting that noradrenaline in delir-

ium may be systemically elevated.

A strength of this study is the large sample size allow-

ing for subgrouping of patients based on delirium status

at the time of CSF sampling and pre-fracture dementia

status. Still, although a large study in the context of de-

lirium, the number of individuals in some subgroup anal-

yses was limited. This may increase the likelihood of

false negative but also false positive results.54 All avail-

able samples collected in a previous study (the OOT)

were included, a priori power calculations were not per-

formed. As an explorative study, the results should be

confirmed in larger follow-up studies.55 The inclusion of

two additional reference groups, one with and one with-

out delirium, helped understanding the interplay between

delirium and the hip fracture itself upon CSF catechol-

amine levels. It also allowed us to see similarities between

separate delirium precipitators. The cross-sectional design

is a limitation of the study but longitudinal CSF delirium

studies are challenging to perform.

The retrospective classification of dementia without fur-

ther information on dementia aetiology is a limitation of

the study. People with Dementia with Lewy bodies may

have higher CSF noradrenaline levels than other demen-

tias and a higher risk of delirium.56,57 However, few

patients would be expected to have Dementia with Lewy

bodies as Alzheimer’s disease dementia with mixed path-

ology is the most common cause of dementia in aged

populations.58,59 Poor sleep could also influence the study

but could not be adjusted for which is another study

limitation.

Conclusions
Catecholamine activity was assessed by the CSF noradren-

aline, adrenaline and dopamine levels. Hip fracture and

medical delirium patients presented with lower CSF

dopamine levels but dementia and delirium alterations

overlapped in the hip fracture patients. In patients without

pre-fracture dementia CSF noradrenaline was higher in

incident delirium although not statistically significant.

These findings should be replicated in larger studies but

are in line with restricting the use of antipsychotics for de-

lirium patients and further exploring use of a2-agonists.

Supplementary material
Supplementary material is available at Brain

Communications online.
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